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Abstract

In the present study, phylogenetic relationships of European and Far Eastern
representatives of the genus Aspidogaster Baer, 1827 were analysed: A. conchicola
Baer, 1827, A. limacoides Diesing, 1834, A. ijimai Kawamura, 1915 and A. chonggin-
gensis Wei, Huang & Dai, 2001. Based on ITS1-5.85-1TS2 rDNA sequence data,
an obvious differentiation was seen between specimens of A. limacoides sensu
stricto from the European part of Russia and A. limacoides sensu Chen et al.,
2010 from China (13.7%); the latter parasites were recognized as A. chonggingen-
sis. Aspidogaster chongqingensis was more closely related to A. ijimai than to A. [i-
macoides s. str. Specimens of A. ijimai from the Amur River, Khanka Lake
(Russian Far East) and China were grouped into a single clade with low intra
specific molecular differentiation (d =0-0.3%). Specimens of A. conchicola from
the European part of Russia, the Russian Far East and China also formed a single
distinct clade. Genetic differentiation between European and Chinese samples of
this species was two times lower (d = 0.45%) than between Russian Far East and
European or Chinese samples (d = 0.96%), suggesting a long-term separate exist-
ence of A. conchicola in the Russian Far East.

Introduction

Aspidogastrea is a minor group of flatworms that infect
poikilothermic animals, including molluscs, fish and rep-
tiles, and, as an exception, some crustacean species in
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marine and freshwater environments (Alves et al., 2015).
According to the most popular opinion, this group is con-
sidered as a subclass within the class Trematoda
(Skrjabin, 1952; Dollfus, 1958; Rhode, 2002). In contrast to
members of the other subclasses, Aspidogastrea have a
simple life cycle with no parthenogenetic stages. For this
reason, and due to a number of morphological features,
few authors have considered aspidogastreans as a distinct
class of flatworms (Timofeeva, 1975). A number of


mailto:atop82@gmail.com
https://doi.org/10.1017/S0022149X17000505

344 D.M. Atopkin et al.

freshwater aspidogastreans have a rather wide geographic-
al distribution (Achmerov, 1956; Vosnesenskaya, 1968;
Stromberg, 1970; Nagibina & Timofeeva, 1971; Strelkov,
1971; Shimazu, 2003; Schludermann et al., 2005; Zhang,
2006; Popiolek et al., 2007; Yuryshynets & Krasutska,
2009; Shedko et al., 2010; Alves et al., 2015). However,
there is still no molecular evidence of conspecificity of spe-
cies from European and Asian territories. Underestimation
of this fact has led to inappropriate conclusions about the
phylogeny and distribution of endemic aspidogastrean
species (Chen et al., 2010). Molecular studies of trematode
phylogeny are commonly based on ribosomal DNA
sequences, including 185, 285 rDNA and internal
transcribed spacer (ITS) regions (Jousson et al., 2000;
Lockyer et al., 2003; Olson et al., 2003; M.-X. Chen et al.,
2007; Petkeviciate et al., 2010).

Nucleotide sequences of the ITS1-5.85-1TS2 fragment
of the ribosomal cluster were used in our study to evalu-
ate the phylogenetic relationships of European and Far
Eastern representatives of the genus Aspidogaster Baer,
1827: A. conchicola Baer, 1827; A. limacoides Diesing,
1834; A. ijimai Kawamura, 1915; and A. chonggingensis
Wei, Huang & Dai, 2001.

Materials and methods
Sample collection and identification

Aspidobothrean trematodes were obtained during para-
sitological field work in 2009-2011 from the European part
of Russia (Rybinsk reservoir (58°5'N 38°17'E) and Tvertza
River (56°56'N 35°41’E)) and from the Russian Far East
(Khanka Lake, Primorskyi Region (44°31'N 132°22'E), and
two locations of the stream canal of the Amur River —140 km
downstream from Khabarovsk city (49°13'N 136°14'E) and
near Nikolaevsk-na—Amure city (53°6'N 140°41'E)).

Morphological data

Most trematode specimens were killed with hot tap
water without crushing, and were flattened under slight
pressure, fixed in 70% ethanol, stained with alum carmine
and, after dehydrating and clearing, were mounted in
Canada balsam. Species identification was performed ac-
cording to different authors (Kawamura, 1915; Timofeeva,
1973; Tang & Tang, 1980; Bykhovskaya-Pavlovskaya,
1987; Pavljuchenko, 2007). Thus, we obtained aspido-
gastrean specimens that unambiguously belonged to
A. conchicola, A. limacoides s. str. and A. ijimai (figs 1-3,
table 1). Specimens of A. ijimai collected for the present
study possessed a spined cirrus (fig. 3), which is in
contrast to the original description of this species
(Kawamura, 1915). We have studied specimens of A. ijimai
from the type host (Cyprinus carpio (L.) s. lato) and type
location (Biwa Lake, Japan), which were provided by
Dr T. Shimazu. These specimens are morphologically simi-
lar to those from Primorye, including details of the cirrus
structure. Voucher specimens of the studied species were
deposited in the Museum of Helminthological Collections
at the Centre for Parasitology of the A.N. Severtsov
Institute of Ecology and Evolution, Moscow, Russia (IPEE
RAS): A. conchicola, inventory number 14257; A. limacoides
s. str., 14258; and A. ijimai, 14259 (table 1).
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DNA extraction, amplification and sequencing

