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aBstRact: the study provides new distributional data on Monacha claustralis (Rossmässler) and M. cartusiana 
(O. F. Müller) which invaded Poland in the last five decades. Both species were identified based on two 
mitochondrial gene sequences (COI and 16SrDNA) and the genital structure. M. cartusiana, discovered in 
Poland in the early 1970s, is still limited to a few localities in Wrocław (Dolnośląskie Province), but the 
recent records from the environs of Kielce (Świętokrzyskie Province) suggest that the species is expanding 
its range. The occurrence of M. cartusiana in Bosnia and Herzegovina and in Serbia was confirmed by 
molecular analysis. M. claustralis, discovered in Poland in the early 2000s, but only very recently correctly 
identified, turned out to be very invasive. Its new populations were discovered in southern (Świętokrzyskie 
Province), western (Wielkopolskie Province), central (Kujawsko-Pomorskie Province) and northern 
(Pomorskie Province) Poland. Distribution maps of the two species in Poland are provided, and the new 
sequences of their COI and 16SrDNA genes have been deposited in GenBank.

key woRds: mtDNA, COI, 16SrDNA, co-occurrence, invasive species, terrestrial snails

INTRODUCTION

Species of the genus Monacha Fitzinger, 1833 
(type species: Helix cartusiana O. F. Müller, 1774) are 
widespread in the western Palaearctic, from Western 
Europe to North Africa, the Asian part of Turkey, 
Lebanon, the Caucasus, Iran and Arabia (keRney et 
al. 1983, HausdoRf 2000a, b, HausdoRf & PáLL-
GeRGeLy 2009, weLteR-scHuLtes 2012, neuBeRt & 
BaRicHe 2013). 

In Poland, M. cartusiana was first recorded in 1971 
in Wrocław (kosińska 1973, 1979) and for a long 
time the locality was regarded as unique (RiedeL 
1988, wiktoR 2004, suLikowska-dRozd 2008). 
Some new localities were added in the 21st centu-
ry (cHoLewa et al. 2003, GóRka 2005, Lesicki 

& koRaLewska-BatuRa 2007, stwoRzewicz & 
GóRka 2009, deMBińska & Gołdyn 2012), but 
many of those actually pertained to another species of 
Monacha (Pieńkowska & Lesicki 2012, Pieńkowska 
et al. 2013). A detailed analysis of the structure of its 
copulatory organs and the nucleotide sequences of its 
COI and 16SrDNA gene fragments (Pieńkowska et al. 
2015) made it possible to identify it as Monacha claus
tralis (Rossmässler, 1834), another invasive species 
which originally occurred in south-eastern Europe.

In this paper we present new data on the distri-
bution of M. claustralis and M. cartusiana in Poland. 
Besides, we provide new information on molecular di-
agnostics for Polish, Bosnian and Serbian specimens.

http://dx.doi.org/10.12657/folmal.024.019
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MATERIAL AND METHODS 

One hundred and twelve specimens of M. claus
tralis and M. cartusiana were collected in the localities 
listed in Table 1 and used for the study. Their iden-
tification was confirmed based on their copulatory 
organs (Pieńkowska et al. 2015). 

For the analysis of two mitochondrial gene se-
quences (COI and 16SrDNA) total genomic DNA was 
extracted from 20 mg of foot tissue of each speci-
men using Tissue Genomic DNA extraction MiniKit 
(Genoplast). The rest of the body (including the gen-
italia) was preserved individually in 75% alcohol as 
voucher specimens in the Department of Cell Biology 
Collection, Adam Mickiewicz University, Poznań, 
Poland (DCBC).

