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Abstract: Two living populations of Islamia zermanica (Radoman) were found in the mid section of the
Zrmanja River in Croatia. The species is endemic to the freshwater part of this river and is regarded as
Critically Endangered/Possibly Extinct. Specimens of I. valvataeformis (Möllendorf) were collected at Slime,
Croatia. The shell habitus, soft parts’ pigmentation and the terminal part of the penis confirmed their
generic assignment and distinctness of the two Islamia species. Partial sequences of cytochrome oxidase
subunit I (COI) confirmed the specific status of I. zermanica and I. valvataeformis, and their appurtenance to
the same genus as the Italian I. piristoma Bodon et Cianfanelli.
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INTRODUCTION
The rich fauna of Truncatelloidea of the former Yugoslavia has been extensively studied
(e.g. Radoman 1976, 1983 and references therein, 1985, Szarowska 2006 and references therein,
Falniowski et al. 2012a). However, the taxonomy of
the group has generally been based on morphological
characters alone, often not sufficient even for generic
assignment (Falniowski et al. 2012b).
Islamia Radoman, 1973 is a genus of minute freshwater snails of the family Hydrobiidae. A few nominal species have been described from Croatia, Bosnia
and Herzegovina, Greece, Italy, Turkey (Kabat &
Hershler 1993) and western Europe (Arconada
& Ramos 2006). The female reproductive organs of
the genus are characteristic, with a pair of receptacula seminis situated close to each other, and no bursa copulatrix (Radoman 1983, Bodon et al. 2001,

Szarowska 2006). However, species distinction
within the genus has been based mostly on the shell,
and the habitus of the penis in some cases (Radoman
1983). Molecular data (partial sequences of COI and
18SrDNA genes) are known so far only for the Italian
Islamia piristoma Bodon et Cianfanelli, 2001.
Islamia valvataeformis (Möllendorf, 1873) is the type
species of Islamia (Radoman 1973, 1983), described
from Vrelo Bosne near Sarajevo (Fig. 1). Another species, described from Bosnia and Herzegovina, is I. bosniaca Radoman, 1973 (type locality: Podgaj, springs
along the road between Zenica and Doboj). The other
two species of Islamia from the former Yugoslavia have
been described from Croatia: I. latina Radoman, 1973
from the Miraca creek near the village of Islam Latinski
20 km south of Zadar, and Islamia zermanica Radoman,
1973 from the freshwater parts of the Zrmanja River.
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The Zrmanja River in Croatia, 69 km long, with
its catchment area covering 907 km2, is one of the
European diversity hot spots of freshwater gastropods. It is inhabited by 16 species, five of them endemic (Strong et al. 2008; 22 species according to
Beran 2011). The Rissooidea are represented by
three species found in the brackish-water part below
the Jankovica Buk waterfalls, and by eight species in
the freshwater part above Jankovica Buk. Four of the
freshwater species: Belgrandiella krupensis Radoman,
1973, B. zermanica Radoman, 1973, Islamia zermanica Radoman, 1973, and Tanousia zrmanjae (Brusina,
1866) (= Lithoglyphulus tedanicus Schlickum et Schütt,
1971) have been described from this part including
its tributary, the Krupa River (Radoman 1985).

However, it has to be noted that species distinctness
of Belgrandiella krupensis and B. zermanica is doubtful
(Falniowski & Beran 2015). In the IUCN Red List
(Cuttelod et al. 2011) Islamia zermanica is classified
as Critically Endangered (Possibly Extinct), based
on the habitat loss at the type locality. The river has
been dammed in its lower part (dividing the site of
I. zermanica), and its upper course, due to the karstic
character of the river, represents a system of stagnant
pools (like that at Kaštel Zegarski) interspersed with
dry river bed (like that at Ervenik): only a few gastropod species live in the upper section.
The aim of this study was to check the distinctness of Islamia zermanica, compared with I. valvataeformis, using morphological and molecular data.