Total DNA was extracted from separate mature worms
fixed in 96% ethanol using a ‘hot shot” technique, which
has been described previously (Truett, 2006). The nuclear
ITS1-5.85-1TS2 was amplified using the polymerase chain
reaction (PCR) with the universal primers BD1 (5'-GTCG
TAACAAGGTTTCCGTA-3') and BD2 (5-TATGCTTAA
(G/A)TTCAGCGGGT-3’) (Luton et al., 1992). The initial
PCR reaction was carried out in a total volume of 20 ul
containing 0.25mm of each primer pair, 1ul DNA in
water, 1x Taq buffer, 1.25 mm deoxynucleoside triphos-
phates (ANTP), 1.5mm MgCl, and 1 unit of Tag
polymerase. The amplification of a 1200-bp fragment of
ITS1-5.85-1TS2 was performed in a GeneAmp 9700
(Applied Biosystems, Foster City, California, USA) with
a 3-min denaturation hold at 94°C; 40 cycles of 30s at
94°C, 30 s at 54°C and 2 min at 72°C; and a 7-min extension
hold at 72°C. Negative and positive controls were ampli-
fied using both primers. The PCR products were directly
sequenced using an ABI Big Dye Terminator v.3.1
Cycle Sequencing Kit (Applied Biosystems), as recom-
mended by the manufacturer, with the internal sequencing
primer 3S (5-GGTACCGGTGGATCACGTGGCTAGTG-3")
(Luton et al., 1992). The PCR products were analysed using
an ABI 3130 genetic analyser at the Institute of Biology and
Soil Sciences, Far Eastern Branch of Russian Academy of
Sciences. The sequences have been submitted to the
European Nucleotide Archive (ENA)/GenBank with the fol-
lowing  accession numbers: HE863950-HE863971,
HE866756-HE866757.

Alignment and phylogenetic analysis

The ribosomal DNA sequences were assembled with
SeqScape v.2.6 software (Applied Biosystems) and aligned
with sequences of aspidogastrids from China, retrieved
from the GenBank database using ClustalW DNA weight
matrix within MEGA 5.0 software alignment explorer
(Tamura et al., 2011).

Regions that could not be unambiguously aligned were
excluded from the analyses. A number of variable,
parsimony-informative sites, nucleotide compositions and
substitution ratio analyses were performed using MEGA
5.0. Genetic divergence was estimated by calculating genet-
ic p-distance (d) values. Phylogenetic analysis of the nucleo-
tide sequences was undertaken, using maximum likelihood
(ML) and Bayesian (BI) methods. Prior to analysis, the nu-
cleotide substitution model was estimated using Akaike’s
information criterion (AIC) for ML (Akaike, 1974) and
Bayesian information criterion (BIC) for BI (Huelsenbeck
et al., 2001) using the jModeltest v.3.07 software (Darriba
et al., 2012). The models TIM1+G (Posada, 2003) and
HKY + G (Hasegawa et al., 1985) were estimated as those fit-
ting the data best for ML and BI analyses, respectively.
Phylogenetic trees were reconstructed with PhyML 3.1
(Guindon & Gascuel, 2003) and MrBayes v.3.1.2 software
(Huelsenbeck et al., 2001). A Bayesian algorithm was per-
formed using the MCMC option with ngen= 1,000,000,
nruns=2, nchains=4 and samplefreq=100. Burn-in
values were 250,000 for ‘sump’ and ‘sumt’ options.
Optimization of the Bayesian inference algorithm was per-
formed by setting up priors using the Tracer v.1.5.0
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Fig. 1. Aspidogaster conchicola from Colletopterum anatinum, Tvertza River: (A) ventral view; (B) dorsal view. Scale bar: 1 mm.

software (Rambaunt & Drummond, 2009). Phylogenetic re-
lationship significance was estimated using a bootstrap
analysis (Felsenstein, 1985) with 100 replications and pos-
terior probabilities (Huelsenbeck et al., 2001) for ML and
BI analyses, respectively. Nucleotide sequences of the
ITS1-5.85-ITS2 fragment of the ribosomal cluster from
the GenBank database were used in our study to evaluate
the phylogenetic relationships of European and Far
Eastern representatives of the genus Aspidogaster Baer,
1827: A. conchicola Baer, 1827; A. limacoides Diesing, 1834;
A. ijimai Kawamura, 1915; and A. chonggingensis Wei,
Huang & Dai, 2001 (table 1).