Partial sequences of two mitochondrial gene frag-
ments were amplified: cytochrome c oxidase subu-
nit 1 (COI, 650  bp  long barcode sequence), using 
primers bcsmF1 and bcsmR1 (PRoćków et al. 2013), 
and 16S ribosomal DNA (16SrDNA, ca. 375 bp long), 
using primers recommended by siMon et al. (1994) 
and GantenBein et al. (1999). Amplifications were 
performed following the procedure previously de-
scribed for COI or 16SrDNA by ManGaneLLi et al. 
(2005). The PCR conditions were as follows: for COI 
– 3 min at 95°C followed by 40 cycles of 30 s at 94°C, 
30 s at 50°C, and 1 min at 72°C, followed by final 
elongation of 7 min at 72°C; for 16SrDNA – 2 min 
at 94°C followed by 25 cycles of 20 s at 92°C, 30 s at 
54°C, and 30 s at 72°C, followed by final elongation 
of 5 min at 72°C. The PCR products were visualised 
on 1% agarose gels and sequenced in an Applied 
Biosystems Hitachi 3130x1 Genetic Analyser auto-
mated sequencer.

The individual sequences were deposited in 
GenBank: COI – KX258308-KX258418, 16SrDNA – 

KX258234-KX258307 (Table 1). Full-length sequenc-
es were aligned and edited by eye, using BioEdit ver. 
7.0.5 software (HaLL 1999). The alignments were 
performed using Prank (LöytynoJa & GoLdMan 
2008) for COI and CLUSTAL-W (tHoMPson et al. 
1994) for 16SrDNA. Possibly uncertain areas were 
removed from the 16SrDNA alignment with GBlocs 
0.91b (castResana 2000, taLaveRa & castResana 
2007). The COI sequences were aligned according 
to translated amino acid sequences. For 16SrDNA 
alignment parameters allowing relaxed selection of 
blocs were used. The ends of all the sequences were 
trimmed to the length of 584 bp for COI and 262 bp 
for 16SrDNA. The sequences were also collapsed to 
combined haplotypes (COI and 16SrDNA).

The sequences were analysed using the Neighbour-
Joining (NJ) method (saitou & nei 1987) imple-
mented in MEGA ver. 6 software (taMuRa et al. 
2013) using the Kimura two-parameter (K2P) model 
for pair-wise distance calculations (kiMuRa 1980). 
NJ tree branches were supported by bootstrap analy-
sis with 1,000 replicates (feLsenstein 1985). Finally, 
Bayesian analysis of the combined haplotype (COI 
and 16SrDNA) dataset was conducted with MrBayes 
3.1.2 software (Ronquist & HueLsenBeck 2003). 
A Hasegawa, Kishino and Yan (HKY) model for our 
dataset, assuming a gamma-shaped rate variation 
and invariant sites, was specified using jModelTest 
(daRRiBa et al. 2012) according to the Bayesian 
Information Criterion (BIC). Four Monte Carlo 
Markov chains were run for 1 million generations, 
sampling every 100 generations (the first 250 trees 
were discarded as ‘burn-in’). Consequently, we ob-
tained a 50% majority rule consensus tree.

RESULTS

Seventeen new sequences of mitochondrial COI 
(COI 1 – COI 17) and twelve 16SrDNA (16S 1 – 16S 
12) gene fragments (Table  1) were found. The se-
quences were clustered in two groups (Figs 1, 2) 
using the NJ method. They were grouped together 
with sequences deposited in GenBank for M. claus
tralis or alternatively with those deposited for M. 
cartusiana, both for COI (Fig. 1) and 16SrDNA (Fig. 
2). We could identify the specimens with sequences 
COI 1 to COI 8 and 16S 1 to 16S 6 as M. claustralis, 

while the specimens with sequences COI 9 to COI 17 
and 16S 7 to 16S 12, as M. cartusiana. Kimura K2P 
distances used for the NJ analysis are presented in 
Appendices 1 & 2. They confirm the specific distinct-
ness of M. claustralis and M. cartusiana (Table 2).

The combined haplotypes of COI and 16SrDNA 
sequences (Table 3) were used for construction of a 
Bayesian phylogenetic tree (Fig. 3) which confirmed 
the identification of M. claustralis and M. cartusiana 
among the studied specimens.

