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PLAGIGEYERIA MONTENEGRINA BOLE, 1961
(CAENOGASTROPODA: TRUNCATELLOIDEA:
MOITESSIERIIDAE): MORPHOLOGY AND MOLECULES IN THE
SPECIES AND GENUS TAXONOMY
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Abstract  The shell habitus, teleoconch and protoconch SEM studied surface, radula, female reproductive organs and penis
are described and illustrated for Plagigeyeria montenegrina Bole, 1961 from its type locality: Obodska Pe¢ina Cave near
Rijeka Crnojeviéa (Montenegro). The DNA sequences of the mitochondrial cytochrome oxidase subunit I (COI), nuclear
histone H3 and ribosomal 18S and 28S genes have been used to infer phylogenetic position of P. montenegrina, which
should belong to the genus Paladilhiopsis Pavlovi¢, 1913. The anatomical and shell data strongly suggest that the genus
Plagigeyeria Tomlin, 1930, as well as Saxurinator Schiitt, 1960 are not distinct, but their status remains open, since type
species have not been examined. The discovery of the shells of Plagigeyeria spp. at three interstitial habitats contradicts the
common believe in isolation of stygobiotic inhabitants of caves and springs, supposed to be the main factor causing rapid
speciation at (nearly) each locality. This, and the wide variability in the morphology, not only of the shell, but also of the
anatomy, questions the species distinction of many nominal species described in this group.
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INTRODUCTION

Wagner (1914) described the genus Geyeria, with
its type species Geyeria plagiostoma Wagner, 1914,
from springs in Bosnia (Vrelo Bosne, spring of
Bosna River in IlidZa near Sarajevo). However, the
name was already preoccupied by the genera of
the Lepidoptera, Cephalopoda and Brachiopoda
(Kabat & Hershler, 1993). Thus, Tomlin (1930)
established the replacement name Plagigeyeria
Tomlin, 1930. To our knowledge, neither soft part
morphology nor anatomy of P. plagiostoma have
been studied, only empty shells have been found
(Bole, 1970; Radoman, 1973).

Bole (1970) described and figured the rad-
ula, penis, and female reproductive organs of
Plagigeyeria montenegrina Bole, 1961, from the
type locality: Obodska Peé¢ina Cave near Rijeka
Crnojevi¢a (Montenegro). The same organs were
presented for P. montenegrina by Radoman (1973),
but, according to his opinion (Radoman 1983),
the anatomy he presented for that species was
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identical with the one figured by Bole (1970) for
Saxurinator sketi Bole, 1961).

According to Schiitt (1960) the genus Saxurinator
Schiitt, 1960 is characterized solely by its shell:
“the shell minute and thin-walled, slim turreted
with the wide apex, 5-6 whorls, massive, flat; the
mouth elliptic, with its long axis about 45° diago-
nal to the columella, trumpet-shaped-broadened,
fused with the body whorl; the sculpture fine,
regular and tight as the radial growth lines;
the umbilicus open to scratched. The differ-
ence from the genus Paladilhiopsis is marked in
the broader apex, more flat whorls, slate mouth
and finer sculpture”. The type species of the
genus Saxurinator is Paladilhiopsis buresi Wagner,
1927, described from Temnata Dupka Cave near
Lakatnik town, Stara Planina Mts. in Bulgaria
(Wagner, 1927), and still known only as dead
shells (Georgiev & Hubenov, 2013).

Schiitt (1960) described the geographic distri-
bution of Saxurinator, as vicariant to the one of
more northern Paladilhiopsis. Similarly as in the
case of the Greek “Hydrobiidae” (Schiitt, 1980),
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whose species” geographic ranges were always
distinct (and, sometimes, in one “genus” combin-
ing the representatives of two distant families).
As pointed out by Radoman (1985), Szarowska
(2006) and Falniowski & Szarowska (2011) such
a geographic approach to the hydrobioid taxon-
omy cannot be justified.

The genus Paladilhiopsis Pavlovic, 1913 with
its type species Paladilhia robiciana Clessin,
1882, has been expanded to contain also the
genera Costellina Kuscer, 1933, and possibly
Lanzaia Brusina, 1906 (Hofman et al., 2018). The
latter assignment is provisional, since only a
juvenile specimen of Lanzaia bosnica Bole, 1970
was sequenced (Hofman et al., 2018). Thus, the
DNA sequences of Turbo elephantosus Megerle
von Miihlfeld, 1824, the type species of Lanzaia,
are necessary to confirm that Paladilhiopsis and
Lanzaia are congeners. If so, the ICZN rule of pri-
ority would result in considering Paladilhiopsis a
junior synonym of Lanzaia. For now, we assume
the genus name Paladilhiopsis as valid.

In September of 2019 we collected live speci-
mens of Plagigeyeria montenegrina at its type
locality, Obodska Pec¢ina. The aim of the present
paper is to check the morphology of this species,
and to resolve its phylogenetic placement with
the use of molecular (DNA) markers.

MATERIAL AND METHODS

Living snails, attached to the rock and stones,
were hand-collected at the spring in the cave
Obodska Peé¢ina (Cave), near Rijeka (River)
Crnojevica, Cetinje, Montenegro (Tab. 1, Figs
1-2). The spring was located inside the cave,
approx. 900m from the entrance.