Results

The amplification procedure produced a 1500-bp frag-
ment of the ITS1-5.85-ITS2 rDNA for all Aspidogaster spe-
cimens. After assembly and alignment procedures, the
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resulting ITS rDNA sequences were 1437-1517bp in
length for different species. The fragment contained 442
variable and 414 parsimony-informative sites.

Genetic divergence between the ITS sequences from
Aspidogaster species and sequences from Multicalyx elegans
was estimated by the calculation of p-distances (table 2).
The genetic p-distance between A. limacoides s. str. from
the European part of Russia and A. limacoides sensu
Chen et al., 2010 from China was 13.7%, whereas between
A. limacoides sensu Chen et al., 2010 and A. chonggingensis
from China it was only 0.09%. The genetic divergence be-
tween A. ijimai and A. limacoides s. str. from the European
part of Russia was two times higher (d =13.4%) than be-
tween A. ijimai and A. limacoides sensu Chen et al., 2010
from China (d=6.6%). Genetic differentiation between
A. ijimai specimens from the Russian Far East and China
was 0.28%. The highest values of p-distances were ob-
tained between A. conchicola and other Aspidogaster spe-
cies: d =16.9-18.5%.
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Fig. 2. Aspidogaster limacoides from Rutilus rutilus, Rybinsk Reservoir: (A) ventral view; (B) dorsal view. Scale bar: 1 mm.

Intraspecific molecular differentiation was revealed be-
tween A. conchicola and A. ijimai from different localities.
Genetic p-distance values within A. conchicola ranged
from 0.45% (between specimens from China and
European part of Russia) to 0.94-0.96% (between speci-
mens from the Russian Far East and the European
part of Russia or China). The variation within A. ijimai
ranged from 0 (Amur River, Khabarovsk/Khanka Lake)
to 0.3% (Amur River, Nikolaevsk—na—Amure/China).
Transition/transversion bias (R) between different
Aspidogaster species ranged from 1.14 to 2.97 (table 3). A
minimal range of R values was observed by pairwise com-
parison of A. conchicola with other Aspidogaster species
(R =1.14-1.25).

The phylogenetic relationships of Aspidogaster species
were reconstructed using ML and BI methods (fig. 4).
Both phylogenetic tree topologies showed the differenti-
ation of Aspidogaster species into four clades, correspond-
ing to different species, and were highly statistically
supported. The first contained specimens of A. conchicola,
which were subdivided according to geographical origin
with high statistical support. Specimens of A. ijimai
formed the second distinct clade with high support.
Aspidogaster ijimai was subdivided into three groups, cor-
responding to ‘Russian’ and ‘Chinese’ samples. It is not-
able that Chinese samples of A. ijimai formed a distinct
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compact group within the Russian A. ijimai cluster. The
third clade included A. limacoides sensu Chen et al., 2010
and A. chongquingensis from China, and the fourth clade
contained A. limacoides s. str. from the European part of
Russia.

Discussion

Our results showed considerable molecular differenti-
ation between A. limacoides s. str. from the European part
of Russia and A. limacoides sensu Chen et al., 2010 from
China. Aspidogaster limacoides s. str. is reliably known only
from European, and Central and Western Asian territories
(reviewed by Alves et al., 2015). Records of A. limacoides in
China were presented by several authors (Jin et al., 1993;
Wang et al., 1997; Zhang et al., 1999; Chen et al., 2010), but
these data are not supported by the morphological descrip-
tion of the parasite (Kawamura, 1915; Timofeeva, 1973;
Tang & Tang, 1980; Bykhovskaya-Pavlovskaya, 1987;
Pavljuchenko, 2007). These circumstances raised some
doubts about the presence of A. limacoides s. str. in China.
Our molecular data also indicate that the reports of A. lima-
coides sensu Chen et al., 2010 from China are not reliable.
These worms are conspecific with A. chonggingensis from
Spinibarbus sinensis (Bleeker, 1871) caught from the Jialing
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Fig. 3. Aspidogaster ijimai from Cyprinus carpio s. lato: (A) ventral view; (B) dorsal view. Scale bars: (A) 0.4 mm; (B) 1 mm.

River of Chongging, China, as evidenced by the extremely
low genetic p-distance values, corresponding to intra-
specific genetic variation for trematodes (Jousson et al.,
2000; D. Chen et al., 2007). Based on ITS1-5.85-1TS2
rDNA sequence data, A. chonggingensis is phylogenetically
closer to A. ijimai than to A. limacoides s. str. (fig. 4). These
results are unexpected because A. chonggingensis is mor-
phologically closer to A. limacoides s. str. in a number of sig-
nificant features: size ratio of the buccal funnel and
pharynx, degree of development of the external field of
prostatic cells and presence of an unarmed cirrus (fig. 2)
(Wei et al., 2001).

