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1. INTRODUCION 

The Balkan Peninsula is one of the most important biodiversity hotspots in Europe (Griffiths 

et al. 2004). Regarding its geological history, natural geography and climate it is one of the 

most interesting regions in the Palaearctis, and consequently the origin and genesis of its 

fauna is highly controversial. The obscurity of its faunagenesis depends on the general 

knowledge of the taxonomic group in question. The vagile insects, and the vertebrates such as 

birds and mammals are quite well-known. This is far not so regarding the soil mezo- and 

megafauna of which not only their components but also the origins of these almost sedentary 

groups are mostly unknown. 

During the last period of the Quaternary the Balkan served as a refugial area, it played 

a crucial role in the repopulation of Central and Eastern Europe (Taberlet et al. 1998). The 

Carpathian Basin was populated mostly by species coming from the Balkan refuges mainly by 

two distinct routes. On the first route the Trans-Danubian region was populated from South-

West direction with West-Mediterranean (Illyric) elements, on the second route the Northern 

Hungarian Mountains and the northern fringe of the Great Hungarian Plain were populated by 

East-Mediterranean (Ponto-Mediterranean and Moesic) species (Mahunka 1993). However all 

these results are referring to more vagile animals and there are several animal groups which 

do not show these postglacial migration patterns. The use of the postglacial migration theory 

in the interpretation of the present day distribution patterns of these animals can be 

misleading, however sometimes almost the same chorological patterns can be observed in 

case of the soil animals and the  flying insects. A good example for this is the Transaegean 

distribution of the earthworms that is very similar to the Ponto-Mediterranean distribution 

type of the butterflies (Varga 1977). But this is only an apparent similarity and the underlying 

processes leading to this area form are completely different, most probably connected to the 

rather complicated tectonic history of the East Mediterranean region. 

In the Cretaceous, the ocean basin began to rise because of the collision of Africa and 

Eurasia. This resulted in producing several small plates within the Tethyan Sea (Çiplak et al. 

2010). The continuous uplift of the eastern Mediterranean region produced a relatively large 

terrestrial landmass (called Aegeid landmass) in the late Oligocene and early Miocene. The 

Aegeid plates were connected to and separated from the continents several times in the 

Miocene, and after their separation to Northern and Southern Aegeids, they also connected to 

each other at the end of the Tertiary and in the Quaternary. 

The Southern Aegeids (the present day Anatolia and the Levant) itself is composed of 

six originally independent tectonic plates, conglomerated about 30 Mya (Pavlíček et al. 2010). 

The Arabian plate attached to the East Taurus through the Levant during the Oligocene. 

However, the uplift of the Taurus Mts. effectively isolated the Levant from the East Taurus.  

From the three larger Mediterranean islands Crete separated first (11 Mya) (Steininger 

& Rögl 1984). Rhodes was part of Asia Minor during most of the Miocene and separated 

from the mainland in the late Pliocene. Cyprus emerged as an island in the Mediterranean sea 

during the Miocene and in the Messinian epoch it was perhaps connected with the continent 

(Syria, Turkey) by a few, still existent but submerged ridges.  

This complex geological history of the East Mediterranean repeatedly caused 

numerous vicariant separation and/or dispersal events of the ancestral biota. These processes 
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produced various different distribution patterns depending on the dispersal ability and 

speciation rate of the lineages. Difficulty relating to this complex biogeographical history is in 

understanding the general distribution of particular taxa, as they show inconsistent patterns 

and are frequently quite understudied. It is especially true for the earthworm fauna which is 

largely unknown in the Anatolian region and there are blank areas in the Balkan as well. 

A recent analysis of the East Mediterranean earthworm fauna (Pavlíček et al. 2010) 

concluded that the earthworm fauna of the East Mediterranean region could have had its 

origin on the Taurus-Menderes block (TM). The presence of the genus Spermophorodrilus, 

Eophila and Cernosvitovia makes this unit a reservoir of unique archaic and ancient 

earthworm fauna accompanied with the endemic species belonging to modern genera (e.g. 