MATERIAL AND METHODS
SAMPLE COLLECTION AND PRESERVATION
We collected specimens of Islamia from three localities in Croatia (Fig. 1): I. zermanica from Jankovica
Buk waterfalls, Zrmanja River (44°12’09.8”N,
15°43’16.9”E; Fig. 2) and from a small spring at
Berberi (44°11’27.3”N, 15°45’58.8”E), and I. valvataeformis from a rather large spring at Slime
(43°25’45.6”N, 16°51’59.5”E).
The snails were collected by hand or with a sieve.
Specimens for molecular analyses were washed in
80% ethanol, in which they were left to stand for
approximately 12 h. The ethanol was subsequently
changed twice over 48 h and the specimens were finally transferred to 96% ethanol after a few days. The
samples were stored at –20°C prior to DNA extraction. Dissections were done under a Nikon SMZ18

stereomicroscope with dark field and phase contrast
illumination. The shells were cleaned in an ultrasonic cleaner. The protoconchs and teleoconchs were
examined using a JEOL JSM-5410 scanning electron
microscope, applying the techniques described by
Falniowski (1990).
DNA EXTRACTION AND SEQUENCING
DNA was extracted from foot tissue using
a Sherlock extraction kit (A&A Biotechnology)
and dissolved in 20 µl of TE buffer. PCR was
performed in a reaction mixture with a total volume of 50 µl using the primers LCO1490
(5’- GGTCA ACA A ATCATA A AGATATTGG -3’)
(Folmer et al. 1994) and COR722b (5’-TAAACT
TCAGGGTGACCAAAAAATYADSA-3’) (Wilke &
Davis 2000) for COI. The PCR conditions were as
follows: initial denaturation step of 4 min at 94°C,
followed by 35 cycles at 94°C for 1 min, 55°C for 1
min and 72°C for 2 min, with final extension of 4
min at 72°C. A 10 µl sample of the PCR product was
run on a 1% agarose gel to check the product’s quality. The PCR product was purified using Clean-Up
columns (A&A Biotechnology). The purified PCR
product was then sequenced in both directions using BigDye Terminator v. 3.1 (Applied Biosystems),
following the manufacturer’s protocol and using
the primers indicated above. The products of the sequencing reaction were purified using ExTerminator
Columns (A&A Biotechnology), and the sequences
were read using an ABI Prism sequencer.
DATA ANALYSIS

Fig. 1. Sampling sites used in the present study. Three type
localities of Islamia species from Croatia and Bosnia and
Herzegovina are also marked

Sequences were aligned and edited in Bioedit v.
7.1.3.0 (Hall 1999). Basic sequence statistics, including haplotype polymorphism and nucleotide di-

27

Distinctness of Islamia zermanica

Fig. 2. Jankovica Buk waterfall
Table 1. Reference sequences used in phylogenetic analyses
Species
Agrafia wiktori
Alzoniella finalina
Avenionia brevis
Fissuria boui
Islamia piristoma
Pseudamnicola brachia