DISCUSSION

Molecular techniques, especially the analysis of 
nucleotide sequences of selected genes, are now fre-

quently used for species classification, delimitation 
and identification (HeBeRt et al. 2003a, b, tautz et 
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al. 2003, PackeR et al. 2009, GoLdstein & desaLLe 
2010). Among the gene fragments often used to solve 
taxonomic problems in Gastropoda, there are two 
mitochondrial ones, namely COI, coding for the 5’-
end of cytochrome c oxidase subunit 1 (faLniowski 
& wiLke 2001, szaRowska 2006, Haase et al. 2007, 

faLniowski et al. 2009, saueR & HausdoRf 2009, 
PRoćków et al. 2013, 2014, szaRowska et al. 2014, 
2015, 2016) and 16SrDNA, coding for the 16S part of 
ribosomal DNA (eLeJaLde et al. 2005, Geenen et al. 
2006, wetHinGton et al. 2009, saueR & HausdoRf 
2012, Rowson et al. 2014). The cited authors, aware 

Fig. 1. Neighbour-Joining tree based on the 584-nt-long fragment of new COI sequences of M. claustralis and M. cartusiana. 
The COI sequence of M. cantiana KM247375 (Pieńkowska et al. 2015) was chosen as outgroup, and sequences of M. 
claustralis KM247383-KM247388 and of M. cartusiana KM247376-KM247382 & KM247389 (Pieńkowska et al. 2015) 
were used as references. The figures on branches represent bootstrap support above 50%. The evolutionary distances 
expressed as the number of base substitutions per site were computed using the Kimura two-parameter method. 
Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were elim-
inated from the dataset (complete deletion option)
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of the risk of application of molecular features alone 
(GReGoRy 2005, GoLdstein & desaLLe 2010, saueR 
& HausdoRf 2012), solved taxonomic problems by 
combining analyses of morphological and anatomical 
characters with results of molecular analyses.

Similarly, for identification of the second Monacha 
species in Poland, Pieńkowska et al. (2015), based 
on the differences in the distal genital structures and 
the nucleotide sequences of COI and 16SrDNA gene 
fragments, recognised M. claustralis as a species well 
distinct from M. cartusiana which had been earlier 
known from Poland (kosińska 1973, 1979). 

Sequences COI  1 and 16S  1, found in several 
specimens from Kielce-Na Ługach, Kielce-Białogon, 

Kielce-Grzybowa, Jaworznia, Morawka, Morawica, 
Sobków, Poznań-Wola, Rogalinek and Puszczykowo 
(Table 1) were identical to the sequences KM247385 
and KM247396 deposited in GenBank for COI and 
16SrDNA, respectively, which had been found in M. 
claustralis from Poznań-Cybina and Poznań-Morasko 
(Pieńkowska et al. 2015). Sequence COI 3 from spec-
imens collected in Jędrzejów (Table 1) was the same 
as sequence KM247383 deposited in GenBank for M. 
claustralis from Prague (Czech Republic), Saguramo 
(Georgia) and Plovdiv (Bulgaria) (Pieńkowska et 
al. 2015). Sequence 16S  4 from specimens from 
Jędrzejów and Puszczykowo was the same as 
GenBank sequence KM247393 (16SrDNA) for spec-

Fig. 2. Neighbour-Joining tree of new 16SrDNA sequences of M. claustralis and M. cartusiana. The 16SrDNA sequence of 
M. cantiana KM247390 (Pieńkowska et al. 2015) was chosen as outgroup. M. claustralis KM247392-KM247396 and 
M. cartusiana KM247391 & KM247397 (Pieńkowska et al. 2015) sequences were used as references. Calculation pa-
rameters were the same as for Fig. 1