Aporrectodea, Dendrobaena). This scenario seems to be plausible because the fauna could 

have been formed when TM was part of the North Aegeids (today the Balkans). This would 

explain the presence of genera Spermophorodrilus (different species in the TM and in the 

Balkans) and Dendrobaena (sister species shared between the TM and the Balkans, such as D. 

attemsi and D. decipiens). If this scenario is correct, then the later formation of Anatolia 

provided an opportunity for the TM taxa area expansion. Clearly, the East Mediterranean 

earthworm fauna is not homogeneous, and its further investigation could help to understand 

the biogeographic history of the region. 

 

2. AIMS AND SCOPES 

During my study, my exact aims were the following: 

1. Intensive exploration of the unknown regions of the Balkans, Anatolia and the Levant. 

We have different amounts of information from these regions and smaller areas, countries, 

therefore their exploration is crucial.  

 

2. Integrated taxonomical study of the species, species groups in question.  

In some cases, the classical morphology based approach is not enough to arrange the certain 

taxa, therefore an integrated taxonomical study (Dayrat 2005) needs to be done. In our case it 

means the completion of the morphological studies with the analysis of the DNA sequences. 

The cytochrome oxidase subunit I (COI) is a barcoding sequence on one hand, on the other 

hand it is suitable for revealing the relationships of closely related species, subspecies (Hebert 

et al. 2003). The 16S rDNA can give a clear resolution on genus level studies (Pop et al. 

2007), while the use of the nuclear ITS2 region spreads only nowadays in earthworm 

taxonomy (Shekhovtsov et al. 2014). Based on all these, in parallel with a thorough 

morphological study we are planning to reveal the relationships of the Balkanic Eisenia 

species with the use of the COI sequences, and to reconstruct the molecular phylogeny of the 

Dendrobaena byblica (Rosa, 1893) species group and the D. veneta (Rosa, 1886), with the 

use of the COI-16S rDNA-ITS2 sequences in the first, and the COI-16S rDNA sequences in 

the second case.  

 

3. Reconstrucion of the formation of the East Mediterranean earthworm fauna with 

molecular methods, based on the geographical history of the region.  
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We are planning to estimate the divergence times in case of some more widespread species on 

the studied regions, namely D. byblica, D. veneta, and D. pentheri (Rosa, 1905), with the use 

of the COI and 16S rDNA sequences. Thereafter, the results will be interpreted in a 

geographical context. 

 

3. MATERIAL AND METHODS 

3.1 COLLECTING AND IDENTIFICATION 

The earthworm specimens were collected from the Balkans, the Greek islands, Cyprus, 

Anatolia and the Levant, with the use of the diluted formaldehyde method (Raw 1959), 

complemented with digging and hand-sorting. The specimens were killed and fixed in 96% 

ethanol, then transferred into 75% ethanol and deposited in the earthworm collection of the 

Hungarian Natural History Museum. Tail parts of specimens of taxonomic importance were 

placed and are kept in 96% ethanol. 

The identification of the species followed Csuzdi & Zicsi (2003) and Mršić (1991), 

based on the classical morphological characters. The applied nomenclature follows the online 

database of Csuzdi (2012). 

A Hitachi SN-2600N type scanning electron microscope was used for the examination 

of the genital setae. Before the study, the setae were glued on aluminium stubs using double-

sided carbon tape and sputter-coated with gold. 

 

3.2 MOLECULAR STUDIES 

3.2.1 DNA isolation and sequencing 

The DNA isolation was carried out in the Molecular Laboratory of the Hungarian Natural 

History Museum. Parts of the muscular body wall behind the clitellum were cut and cleaned 

for the study. The QIAamp DNA Micro Kit (Qiagen) was used for the isolation, according to 

the standard protocol. 

 In case of the Balkanic Eisenia species the COI sequences; in case of the D. byblica 

species group the COI, 16S rDNA and ITS2 sequences; and in case of the D. veneta and D. 

pentheri the 16S rDNA and COI sequences were amplified with PCR. Purification was 

carried out with High Pure PCR Product Purification Kit (Roche). The sequencing reactions 

were performed with BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). 

