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Abstract. We report the first reliable molecular identification of Diplostomum spathaceum (Rudolphi, 1819) (Trematoda: Digenea) 
from northwestern Russia. The sequenced cercaria shares a widespread ITS2 haplotype, which has been previously recorded from 
Germany, Czech Republic, Spain, Iceland and Canada. The Radix auricularia is a host of D. spathaceum in Russia that is in accordance 
with records from Europe. Our finding highlights a wide range of certain phylogenetic lineages of the fish eye flukes, which were 
likely caused by spreading via migratory birds. 
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Introduction 
 
The diplostomid digenean species Diplostomum spathaceum 
(Rudolphi, 1819) is widespread across the Palearctic region 
and is listed among the most frequently recorded trematode 
species in Europe (Georgieva et al. 2013, Blasco-Costa et al. 
2014, Faltýnková et al. 2016). Like other trematodes, D. 
spathaceum has a complex life cycle, which includes devel-
opment of larval stages in two intermediate hosts, i.e. the 
cercaria in freshwater snails and metacercaria in freshwater 
fishes (Karvonen 2012). The adult flukes are parasites of 
various fish-eating bird species, such as gulls (Locke et al. 
2010, Karvonen 2012). The taxonomy of Diplostomum para-
sites is still not completely resolved to date, because they in-
clude many cryptic species-level lineages (Pugachev 2003, 
Karvonen 2012, Georgieva et al. 2013, Blasco-Costa et al. 
2014, Faltýnková et al. 2016). 

In Russia, D. spathaceum has been reported as a taxon, 
with a wide range in the European part of the country, as 
well as in Siberia and the Far East (Pugachev 2003, Yakov-
leva et al. 2015), but all these records were based exclusively 
on the morphological identification of the collected speci-
mens. To date, no sequences of this species are available 
from Russia. However, the molecular data are of particular 
importance for understanding the actual distribution of cer-
tain species-level lineages of trematodes (Blasco-Costa et al. 
2016). For example, D. spathaceum has been reported as a 
common species in Denmark, but the molecular screening of 
the cercariae reveal two other taxa, D. pseudospathaceum 
Niewiadomska, 1984 and D. mergi (Dubois, 1932) (Haarder et 
al. 2013). The initial aim of this study was to verify the taxo-
nomical identification of a sample of lymnaeid snails using 
molecular methods and to establish its phylogenetic rela-
tionship. During an analysis of total DNA of pond snails an 
ITS2 sequence of a trematode species was extracted.  
 
 
Materials and methods 
 
We undertook the molecular study of a sample of Radix auricularia 
from Russia based on amplification and sequencing of the mito-
chondrial cytochrome c oxidase subunit I (COI) gene and the ribosomal 
internal transcribed spacer 2 (ITS2) region. This snail specimen has the 
following collection location: NW Russia: Arkhangelsk Region, Sev-
ernaya Dvina delta, Lapominka village, 64°46'58" N, 40°27'34" E, I. 
Bolotov leg. During analysis of total DNA, which was extracted from 
an individual snail, we obtained the COI sequence corresponding to 
its own mtDNA and the ITS2 sequence (338-bp in length) of a trema-
tode species. Genomic DNA was extracted from individual snails us-
ing the Nucleospin Tissue Kit (marketed by Macherey-Nagel, Ger-
many) following the manufacturer’s protocol. New sequences were 

amplified using the following primers: LCO1490 and HCO 2198 
(Folmer et al. 1994) for COI, LT1 (Bargues et al. 2001) and ITS4 
(White et al. 1996) for ITS2. The PCR mix contained approximately 
200 ng of total cellular DNA, 10 pmol of each primer, 200 μmol of 
each dNTP, 2.5 mL of PCR buffer (with 10 × 2 mmol MgCl2), 0.8 
units of Taq DNA polymerase (SibEnzyme Ltd., Russia), and H2O, 
which was added up to a final volume of 25 mL. Thermocycling in-
cluded one cycle at 95°C (4 min), followed by 36–39 cycles of 95°C 
(50 s), 52°C (50 s), 72°C (50 s) and a final extension at 72°C (5 min). 
Forward and reverse sequencing were performed on an automatic 
sequencer (ABI PRISM3730, Applied Biosystems) using the ABI 
PRISM BigDye Terminator v.3.1 reagent kit. The resulting sequences 
were checked using a sequence alignment editor BioEdit version 
7.2.5 (Hall 1999). The taxonomic affinities of nucleotide sequences of 
both the parasite and the host snail species were identified using the 
Basic Local Alignment Search Tool, BLAST (Johnson et al. 2008). 
 
 
Results 
 
The new ITS2 nucleotide sequence of a cercaria from NW 
Russia (NCBI Genbank acc. no. KU950450) was identified as 
D. spathaceum. It shares a ITS2 haplotype (RU1), which has 
been previously recorded from Germany, Czech Republic, 
Spain, Iceland and Canada (Table 1). The host snail species 
was identified as Radix auricularia based on the COI se-
quence (voucher no. MLym-58 in RMBH; COI NCBI Gen-
bank acc. no. KU950448). 
 
