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ABSTRACT: Lithoglyphus prasinus (Kister, 1852) is the only representative of the genus Lithoglyphus which, in-
stead of rivers, inhabits oligostenothermal waters of karst springs. The taxon is probably endemic to central
and southeastern Slovenia and the adjacent territories of Croatia. Apart from the ecology and shell morphol-
ogy, there are no differences between L. prasinus and the other Lithoglyphus species. The species distinctness of
the taxon is doubtful; it has been postulated to be an oligostenothermal ecotype or race of L. naticoides. In the
present paper partial sequences of cytochrome oxidase subunit I (COI) of mtDNA were used to check the spe-
cies distinctness of L. prasinus from the Mocilnik spring of Ljubljanica river in Slovenia. For the COI sequences
K2P distances between the two taxa were 0.03170-0.03347. This, coupled with small intraspecific differences in
both taxa, suggests that L. prasinus is a distinct species.
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INTRODUCTION

The genus Lithoglyphus Hartmann, 1821, with its
type species L. naticoides (Pfeiffer, 1828), is known
from Europe (KABAT & HERSHLER 1993). There is a
rather rich literature on the invasion and subsequent
extinction of Ponto-Caspian L. naticoides in extensive
areas of central and western Europe (FALNIOWSKI
1987, GLOER 2002, IUCN 2010). In the Balkans there
are a few other nominal species of Lithoglyphus
(RADOMAN 1983, 1985, BANK et al. 2006, BABA 2007),
but the species distinctness of those taxa remains
doubtful (BOLE 1981, IUCN 2010, CUTTELOD et al.
2011). All the lithoglyphid taxa, with one exception,
inhabit rivers or, less commonly, lakes. Only L.
prasinus (Kister, 1852) inhabits oligostenothermal
waters of karst springs. The water temperature in
these habitats typically ranges between 7°C to 10°C
throughout the year (BOLE 1981).

RADOMAN (1978) described Lithoglyphus neo-
fontinalis n. sp. from the spring in Gabrovcec, the
spring area of the Krka river in Slovenia, and consid-
ered Paludina prasina Kister, 1852 to be a synonym of
Sadleriana fluminensis (Kuster, 1852). However, as ex-
plained by BOLE (1981), the shells of the two species,
Paludina prasina and Sadleriana fluminensis, although

similar in outline, are markedly different in size.
RADOMAN (1978) probably misinterpreted “lines” (1
“line” equals 2.256 mm) in KUSTER’s (1852) original
description as milimetres. Thus, L. neofontinalis is a ju-
nior synonym of L. prasinus (BOLE 1981, BANK et al.
2001), and L. prasinus remains the only lithoglyphid
species inhabiting springs.

The type locality of L. prasinus is the source of the
Krka river in Slovenia (KUSTER 1852). BOLE (1981)
listed springs in the river systems of the Krka,
Ljubljanica and Kolpa/Kupa rivers as inhabited by L.
prasinus, and the Mocilnik spring among the locali-
ties his materials had been collected from. BABA
(2007) recorded the species from the Ogulin,
Leskovac and Stunjica creeks in the coastal areas of
Croatia. Probably the taxon is endemic to central
and south-east Slovenia, and the adjacent territories
of Croatia (SKET’s opinion cited in IUCN 2010). The
geographically and ecologically narrow range of L.
prasinus, as well as possible threats to the
springs/rivers situated close to the coast, make L.
prasinus a candidate for Near Threatened or
Threatened status (IUCN 2010, CUTTELOD et al.
2011, SLAPNIK 2011).
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Associating the shell with the spring habitat, neither
being Lithoglyphus-typical, BOLE (1981) considered L.
prasinus an oligostenothermal ecotype or race of L.
naticoides. Based on morphological data alone, the spe-

MATERIAL AND METHODS

Using a sieve a few specimens of L. prasinus were
collected from Mocilnik (Fig. 1), the huge spring of
the Ljubljanica river (45°57°15”N, 14°17°33”E, 313 m
a.s.l.).

The snails were washed twice in 80% ethanol and
left to stand in it for ca. 12 hours. Then the ethanol
was changed twice more within 24 hours and finally,
after a few days, the 80% solution was replaced with a
96% one, in which the samples were stored at —20°C.

For the morphological study we cleaned the shells
in an ultrasonic cleaner and photographed them with
a CANON EOS 50D digital camera. Two males and
two females were dissected, using a NIKON SMZ-U
stereoscope microscope.

DNA was extracted from foot tissue of each snail.
The tissue was hydrated in TE buffer (10 mM TRIS-
HCI pH 8.0, 1 mM EDTA) (3 x 10 min.); then total
genomic DNA was extracted with the SHERLOCK ex-
tracting kit (A&A Biotechnology), and the final prod-

cies distinctness of L. prasinus remains open (IUCN
2010, SLAPNIK 2011). The aim of our study was to vali-
date L. prasinus species status using molecular data.