The products ran through an ABI 3130 genetic analyzer. The obtained sequences were edited 

with MEGA V6.0 (Tamura et al. 2013), then were compared with the GenBank database 

(Benson et al. 2008), with the Blastn algorithm (Altschul et al. 1997). 
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3.2.2 Phylogenetic reconstruction 

ClustalW (Thompson et al. 1994) and the online version of MAFFT v7.0 (Katoh & Standley 

2013) were used for the alignment, then the sequences were corrigated by hand. 

Altogether 14 COI sequences were used for revealing the relationships of the Balkanic 

Eisenia species. MEGA V6.0 was used for the analysis.  

In case of the D. byblica species group and the D. veneta partitioned Bayesian 

analyses were performed with MrBayes 3.2 (Ronquist et al. 2011), using the COI-16S rDNA-

ITS2 and COI-16S rDNA sequences. We studied 41 and 23 specimens. FigTree 1.4.0 

(Rambaut 2012) was used for visualization. 

The genetic distances were calculated for the COI, based on the Kimura 2-parameters 

model, with MEGA v6.0. SplitsTree4 V4.13.1 (Huson & Bryant 2006) was used for 

visualization. 

The divergence times were estimated on the D. byblica, D. veneta and D. pentheri 

species, the BEAST v1.8.0 (Drummond & Rambaut 2007) software package was used. A 

partitioned Bayesian analysis was performed with the use of the COI and 16S rDNA 

sequences. The „random local clock” method was used with the following substituion rates: 

COI: 1,82%; 16S rDNS: 1,12% (Pérez-Losada et al. 2011). FigTree 1.4.0 was used for the 

visualization. 

 

4. RESULTS 

4.1 PHYLOGENETIC RECONSTRUCTION 

4.1.1 Relationships of the Balkanic Eisenia species 

According to our results, the Balkanic Eisenia ebneri (Michaelsen, 1914) species group 

separates well from the other, mainly Central European and more widely distributed Eisenia 

species. This is confirmed by the lack of pigmentaion and the structure of the genital setae as 

well. While the cross-section of the genital setae of most Eisenia species are usually trihedral, 

the members of the E. ebneri species group have tetrahedral genital setae and this character 

makes them very similar to the Caucasian Dendrodriloides species. However, we need DNA 

samples from the Caucasus to decide unequivocally this possible relationship. 

At the same time, the Albanian E. muranyii Szederjesi & Csuzdi, 2015 stands most 

closely to the Central European E. lucens (Waga, 1857). This is supported by several 

characters, eg. the trihedral cross-section of the genital setae and the similar position of the 

clitellum, but differences can be observed in the lack of pigmentation and the presence of the 

calciferous diverticula. 

 

4.1.2 Integrative taxonomical study of the Dendrobaena byblica (Rosa, 1893) species 

group 

The D. byblica species group is separated into two, genetically distant groups, also supported 

by morphological and distributional features. One group is composed of the „classical”, 



6 
 

Circum-Mediterraean D. byblica specimens, that are identical with the original description.  A 

Turkish Dendrobaena specimen collected from the Istranca Mts. and the Georgian D. cf. 

daghestanensis (Michaelsen, 1910) stand most closely to D. byblica. A cryptic Levantine and 

Aegean lineage were revealed within D. byblica. 

 The other group is more diverse. One subgroup is composed of Fitzingeria loebli 

Zicsi, 1985 with two Albanian Dendrobaena specimens, that were identified earlier as D. 

ganglbaueri, but the thorough morphological studies revealed that these are new species. 

The calciferous diverticula appear as a synapomorphy in the other subgroup, which is 

composed by the Fitzingeria platyura subspecies, the D. ganglbaueri specimens, F. 

annectens, D. byblica olympiaca and those Romanian specimens that were thought to be D. 

byblica, but the combined phylogenetic and morphological analyses revealed that these are 

new species. 