The species A. conchicola possesses maximal values of
intraspecific molecular differentiation among the investi-
gated species of aspidogastreans (table 2, fig. 4).

https://doi.org/10.1017/50022149X17000505 Published online by Cambridge University Press

Specimens from the Russian Far East were collected
from the Amur River basin (Khanka Lake), whereas sam-
ples from China (Hubei province) and the European part
of Russia were from different river systems, which have
no connections with the Amur River. Genetic p-distance
values between different geographical samples indicate
that A. conchicola from the Russian Far East has existed
separately from European and Chinese specimens for
twice as long as the two latter groups have been separated
from each other. Despite the wide distribution of
A. conchicola in molluscs, this species has also been
found in freshwater fishes and even aquatic reptiles (re-
viewed by Alves et al., 2015; see also Vosnesenskaya,
1968; Dvodryadkin, 1976). For this reason, there may
have been a possible exchange of A. conchicola specimens
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Table 1. List of the representatives of the genus Aspidogaster incorporated in sequence analysis (11, number of replicates; voucher accession numbers are in bold).

Sample
Species number Host species Location Author ENA/NCBI reg. number
A. limacoides s. str. 1523 Rutilus rutilus (Cyprinidae, Rybinsk Reservoir, Yaroslavl Region, ER*, Original data HE863966-HE863969
Teleostei) voucher no. 14258
A. limacoides s. str. 1524 Blicca bjoerkna (Cyprinidae, Rybinsk Reservoir, Yaroslavl Region, ER Original data HE863970-HE863971
Teleostei)
A. conchicola 1447-49 Colletopterum anatinum Tvertza River, Tver Region, ER, voucher no. Original data HE863962-HE863965
(Unionidae, Bivalvia) 14257
A. conchicola 1727, Cristaria herculea (Unionidae, Khanka Lake, Primorskyi Region, RFE Original data HE863958, HE863961-HE863965
1239 Bivalvia)
A. ijimai 1782 Cyprinus carpio (Cyprinidae, Khanka Lake, Primorskyi Region, RFE, voucher Original data HE866757
Teleostei) no. 14259
A. ijimai 1406/2 Cyprinus carpio (Cyprinidae, Amur River, near Nikolaevsk-na—Amure city,  Original data HE863950-HE863957
Teleostei) Khabarovsk Region, RFE
A. ijimai 1444/1 Cyprinus carpio (Cyprinidae, Amur River, near Khabarovsk, Khabarovsk Original data HE866756
Teleostei) Region RFE
A. limacoides sensu - Coreius guickenoti (Cyprinidae, Jialing River, Beibei, Chongqing, China Chen et al., 2010 DQ345319
Chen et al., 2010 Teleostei)
A. chongqingensis - Spinibarbus sinensis (Cyprinidae,  Jialing River, Beibei, Chongqing, China Chen et al., 2010  DQ345324

A. conchicola

A. ijimai

Outgroup
Multicalyx elegans

Teleostei)
Muylopharyngodon pieus
(Cyprinidae, Teleostei)
Cyprinus carpio (Cyprinidae,
Teleostei)

Callorhinchus milii
(Callorhinchidae,
Chondrichthyes)

Danjiangkou Reservoir, Danjiangkou, Hubei;
Liangzi Lake, E’zhou, Hubei, China

Danjiangkou Reservoir, Danjiangkou, Hubei;
Jaingkou Reservoir, Xinyu, Jiangxi; Niushan
Lake, Wuhan, Hubei; Jialing River, Beibei,
Chongging, China

Australia: Hobart, Tasmania

Chen et al., 2010

Chen et al., 2010

Gao, Chen &
Nie, 2005
(unpublished)

DQ345317-DQ345318

DQ345320-DQ345323

DQ345325

* ER, European part of Russia; RFE, Russian Far East.
ENA, European Nucleotide Archive; NCBI, National Center for Biotechnology Information.
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Table 2. Genetic divergence of Aspidogaster species, estimated with p-distance calculations by means of ITS1-5.85-ITS2 rDNA nucleotide

sequences.