The Bou-Rouch method (Bou & Rouch, 1967)
was additionally used to sample interstitial
fauna of the Rijeka Crnojevi¢a (Fig. 3), Rijeka
Ribnica and spring near Milocani, at a depth of
about 50cm below the bottom (Tab. 1, Fig. 1). The

tube was inserted in the gravel five times, and
20 litres were pumped each time and samples
sieved through a 500 yum sieve. The latter tech-
nique resulted only in empty shells of P. monte-
negrina at the Rijeka Ribnica and in the spring
near Milocani. The snails were fixed in 80% ana-
lytically pure ethanol, which was replaced twice,
and then later sorted, if fixed with the sediment.
Next, the snails were put in fresh 80% analyti-
cally pure ethanol and kept in -20°C temperature
in a freezer.

The shells were photographed with a Canon
EOS 50D digital camera, under a Nikon SMZ18
microscope. The dissections were done under
a Nikon SMZ18 microscope with dark field,
equipped with Nikon DS-5 digital camera, whose
captured images were used to draw anatomical
structures with a graphic tablet.

The shells were cleaned with an ultra-
sonic cleaner, the radulae were extracted with
Clorox, applying the techniques described by
Falniowski (1990), and examined and photo-
graphed using a HITACHI S-4700 scanning elec-
tron microscope.

DNA was extracted from whole specimens;
tissues were hydrated in TE buffer (3x10 min);
then total genomic DNA was extracted with the
SHERLOCK extraction kit (A&A Biotechnology),
and the final product was dissolved in 20 ul of
tris-EDTA (TE) buffer. The extracted DNA was
stored at —80°C at the Department of Malacology,
Institute of Zoology and Biomedical Research,
Jagiellonian University in Krakéw (Poland).

Mitochondrial cytochrome oxidase subunit
I (CQOI), and nuclear 18S ribosomal RNA (18S),
28S ribosomal RNA (28S) and histone 3 (H3) loci
were sequenced. Details of PCR conditions, prim-
ers used and sequencing are given in Szarowska
et al. (2016). Sequences were initially aligned in
the MUSCLE (Edgar, 2004) program in MEGA 7
(Kumar et al., 2016) and then checked in BIOEDIT
7.1.3.0 (Hall, 1999). Uncorrected p-distances were

Table 1 Geographic coordinates of Plagigeyeria montenegrina sampling
sites. See also the map (Fig. 1).

Id Site Coordinates

1 Miloc¢ani, M19-05 42°49'59.5"N 18°5422.2"E
2 Rijeka Ribnica, M19-09 42°26'14.2"N 19°17'52.0"E
3 Rijeka Crnojevi¢a M10 42°21'18.6"N 19°01'10.3"E
4 Obodska Peé¢ina, M19-04 42°21'07.0"N 19°00'17.0"E
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Figure 1 Localizations of sampling sites. For geographic coordinates see Table 1.

calculated in MEGA 7. The estimation of the
proportion of invariant sites and the saturation
test (Xia, 2000; Xia et al., 2003) were performed
using DAMBE (Xia, 2013). In the phylogenetic
analysis additional sequences from GenBank
were used as reference (Tab. 2). The data were
analysed using approaches based on Bayesian
Inference (BI) and Maximum Likelihood (ML).
We applied the GTR model whose parameters
were estimated by RaxML (Stamatakis, 2014).
The Bayesian analyses were run using MrBayes v.
3.2.3 (Ronquist et al., 2012) with defaults of most
priors. Two simultaneous analyses were per-
formed, each with 10,000,000 generations, with
one cold chain and three heated chains, starting
from random trees and sampling the trees every

1,000 generations. The first 25% of the trees were
discarded as burn-in. The analyses were summa-
rised as a 50% majority-rule tree. The Maximum
Likelihood analysis was conducted in RAXML v.
8.2.12 (Stamatakis, 2014) using the ‘RAXxML-HPC
v.8 on XSEDE (8.2.12) tool via the CIPRES Science
Gateway (Miller et al., 2010).

REsuLTs

The six shells of Plagigeyeria montenegrina from
Obodska Pe¢ina Cave (Fig. 4A-F) were simi-
lar to those photographed by Radoman (1983),
and show wide variability, mostly of the spire
and mouth, more or less protruded. The empty
Plagigeyeria shells from distinct localities of the
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Figure 3 Rijeka Crnojevi¢a: A — sampling site 3 (see Fig. 1); B — sampling intersitial fauna using the Bou-Rouch
method.
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Figure 4 Shells of sequenced specimens of Plagigeyeria montenegrina: A-F from Obodska Peéina Cave, (sampling
site 4, extraction numbers: A — 2G28, B — 2G29, C - 2G64, D - 2G65, E — 2G96, F — 2G97) and empty shells: G-H
from Rijeka Ribnica, M19-09 (sampling site 2, Fig. 1) and I-] from Milo¢ani, M19-05 (sampling site 1, Fig. 1); bar
equals 1.0mm.