So, D. byblica olympiaca stands far from D. byblica, therefore raising to species level 

is reasonable. Also, the position of the Fitzingeria species justify the polyphyletic character of 

the genus and the homoplasic feature of the backward shifted male pore. Therefore, 

reclassification of the Fitzingeria species to the genus Dendrobaena is reasonable, and also 

the morphological differences and genetic distances justify the raising of the former platyura 

subspecies to species rank. 

 

4.1.3 Integrative taxonomical study of Dendrobaena veneta (Rosa, 1883) 

According to our results, D. veneta is separated into two groups, confirmed by morphological 

and distributional features. The northern group bears striped pigmentation. Northern Turkish 

and such specimens form this group, that are used for vermicomposting and are therefore 

widely distributed. The genetic differences are very low among them. 

The southern group has slight pinkish pigmentation, they are distributed from Upper 

Mesopotamia through Cyprus and the Levant, to Crete. 

 

4.2 TAXONOMY AND FAUNISTICS 

The first integrated Balkan–Anatolia–Levant checklist is published under this present work, it 

contains 224 species and subspecies. Among them 217 taxa belont to the Lumbrcidae family, 

dominant in the Holarctis. The Acanthodrilidae family is represented with three, the 

Megascolecidae with two, the Ocnerodrilidae and Criodrilidae families are represented with 

one species. Regarding the larger geographical regions, 162 taxa are present on the Balkans, 

79 in Anatolia, 41 in the Levant and 21 in Cyprus. Altogether eleven species new to science 

were described from the studied areas: Dendrobaena retrosella Szederjesi & Csuzdi, 2012 

and Eisenia oreophila Szederjesi & Csuzdi, 2012 from Greece; D. luraensis Szederjesi & 

Csuzdi, 2012, Octodrilus albanicus Szederjesi & Csuzdi, 2012 and E. muranyii Szederjesi & 

Csuzdi, 2015 from Albania; D. alexandrii Szederjesi, Pavlíček & Csuzdi, 2013 and D. 

transjordanica Szederjesi, Pavlíček & Csuzdi, 2013 from Jordan; Allolobophora ruzsai 

Szederjesi, 2014 from Montenegro; D. cevdeti Szederjesi, Pavlíček, Coşkun & Csuzdi, 2014 

and D. szalokii Szederjesi, Pavlíček, Coşkun & Csuzdi, 2014 from Turkey, Perelia makrisi 
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Szederjesi, Pavlíček & Csuzdi, 2016 from Cyprus. Besides, two new Albanian Dendrobaena 

species wait for official description. 

 Also taking into account the new species, we recorded thirteen species new for the 

fauna of Albania, nine to Greece, three to Montenegro and Turkey, two to Macedonia and 

Jordan, one to Serbia, Croatia, Bulgaria, Bosnia-Herzegovina, Israel and Cyprus. 

 

4.3 PHYLOGEOGRAPHY 

The isolating effect of the emersion of the Taurus Mts. was demonstrated in case of the 

separation of the Levantine and Aegean lineages of D. byblica, the northern and southern 

clades of D. veneta and the Upper Mesopotamian and Anatolian specimens of D. pentheri. 

The finer patterns were interpreted only in case of D. byblica. Two groups were 

detected within the Aegean clade that diverged in the Tortonian, when the Northern and 

Southern Aegeids were separated, and the formation of the Mid-Aegean Trench isolated the 

Middle and Eastern Aegean islands. A ~5–6M years southeastern-northwestern dispersion can 

be observed in case of the Balkanic group. The Rhodes-Karpathos and Crete-Turkey pairs’ 

separation concurs the isolation of Rhodes from Anatolia. The Naxos-Akyaka, Rhodes-

Karpathos and Crete-Turkey specimens’ separation is recent, refering to the human activities 

in spreading. 

Also such recent distribution by man can be observed in case of the northern D. veneta 

clade. The southern clade is probably distributed to southwest and west from Upper 

Mesopotamia. Then a backward distribution started, that could have also happened by man. 

Anyway, more data are needed for the detailed phylogeographic interpretation from such 

important regions as Northern and Southwestern Turkey. 
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