GB number
JF906762
AF367650
AF367638
AF367654
AF367639
KT710659

vergence, were calculated in DnaSP v. 5.10 (Librado
& Rozas 2009). The saturation test was performed
using DAMBE (Xia 2013).
In the phylogenetic analysis, six other sequences
from GenBank were used as reference and outgroup
(Table 1). The data were analysed using approaches
based on Bayesian inference (BI) and maximum likelihood (ML). We applied the GTR model, which is
the only nucleotide substitution model implemented
in RaxML (Stamatakis 2014), with the option + I
+ Γ.
The Bayesian analyses were run using MrBayes v.
3.2.3 (Ronquist et al. 2012) with the default priors.
Two simultaneous analyses were performed, each of
which lasted 10,000,000 generations, with one cold
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chain and three heated chains, starting from random
trees and sampling the trees every 1,000 generations.
The first 25% of trees were discarded as burn-in. The
analyses were summarised as a 50% majority-rule
tree.
An ML approach was applied in RAxML v. 8.0.24.
One thousand searches were initiated with starting
trees obtained through the randomized stepwise addition maximum parsimony method. The tree with
the highest likelihood score was selected as the best
representation of the phylogeny. Bootstrap support
was calculated with 1,000 replicates and summarised on the best ML tree. RAxML analyses were
performed using the free computational resource
CIPRES Science Gateway (Miller et al. 2010).
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RESULTS
The shell of Islamia zermanica (Figs 3–4), broad,
with wide umbilicus and low spire, resembles the
one illustrated by Radoman (1983) and Szarowska
(2006). The shell of I. valvataeformis from Slime (not
shown) is higher, with much higher spire and relatively narrower umbilicus. The protoconch of I. zermanica has a slowly broadening whorl (Fig. 5), and a
microsculpture composed of delicate riblets and fine
pores (Fig. 6). The soft parts in I. valvataeformis from
Slime are slightly pigmented, the eyes present (as in
the figure in Bodon et al. 2001). The soft parts of I.
zermanica are completely devoid of pigment, and the
eyes are absent. The female reproductive organs in
both species are identical, and correspond with the
figures and descriptions in Radoman (1973), Bodon
et al. (2001), and Szarowska (2006). The two ap-

proximately symmetrically arranged lobes forming the
termination of the penis are, proportionally to the penis, smaller in I. valvataeformis from Slime (although
the penis as such is bigger) than in I. zermanica.
In the present study we obtained five COI gene
(552 bp, GenBank Accession numbers KU662358KU662362) sequences for Islamia. The saturation
test according to Xia et al. (2003) showed no saturation. The topology of the trees obtained from BI and
ML analyses was identical.
The Islamia sequences formed one well supported (99%) clade (Fig. 7), which was divided into two
distinct subclades with p-distance of 0.033. The
first group included three identical sequences from
individuals of I. zermanica from the Zrmanja River
(Jankovica Buk and Berberi). The second group com-

Figs 3–6. Shell of Islamia zermanica: 3–4 – habitus, bar equals 1 mm; 5 – protoconch habitus, bar equals 100 μm; 6 – protoconch surface, bar equals 5 μm

Fig. 7. Maximum-likelihood phylogram for COI gene
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prised two sequences from specimens from Slime,
which differed in one nucleotide position. I. piristoma with p-distance of 0.119 was the closest to the
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Balkan Islamia clade. The differences between I. piristoma and the two Balkan Islamia subclades (Zrmanja
River and Slime) were 0.119 and 0.120, respectively.

DISCUSSION
All our new sequences belonged to one distinct
and well supported clade, most similar to I. piristoma, the only COI sequence of Islamia available in the
GenBank (Wilke et al. 2001). They represented two
divergent subclades. The first, I. zermanica, was restricted to the Zrmanja River in Croatia, and corresponded to a well described species with distinctive
morphology (Radoman 1983). The second Islamia
subclade came from Slime in southern Croatia. This
is the first Islamia site in this region. The closest
Islamia localities are: the Zrmanja River (I. zermanica,
about 130 km away) and Vrelo Bosne near Sarajevo
(about 120 km away) in Bosnia and Herzegovina, the
type locality of I. valvataeformis. The higher-spired
shell of Islamia from Slime, as well as the relatively
weaker lobes at the terminal part of the penis, and
the presence of eyes and pigment, confirm that the
population from Slime represents I. valvataeformis. It
is noteworthy that in the French Islamia high- and
low-spired shells may occur sympatrically and are
most probably conspecific (Bichain & Prié 2005).
Islamia inhabit non-polluted springs, rich in water and aquatic vegetation. Many species of Islamia