Skadar Lake drainage basin have mostly differ-
ent shell morphology and a much higher spire
(Fig. 4G-H), coarser and more distant ribbing,
different body whorl shape and different pro-
toconch sculpture. The specimen from Milo¢ani
(Fig. 41-]), resembles P. plagiostoma with not com-
pletely developed mouth, and relatively delicate
teleoconch sculpture. The teleoconch sculpture
of P. montenegrina (Fig. 5A-G) was composed of
rather strong radial ribs (growth lines), and much
more delicate spiral riblets. The protoconch sur-
face (Fig. 5H) is smooth.

The radula (Fig. 6A-B) with the central tooth
(Fig. 6B) described by the formula:

(5) 4-1-4 (5)
1-1

On both sides of the four fully developed but
short cusps on the tooth plate there are slightly
developed, almost rudimentary cusps; the basal
cusps very weakly developed (Fig. 6B). The
lateral tooth given by the formula 4-1-5, inner
marginal with about 15, and outer with about 18
rather blunt cusps.

The renal and pallial section of the female
reproductive organs (Fig. 7A) with the pallial
accessory gland complex somewhat shortened,
and a very big bursa copulatrix. The nidamental
gland folded. The loop of (renal) oviduct slightly
broadened, a big, sac-shaped distal receptaculum
seminis (at position of rs; of Radoman, 1983) with
a long duct. The duct of bursa copulatrix starts at
some distance from the distal termination of the
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Figure 5 SEM photographs of the shells of
Plagigeyeria montenegrina: A — M19-05, pumped from
interstitial habitat; B-H — Obodska Peé¢ina Cave: B —
whole shell, C-D - spire, E-G — teleoconch sculpture,
H - protoconch; bars equal: A-B — 1mm, C-D - 150
pm, E, G - 50 pm, E H - 100 pm.

bursa. The penis (Fig. 7B) simple, without any
outgrowth, long and narrow, the vas deferens
visible inside.

The maximum likelihood tree based on the
cytochrome oxidase subunit I (COI) (Fig. 8) and
all the four studied loci (Fig. 9) placed Plagigeyeria
montenegrina within the genus Paladilhiopsis
(bootstrap support 94%, Bayesian probability
0.99), with the sister species P. turrita (Kuscer,
1933). All the three studied nuclear loci (18S,
285 and H3) placed Plagigeyeria montenegrina in
the Moitessieriidae, in the genus Paladilhiopsis,
with Paladilhiopsis turrita and P. bosnica as a sister
clade.

DiscussioN AND TaxoNoMic CONCLUSIONS

Plagigeyeria clearly belongs to the Moitessieriidae
Bourguignat, 1863, the family distinct from the
Hydrobiidae Troschel, 1857. The monophyly of
the Moitessieriidae has recently been confirmed
(Falniowski et al., 2019).

The shells of P. montenegrina from its type
locality present a rather wide range of variabil-
ity. The specimen presented in Fig. 4C, with a
short spire and the mouth long axis about 45°
to the columella (which resembles Saxurinator)
is molecularly (COI) slightly different from the
other P. montenegrina (Fig. 8), but the molecular
difference is typical of intrapopulation polymor-
phism and similarly shaped specimen in Fig. 4F
is identical molecularly with the one presented in

Figure 6 Radula of Plagigeyeria montenegrina from Obodska Pe¢ina Cave: A — half of the row, B — central tooth;

bars equal 5 pm.
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Figure 7 Reproductive organs of Plagigeyeria montenegrina from Obodska Pe¢ina Cave: A — renal and pallial sec-
tion of the female reproductive organs (bc — bursa colpulatrix, cbc — duct of bursa copulatrix, ga — albuminoid
gland, gn — nidamental gland, gp — gonoporus, ov — oviduct, ovl — loop of renal oviduct, rs — receptaculum semi-

nis); B — penis (vd — vas deferens); bar equals 0.5mm.

Fig. 4E. The presented variability from one local-
ity questions the validity of the dozens of species
descriptions in Plagigeyeria, based on only empty
and even not necessarily complete shells (e.g.
Schiitt, 1960, 1972; Gloer & Pesi¢, 2014; Grego
et al., 2017, 2019).

The spiral riblets of Plagigeyeria are typical of
the Moitessieriidae (e.g. Hofman et al., 2018).
They are rather weak compared with some other
moitessieriid species. The typical spiral sculp-
ture of the Moitessieriidae is most prominent
in Plagigeyeria turrita, formerly classified into a
monotypic genus Costellina Kuscer, 1933, but
molecularly belonging to Paladilhiopsis (Hofman
et al., 2018). Thus, the very weak teleoconch
sculpture of Saxurinator described by Schiitt
(1960) is the other extreme state of this character.
The radula of Saxurinator corresponds with the
description of Bole (1970).