Species 1 2 3 4 5 6 7 8 9 10
1. A. ijimai AN* - - - - - - - - - -
2. A. ijimai AK 0.06 - - - - - - - - -
3. A. ijimai Kh 0.06 0.00 - - - - - - - -
4. A. ijimai Chi 0.30 0.23 0.23 - - - - - - -
5. A. chonggingensis Chi 6.37 6.30 6.30 6.49 - - - - - -
6. A. limacoides sensu Chen et al., 2010 Chi 6.45 6.39 6.39 6.58 0.09 - - - - -
7. A. limacoides ER 13.55 13.49 13.49 13.51 13.64 13.73 - - - -
8. A. conchicola Chi 17.46 17.46 17.46 17.65 17.93 18.02 16.89 - - -
9. A. conchicola Kh 1799 1799 1799 1819 1842 1851  17.38 0.94 - -
10. A. conchicola ER 17.61 17.61 17.61 17.80 18.02 18.10 17.00 0.45 0.96 -
11. Multicalyx elegans Aus 3472 3467 3467 3465 3484 3475 3545 3599 3648 3599

*AN, Amur River, Nikolaevsk-na-Amure; AK, Amur River, Khabarovsk; Kh, Khanka Lake; Chi, China; ER, European part of Russia; Aus, Australia.

Table 3. Transition/transversion ratio bias (R*), obtained by pairwise comparision of ITS1-5.85-ITS2 rDNA sequences of
different Aspidogaster species.

Species 1 2 3
1. A. ijimai - - .

2. A. limacoides 2.15 - -

3. A. chongqingensis 2.97 1.56 -

4. A. conchicola 1.25 1.14 1.34

*R = [A*G*k1 + T*C*k2]/[(A + G)*(T + C)], where k1 and k2 are frequencies of transitions between purines and pyrimidines,
respectively. R becomes 0.5 when there is no bias towards either transitional or transversional substitution, because when the
two kinds of substitution are equally probable, there are twice as many possible transversions as transitions.

A. limacoides s. str. ER HE863966
A. limacoides s. str. ER HE863967

L00/L0) 4, Jimacoides s. str. ER HE863968
A. limacoides s. str. ER HE863969
A. limacoides s. str. ER HE863970

ooy Y MVA. limacoides s. str. ER HE863971

100/1 .ﬂ[A. chonggingensis Chi DQ345324
A. limacoides sensu Chen et al., 2010 DQ345319

. iiimai AN HE863950

. ijiimai AN HE863951

. fjimai AN HE863952

. fjimai AN HE863953

. ijimai AN HE863954

. ijimai AK HE866756

. fjimai Kh HE863966

. jimai Chi DQ345320

. ijimai Chi DO345321

. ijimai Chi DQ345322

. ffimai Chi DQ345323

. ijjimai AN HE863955

. ijimai AN HE863956

A. ijimai AN HE863957

A. conchicola Chi DQ345317

100/1.0

75/1.0

100/1.0

680.99
65/0.9

N N N N N N s N

. conchicola Kh HE863958

. conchicola Kh HE863959

. conchicola Kh HE863960

. conchicola Kh HE863961

A. eonchicola ER HE863962

TSN0F 4, conchicola ER HE863963

A. conchicola ER HE863964

A. conchicola ER HE863 965
Multicalyx elegans DQ345325

0.09

Fig. 4. Phylogenetic tree based on analysis of ITS1-5.85-ITS2 rDNA sequences of species of the genus Aspidogaster using the Bayesian
method of phylogenetic reconstructions. Nodal numbers give bootstrap statistical support for ML/BI analyses. AN, Amur River,
Nikolaevsk-na-Amure; AK, Amur River, Khabarovsk; Kh, Khanka Lake; Chi, China; ER, European part of Russia.
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between different territories in the past by host-switching
processes, which have been described for some digenetic
trematodes (Attwood et al., 2002, 2004, 2007). Moreover,
aspidogastrids are well-known for their low host specifi-
city, which can favour their dispersion (Alves et al.,
2015). However, this assumption needs to be confirmed
by detailed studies of the phylogeography of
Aspidogaster species and their host fish species; facultative
definitive hosts are potential distributors of these
flatworms.

Molecular differentiation between A. conchicola and
other Aspidogaster species studied here were also charac-
terized by maximal values (table 2). Transition/transver-
sion bias values (R) varied with the same pattern,
suggesting a higher amount of transversion substitution
type between ITS1-5.85-ITS2 sequences of A. conchicola
and other Aspidogaster species. Molluscs are obligate
hosts for Aspidogaster species. However, the final stages
of the life cycles of these worms electively occur in fish
species (Timofeeva, 1975, 2005). Freshwater fish species
are important for circulation of the three species examined
in the present study — A. chonggingensis, A. ijimai and A.
limacoides s. str. — and this is evidenced by the occurrence
of these species in these vertebrates (Achmerov, 1956; Gao
et al., 2003; Alves et al., 2015). Aspidogaster conchicola is
generally known to infect freshwater bivalves and gastro-
pods (Michelson, 1970; Dvodryadkin, 1976, Dugarov,
2010), but there are few reports about this worm within
fish species (Alves et al., 2015). The phylogenetic relation-
ships of species obtained in the present study showed
earlier divergence of the ancestral form of the parasite spe-
cies group, namely A. chonggingensis, A. ijimai and A. lima-
coides s. str. in comparison with A. conchicola (fig. 4). This
may be evidence that a wide inclusion of fish species into
the aspidogastrean life cycle is plesiomorphic. This as-
sumption corresponds with the hypothesis of aspidogas-
trean evolution, based on morphological and ecological
data. These consider A. conchicola maturing within bivalve
molluscs as a progenetic phenomenon, which appeared
after fish-specific adaptation (Timofeeva, 2005).