Table 2. Ranges of K2P genetic distances for analysed COI and 16SrDNA sequences

Comparison COI (%) 16SrDNA (%)
Within M. claustralis 0.0–4.3 0.0–3.1
Within M. cartusiana 0.0–3.0 0.0–2.3
Within M. cantiana 0.0 0.0
Between M. claustralis and M. cartusiana 12.3–15.1 9.3–11.9
Between M. claustralis and M. cantiana 19.2–21.5 21.3–23.8
Between M. cartusiana and M. cantiana 19.6–20.7 20.3–21.3
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imens from Prague and Saguramo. All the other se-
quences presented in Table 1 (COI 2, COI 4 – COI 8, 
as well as 16S 2, 16S 3, 16S 5, 16S 6) were unique, 
never reported for M. claustralis previously. It is note-
worthy that populations of M. claustralis from Kielce-
Na Ługach, Kielce-Białogon, Jaworznia, Morawka, 
Morawica, Poznań-Wola, Rogalinek and Nadole (new-
ly discovered) as well as those from Poznań-Cybina, 
Poznań-Morasko and Kielce-Wietrznia (reported ear-
lier: Pieńkowska et al. 2015) seem to be genetical-
ly uniform, with only one COI and 16SrDNA haplo-
type. The population from Chłapowo is uniform in 
respect of COI haplotype, but not for 16SrDNA (two 
haplotypes were found in its specimens, Table  1). 
An opposite situation was found in the Małogoszcz 
population: uniform in 16SrDNA haplotype, but with 
two COI haplotypes (Table 1). Moreover, populations 
of M. claustralis from Puszczykowo, Jędrzejów and 
Sobków appeared genetically differentiated, with two 
(COI 1 and COI 6 in Puszczykowo) or three (COI 2, 
COI 3, COI 4 for Jędrzejów and COI 1, COI 2, COI 4 
for Sobków) COI sequences as well as two (16S 1 and 

16S 2 for Sobków) or three (16S 2, 16S 3 and 16S 4 
for Jędrzejów) 16SrDNA sequences.

It must be stressed that some sequences of COI 
(COI 7) and 16SrDNA (16S 5) turned out to be pe-
culiar to M. claustralis from northern Poland (found 
only in populations from Jastrzębia Góra, Chłapowo, 
Nadole and Krokowa; Table 1).

Overall, all the sequences were similar, with K2P 
distances of 0.0–4.3% for COI (Appendix 1) and 0.0–
3.1% for 16SrDNA (Appendix 2) and thus conspecif-
ic and representing M. claustralis (Table 2).

In the dendrograms (Figs 1, 2) sequences COI 9 
and 16S  7, found in populations from Kielce-
Wietrznia and Kielce-Grzybowa, COI 10 and 16S 8 
from Ostrowiec Świetokrzyski as well as COI  11, 
COI 12 and 16S 8 from Wrocław-Pilczyce (Table 1) 
clustered with GenBank sequences for M. cartusia
na from Wrocław-Legnicka (Poland), Kis-Balaton 
(Hungary), Prague (Czech Republic) and Brescia 
(Italy) (Pieńkowska et al. 2015). They differed in 
K2P distances from those GenBank sequences by 
0.0–3.0% and 0.0–2.3% for COI and 16SrDNA, re-

Table 3. Combined COI and 16SrDNA datasets for the analysed Monacha species

Combined haplotypes COI 16SrDNA Locality (reference)
Monacha claustralis

Mclau-PL-h1 KM247384 KM247392 Poland: Janikowo (Pieńkowska et al. 2015)
Mclau-PL-h2 KM247385 KM247396 Poland: Poznań-Cybina, Poznań-Morasko, Kielce-Wietrznia 

(Pieńkowska et al. 2015)
Mclau-PL-h3 COI 1 16S 1 Poland: Kielce-Białogon, Kielce-Na Ługach, Kielce-Grzybowa, 

Morawica, Morawka, Jaworznia, Sobków, Poznań-Wola, Rogalinek, 
Puszczykowo (this paper)

Mclau-PL-h4 COI 2 16S 2 Poland: Jędrzejów, Sobków (this paper)
Mclau-PL-h5 COI 3 16S 4 Poland: Jędrzejów (this paper)
Mclau-PL-h6 COI 4 16S 3 Poland: Jędrzejów, Małogoszcz (this paper)
Mclau-PL-h7 COI 5 16S 3 Poland: Małogoszcz (this paper)
Mclau-PL-h8 COI 6 16S 4 Poland: Puszczykowo (this paper)
Mclau-PL-h9 COI 7 16S 5 Poland: Jastrzębia Góra, Chłapowo, Nadole, Krokowa (this paper)
Mcalu-PL-h10 COI 7 16S 6 Poland: Chłapowo (this paper)
Mclau-PL-h11 COI 8 16S 4 Poland: Krokowa (this paper)