The female reproductive organs, and the penis,
in general resemble the ones of Plagigeyeria

montenegrina described and drawn by Bole (1970)
and Radoman (1983). The only difference con-
cerns the size and shape of the bursa copulatrix,
and the position of its outlet into the duct of the
bursa. According to the drawings of Bole (1970)
this distinguishes P. montenegrina from Saxurinator
sketi, but Radoman (1983) described the female
reproductive organs of Plagigeyeria montenegrina
from its type locality as identical with the ones
drawn by Bole (1970) for Saxurinator sketi. In our
specimens the states of these characters were
just intermediate between the ones presented
by Bole (1970) for Plagigeyeria and Saxurinator. It
has to be stressed, that all the characters of the
female reproductive organs show wide ranges
of variability (Falniowski, 1987, 1990, 1992, 2018;
Falniowski & Szarowska, 2011; Szarowska, 2006),
overlooked for the long time (e. g. Radoman,
1976, 1983; Boeters, 1979, 1998). For the reasons
listed by Szarowska (2006) and Falniowski (2018)
such differences in the morphology of the bursa
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2G64 - Plagigeyeria montenegrina
2G96 - Plagigeyeria montenegrina
2G97 - Plagigeyeria montenegrina
2G28 - Plagigeyeria montenegrina
2G29 - Plagigeyeria montenegrina
Paladilhiopsis turrita

SO0 —— Paladilhiopsis gittenbergeri

Iglica hellenica

61/0.68 79/0.83 | Paladithiopsis grobbeni
991101 pajadithiopsis grobbeni

81/0.85

99/1.0

74/0.79

Iglica cf. gracilis
lglica cf. gracilis
Iglica cf. gracilis
lglica cf. gracilis
Iglica cf. gracilis
99/1.0[ Bythiospeum alzense
Bythiospeum acicula
Moitessieria cf. puteana
62/0.67 | Lanzaiopsis savinica
9910 | Lanzaiopsis savinica

99/1.0

81/0.85

soi1.0 [ Heleobia dobrogica
Heleobia maltzani
99/1.0 ' Heleobia dalmatica

67/0.70 Peringia ulvae
E Hydrobia acuta
97/1.0

Salenthydrobia ferreri
Ecrobia maritima
|| — Pontobelgrandiella sp.
{slamia zermanica
Alzoniella finalina
Avenionia brevis berenguiefi
Fissuria boui
Agrafia wiktori
Hauffenia michleri
Hauffenia tellinii
Graziana alpestris
Belgrandielia zermanica
Sadleriana fluminensis
Horatia klecakiana
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Figure 8 Maximum Likelihood tree computed for COI. Bootstrap supports and Bayesian probabilities are given.
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Figure 9 Maximum Likelihood trees inferred from 18S, 28S, H3, all nuclear loci (nDNA) as well as from concat-
enated COI and nuclear sequences. Bootstrap supports and Bayesian probabilities are given.

in the Truncatelloidea are not sufficient even for
distinction of a species.

The differential diagnosis in the description
of the genus Saxurinator given by Schiitt (1960)
lists characters often not sufficient to distinguish
a truncatelloid species, to say nothing on genus,
and clearly does not support the distinction of
the Saxurinator. For any natural taxon there
should be always at least one synapomorphy
defining it. There is no such synapomorphy to
be found in Saxurinator. The genera Plagigeyeria
and Saxurinator are most probably not distinct,
but, following the ICZN rules, they are still valid
since their type species have not been exam-
ined. For now, there is enough evidence that
“Plagigeyeria” montenegrina belongs to the genus
Paladilhiopsis.

Anatomical characters, especially of the repro-
ductive system, became a standard in species-
level taxonomy in hydrobioids. The anatomy of
the female reproductive system as well as the
morphology of the penis were considered in spe-
cies descriptions and diagnoses (see Falniowski,

2018 for the references). On the other hand,
some authors presented opinion that between
the closely related representatives of the same
genus differences in anatomy are not necessar-
ily present, or even would not be expected (e. g.
Radoman, 1976, 1983). The ‘lock-and-key” mech-
anism, known mostly in arthropods, is hardly
expected in molluscs, whose copulatory organs
lack any sclerotized structures, and are more
variable than it is usually noted (Falniowski,
2018). Thus, neither variable shell characters, nor
slight differences in the anatomy, are sufficient to
delimit a species in the hydrobioid (trucatelloid)
snails. Molecular characters - DNA sequences —
are helpful, but should be interpreted with
appropriate care, since they reconstruct the phy-
logeny of a gene which should not necessarily be
the same as the phylogeny of an organism (e. g.
Avise, 2000).

Species delimitation in the stygobiont hydro-
bioid snails, however, suffers not only because
of deficit of available characters, but on the com-
monly accepted ideas about the strict isolation
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of each subterranean habitat promoting rapid
speciation, as well. The latter could hardly be
demonstrated. As concerns the supposed isola-
tion: at first, the subterranean habitats of a vari-
ous kind are not as rare as is usually supposed (e.
g. Culver & Pipan, 2009, 2014). And, especially in
stygobiotic inhabitants of subterranean habitats,
one can expect the interstitial habitats as their
ways of expansion. Our findings of the empty
shells of Plagigeyeria at three interstitial locali-
ties of the Skadar Lake basin, situated along a
distance of about 50km, suggest the interstitial
habitats as a possible cross connection between
“isolated” caves and springs.