uct was dissolved in 20 pl TE buffer (the same concen-
tration as used for hydratation). The PCR reaction
was performed with the following primers: LCO1490
(5’-GGTCAACAAATCATAAAGATATTGG-3")
(FOLMER et al. 1994) and COR722b (5’-TAAACTTC
AGGGTGACCAAAAAATYA-3’) (WILKE & DAVIS
2000) for the cytochrome oxidase subunit I (COI) mi-
tochondrial gene. The PCR conditions were as fol-
lows: initial denaturation step of 4 min at 94°C, fol-
lowed by 35 cycles of 1 min at 94°C, 1 min at 55°C, 2
min at 72°C, and a final extension of 4 min at 72°C.
The total volume of each PCR reaction mixture was
50 pl. To check the quality of the PCR products 10 pl
of the PCR product was ran on 1% agarose gel. The
PCR products were purified using Clean-Up columns
(A&A Biotechnology) and the purified PCR products
were amplified in both directions (HILLIS et al. 1996)
using BigDye Terminator v3.1 (Applied Biosystems),
following the manufacturer’s protocol and with the
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Table 1. Taxa used for phylogenetic inferrence, with GenBank Accession Numbers for cytochrome oxidase subunit I (COI)

and references

Species GB AccN References
Lithoglyphus prasinus (Kister, 1852) Al JX073651 present study
Lithoglyphus prasinus A2 JX073652 present study
Lithoglyphus naticoides (Pfeiffer, 1828) W AF367642 WILKE et al. (2001)
Lithoglyphus naticoides L AF354770 LIU et al. (2001)
Lithoglyphus naticoides H AF445332 HAUSDOREF et al. (2003)
Bithynia tentaculata (Linnaeus, 1758) AF367643 WILKE et al. (2001)
Sadleriana fluminensis (Kister, 1853) AF367643 WILKE et al. (2001)
Marsoniopsis insubrica (Kuster, 1853) AY027813 FALNIOWSKI & WILKE (2001)
Bythinella austriaca (Frauenfeld, 1857) FJ545132 FALNIOWSKI et al. (2009)
Rissoa labiosa (Montagu, 1803) AY676128 SZAROWSKA et al. (2005)

primers described above. The sequencing reaction
products were purified using ExTerminator Columns
(A&A Biotechnology); DNA sequences then under-
went electrophoresis on an ABI Prism sequencer. All
the sequences were deposited in GenBank (Table 1).
The COI sequences were aligned by eye and edited
using BioEdit 5.0.0 (HALL 1999). K2P and p genetic

RESULTS AND DISCUSSION

The shells of Lithoglyphus prasinus from Mocilnik
(Fig. 2 A-B) looked like those of L. prasinus illus-
trated by BOLE (1981: fig. 2), and differed from the
shell of L. naticoides (Fig. 2 C). The male and female
genitalia, typically lithoglyphid, resembled the ones
described for L. naticoides (RADOMAN 1983,
FALNIOWSKI 1987, SZAROWSKA 2006) and were iden-

distances (KIMURA 1980) were calculated with
MEGA4 (KUMAR et al. 2004). MEGA4 was also applied
to phylogeny reconstruction with minimum-evolution
approach (SWOFFORD et al. 1996, NEI & KUMAR 2000)
and K2P distances. Nodal support was estimated using
the bootstrap approach (FELSENSTEIN 1985).

tical with the organs of L. prasinus portrayed in BOLE
(1981: fig. 3).

Two COI sequences, each 654 bp long, were the
same except for three positions. On the other hand,
the two sequences of L. prasinus differed from L.
naticoides in 13—14 positions. K2P distances (Table 2)
were 0.00489 within L. prasinus, and 0.03170-0.03347

Fig. 2. Shells of Lithoglyphus prasinus (A-B) and L. naticoides (C)
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Fig. 3. Minimum evolution tree computed for K2P distances given in Table 2; bootstrap supports given where >50 (for A1, A2,

H, L, W — see Table 1)

Table 2. Kimura 2-parameter (K2P) distances (below diagonal) and p-distances (above diagonal); for A1, A2, H, L, W — see

Table 1

1 2 3 4

5 6 7 8 9 10

Lithoglyphus prasinus A1~ * 555 0,00487 0.03084 0.03247 0.03084 0.16721 0.20455 0.17532 0.18669 0.22565
Lithoglyphus prasinus A2~ 0.00489 *##% 0.03084 0.03247 0.03084 0.16883 0.20617 0.17532 0.18831 0.22565
Lithoglyphus naticoides W 0.03170 (.03179 **#= 0.00487 0.00000 0.17370 0.20292 0.17532 0.19318 0.22727
Lithoglyphus naticoides L.~ 0.03338 0.03347 0.00489 * ##5 (.00487 0.17532 0.20455 0.17370 0.19481 0.22890
Lithoglyphus naticoides H ~ 0.03170 0.03179 0.00000 0.00489 * s (017370 0.20292 0.17532 0.19318 0.22727
Bithynia tentaculata 0.18970 0.19185 0.19826 0.20035 0.19826 *##x (0.21266 0.17857 0.19805 0.24026
Sadleriana fluminensis 0.24076 0.24312 0.23857 0.24076 0.23857 0.25229 * ik (.29890 0.25162 0.20130
Marsoniopsis insubrica 0.20128 0.20128 0.20115 0.19881 0.20115 0.20575 0.27687 *i#k (.20455 0.21753
Bythinella austriaca 0.21658 0.21887 0.22560 0.22775 0.22560 0.23206 0.31129 0.24372 *swkik  ().29403
Rissoa labiosa 0.27063 0.27101 0.27369 0.27597 0.27369 0.29666 0.23773 0.26185 0.27164 * ks

between L. prasinus and L. naticoides. L. prasinus and
L. naticoides, forming two distinct, highly supported
monophyletic clades (bootstrap support 100), are sis-
ter to each other and form a well supported Litho-
glyphus clade (Fig. 3).

There is no simple, “routine” way of interpretation
of genetic distances while assessing species distinct-
ness. Distance values are applicable only within a
group of closely related species, and there are no such
data for the Lithoglyphidae. In fact, the inferred val-
ues of K2P or p distances are in the range known for
rissooids as interspecific in some cases and infra-
specific in some others (PEREZ et al. 2005, FALNIOW-
SKI et al. 2007, SZAROWSKA et al. 2007, FALNIOWSKI &
SZAROWSKA 2011). BICHAIN et al. (2007) reported the
threshold value 0.015 in the west-European Bythinella
species. Furthermore, the intraspecific K2P distances
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