Monacha cartusiana
Mcart-PL-h1 KM247379 KM247391 Poland: Wrocław-Legnicka (Pieńkowska et al. 2015)
Mcart-PL-h2 KM247381 KM247391 Poland: Wrocław-Legnicka (Pieńkowska et al. 2015)
Mcart-PL-h3 COI 9 16S 7 Poland: Kielce-Wietrznia, Kielce-Grzybowa (this paper)
Mcart-PL-h4 COI 10 16S 8 Poland: Ostrowiec Świętokrzyski (this paper)
Mcart-PL-h5 COI 11 16S 8 Poland: Wrocław-Pilczyce (this paper)
Mcart-PL-h6 COI 12 16S 8 Poland: Wrocław-Pilczyce (this paper)
Mcart-BA-h1 COI 13 16S 9 Bosnia: Gornji Vakuf-Uskoplje (this paper)
Mcart-BA-h2 COI 14 16S 9 Bosnia: Gornji Vakuf-Uskoplje (this paper)
Mcart-XS-h1 COI 11 16S 10 Serbia: Belgrade (this paper)
Mcart-XS-h2 COI 11 16S 12 Serbia: Belgrade (this paper)
Mcart-XS-h3 COI 15 16S 7 Serbia: Belgrade (this paper)
Mcart-XS-h4 COI 16 16S 11 Serbia: Belgrade (this paper)
Mcart-XS-h5 COI 17 16S 11 Serbia: Belgrade (this paper)

Monacha cantiana (as an outgroup)
Mcan-UK-h1 KM247375 KM247390 England: East Acton & Barrow (Pieńkowska et al. 2015)
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spectively (Table 2, Appendices 1 & 2), which con-
firms their affiliation to M. cartusiana.

The fact that K2P distances between the sequenc-
es of M. claustralis and M. cartusiana were 12.3–15.1% 
and 9.3–11.9% for COI and 16SrDNA, respective-
ly (Table 2), shows that these gene fragments al-
low a clear distinction between the two species. It 
is noteworthy that the specimens from Wrocław-
Pilczyce represent exactly the same population of 
M. cartusiana as that discovered in Wrocław in the 
1970s (Kosińska 1973, 1979) and the sequence 

COI 12 is exactly the same as the GenBank sequence 
KM247380 for specimens from another population, 
Wrocław-Legnicka (Pieńkowska et al. 2015). The 
specimens from Wrocław-Pilczyce, like those from 
some other populations of M. cartusiana, i.e. Kis-
Balaton and Wrocław-Legnicka, are differentiated in 
COI but not in 16SrDNA sequences. 

New sequences COI 13, COI 14 and 16S 9 were 
found in M. cartusiana from Gornji Vakuf-Uskoplje 
(Bosnia and Herzegovina). On the other hand, new 
sequences COI  15 – COI  17 and 16S  10 – 16S  12 

Fig. 3. Majority-rule consensus tree obtained from Bayesian inference analysis of the combined data set of COI and 16SrDNA 
sequences of M. claustralis and M. cartusiana (Table 3). Posterior probabilities are marked at the nodes. The tree was 
rooted with M. cantiana. Two M. claustralis and two M. cartusiana sequences were used as reference (see Table 3)
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were characteristic of the Belgrade (Serbia) popula-
tion. They clustered with sequences for M. cartusiana 
in both NJ and Bayesian trees (Figs 1–3). K2P dis-
tances between these sequences and those deposit-
ed in GenBank (Appendices 1 & 2) confirm that the 
populations from Bosnia and Serbia are conspecific. 
It is the first molecular confirmation of the occur-
rence of the true M. cartusiana in these countries, ear-
lier reported only based on conchological and ana-
tomical identification (weLteR-scHuLtes 2012). It 
is noteworthy that sequences COI 11 and 16S 7 were 
also found in some Polish populations (COI 11 from 
Wrocław-Pilczyce and 16S  7 from Kielce-Grzybowa 
and Kielce-Wietrznia).