The isolation of the stygobiotic molluscs is
apparently not complete, as the single karst
conduits would suggest. More extensive knowl-
edge of the complicated karst hydrology of the
Dinarides would be needed for better under-
standing of the potential subterranean ways
of expansion thus gene flow, especially during
the intermittent and seasonal fluctuations of
karstwater among specific karst conduits, with
alternating directions of the subterranean water
flow (Grego, 2020). Typical phenomena demon-
strating the complicated web of Dinaride karst
water circulation are called ‘estavellas’, the func-
tion of a hole alternates seasonally either as a
karst spring or a swallow hole. Additionally,
the alluvial beds and spring deposit with their
interstitial habitats could act as a migration cor-
ridor for many stygobiotic gastropods, especially
under the large karst basins called Polje (“field”)
(Grego, 2020). All the facts listed above should
necessarily be considered in any further concepts
of a stygobiont gastropod species.

ACKNOWLEDGMENTS

The study was supported by a grant from the
National Science Centre 2017/25/B/NZ8/01372
to Andrzej Falniowski. We are grateful for the
assistance of Anna Latkiewicz (Laboratory of
FE Scanning Microscopy and Microanalysis,
Institute of Geological Sciences, Jagiellonian
University, Krakow, Poland) for her help with
the SEM.

REFERENCES

AVISE JC 2000 Phylogeography, the history and formation
of species Harvard University Press, Cambridge,
USA.

BERAN L, HOFMAN S & FaLNIOwskl A 2015 Tanousia
zrmanjae  (Brusina, 1866) (Caenogastropoda:
Truncatelloidea: Hydrobidae): A living fossil Folia
Malacologica 23: 263-271.

BERAN L, Osikowski A, HOFMAN S & FALNIOWSKI
A 2016 Islamia  zermanica (Radoman, 1973)
(Caenogastropoda: Hydrobidae): morphological
and molecular distinctness Folia Malacologica 24:
25-30.

BopoN M, MANGANELLI G & Giusti F 1996 A new
hydrobiid from subterranean waters of the Timavo
River (Friuli-Venetia Julia, NE. Italy) (Gastropoda
Prosobranchia: Hydrobiidae) Basteria 60: 27-39.

BOETERS HD 1979 Species concept of prosobranch fresh-
water molluscs in Western Europe, 1 Malacologia 18:
57-60.

BoETERS HD 1998 Mollusca: Gastropoda: Superfamilie
Rissooidea In A. Brauer, ]J. Schwoerbel & P. Zwick
(eds) Siisswasserfauna von Mitteleuropa Cornell
Univeristy, Cornell, USA. .

BOLE ] 1961 Nove vrste podzemeljskih polzev iz Crne
gore II jugoslovenski speoloski kongres, Zagreb 205-207.

BoLE ] 1961 Nove hidrobide (Gastropoda) iz podze-
meljskih voda zahodnega Balkana Biolosski Vestnik,
Ljubljana 9: 59-69.

BoLE ] 1970 Prispevek k poznavanju anatomije in
taksonomije podzemeljskih hidrobiid (Gastropoda,
Prosobranchia). [Beitrag zur Kenntnis der
Anatomie und Taxonomie der unterirdischen
Hydrobiiden (Gastropoda, Prosobranchia)] -
Razprave [Dissertationes], Slovenska Akademija
Znanosti in Umetnosti [Academia Scientiarum
et Artium Slovenica], Razred za Prirodoslovne i
Medicinske Vede [Classis IV: Historia Naturalis et
Medicina], Oddelek za Prirodoslovne Vede [Pars
Historiconaturalis] 13: 87-111. Ljubljana.

Bou C & RoucH R 1967 Un nouveau champ de
recherches sur la faune aquatique souterraine
Compte Rendus de I’ Académie des Sciences de Paris 265:
369-370.

CLESSIN S 1882 Monographie des Gen. Vitrella Cless.
Malakozoologische Blitter, New Series 5: 110-129.

CuLvierR DC & PreaN T 2009 The Biology of Caves and
Other Subterranean Habitats Oxford University
Press, Oxford.

CuLveR DC & PieaN T 2014 Shallow Subterranean
Habitats. Ecology, Evolution and Conservation Oxford
University Press, Oxford.

EDGAR RC 2004 MUSCLE: multiple sequence align-
ment with high accuracy and high throughput
Nucleic Acids Research 32: 1792-1797.

FaLNiOwskl A 1987 Hydrobioidea of Poland
(Prosobranchia: Gastropoda) Folia Malacologica 1:
1-122.

FaLNIOWSKI A 1990 Anatomical characters and SEM
structure of radula and shell in the species-level
taxonomy of freshwater prosobranchs (Mollusca:
Gastropoda: Prosobranchia): a comparative useful-
ness study Folia Malacologica 4: 53-142.

FaLNIOWSKI A 1992 The genus Bythinelln Moquin-
Tandon, 1855, in Poland (Gastropoda, Prosobranchia,



Hydrobiidae). In E. Gittenberger & ]. Goud (eds)
Proceedings of the 9™ International Malacological
Congress: 135-138. Unitas Malacologica, Leiden,
Netherland.

FaLniowskr A 2018 Species Distinction and
Speciation in Hydrobioid Gastropods (Mollusca:
Caenogastropoda: Truncatelloidea) Archives of
Zoological Studies 1: 1-6.