have a very narrow distribution, are threatened by
human activities, and are only known from their type
localities or are extinct (e.g. Arconada & Ramos
2006). I. zrmanica, according to the IUCN Red List
(Cuttelod et al. 2011), is Critically Endangered
(Possibly Extinct), based on the change of the habitat quality at the type locality due to the damming
for hydro-power purposes. Our finding of I. zermanica
in two sites confirms that the species is still extant,
however, more field data are necessary.
I. valvataeformis was only known from the type locality, but its status was unclear. It may have been
regarded as threatened, as there are data suggesting
that the site lies in a tourist area. Our records suggest a more extensive distribution of the species.
ACKNOWLEDGEMENTS
The study was supported by a grant from the
National Science Centre (2012/05/B/NZ8/00407)
to Magdalena Szarowska.

REFERENCES
Arconada B., Ramos M.-A. 2006. Revision of the genus
Islamia Radoman, 1973 (Gastropoda, Caenogastropoda,
Hydrobiidae), on the Iberian peninsula and description
of two new genera and three new species. Malacologia
48: 77–132.
Beran L. 2011. Non-marine molluscs (Mollusca:
Gastropoda, Bivalvia) of the Zrmanja River and its tributaries (Croatia). Nat. Croat. 20: 397–409.
Bichain J. M., Prié V. 2005. Bythinella padiraci Locard, 1903
et Islamia sp. (Mollusca, Caenogastropoda, Rissooidea):
Nouvelles données. Rapport d’expédition CDS46/
MNHN (Bichain J. M. coord.), Octobre 2005: 32–38.
Bodon M., Manganelli G., Giusti F. 2001. A survey of
the European valvatiform hydrobiid genera, with spe
cial reference to Hauffenia Pollonera, 1898 (Gastropoda:
Hydrobiidae). Malacologia 43: 103–215.
Cuttelod A., Seddon M., Neubert E. 2011. European
Red List of Non-marine Molluscs. Luxembourg:
Publications Office of the European Union.
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 usefulness study. Folia
Malacol. 4: 53–142.

Falniowski A., Beran L. 2015. Belgrandiella A. J. Wagner,
1928 (Caenogastropoda: Truncatelloidea: Hydrobiidae):
how many endemites? Folia Malacol. 23: 187–191.
http://dx.doi.org/10.12657/folmal.023.015
Falniowski A., Szarowska M., Glöer P., Pešić V.,
Georgiev D., Horsák M., Sirbu I. 2012a. Radiation
in Bythinella (Mollusca: Gastropoda: Rissooidea) in the
East Balkans. Folia Malacol. 20: 1–10. http://dx.doi.
org/10.2478/v10125-012-0006-2
Falniowski A., Szarowska M., Glöer P., Pešić V. 2012b.
Molecules vs. morphology in the taxonomy of the
Radomaniola/Grossuana group of Balkan Rissooidea
(Mollusca: Caenogastropoda). J. Conchol. 41: 19–36.
Folmer O., Black M., Hoeh W., Lutz R. A., Vrijenhoek
R. C. 1994. DNA primers for amplification of mitochondrial cytochrome c oxidase subunit I from diverse
metazoan invertebrates. Mol. Mar. Biol. Biotech. 3:
294–299.
Hall T. A. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis program for
Windows 95/98/NT. Nucl. Acids Symp. Series 41: 95–
98.
Kabat A. R., Hershler R. 1993. The prosobranch snail
family Hydrobiidae (Gastropoda: Rissooidea): review

30

Luboš Beran et al.

