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SUMMARY. A molccular phylogeny, based on scquences of 16S rDNA and the
mitochondrial cytochrome ¢ oxidasc subunit I from the Dendrobaena alpina
specics complex was reconstructed. The results clearly indicate the validity of
Dendrobaena clujensis, and the previous subspccific division of D. alpina into D.
alpina alpina and D. alpina alteclitellata. The molecular investigations also
rcvealed that the small unpigmented carthworms from the Apuseni Mts. should be
regarded as a distinct, yet undescribed specics.

INTRODUCTION

The Dendrobaena alpina specics group contains some fifteen nominal specics including
scveral apparently synonymous ones, as well. It can be characterized by a clitellar
position on segments 26, 27-33, 34 and tubercles around 30-32. A common featurc of
these specics is the modification of the vascular system with disappearance of the
extraoesophageal vessel and frequently the reduction of the last pair of hecarts from
segment 11, These specics show a great variability regarding the number of vesicles, the
position of the spermathecal pores, and the pigmentation.

On the basis of the arrangement of the ncphridial pores two distinct sub-
groups can be distinguished. To the first belong the specics with irregularly
alternating nephropores betwceen sctal linc » and above setal line d (D. alpina and
allies), and the second being characterized by a regularly alternating nephropore
system (D. attemsi and allics).



120 Advances in Earthworm Taxonomy 11

In the previous records from Romania (Pop, 1948, 1964, V. V. Pop, 1971,
1972, 1997) all the specimens with spermathecal porces close to the mid-dorsal line
were relegated to the specics D. alpina.

V.V. Pop (1972) emphasized that this specics in the Retezat Mts. is represented by
two “morphotypes”, namely: a smaller one with trapezoidal clitcllum on segments %
28-%/ 34 and a larger onc with parallcl clitcllum on scgments 26, 27-33. A re-
examination of the D. alpina material from the Retezat Mts. housed in the Institute of
Biological Rescarch, Cluj-Napoca, revealed that these two morphotypes belong to
different sub-groups of the D. alpina species complex. While the larger specimens with
parallel clitcllum-cdges possess irrcgularly alternating nephropores and represent D.
alpina alpina (Rosa, 1884), the smaller specimens with trapezoidal clitellum posscss
regularly alternating nephropores and represent D. aftemsi (Michaelsen, 1902).

Analysis of a large D. alpina material from the Apuscni Mts. revealed that these
specimens are unpigmented and posscss rcgularly alternating nephridiopores, a
character, which clearly distinguish them from the representatives of D. alpina sensu
Rosa (1884). According to this character and the trapezoidal form of the clitcllum they
arc similar to D. attemsi, but differ from this specics by the mid-dorsal opening of
spermathecae and the lack of the coiled spermathecal peduncles.

The specimens belonging to the species D. alpina themsclves also represent two
quite distinct groups, as well. The first, distributed in thc Southern Carpathians, is
medium-sized (4-6 cm) and slightly pigmentod, and the second, distributed in the
Northern Carpathians, is somewhat larger (6-10 cm) and posscss dark red-violet
pigmentation. Characters of the first group fit the typical D. alpina described by Rosa
from the Alps (Rosa, 1844). The sccond group of D. alpina was described by Pop
(1938) as a distinct subspecies namely D. alpina alteclitellata Pop, 1938, but
subsequently rejected and removed to the nominotypical species (Pop, 1964). A similar
subspecies was described by Cernosvitov (1935) from the Northern part of Eastern
Carpathians (Sinevir range) as Eisenia veneta cognellii Cernosvitov, 1935, which was
synonymized to D. alpina by Perel (1972).

According to our opinion, these two heavily pigmented populations belong to
the same group and deserve a subspecies rank. As thc senior available name
[Dendrobaena alpina cognettii (Cernosvitov, 1935)] is a junior homonym of
Dendrobaena cognettii  (Michaelsen, 1903), thc other available name
Dendrobaena alpina alteclitellata Pop, 1938 must be rcgarded as valid.

MATERIAL AND METHODS

Complex morphological investigations — considering recently used characters, as well —
were carried out on the whole D. alpina (sensu lato) material of the Institute of
Biological Research, Cluj and the Hungarian Natural History Museum, Budapest.
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For molecular studics, fresh material of 21 samples, representing 11 lumbricid
taxa and onc enchytraeid species, have been collected and analysed (Table 1). The
adult carthworms were preserved in 96% cthanol. Fragments of the muscular body
wall from behind the clitellar region werc cut for analyses, after removing internal
organs. As a proof of taxonomic identifications, the antcrior part of all analysed
individuals is kept in 96% ethanol with the Institute of Biological Rescarch Cluj-
Napoca. The molecular analyses were carried out in the laboratorics of the
Institute of Pharmacy and Molccular Biotechnology, Heidelberg, Germany.

The extraction of total genomic DNA was performed using the
phenol/chloroform method (Sambrook et al. 1989).

The 16S rDNA fragments were amplified using the primers /6sar (5°- CGC
CTG TTT ATC AAA AAC AT —3’)and 16 sbr (5’- CCG GTY TGA ACT CAG
ATC AYG T — 3*) (after Palumbi ct al.1991). The amplifications (total volume 50
ul) contained 1 pl DNA and 49 pl PCR-mix, Cycling profile: 1 min at 92 °C, |
min at 52 °C, and 1 min at 72 °C for 35 cycles with an initial denaturating at step
92 °C for 4 min, and a final cxtension step at 72 °C for 5 min. Automated
sequencing was performed using an ABI Prism Gencetic Analyser 3100.

