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abstRact: The comparison of the gene nucleotide sequences (mitochondrial cytochrome oxidase c subunit 
I and ITS2 fragment of the nuclear rDNA) indicated significant differences within the lymnaeid species of 
the genus Ladislavella. For this reason, we postulate retaining of the name Ladislavella occulta (Jackiewicz, 
1959) for the molecularly separated lineage of the species occurring in Poland.
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INTRODUCTION

jackiewicz (1959) recognised a new species 
within the complex species Galba palustris (O. F. 
Müller, 1774) and named it G. occulta. The species 
was subsequently assigned to Stagnicola Jeffreys, 
1830 treated as a subgenus within Lymnaea Lamarck, 
1799 (jackiewicz 1993, 1998a, 2000) or as a sep-
arate genus (FaLkneR 1995, FaLkneR et al. 2001, 
GLöeR 2002, GLöeR & MeieR-bRook 2003). When 
taxonomic decisions based on the analysis of nucle-
otide sequences took on significance, MeieR-bRook 
& baRGues (2002), taking into account the length 
of ITS2 sequence in rDNA gene, included G. occulta 
Jackiewicz in a newly established genus Catascopia. 
They stated after waLteR (1969) that C. occulta was 
an American species introduced in Europe. Later 
VinaRski & GLöeR (2008) found that although 
jackiewicz (1992, 1998b) was aware of the occur-
rence of G. occulta in Siberia, she overlooked that 
the species discovered by her had been described 
earlier by westeRLund (1885) as Limnaea palustris 
var. terebra. VinaRski (2012) moreover argued that 
Ladislavella B. Dybowski, 1913 was the oldest availa-
ble name for Catascopia Meier-Brook et Bargues, 2002. 
Finally, Galba occulta Jackiewicz, 1959 was assigned as 

a junior synonym of Ladislavella terebra (Westerlund, 
1885) (andReyeVa et al. 2010, VinaRski 2012) and 
this name was used in subsequent publications (e.g. 
VinaRski 2012, Pieńkowska et al. 2014, 2015a, 
schniebs 2016, VinaRski et al. 2016a, Piechocki 
& wawRzyniak-wydRowska 2016, schniebs et al. 
2018).

hebeRt et al. (2003a, b) proposed that the nu-
cleotide sequence of the cytochrome oxidase subunit 
1 gene (COI) could be a marker that would allow to 
distinguish species, with suggestion that 3% genetic 
distance could be treated as a threshold between sep-
arate taxa at the species level. Usefulness of Hebert’s 
barcoding in taxonomy was supported by many au-
thors (e.g. tautz et al. 2003, GReGoRy 2005, PackeR 
et al. 2009, GoLdstein & desaLLe 2011) with some 
suggestion that the threshold should be higher for 
stylommatophoran gastropods (daVison et al. 2009, 
saueR & hausdoRF 2012). However schniebs et al. 
(2016) decided that COI sequences could not be used 
in stagnicoline lymnaeid taxonomy and excluded this 
gene from their molecular studies (e.g. schniebs et 
al. 2015, 2017, 2018, VinaRski et al. 2017). On the 
other hand aksenoVa et al. (2018) presented a deep 
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revision of lymnaeid classification with a huge base 
of COI sequences for species identifications.

In this paper we compare COI and ITS2 sequenc-
es of L. terebra specimens from its Siberian and West 

Poland populations with the aim of restoring the va-
lidity of the taxon described by jackiewicz (1959) to 
commemorate outstanding achievements in lymnaeid 
taxonomy of this malacologist who died this year.

MATERIAL AND METHODS

One hundred and sixty six COI and 31 ITS2 se-
quences were selected from GenBank resources 
(Appendix 1). They represented the following lym-
naeid species: Ladislavella occulta (Jackiewicz, 1959), 
L. terebra (Westerlund, 1985), L. exilis (Lea, 1834), 
L. elodes (Say, 1821), L. tumrokensis (Kruglov et 
Starobogatov, 1985), Stagnicola palustris (O. F. Müller, 
1774), S. corvus (Gmelin, 1791) and Lymnaea stagna-
lis (Linnaeus, 1758) originating from 61 localities 
(Appendix 1).