Acknowledgements

The authors are deeply grateful to Dr T. Shimazu for
providing preparations of aspidogastrids from Biwa
Lake, Japan, to V.V. Bogatov for help with mollusc species
identification, and to Dr S.V. Shedko for helpful
comments.

Financial support

This research received no specific grant from any fund-
ing agency, commercial or not-for-profit sectors.

Conflict of interest

None.

References

Achmerov, A.Kh. (1956) Fauna of parasites from Cyprinus
carpio and its epizootological importance. Proceedings of

https://doi.org/10.1017/50022149X17000505 Published online by Cambridge University Press

the All-Union Scientific Research Institute of Pond Fish
Industry. pp. 206-218. Moscow, Food Industry
Publisher.

Akaike, H. (1974) A new look at the statistical model
identification. IEEE Transactions and Automatic Control
19, 716-723.

Alves, P.V.,, Viera, F.M., Santos, C.P., Scholz, T. &
Luque, J.L. (2015) A checklist of the Aspidogastrea
(Platyhelminthes: Trematoda) of the World. Zootaxa
3918, 339-396.

Attwood, S.W., Upatham, E.S., Meng, X.H., Qiu, D.-C. &
Southgate, V.R. (2002) The phylogeography of Asian
Schistosoma (Trematoda: Schistosomatidae).
Parasitology 125, 99-112.

Attwood, S.W., Upatham, E.S., Zhang, Y.-P., Yang, Z.-Q.
& Southgate, V.R. (2004) A DNA-sequence based
phylogeny  for triculine snails (Gastropoda:
Pomatiopsidae: Triculinae), intermediate hosts for
Schistosoma (Trematoda: Digenea): phylogeography
and the origin of Neotricula. Journal of Zoology 262, 47-56.

Attwood, S.W., Faith, F.A., Mondal, M.M.H., Alim, M.A.,
Fadjar, S., Rajapakse, R.P.V.]. & Rollinson, D. (2007)
A DNA sequence-based study of the Schistosoma
indicum (Trematoda: Digenea) group: population
phylogeny, taxonomy and historical biogeography.
Parasitology 134, 2009-2010.

Bykhovskaya-Pavlovskaya, LE. (1987) Class
Aspidogastrei — Aspidogastrea Faust et Tang, 1936. pp.
7677 in Bauer, O.N. (Ed.) Identification guide for para-
sites of freshwater fishes. Leningrad, Nauka.

Chen, D., Wang, G., Yao, W. & Nie, P. (2007) Utility of
ITS1-5.85-1TS2 sequences for species discrimination and
phylogenetic inference of two closely related bucephalid
digeneans (Digenea: Bucephalidae):  Dollfustrema
vaneyi and Dollfustrema hefeiensis. Parasitology Research
101, 791-800.

Chen, M.-X., Gao, Q. & Nie, P. (2007) Phylogenetic sys-
tematic inference in the Aspidogastrea (Platyhelminthes,
Trematoda) based on the 18S rRNA sequence. Acta
Hydrobiologica Sinca 31, 821-827.

Chen, M.-X., Zhang, L.-Q., Wen, C.-G., Sun, J. & Gao,
Q. (2010) Phylogenetic relationship of species in the
genus Aspidogaster (Aspidogastridae, Aspidogastrinae)
in China as inferred from ITS rDNA sequences. Acta
Hydrobiologica Sinca 34, 312-316.

Darriba, D., Taboada, G.L., Doallo, R. & Posada, D.
(2012) jModeltest2: more models, new heuristics and
parallel computing. Nature Methods 9, 772.

Dollfus, R.Ph. (1958) Sous-Classe Aspidogastrea. Annals
of Parasitology 33, 305-395.

Dugarov, Zh.N. (2010) Distribution of Aspidogaster con-
chicola (Aspidogastrea, Aspidogastridae) in the organ-
ism of Colletopterum spp. (Bivalvia, Unionidae) of
different age from the Chivyrkuiski Gulf of Lake
Baikal. Parazitologiya 44, 30-37 (in Russian).

Dvodryadkin, V. (1976) About hosts of Aspidogaster
conchicola Baer in the Amur River Basin. Proceedings of
II All-Union symposium of fish diseases and parasites of the
water invertebrates, Leningrad, pp. 23-24.