The results presented in this paper show that M. 
cartusiana has a very limited distribution in Poland. 
It occurs within the city boundaries of Wrocław 
(Dolnośląskie Province) (Fig. 4) where it was first 
discovered by kosińska (1973, 1979). Three new 
localities are reported in this paper (two in Kielce 

and one in Ostrowiec Świętokrzyski: Świętokrzyskie 
Province). It is noteworthy that co-occurrence of M. 
cartusiana and M. claustralis, previously mentioned 
from Prague (Czech Republic) (Pieńkowska et al. 
2015), was also observed in some of the Polish local-
ities (Kielce-Wietrznia and Kielce-Grzybowa).

M. claustralis is much more widespread in 
Poland (Fig. 4). As shown in the present study, its 
new populations were found in several places near 
Kielce (Świętokrzyskie Province, S. Poland) and near 
Poznań (Wielkopolskie Province, W. Poland). Four 
populations were found in Pomorskie Province (N. 
Poland). Earlier, a large population was discovered 
at Janikowo (Kujawsko-Pomorskie Province, central 
Poland, Pieńkowska et al. 2015). It can be expected 
that other populations will be located soon, as the 
species quickly expands its distribution range. There 
are some preliminary observations of new popu-
lations of M. claustralis in Murowana Goślina near 
Poznań (B. Gołdyn, unpublished). We have already 

Fig. 4. Distribution of M. cartusiana and M. claustralis in Poland: 1 – Wrocław-Pilczyce; 2 – Wrocław-Legnicka; 3 – Kielce-
Wietrznia; 4 – Kielce-Grzybowa; 5 – Kielce-Na Ługach; 6 – Kielce-Białogon; 7 – Jaworznia near Kielce; 8 – Morawka 
near Kielce; 9 – Morawica near Kielce; 10 – Sobków near Jędrzejów; 11 – Jędrzejów; 12 – Małogoszcz; 13 – Ostrowiec 
Świętokrzyski; 14 – Poznań-Cybina; 15 – Poznań-Morasko; 16 – Poznań-Wola; 17 – Puszczykowo near Poznań; 
18  –  Rogalinek near Poznań; 19 – Janikowo; 20 – Nadole; 21 – Krokowa, 22 – Chłapowo; 23 – Jastrzębia Góra; 
24 – Murowana Goślina; 25 – Snochowice; 26 – Jeżynów near Bławatków; 27 – “Ślichowice” Nature Reserve
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found COI  1 haplotype in some specimens collect-
ed by one of us (M. GóRka) in Jeżynów, Snochowice 
and Ślichowice nature reserve, all near Kielce (Fig. 
4), however these preliminary results should be 
confirmed based on a more extensive material, be-
cause of the possible co-occurrence of M. cartusiana 
in Świętokrzyskie Province.

M. claustralis and M. cartusiana are another pair 
of morphologically similar species which invaded 
Poland very recently. Similar pairs were recognised 

among both land and freshwater molluscs, for exam-
ple Arion vulgaris (Moquin-Tandon, 1855) and A. ru
fus (Linnaeus, 1758) (SoRoka et al. 2009), Corbicula 
fluminea (O. F. Müller, 1774) and C. fluminalis (O. F. 
Müller, 1774) (DoMaGała et al. 2004, ŁaBędzka et al. 
2005), Dreissena polymorpha (Pallas, 1771) and D. ros
triformis bugensis (Andrusov, 1897) (kołodzieJczyk 
et al. 2011, Woźniczka et al. 2016). Molecular anal-
ysis could be useful in their correct identification.

CONCLUSIONS

M. cartusiana, discovered in Poland much earlier 
than M. claustralis, still has a very limited distribu-
tion in the country. Apart from the city of Wrocław 
(Dolnośląskie Province, SW. Poland) in which it was 
first discovered in the 1970s, it was found in three 
new localities (all in Świętokrzyskie Province, S. 
Poland). 

M. claustralis, although discovered in Poland ca. 30 
years later than M. cartusiana, turned out to be much 
more widespread in the country, being present in its 
southern, western, central and northern parts. As 
shown here, new populations are continuously dis-

covered and this confirms that the species is quickly 
expanding its distribution range.
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