Sequences were prepared using the programme 
BIOEDIT, version 7.0.5. (haLL 1999). The align-
ments were performed using the CLUSTAL W pro-
gramme (thoMPson et al. 1994) implemented in 
BIOEDIT. The ends of all sequences were trimmed 
to obtain four sets of equal length sequences: COI, 
ITS2 and COI+ITS2. The lengths of the sequences 
after cutting were 558 and 461 bp for COI, 488 posi-
tions for ITS2 and 1,014 positions for combined se-
quences of COI+ITS2 (558 bp + 456 positions). The 
sequences were collapsed to haplotypes (COI) and 
to common sequences (ITS2 and COI+ITS2) using 
the programme ALTER (Alignment Transformation 
EnviRonment) (GLez-Peña et al. 2010).

During analysis of the phylogenetic relationships, 
the sequences were analysed by the genetic distance 

Neighbour-Joining method (saitou & nei 1987) 
implemented in MEGA7 (kuMaR et al. 2016) using 
the Kimura two-parameter model (K2P) for pairwise 
distance calculations (kiMuRa 1980). Best-fit sub-
stitution models were calculated using algorithm 
implemented in MEGA 7 for every set of sequenc-
es independently: Tamura 3 parameter evolutionary 
model (taMuRa 1992) for COI alignments, Kimura 
2-parameter model (kiMuRa 1980) for ITS2 set and 
a HKY substitution model for combined data set of 
COI+ITS2 (haseGawa et al. 1985). For all analy-
ses we assumed a gamma distributed rate variation 
among sites. Maximum Likelihood analyses were 
performed using MEGA7.

The ML trees were tested by bootstrap analysis 
with 1,000 replicates (FeLsenstein 1985). In the case 
of combined alignment COI+ITS2 parallel Bayesian 
Interference was conducted using the programme 
MRBAYES 3.1.2 (Ronquist & hueLsenbeck 2003). 
Four Monte Carlo Markov chains were run for 1 mil-
lion generations, sampling every 100 generations 
(the first 250,000 trees were discarded as ‘burn-in’). 
This yielded a 50% majority rule consensus tree. 
Finally, calculated during ML analysis bootstrap val-
ues were mapped on the 50% majority rule consen-
sus Bayesian tree.

RESULTS

The COI sequences obtained from GenBank were 
attributed to 77 haplotypes (Appendix 1). They had 
to be trimmed so that they could be aligned for the 
construction of ML trees. The tree of 53 haplotypes 
(558 bp long, COI 1 – COI 53) is shown in Fig. 1. 
The haplotypes clustered in nine clades, namely 
Ladislavella occulta, L. terebra, L. liogyra, L. exilis, L. 
elodes/tumrokensis, Stagnicola palustris (1), S. corvus, S. 
palustris (2) and Lymnaea stagnalis. The K2P genetic 
distances within these clades were very small, with-
in a range of 0.0 – 2.0% (mean values) except for S. 
palustris (1) and (2) (when they were treated as one 
taxon, 4.1%) and L. stagnalis (4.4%) (Table 1). The 
K2P distances between clades were usually larger 
than 10% when they were compared in pairs (Table 
1) with some exceptions, like L. tumrokensis vs. L. 
elodes which differed at the level of “within clade” 
distances (2.3%). Also, smaller distances separated 
pairs L. terebra vs. L. liogyra (6.9%), L. exilis vs. L. 

tumrokensis (6.1%), L. exilis vs. L. elodes (6.3%) and 
S. palustris (2) vs. S. corvus (6.0%). Other K2P dis-
tances were larger, however these between clades 
representing the same genus were smaller (in the 
range 6.3–15.8% and 7.8% within Ladislavella and 
Stagnicola, respectively) than those between clades 
of different genera (Ladislavella vs. Stagnicola 18.3–
22.0% and Ladislavella vs. Lymnaea 19.5–20.7%, 
however the K2P distances were 13.9–15.1% for 
Stagnicola vs. Lymnaea).

To compare the above haplotypes with eighty COI 
sequences for Hinkleya caperata and one for L. elodes 
deposited in GenBank by MoRninGstaR et al. (2018) 
and dewaaRd et al. (2014), respectively (24 addi-
tional halotypes COI 54 – COI 77), they all had to 
be trimmed to 461 bp long haplotypes. The resulting 
ML tree (Fig. 2) showed similar clades as for longer 
haplotypes (Fig. 1) with one additional clade of hap-
lotypes characteristic of H. caperata.
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Fig. 1. Maximum Likelihood (ML) tree of the 558-bp-long fragment of COI sequences of the studied lymnaeid species 
with the use of Lymnaea stagnalis as outgroup (see Appendix 1). Numbers on branches represent bootstrap support 
above 50%
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The ITS2 sequences obtained from GenBank were 
attributed to 23 common sequences (Appendix 1). 
They clustered in seven clades on the ML tree (Fig. 
3), three (S. corvus, S. palustris and L. stagnalis) clearly 
and four (L. occulta, L. terebra, L. elodes and L. tum-

rokensis) less separated. The smallest K2P distances 
(Table 1) differentiated specimens within particular 
species (mean values up to 1.6%), except L. terebra 
with its intraspecific variation larger (5.3%). The 
largest K2P distances were between species included 