FALNIOWSKI A & BERAN L 2015 Belgrandiella A. ].
Wagner, 1928 (Caenogastropoda: Truncatelloidea:
Hydrobiidae): how many endemics? Folia
Malacologica 23: 187-191.

FALNIOWSKI A, PESICV & GLOER P 2014 Montenegrospeum
PesiCc et Gloer, 2013: a representative of
Moitessieriidae? Folia Malacologica 22: 263-268.

FaLNIOWSKI A, PREVORCNIK S, DELIC T, ALTHER R,
ALTERMATIT F & HOrMAN S 2019 Monophyly of
the Moitessieriidae Bourguignat, 1863 (Caeno-
gastropoda: Truncatelloidea) Folia Malacologica 27:
61-70.

FALNIOWSKI A & SARBU S 2015 Two new Truncatelloidea
species from Melissotrypa Cave in Greece (Caeno-
gastropoda) ZooKeys 530: 1-14.

FaLniOwskl A & SzarRowska M 2011 Radiation
and phylogeography in a spring snail Bythinella
(Mollusca: Gastropoda: Rissooidea) in continental
Greece Annales Zoologici Fennici 48: 67-90.

FALNIOWSKI A & SZAROWSKA M 2012 Species dis-
tinctness of Lithoglyphus prasinus (Kiister, 1852)
(Rissooidea: Caenogastropoda) Folia Malacologica
20: 99-104.

FALNIOWSKI A & SZAROWSKA M 2013 Phylogenetic rela-
tionships of Dalmatinella fluviatilis Radoman, 1973
(Caenogastropoda: Rissooidea) Folia Malacologica
21: 1-7.

FALNIOWSKI A & SZAROWSKA M 2015 Species dis-
tinctness of Hauffenia michleri (Kuscer, 1932)
(Caenogastropoda: Truncatelloidea: Hydrobiidae)
Folia Malacologica 23:193-195.

FALNIOWSKI A, SZAROWSKA M, GLOER P & PESICV 2012a
Molecules vs morphology in the taxonomy of the
Radomaniola / Grossuana group of Balkan Rissooidea
(Mollusca: Caenogastropoda) Journal of Conchology
41: 19-36.

FaLNIOWSKI A, SzZAROWSKA M, GLOER P, PESIC V,
GEORGIEV D, HOrsAK M & SIrBU I 2012b Radiation
in Bythinella (Mollusca: Gastropoda: Rissooidea) in
the Balkans Folia Malacologica 20: 1-9.

FALNIOWSKI A, SZAROWSKA M, SIRBU I, HILLEBRAND A &
Baciu M 2008 Heleobia dobrogica (Grossu & Negrea,
1989) (Gastropoda: Rissooidea: Cochliopidae) and
the estimated time of its isolation in a continental
analogue of hydrothermal vents Molluscan Research
28: 165-170.

FALNIOWSKI A & WILKE T 2001 The genus Marstoniopsis
(Rissooidea: Gastropoda): intra- and intergeneric
phylogenetic relationships Journal of Molluscan
Studies 67: 483-488.

GEORGIEV D & HuUBENOV Z 2013 Freshwater snails
(Mollusca: Gastropoda) of Bulgaria: an updated
annotated checklist Folin Malacologica 21: 237-263.

TAaXONOMY OF PLAGIGEYERIA MONTENEGRINA 49

GLOER P & PESICV 2014 New subterranean freshwater
gastropods of Montenegro (Mollusca: Gastropoda:
Hydrobiidae) Ecologica Montenegrina 1: 82-88.

GREGO P 2020 Revision of stygobiont gastropod genera
Plagigeyeria Tomlin, 1930 and Travunijana Grego and
Gloer, 2019 (Mollusca; Gastropoda; Hydrobiidae) in
Hercegovina and adjacent region European Journal of
Taxonomy (submitted).

GREGO J, GLOER P, EROss ZP & FeHER Z 2017 Six
new subterranean freshwater gastropod species
from northern Albania and some new records
from Albania and Kosovo (Mollusca, Gastropoda,
Moitessieriidae and Hydrobiidae) Subterranean
Biology 23: 85-107.

GREGO ], GLOER P, FALNIOWsKI A, HOFMAN S &
Osikowskl A 2019 New subterranean freshwater
gastropod species from Montenegro (Mollusca,
Gastropoda, Moitessieriidae, and Hydrobiidae)
Ecologica Montenegrina 20: 71-90.

HaLL TA 1999 BioEdit: a user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT Nucleic Acids Symposium
Series 41: 95-98.

HERSHLER R, Liu HP & MULVEY M 1999 Phylogenetic
relationships within the aquatic snail genus
Tryonia: implications for biogeography of the North
American Southwest Molecular Phylogenetics and
Evolution 13: 377-391.

HorMAN S, RYSIEwWSKA A, OSIKOWSKI A, GREGO ], SKET
B, PREVORCNIK S, ZAGMAJSTER M & FALNIOWSKI
A 2018 Phylogenetic relationships of the Balkan
Moitessieriidae (Caenogastropoda: Truncatelloidea)
Zootaxa 4486: 311-339.