of classification and supraspecific taxa. Smithsonian
Contr. Zool. 547: 1–94. http://dx.doi.org/10.5479/
si.00810282.547
Librado P., Rozas J. 2009. DnaSP v5 a software for
comprehensive analysis of DNA polymorphism
data. Bioinformatics 25: 1451–1452. http://dx.doi.
org/10.1093/bioinformatics/btp187
Miller M. A., Pfeiffer W., Schwartz T. 2010. Creating
the CIPRES Science Gateway for inference of large
phylogenetic trees. Proceedings of the Gateway
Computing Environments Workshop (GCE), 14 Nov.,
New Orleans, LA, pp. 1–8. http://dx.doi.org/10.1109/
GCE.2010.5676129
Radoman P. 1973. New classification of fresh and brackish
water Prosobranchia from the Balkans and Asia Minor.
Posebna Izdanja, Prirodn. Mus. Beograd 32: 1–30.
Radoman P. 1976. Speciation within the family Bythinelli
dae on the Balkans and Asia Minor. Z. Zool. Syst. Evol. 14:
130–152. http://dx.doi.org/10.1111/j.1439-0469.1976.
tb00522.x
Radoman P. 1983. Hydrobioidea a superfamily of
Prosobranchia (Gastropoda). I. Systematics. Serbian
Academy of Sciences and Arts, Monograph 547,
Department of Sciences 57: 1–256.
Radoman P. 1985. Hydrobioidea, a superfamily of
Prosobranchia (Gastropoda). II. Origin, zoogeography, evolution in the Balkans and Asia Minor. Faculty
of Science – Department of Biology Monographs, 1,
Institute of Zoology Beograd 1: 1–173.
Ronquist F., Teslenko M., van der Mark P., Ayres D.,
Darling A., Hohna S., Larget B., Liu L., Suchard
M. A., Huelsenbeck J. P. 2012. MrBayes 3.2: Efficient
Bayesian phylogenetic inference and model choice
across a large model space. Syst. Biol. 61: 539–542.
http://dx.doi.org/10.1093/sysbio/sys029
Stamatakis A. 2014 RAxML Version 8: A tool for
Phylogenetic Analysis and Post-Analysis of Large
Phylogenies. Bioinformatics 30: 1312–1313. http://dx.doi.org/10.1093/bioinformatics/btu033
Strong E. E., Gargominy O., Ponder W. F., Bouchet
P. 2008. Global diversity of gastropods (Gastropoda;

Mollusca) in freshwater. Hydrobiologia 595: 149–166.
http://dx.doi.org/10.1007/s10750-007-9012-6
Szarowska M. 2006. Molecular phylogeny, systematics
and morphological character evolution in the Balkan
Rissooidea (Caenogastropoda). Folia Malacol. 14: 99–
168. http://dx.doi.org/10.12657/folmal.014.014
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. J. Nat. Hist. 45: 35–36. http://
dx.doi.org/10.1080/00222933.2011.591067
Szarowska M., Osikowski A., Hofman S., Falniowski A.
2015. Pseudamnicola Paulucci, 1878 (Caenogastropoda:
Truncatelloidea) from the Aegean Islands: a long
or short story? Org. Divers. Evol. http://dx.doi.
org/10.1007/s13127-015-0235-5
Wilke T., Davis G. M. 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? Biol. J. Linn. Soc. 70: 89–105. http://dx.doi.
org/10.1111/j.1095-8312.2000.tb00202.x
Wilke T., Davis G. M., Falniowski A., Giusti F., Bodon
M., Szarowska M. 2001. Molecular systematics of
Hydrobiidae (Mollusca: Gastropoda: Rissooidea):
testing monophyly and phylogenetic relationships. Proc. Acad. Nat. Sci. Phil. 151: 1–21. http://
dx.doi.org/10.1635/0097-3157(2001)151[0001:MSOHMG]2.0.CO;2
Xia X. 2013. DAMBE: A comprehensive software package for data analysis in molecular biology and evolution. Mol. Biol. Evol. 30: 1720–1728. http://dx.doi.
org/10.1093/molbev/mst064
Xia X., Xie Z., Salemi M., Chen L., Wang Y. 2003. An index of substitution saturation and its application. Mol.
Phyl. Evol. 26: 1–7. http://dx.doi.org/10.1016/S10557903(02)00326-3

Received: November 18th, 2015
Revised: January 26th, 2016
Accepted: February 1st, 2016
Published on-line: February 22nd, 2016