Table 1. Ranges of K2P genetic distances for COI and ITS2 sequences analysed (mean values in parentheses)

Comparison COI (%) ITS2 (%)
Within L. occulta 0.2–0.4 (0.3) 0.0
Within L. terebra 2.2 5.3
Within L. liogyra 0.0
Within L. exilis 0.0
Within L. tumrokensis 0.4 0
Within L. elodes 0.2–2.8 (1.4) 0.8
Within S. palustris 0.2–11.9 (4.1) 0.2–1.4 (0.9)
Within S. palustris (1) 0.2–1.1 (0.6)
Within S. palustris (2) 0.2–1.5 (0.9)
Within S. corvus 0.2–4.1 (2.0) 1.2–2.4 (1.6)
Within L. stagnalis 0.7–10.4 (4.4) 0.5–2.3 (1.2)
Between L. occulta and L. terebra 12.2–12.8 (12.6) 2.4–6.4 (4.4)
Between L. occulta and L. liogyra 10.0–10.2 (10.2)
Between L. occulta and L. exilis 15.0–15.5 (15.3)
Between L. occulta and L. tumrokensis 15.0–15.5 (15.3) 6.8
Between L. occulta and L. elodes 14.5–16.9 (15.8) 6.8–7.1 (7.0)
Between L. occulta and S. palustris 19.7–21.4 (20.5) 29.8–32.1 (31.0)
Between L. occulta and S. corvus 18.5–20.9 (19.6) 31.0–31.8 (31.5)
Between L. occulta and L. stagnalis 18.5–21.4 (19.9) 34.0–34.4 (34.1)
Between L. terebra and L. liogyra 6.9 
Between L. terebra and L. exilis 12.3–13.4 (12.9)
Between L. terebra and L. tumrokensis 13.7–15.1 (14.4) 6.2–10.3 (8.3)
Between L. terebra and L. elodes 13.5–16.1 (15.1) 6.2–10.3 (8.1)
Between L. terebra and S. palustris 20.6–22.8 (21.6) 32.0–38.6 (35.4)
Between L. terebra and S. corvus 19.9–21.3 (20.5) 32.2–39.0 (35.5)
Between L. terebra and L. stagnalis 18.7–22.6 (20.6) 35.5–40.7 (37.9)
Between L. liogyra and L. exilis 11.9
Between L. liogyra and L. tumrokensis 12.1
Between L. liogyra and L. elodes 12.3–13.0 (12.7)
Between L. liogyra and S. palustris 20.6–21.8 (21.1)
Between L. liogyra and S. corvus 20.4–22.1 (20.8)
Between L. liogyra and L. stagnalis 18.5–21.6 (20.0)
Between L. exilis and L. tumrokensis 6.1
Between L. exilis and L. elodes 5.5–6.7 (6.3)
Between L. exilis and S. palustris 18.9–19.7 (19.4)
Between L. exilis and S. corvus 18.0–19.0 (18.3)
Between L. exilis and L. stagnalis 17.5–21.6 (19.5)
Between L. tumrokensis and L. elodes 1.8–2.8 (2.3) 0.5–0.8 (0.6)
Between L. tumrokensis and S. palustris 21.2–22.4 (21.8) 32.5–34.9 (34.0)
Between L. tumrokensis and S. corvus 20.7–21.4 (21.1) 34.9–36.6 (35.8)
Between L. tumrokensis and L. stagnalis 19.9–22.4 (20.8) 36.7–38.1 (37.1)
Between L. elodes and S. palustris 20.2–23.5 (22.0) 32.2–34.6 (33.7)
Between L. elodes and S. corvus 19.9–22.7 (21.2) 34.6–36.3 (35.5)
Between L. elodes and L. stagnalis 19.0–23.1 (20.7) 35.6–38.1 (36.5)
Between S. palustris and S. corvus 5.1–11.6 (7.8) 5.0–6.5 (5.9)
Between S. palustris and L. stagnalis 11.8–17.4 (13.9) 9.5–12.3 (10.8)
Between S. corvus and L. stagnalis 14.0–17.1 (15.1) 12.2–13.8 (13.1)
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Fig. 2. Maximum Likelihood (ML) tree of the 461-bp-long fragment of COI sequences of the studied lymnaeid species 
with the use of L. stagnalis as outgroup (see Appendix 1). Shortening the length of the sequences within alingment 
allowed to add sequences of Hinkleya caperata to the phylogenetic analysis. Numbers on branches indicate bootstrap 
support above 50%
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Fig. 3. Maximum Likelihood (ML) tree of the 488-position-long fragment of ITS2 sequences of the studied lymnaeid 
species with the use of L. stagnalis as outgroup (see Appendix 1). Numbers on branches indicate bootstrap support 
above 50%