KaBAT AR & HERSHLER R 1993 The Prosobranch Snail
Family Hydrobiidae (Gastropoda: Rissooidea):
Review of Classification and Supraspecific Taxa
Smithsonian Contributions to Zoology 547: 1-94.

KuMAR S, STECHER G & TamMURA K 2016 MEGAZT7:
Molecular Evolutionary Genetics Analysis ver-
sion 7.0 for bigger datasets Molecular Biology and
Evolution 33: 1870-1874.

Kuscer L 1933 Prispevek k poznavanju podzemskih
gastropodov Dalmacije i Hercegovine Prirodoslovna
Istrazivanja Kraljevine Jugoslavije, Zagrebu 18: 59-67.

LAYTON KK, MARTEL AL & HEBERT PD 2014 Patterns
of DNA barcode variation in Canadian marine mol-
luscs PLoS ONE 9: E95003 (2014).

MILLER MA, PrEIFFER W & SCHWARTZ T 2010 Creating
the CIPRES Science Gateway for inference of large
phylogenetic trees. In Proceedings of the Gateway
Computing Environments Workshop (GCE), 14 Nov,
New Orleans, LA: 1-8.

Osikowskl A, HOrMAN S, GEORGIEV D, KALCHEVA S &
FaLntowskr A 2016 Aquatic snails Ecrobia maritima
(Milaschewitsch, 1916) and E. ventrosa (Montagu,
1803) (Caenogastropoda: Hydrobiidae) in the East
Mediterranean and Black Sea Annales Zoologici 66:
477-486.

Osikowskl A, HOFMAN S, RYSIEWSKA A, SKET B,
PREVORCNIK S & FALNIOWSKI A 2018 A case of biodi-
versity overestimation in the Balkan Belgrandiella A.



50 A RYSIEWSKA ET AL.

J. Wagner, 1927 (Caenogastropoda: Hydrobiidae):
molecular divergence not paralleled by high mor-
phological variation Journal of Natural History 52:
323-344.

PavLovIC PS 1913 Pecinski puz Lartetia serbica n. sp.
iz zapadne Srbije Glas Srpska Kral'evske Akademije,
Beograd, Prvi Razred 91: 71-75.

PREVORCNIK S, HOFMAN S, DELIC T, RYSIEWSKA A,
OsIKOWSKI A & FALNIOWSKI A 2019 Lanzaiopsis Bole,
1989 (Caenogastropoda: Truncatelloidea): its phy-
logenetic and zoogeographic relationships Folia
Malacologica 27: 193-201.

RADOMAN P 1973 New classification of fresh and
brackish water Prosobranchia from the Balkans
and Asia Minor Posebna Izdanja Prirodnjacki muzej u
Beogradu 32: 1-30.

RapoMaN P 1976 Speciation within the family
Bythinellidae on the Balkans and Asia Minor Journal
of Zoological Systematics and Evolutionary Research 14:
130-152.

RADOMAN P 1983 Hydrobioidea a superfamily of Proso-
branchia (Gastropoda). I Systematics. Monographs 547,
Serbian Academy of Sciences and Arts, Beograd.

RaDOMAN P 1985 Hydrobioidea, a superfamily of
Prosobranchia (Gastropoda). 11. Origin, zoogeography,
evolution in the Balkans and Asia Minor. Faculty of
Science — Department of Biology Monographs, 1,
Institute of Zoology Beograd 1: 1-173.

RICHLING I, MALKOWSKY Y, KUHN Y, NIEDERHOFER H-]
& Boeters HD 2016 A vanishing hotspot — impact
of molecular insights on the diversity of Central
European Bythiospeum Bourguignat, 1882 (Mollusca:
Gastropoda: Truncatelloidea) Organisms Diversity &
Evolution 17: 67-85.

RoNqQuisT F, TESLENKO M, VAN DER MARK P, AYRES DL,
DARLING A, HOHNA S, LARGET B, Liu L, SUCHARD
MA & HUELSENBECK JP 2012 Efficient Bayesian phy-
logenetic inference and model choice across a large
model space Systematic Biology 61: 539-542.

RysiEwskAa A, GEORGIEV D, Osikowskl A, HOEMAN S &
FALNIOWSKI A 2016 Pontobelgrandiella Radoman, 1973
(Caenogastropoda: Hydrobiidae): A recent invader
of subterranean waters? Journal of Conchology 42:
193-203.

RYSIEWSKA A, PREVORCNIK S, OsSIKOWSKI A, HOFMAN S,
BERAN L & FALNIOWSKI A 2017 Phylogenetic relation-
ships in Kerkia and introgression between Hauffenia
and Kerkia (Caenogastropoda: Hydrobiidae) Journal
of Zoological Systematics and Evolutionary Research 55:
106-117.

ScHUTT H 1960 Neue Hohlenschnecken aus
Montenegro Archiv fiir Molluskenkunde 89: 145-152.

Scautt H 1972 Ikonographische Darstellung der unter-
irdisch lebenden Molluskengattung Plagigeyeria
Tomlin (Prosobranchia: Hydrobiidae) Archiv fiir
Molluskenkunde 102: 113-123.