 
Discussion 
 
Our data are the first molecular evidence that a widespread 
ITS2 haplotype of this digenean taxon, which has been pre-
viously recorded from Europe and North America, is pre-
sent in northwestern Russia. The other sequenced specimens 
from NCBI Genbank belonging to this haplotype were mor-
phologically identified as four different species, i.e. D. 
spathaceum, D. indistinctum, D. paracaudum and D. sp. 1 SAL-
2008 (Table 1). Thus, we used the datasets published by 
Georgieva et al. (2013), Blasco-Costa et al. (2014) and Pérez-
del-Olmo et al. (2014) under the name of D. spathaceum as the 
reliable reference sequences for the molecular identification 
of our sample. 

Some authors note that the molecular markers, such as 
the ITS1 rDNA region, do not allow a reliable identification 
of several trematode species because of the lack of interspeci-
fic differences in certain cases (Behrmann-Godel 2013). For 
example, it is believed that D. spathaceum and D. parvivento-
sum cannot be separated according to their ITS1 sequences, 
but they could be distinguished by the morphological fea- 
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Table 1. Additional records of the Diplostomum spathaceum ITS2 haplotype RU1 based on BLAST searching in the NCBI GenBank database 
(accessed March 23, 2016). 

 

Location Parasitic stage Host NCBI’s Genbank acc. no. Reference 

Germany: Hengsteysee Cercaria Radix auricularia JX986845 Georgieva et al. 2013 
Germany: Hengsteysee Cercaria Radix auricularia JX986846 Georgieva et al. 2013 

Czech Republic: near Tovacov Adult Larus cachinnans JX986848 Georgieva et al. 2013 

Iceland: Lake Hafravatn Metacercaria Salvelinus alpinus KJ726509 Blasco-Costa et al. 2014 
Spain: Cunit Adult Larus ridibundus KP025789 Pérez-del-Olmo et al. 2014 

Spain: Ebro Delta Metacercaria Misgurnus anguillicaudatus KP025791 Pérez-del-Olmo et al. 2014 

Germany: Lake Constance Metacercaria Coregonus lavaretus JQ665457** Behrmann-Godel 2013 
Canada: Montreal Adult Larus delawarensis AY123043* Galazzo et al. 2002 

Canada Metacercaria Labidesthes sicculus GQ292503*** Locke et al. 2010 

Canada Metacercaria Neogobius melanostomus GQ292506* Locke et al. 2010 
Canada Metacercaria Catostomus commersoni GQ292508* Locke et al. 2010 

Canada Adult Larus delawarensis GQ292519*** Locke et al. 2010 

Canada Adult Larus delawarensis GQ292521*** Locke et al. 2010 
Canada Adult Larus delawarensis GQ292522*** Locke et al. 2010 

 
According to NCBI’s Genbank database, specimens were morphologically identified under the following names:  
* - Diplostomum indistinctum;  
** - D. paracaudum;  
*** - D. sp. 1 SAL-2008. 

 
 

tures of the cercariae (Niewiadomska & Laskowski, 2002, 
Behrmann-Godel 2013). In contrast, Georgieva et al. (2013) 
found that the comparative analysis restricted to the ITS1 re-
gion corroborated the results of molecular prospecting based 
on the COI dataset and that genetically distinct lineages do 
not always correspond to morphologically determined 
nominal taxa. In our case, it seems to be unlikely that the nu-
clear sequences belonging to a single ITS2 haplotype may 
represent separate species. Taken together, these data reveal 
that a cercaria from Russia is actually belonging to D. spatha-
ceum, a widespread Holarctic digenean species. 

Faltýnková et al. (2016) noted that hosts of D. spathaceum 
are lymnaeid snails Myxas glutinosa, Radix auricularia, R. 
peregra and R. ovata. However, Radix peregra and R. ovata are 
invalid nominal taxa (Schniebs et al. 2013). Snail specimens, 
which were identified under these names, may actually be-
long to at least four different biological species: Radix labiata, 
R. ampla, R. lagotis and R. balthica (Schniebs et al. 2013, 
Schniebs et al. 2015). In general, the molecular approach is 
the most reliable pathway towards an identification of vari-
ous Radix taxa (Schniebs et al. 2013, Schniebs et al. 2015, Vi-
narski et al. 2016). Our molecular data reveal that Radix auri-
cularia is a host of D. spathaceum in Russia that is in accor-
dance with records from Europe (Soldánová et al. 2010, 
Faltýnková et al. 2016). 

In conclusion, we provide the following synonymy of 
Diplostomum taxa based on the nucleotide sequences belong-
ing to a single ITS2 haplotype, which are published in NCBI 
Genbank: 

Diplostomum spathaceum (Rudolphi, 1819) 
Diplostomum indistinctum sensu Galazzo et al. 2002: NCBI 

Genbank acc. no. AY123043 
Diplostomum indistinctum sensu Locke et al. 2010: NCBI 

Genbank acc. nos. GQ292506 and GQ292508 
Diplostomum paracaudum sensu Behrmann-Godel 2013: 

NCBI Genbank acc. no. JQ665457 
Diplostomum sp. 1 SAL-2008 sensu Locke et al. 2010: 

NCBI Genbank acc. nos. GQ292503, GQ292519, GQ292521, 
and GQ292522 
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