Table 3. Combined sequences of COI and ITS2 fragments for Bayesian analysis

Species Combined sequences COI ITS2
Ladislavella occulta CS 1 KP070796 KP070772
Ladislavella terebra CS 2 LT623591 HE613324 

CS 3 LT623592 HE613325
Ladislavella tumrokensis CS 4 KP830102 KP830108

CS 5 KP830103 KP830109
Stagnicola corvus CS 6 KP070781 KP070771
Stagnicola palustris CS 7 KP070773 KP070769
Lymnaea stagnalis CS 8 FR797867 FR797836 

CS 9 HG932251 HG931958 
CS 10 HG932247 HG931952 
CS 11 HG932255 HG931965 

Table 2. Number of differences in ITS2 nucleotide sequences between analysed species of genus Ladislavella

Number of nucleotide sequence differences

Total
Substitutions

Insertions + deletions
Transitions Transversions

L. occulta (ITS2 1 & 2) vs. L. terebra (ITS2 3 & 4) 43–59 2–11 7–13 19–50
L. occulta (ITS2 1 & 2) vs. L. elodes (ITS2 5 & 6) 80–86 11–12 12–13 56–61
L. occulta (ITS2 1 & 2) vs. L. tumrokensis (ITS2 7 & 8) 87–89 11 13–14 62–64
L. terebra (ITS2 3 & 4) vs. L. elodes (ITS2 5 & 6) 62–89 13–20 9–17 28–66
L. terebra (ITS2 3 & 4) vs. L. tumrokensis (ITS2 7 & 8) 68–91 12–19 10–19 30–69
L. elodes (ITS2 5 & 6) vs. L. tumrokensis (ITS2 7 & 8) 04–10 0–2 1–2 2–7
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in Stagnicola and Lymnaea clades and those grouped in 
four Ladislavella clades analysed in pairs (mean val-
ues 31.0–37.9%). Mean values of the K2P distance 
within Ladislavella species support their separation 
(L. occulta vs. L. terebra 4.4%, L. occulta vs. L. tumroken-
sis 6.8%, L. occulta vs. L. elodes 7.0%, L. terebra vs. L. 
tumrokensis 8.3%, L. terebra vs. L. elodes 8.1%), except 
a pair L. tumrokensis and L. elodes (mean K2P distance 
0.6%). It is noteworthy that the number of differ-
ences between ITS2 sequences of L. occulta and L. 
terebra is smaller than those distinguishing L. occulta 
from L. elodes and L. tumrokensis as well as L. terebra 

from L. elodes and L. tumrokensis (Table 2). However 
it is much larger than the number differences in 
ITS2 sequences between L. elodes and L. tumrokensis 
(Table 2) and much smaller than between L. occulta 
or L. terebra and species of Stagnicola or Lymnaea (data 
not shown).

Ten ITS2 sequences deposited in GenBank for 
lymnaeids made it possible to create combined se-
quences COI + ITS2 (Table 3). The Bayesian infer-
ence tree resulted in six well separated clades L. oc-
culta, L. terebra, L. tumrokensis, S. palustris, S. corvus and 
L. stagnalis (Fig. 4).

DISCUSSION

No differences were found in the structure of the 
shell and reproductive system between topotypi-
cal material of Galba occulta Jackiewicz and Siberian 
Limnaea palustris var. terebra Westerlund in careful 
comparative studies (VinaRski 2003, 2012, VinaRski 
& GLöeR 2008). Moreover, specimens of both spe-
cies were closely related based on their ITS2 sequenc-
es in rDNA gene (VinaRski et al. 2016a). Therefore 
VinaRski & GLöeR (2008) synonymised the taxa 
giving a priority to the older name. Somewhat later 
VinaRski (2012) assigned it to the genus Ladislavella 
B. Dybowski, 1913 as L. tere bra (Westerlund, 1885).