Felsenstein, J. (1985) Confidence limits on phylogenies:
an approach using bootstrap. Evolution 39, 783-791.
Gao, Q., Nie, P. & Yao, W.J. (2003) Scanning electron mi-

croscopy of Aspidogaster ijimai Kawamura, 1913 and A.


https://doi.org/10.1017/S0022149X17000505

Phylogenetic relationships of the genus Aspidogaster 351

conchicola Baer, 1827 (Aspidogastrea, Aspidogastridae)
with reference to their fish definitive-host specificity.
Parasitology Research 91, 439-443.

Guindon, S. & Gascuel, O. (2003) PhyML: A simple, fast
and accurate algorithm to estimate large phylogenies
by maximum likelihood. Systematic Biology 52, 696-704.

Hasegawa, M., Kishino, K. & Yano, T. (1985) Dating the
human-ape splitting by a molecular clock of mitochon-
drial DNA. Journal of Molecular Evolution 22, 160-174.

Huelsenbeck, J.P., Ronquist, F., Nielsen, R. & Bollback,
J.P. (2001) Bayesian inference of phylogeny and its
impact on evolutionary biology. Science 294, 2310-
2314.

Jin, X.L., Dai, Z.Y., Liu, X.Y., Zeng, G.C., He, S.L. &
Xiang, J.G. (1993) Investigation and studies of fish
parasites and pathogen flora in Hunan Province.
Journal of Hunan Agricultural University 19, 297-389 (in
Chinese).

Jousson, O., Bartoli, P. & Pawlowski, J. (2000) Cryptic
speciation among intestinal parasites (Trematoda:
Digenea) infecting sympatric host fishes (Sparidae).
Journal of Evolutionary Biology 13, 778-785.

Kawamura, T. (1915) On two species of aspidocotyleans.
Dobutsugaku Zasshi 27, 475-480.

Lockyer, A.E., Olson, P.D. & Littlewood, D.T.J. (2003)
Utility of complete large and small subunit rRNA
genes in resolving the phylogeny of the Neodermata
(Platyhelminthes): implications and a review of the
cercomer theory. Biological Journal of Linnean Society 78,
155-171.

Luton, K., Walker, D. & Blair, D. (1992) Comparisons of
ribosomal internal transcribed spacers from two con-
generic species of flukes (Platyhelminthes: Trematoda:
Digenea). Molecular and Biochemical Parasitology 56,
323-327.

Michelson, E.H. (1970) Aspidogaster conchicola from
freshwater gastropods in the United States. Journal of
Parasitology 56, 709-712.

Nagibina, L.F. & Timofeeva, T.A. (1971) True hosts of
Aspidogaster limacoides Diesing, 1834 (Trematoda:
Aspidogastrea). Reports of the Russian Academy of
Science, Biological series 200, 742-744.

Olson, P.D., Cribb, T.H., Tkach, V.V, Bray, RA. &
Littlewood, D.T.J. (2003) Phylogeny and classification
of the Digenea (Platyhelminthes: Trematoda).
International Journal for Parasitology 33, 733-755.

Pavljuchenko, O.V. (2007) Aspidogastrea (Plathelminthes,
Aspidogastrea) the Unionidae parasites (Mollusca,
Bivalvia, Unionidae) in Ukraine. Journal of the Derzhavny
Archeological University 2, 101-107.

Petkeviéiuté, R., Stunzenas, V. Staneviciute, G. &
Sokolov, S.G. (2010) Comparison of the developmen-
tal stages of some European allocreadiid trematode
species and a clarification of their life cycles based on
ITS 2 and 28S sequences. Systematic Parasitology 76,
169-178.

Popiolek, M., Luczynski, T. & Jarnecki, H. (2007) The
first record of Aspidogaster limacoides Diesing, 1834
(Aspidogastridae: ~ Aspidogastrea) in  Poland.
Wiadomosci Parazytologiczne 53, 139-141.

Posada, D. (2003) Using modeltest and paup to select a
model of nucleotide substitution. Current Protocols in
Bioinformatics. doi: 10.1002/0471250953.bi0605s00.

https://doi.org/10.1017/50022149X17000505 Published online by Cambridge University Press

Rambaut, A. & Drummond, A.J. (2009) Tracer version
1.5.0. Available at http://beast.bio.ed.ac.uk (accessed
29 May 2017).

Rohde, K. (2002) Subclass Aspidogastrea Faust and Tang,
1936. pp. 5-14 in Jones, A., Bray, R.A. & Gibson, D.I.
(Eds) Keys to the Trematoda. Wallingford, CABI
Publishing and the Natural History Museum.

Schludermann, C., Laimgruber, S., Konecny, R. &
Schabuss, M. (2005) Aspidogaster limacoides Diesing,
1835 (Trematoda, Aspidogastridae): a new parasite of
Barbus barbus (L.) (Pisces, Cyprinidae) in Austria. Annal
des Natur Museums in Wien 106, 141-144.