ScHUTT H 1980 Zur Kenntnis griechischer Hydrobiiden
Archiv fiir Molluskenkunde 110: 115-149.

STAMATAKIS A 2014 RaxML Version 8: a tool for phylo-
genetic analysis and post-analysis of large phylog-
enies Bioinformatics 30: 1312-1313.

SZAROWSKA M 2006 Molecular phylogeny, systematics
and morphological character evolution in the Balkan
Rissooidea (Caenogastropoda) Folia Malacologica 14:
99-168.

SZAROWSKA M & FALNIOWSKI A 2011 An unusual,
flagellum-bearing hydrobiid snail (Gastropoda:
Rissooidea: Hydrobiidae) from Greece, with
descriptions of a new genus and a new species
Journal of Natural History 45: 2231-2246.

SZAROWSKA M & FALNIOWSKI A 2013a Phylogenetic rela-
tionships of the Emmericiidae (Caenogastropoda:
Rissooidea) Folia Malacologica 21: 67-72.

SZAROWSKA M & FALNIOWSKI A 2013b Species distinct-
ness of Sadleriana robici (Clessin, 1890) (Gastropoda:
Rissooidea) Folia Malacologica 21: 127-133.

SzaROwWsKA M & FALNiOwskl A 2014 Horatia
Bourguignat, 1887: is this genus really phyloge-
netically very close to Radomaniola Szarowska,
2006 (Caenogastropoda: Truncatelloidea)? Folia
Malacologica 22: 31-39.

SzaAROWSKA M, GRzMIL P, FALNIOWSKI A & SIRBU I
2007 Grossuana codreanui (Grossu, 1946) and the
phylogenetic relationships of the East Balkan
genus Grossuana (Radoman, 1973) (Gastropoda:
Rissooidea) Hydrobiologia 579: 379-391.

SZAROWSKA M, HOFMAN S, OSIKOWSKI A & FALNIOWSKI
A 2014a Heleobia maltzani (Westerlund, 1886)
(Caenogastropoda: Truncatelloidea: Cochliopidae)
from Crete and species-level diversity of Heleobia
Stimpson, 1865 in Europe Journal of Natural History
48: 2487-2500.

SZAROWSKA M, HOFMAN S, OSIKOWSKI A & FALNIOWSKI A
2014b Daphniola Radoman, 1973 (Caenogastropoda:
Truncatelloidea) at east Aegean islands Folia
Malacologica 22: 269-275.

SZAROWSKA M, Osikowski A, HormMaN S &
FALNIOWSKI A 2016 Pseudamnicola Paulucci, 1878
(Caenogastropoda: Truncatelloidea) from the
Aegean Islands: a long or short story? Organisms
Diversity and Evolution 16: 121-139.

ToMLIN ] R LEB 1930 Some Preoccupied Generic
Names. II. Proceedings of the Malacological Society of
London 19: 22-24.

WAGNER A 1914 Hohlenschnecken aus Stiddalmatien
und der Herzegovina Sitzungberichte der Kaiserlichen
Akademie  der Wissenschaften, ~ Mathematisch-
Naturwissenschaftliche Classe, Wien 123: 33-48.

WAGNER A 1927 Studien zur Molluskenfauna der
Balkanhalbinsel mit besonderer Beriicksichtigung
Bulgariens und Thraziens, nebst monographicher
Bearbeitung einzelner Gruppen Annales Zool Mus
Pol Hist Nat Warszawa 6: 263-399.

WILKE T 2003 Salenthydrobia gen. nov. (Rissooidea:
Hydrobiidae): a potential relict of the Messinian
Salinity Crisis Zoological Journal of the Linnean Society
137: 319-336.

WILKE T & Davis GM 2000 Infraspecific mitochondrial
sequence diversity in Hydrobia ulvae and Hydrobia
ventrosa (Hydrobiidae: Rissoacea: Gastropoda): Do
their different life histories affect biogeographic



patterns and gene flow? Biological Journal of the
Linnean Society 70: 89-105.

WILKE T, Davis GM, FaLNiowskl A, Giusti F, BODON
M & SzarROwskA M 2001 Molecular systematics of
Hydrobiidae (Mollusca: Gastropoda: Rissooidea):
testing monophyly and phylogenetic relationships
Proceedings of the Academy of Natural Sciences of
Philadelphia 151: 1-21.

WILKE T, ROLAN E & Davis GM 2000 The mudsnail
genus Hydrobia s.s. in the northern Atlantic and
western Mediterranean: a phylogenetic hypothesis
Marine Biology 137: 827-833.

TAXONOMY OF PLAGIGEYERIA MONTENEGRINA 51

Xia X 2000 Data analysis in molecular biology and
evolution Kluwer Academic Publishers, Boston,
Dordrecht & London.

Xia X 2013 DAMBE: A comprehensive software
package for data analysis in molecular biology
and evolution Molecular Biology and Evolution 30:
1720-1728.

XiA X, Xie Z, SALEMI M, CHEN L & WANG Y 2003 An
index of substitution saturation and its applica-
tion Molecular Phylogenetics and Evolution 26: 1-7.