We found that the specimens from the Polish 
population in Gorzykowo near Gniezno (W. Poland) 

differed in their nucleotide sequences of COI and 
ITS2 fragments from the two Siberian populations 
(Tjumen Region and Altai Republic, Russia) (Figs 
1–4). The K2P distances between the common se-
quences of ITS2 fragment suggest that these popula-
tions are closely related (as suggested by VinaRski et 
al. 2016a). However the differences of ITS2 sequenc-
es between the Altai and Tjumen populations require 
further in-depth research on a larger number of pop-
ulations. On the other hand, K2P distances between 
the haplotypes COI 1 – COI 4 and COI 5 & COI 6, 
representing these two groups (Polish and Siberian), 
respectively, are much higher (12.2–12.8%) than the 
3% threshold established by hebeRt et al. (2003a, 

Fig. 4. Majority-rule consensus tree obtained from Bayesian Inference analysis (BI) of the combined data set of COI and 
ITS2 DNA sequences (see Table 3) of the studied lymnaeid species. The tree was rooted with L. stagnalis combined 
sequences. Posterior probabilities (left) and bootstrap support above 50% from ML analysis (right) are marked on 
branches
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b) for species delimitation. We are aware of the ob-
jections to the use of Hebert’s threshold (daVison 
et al. 2009, saueR & hausdoRF 2012 and referenc-
es cited therein). Moreover we have always stressed 
(Pieńkowska et al. 2015b, 2018a, b) that molecular 
features alone are not enough for species designation 
and that they have to be supported by anatomical fea-
tures. However, the Polish and Siberian populations 
are far away from each other and one can expect a 
process of speciation that has a faster expression in 
the features of the rapidly evolving mitochondrial 
genome (thoMaz et al. 1996, ReMiGio & hebeRt 
2003) than, for example, in the features of shell and 
genitalia. Therefore we propose to retain the species 
name introduced by jackiewicz (1959), i.e. L. occul-
ta, for the Polish lineage of the taxon, especially when 
the other valid species of the genus Ladislavella differ 
to a lesser extent in the nucleotide sequence of the 
COI gene than L. occulta and L. terebra (see Table 1).

L. occulta or L. terebra were identified on the basis 
of shell and genital system features from several lo-
calities from Europe (West Poland, South Sweden, 
Czech Republic, Bosnia-Hercegovina, Ukraine) and 
Siberia (Yeniseysk and Selenga River near Baikal 
lake) by jackiewicz (1992, 1993, 1997, 1998a, b) 
(who used the name Lymnaea (Stagnicola) occulta); 
several localities in Germany and Rusia (especially 
in Siberia and Far East) were added to its distribu-
tion by VinaRski & GLöeR (2008) and recently from 
Ukraine (Khust district) by anistRatenko et al. 
(2018) (using the name Ladislavella terebra). However 
L. occulta or L. terebra at these localities were identi-
fied on the basis of shell and genital system features. 
We report differences in COI and ITS2 sequences be-
tween one Polish (Gorzykowo, W. Poland) and two 
Russian (Siberia) localities. Further molecular re-
search on L. occulta and L. terebra populations from 
other localities is necessary. Unfortunately all but one 
(Gorzykowo) Polish localities found by Jackiewicz 
and her co-workers (jackiewicz 1959, 1993, 1998a, 
2000) were destroyed, so the Polish L. occulta lineage 
is threatened with extinction (Rybska et al. 2007).

Although this was not the aim of this study, we 
add a few remarks about lymnaeid taxa resulting 
from our analysis of the COI gene sequences:
1. COI gene sequences well support the generic 

classification of the following taxa: Ladislavella 
B. Dybowski, 1913, Hinkleyia F. C. Baker, 1928, 
Stagnicola Jeffreys, 1830 and Lymnaea Lamarck, 
1799.

2. The results of this paper support the suggestion 
that L. tumrokensis and L. elodes are conspecific (ac-
cording to VinaRski et al. 2017 they represent 
two subspecies of Ladislavella catascopium).

3. The status of Stagnicola palustris should be veri-
fied. We found that this species was represented 
by two different COI lineages. schniebs et al. 
(2016) pointed to the inconsistency of stagnicol-
ine lymnaeid classification based on mitochondri-
al sequences vs. that resulting from the analysis of 
nuclear genes and reproductive system anatomy. 
Drawing conclusions on the basis of our results 
would be premature. Further research is needed 
on a larger number of S. palustris populations to 
determine if this difference in COI sequences is a 
result of interspecific hybridisation or speciation 
visible in the mitochondrial genome.

4. Although Lymnaea stagnalis is a well defined spe-
cies, it is also greatly diversified in COI nucleotide 
sequences which suggests that further studies on 
its populations would be necessary.
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