The mitochondrial cytochrome ¢ oxidasc subunit 1 scquences (COl) were
amplified and sequenced with the universal primers HCO2198 (5’- TAA ACT
TCA GGG TGA CCA AAA AAT CA —3’) and LCO1490 (5’- GGT CAA CAA
ATC ATA AAG ATA TTG G — 3’) (after Folmer et al. 1994), following similar
procedures as for the 16S fragments.

The DNA-sequences were aligned using the Clustal X.81 alignment program
(Thompson et al. 1997). Analyses were limited to reliably aligned regions from the data
set and regions that could not be unambiguously aligned were excluded from analysis.

The phylogenetic analyses were conducted with the computer programs PAUP*
version 4.0b10 for 32-bit Microsoft Windows, (Swofford 2001) and MEGA version 2.1
(Kumar et al. 2001). All the trees were rooted with Enchwiraeus albidus.

RESULTS AND DISCUSSION

16S rDNA sequences

Partial sequences for 16S rDNA of 18 populations representing 11 carthworm specics or
subspecics were obtained. The parsimony analysis of molecular data (385 bp) resulted in
14 most parsimonious (MP) trees with 357 steps in length, consistency index 0.602,
homoplasy index 0.397 and retention index 0.655. Out of 385 characters, 239 arc
constant (62.1%), 52 are variable but parsimony uninformative (13.5%) and 94 arc
parsimony informative (24.4%)).

The topology of the MP bootstrap conscnsus trec (Fig. 1.) agrees well with the
morphological groupings of the D. alpina species group. The four samples of the D.
alpina alpina form a clear monophylctic group together with the samples of D. alpina
alteclitellata and D. clujensis, with modcratc bootstrap support (50%). Within this clade
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each taxon (D. alpina alpina, D. a. alteclitellata, and D. clujensis) seems to be
monophyletic, with a quite remarkable support. It is interesting that D. alpina
alteclitellata is nested with D. clujensis, but in the same time the monophyly of D.
clyjensis is apparent (bootstrap support 87%). This grouping is also supported by
morphological features, both species being intensively red pigmented as opposed to D.
alpina alpina, which is only slightly pigmented.
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Fig. 1. Maximum parsimony bootstrap tree based on 16S rDNA analysis. Bootstrap support
lower than 50% not shown.
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Another monophyletic clade, with a high support (79%), is formed by D. attemsi
and the new species previously relegated to D. alpina. However, both species are
clearly distinct (with bootstrap support 100 % in each case). All members of this
second cluster are characterized by the same regularly alternating pattern of
nephridiopores, small size, and trapezoidal aspect of the clitellum.

The Neighbour joining (NJ) analysis of the 16S rDNA shows quite similar
branching patterns. The bootstrap consensus tree (Fig. 2.) shows high values for all the
recognised subgroups of the D. alpina species group. Both D. attemsi and the new
species are supported by 100% bootstrap values and the clade itself containing these
species is very robust (84% bootstrap support). The populations of the nominal
subspecies of D. alpina join with 94% support and D. clujensis with 80%. The moderate
support of the sister position of D. a. alpina and the clade formed by D. clujensis is
probably due to the uncertain position of D. a. alteclitellata. To clarify the real affinities
of this subspecies, samples from more populations are needed.
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Figure 2. Neighbor Joining bootstrap tree based on 16S rDNA analysis.
Bootstrap support lower than 50% not shown

COI gene sequences

Partial sequences for cytochrome ¢ oxidase subunit I of 17 populations representing 11
earthworm species or subspecies were obtained. The Maximum parsimony analysis of
molecular data (626 bp) resulted in one most parsimonious (MP) tree of 907 steps
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length, consistency index 0.456, homoplasy index 0.543, and retention index 0.532. Out
of 626 characters, 346 are constant (55.3%), 40 are variable but parsimony
uninformative (6.4%), and 222 are parsimony informative (35.5%).
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Figure 3. Maximum parsimony bootstrap tree based on COI analysis.
Bootstrap support lower than 50% not shown.
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The topology of the bootstrap MP tree (Fig. 3) is quite similar to that of the
corresponding 16S tree. A main difference exists in the position of D. alpina
alteclitellata, which branches off together with the new species (99% bootstrap support).
This branching pattern also explains the clear sister group position of D. alpina alpina
and D. clujensis (though with only 39% support), as well as the splitting of D. attemsi
from Dendrobaena sp.nov. clade. Another interesting feature of this tree is the position
of Fitzingeria pl. depressa attached to the D. attemsi clade.

The NJ bootstrap consensus tree (Fig. 4) shows a similar topology with very
high support of the ingroup clades. Nevertheless, the relatedness of the different
clades are less supported or even unsupported as compared with that in 16S tree.
This situation confirms the fact that the COI gene is especially a reliable indicator
of relatedness at lower taxa levels (at population or subspecies level or among
very closely related species) but of less informative significance at higher
taxonomic levels.
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Figure 4. Neighbor Joining bootstrap tree based on COI analysis. Bootstrap support lower
than 50% not shown
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CONCLUSION

The branching pattern of the Dendrobaena alpina specics group revealed by
molccular phylogenctic investigations confirms its sub-groupings according to the
morphological characters, into five distinct taxa:

(i) D. alpina alpina, the nominal subspccics occurs in the Alps, the Southern
Carpathians and Balkans.

(ii) D. a. alteclitellata is distributed in the Eastern and North-Eastern parts of
the Carpathian Mountains,

(iii) D. clujensis. which was questioned by Perel (1972), is highly supported as
a distinct specics occurring from the Dacian Hills to the Pannonian Lowlands.

(iv) Dendrobaena sp.nov. should be crected for a group of small whitish
carthworms, cndemics in the Apuseni Mts.

(v) D. attemsi attributed by Pop and V.V Pop for a long time to D. ocraedra or
D. alpina, respectively, is proved to be clearly distinct. 1t is a widely distributed
transacgcan mountainous specics.
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