Shedko, M.B., Sokolov, S.G. Koschelev, V.N.,
Evteshina, T.V., Mikheev, P.B. & Litovchekno, Zh.S.
(2010) Parasites of the endemic sturgeons from the
Amur River in the light of literature and original data.
Theoretical and practical problems of parasitology.
Proceedings of International  Scientific ~ Conference,
Moscow, Russia. pp. 427-431.

Shimazu, T. (2003) Turbellarians and trematodes of
freshwater animals in Japan. pp. 63-86 in Otsuru, M.,
Kamegai, S. & Hayashi, S. (Eds) Progress of medical
parasitology in Japan. Tokyo, Meguro Parasitological
Museum.

Skrjabin, K.I. (1952) Trematodes of the subclass
Aspidogastrea Faust et Tang, 1936. pp. 5-149 in
Skryabin, K.I. (Ed.) Trematodes of animals and man.
Moscow, Nauka.

Strelkov, Yu.A. (1971) Digenetic trematodes of fishes of
the Amur River basin. Proceedings of Zoological Institute
of the Academy of Sciences, Leningrad, Russia, pp. 120-
139.

Stromberg, P.C. (1970) Aspidobothrean trematodes from
Ohio mussels. Ohio Journal of Science 70, 335-341.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei,
M. & Kumar, S. (2011) MEGAb5: Molecular evolutionary
genetics analysis using maximum likelihood, evolu-
tionary distance, and maximum parsimony methods.
Molecular Biology and Evolution 28, 2731-2739.

Tang, C.C. & Tang, C.T. (1980) Life histories of two
species of Aspidogastrids and the phylogeny of the
group. Acta Hydrobiologica Sinica 7, 153-174.

Timofeeva, T.A. (1973) On the identity of Aspidogaster
amurensis Achmerov, 1956 and Aspidogaster conchicola
Baer, 1827 (Trematode, Aspidogastrea). Parazitologiya
7, 89-90 (in Russian).

Timofeeva, T.A. (1975) On aspidogastrid evolution and
phylogeny. Parazitologiya 9, 105-111 (in Russian).

Timofeeva, T.A. (2005) Ecological approach to the prob-
lem of monophyly of Neodermata (Platyhelminthes).
Parasitologiya 39, 98-101 (in Russian).

Truett, G.E. (2006) Preparation of genomic DNA from
animal tissues. pp. 33-46 in Kieleczawa, J. (Ed.) The
DNA book: Protocols and procedures for the modern mo-
lecular biology. Sudbury, Massachusetts, USA, Jones
and Bartlett.

Vosnesenskaya, N.G. (1968) Helminthofauna of the
Gusinoye Lake. pp. 159-164. Ulan-Ude, Proceedings of
Scientific and Production Veterinary Laboratory of
Buryat Republic.

Wang, W.J., Li, LX,, Yu, Y., Feng, W., Xiao, C.X., Wang,
G.T., Yao, W.]. & Feng, S.J. (1997) Parasite fauna of
fishes from Wuling Mountains area, Southwestern


http://beast.bio.ed.ac.uk
http://beast.bio.ed.ac.uk
https://doi.org/10.1017/S0022149X17000505

352 D.M. Atopkin et al.

China. pp. 253-261 in Song, D.X. (Ed.) Invertebrates from
Wuling Mountains area, southwestern China. Beijing,
Science Press (in Chinese).

Wei, G., Huang, L. & Dai, D.L. (2001) A new species of as-
pidogastrid (Trematoda: Aspidogastrea: Aspidogastridae)
from fishes of Chongqing, China. Acta Zootaxa Sinica 26,
467-470.

Yuryshynets, V. & Krasutska, N. (2009) Records of the
parasitic worm Aspidogaster conchicola (Baer 1827), in

https://doi.org/10.1017/50022149X17000505 Published online by Cambridge University Press

the Chinese pond mussel Sinanodonta woodiana (Lea
1834) in Poland and Ukraine. Aqua Invasions 14, 491-
494.

Zhang, H. (2006) Three species of Aspidogastrids from
Corbicula fluminea (Muller, 1774) in estuary of Jiulong
River, South Fujian. Sichuan Journal of Zoology 3, 1-25.

Zhang, ].Y., Qiu, Z.Z. & Ding, X.J. (1999) Parasites and
parasitic diseases of fishes. Beijing, Science Press (in
Chinese).


https://doi.org/10.1017/S0022149X17000505

	Phylogenetic relationships among European and Asian representatives of the genus Aspidogaster Baer, 1827 (Trematoda: Aspidogastrea) inferred from molecular data
	Abstract
	Introduction
	Materials and methods
	Sample collection and identification
	Morphological data
	DNA extraction, amplification and sequencing
	Alignment and phylogenetic analysis

	Results
	Discussion
	Acknowledgements
	Financial support
	Conflict of interest
	References


