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Abstract

Adult Lecithaster mugilis Yamaguti, 1970 were found in Moolgarda seheli,
Valamugil engeli and Liza subviridis in the coastal waters of Cat Ba Island
(Halong Bay, Vietnam). Specimens of Lecithaster sudzuhensis n. sp. were found
in Mugil cephalus located in an estuary of the Kievka River in the Primorsky re-
gion of Russia. Studies have demonstrated that these species share significant
morphometric similarities with each other and with specimens of L. helodes
Overstreet, 1973 isolated from M. cephalus and Mugil curema from the
Mississippi Sound and adjacent waters. These three species differ from one an-
other in the size of the pharynx and ventral sucker and in the ratio of suckers,
while they differ from other species in the genus by having a relatively elongated
oesophagus. Molecular analysis, using the 185 rRNA and 285 rRNA genes, con-
firmed the validity of L. mugilis and L. sudzuhensis n. sp. and demonstrated that
these species form a shared cluster with L. gibbosus (Rud, 1802).

Lecithaster helodes Overstreet, 1973 was described from
the intestines of M. cephalus and Mugil curema from the

Introduction

According to the WoRMS Editorial Board (2014), the
genus Lecithaster consists of 30 species of parasites
inhabiting various marine fish. Among these, two
species, Lecithaster mugilis Yamaguti, 1970 and L. helodes
Overstreet, 1973, have been described from species of
mullet. Lecithaster mugilis Yamaguti, 1970 was described
from Mugil cephalus on the Hawaiian Islands (Yamaguti,
1970). Yamaguti’s description differed from that of other
Lecithaster species by the presence of a large ventral sucker
and a three-lobed ovary.

*Fax: +7 4232310193
E-mail: atop82@gmail.com

Mississippi Sound and adjacent waters. The author of
this species noted that L. helodes shared many common
features with L. mugilis. The main difference between
these species, according to Overstreet (1973), is the four-
lobed ovary in L. helodes and the three-lobed ovary in
L. mugilis. Machida (2003), during an investigation of
L. mugilis found in Moolgarda seheli from the coastal waters
of Japan, defined these worms as having a four-lobed
ovary. According to Machida (2003) L. mugilis differs
from the morphologically similar L. stellatus Looss, 1907,
which was also found in this area, by the presence of a
pit near the anterior margin of the ventral sucker.

We found specimens that were identified as L. mugilis in
M. seheli, Valamugil engeli and Liza subviridis from the coastal
waters of Cat Ba Island in Halong Bay, Vietnam. A second
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species, Lecithaster sudzuhensis n. sp., was found in M. cepha-
lus from the estuarine waters of the Kievka River in the
Primorsky region of Russia. Below we present morphomet-
ric and genetic data obtained from the study of adult flukes.

Materials and methods
Collection and examination of fish

Up to three species of mullet were collected from the
coastal waters of Cat Ba Island, Halong Bay, Vietnam, in-
cluding M. seheli, V. engeli and L. subviridis. A further mul-
let species, M. cephalus, was collected from the estuarine
waters of the Kievka River. Adult L. mugilis were found
in the intestines of 11 of the 47 M. seheli dissected, two
of the 70 V. engeli, one of the 31 L. subviridis and one of
the 15 M. cephalus dissected. Following removal from
the intestine, worms from each fish species were rinsed
in distilled water, identified as previously defined, killed
in hot distilled water and preserved in 70% ethanol.
Following fixation, flukes were transferred to 96% ethanol
and whole mounts were stained in alum carmine, dehy-
drated in an ethanol series, cleared in xylene and mounted
in Canada balsam. All sizes are given in mm.

Molecular analysis

Adult specimens of L. mugilis, collected from M. seheli
from the coastal waters of Cat Ba Island, and L. sudzuhen-
sis n. sp., collected from M. cephalus from the Primorsky
region, were used for molecular analysis (table 1). Total
DNA was extracted from flukes, which were fixed in
96% ethanol, using a ‘hot shot’ technique (Truett, 2006).

The following primers were used to amplify 185 rDNA:
18S-E (5'-CCG AAT TCG TCG ACA ACC TGG TTG ATC
CTG CCA GT-3'), 185-F (5-CCA GCT TGA TCC TTC
TGC AGG TTC ACC TAC-3) as previously described
(Littlewood & Olson, 2001). The initial polymerase chain re-
action (PCR) was performed in a total volume of 20 pl con-
taining 0.25mm of each primer pair, approximately 10 ng
of total DNA in water, 10 x Dream Taq buffer, 1.25 mm deox-
ynucleoside triphosphates (ANTPs) and 1 unit of Dream Tag
polymerase (Thermo Scientific, Waltham, Massachusetts,
USA). Amplification of a 2000-bp fragment of the 185
rRNA gene was performed in a GeneAmp 9700 (Applied
Biosystems, Waltham, Massachusetts, Foster City,
California, USA) with a denaturation step at 96°C for 5 min;
35 cycles of 1 min at 96°C, 20 s at 58°C and 5 min at 72°C; and
an extension step at 72°C for 10 min. Negative and positive
controls using both primers were included.

Amplification of 285 rDNA was achieved with the pri-
mers DIGL2 (5-AAG CAT ATC ACT AAG CGG-3’) and

1500R (5'-GCT ATC CTG AGG GAA ACT TCG-3’) as de-
scribed previously (Tkach et al., 2003). The master mix for
the initial PCR reaction for 285 rDNA was identical to that
described above for 185 rDNA. Amplification of a 1200-bp
fragment of 285 rDNA was performed in a GeneAmp
9700 (Applied Biosystems) with a denaturation step at
94°C for 3min; 40 cycles of 30s at 94°C, 30s at 55°C
and 2min at 72°C; and extension at 72°C for 7 min.
Negative and positive controls using both primers were
included.

PCR products were directly sequenced using an ABI
Big Dye Terminator v.3.1 Cycle Sequencing Kit (Applied
Biosystems), as recommended by the manufacturer, with
the internal sequencing primers described by Littlewood
& Olson (2001) for 185 rDNA and Tkach et al. (2003) for
285 rDNA. PCR products were analysed using an ABI
3130 genetic analyser at the Institute of Biology and Soil
Sciences FEB RAS. Sequences were submitted to the
European Nucleotide Archive (ENA) with the accession
numbers described in table 1.

Ribosomal DNA sequences were assembled with
SeqScape v. 2.6 software (distributed by Applied
Biosystems). Alignments and estimation of the number
of variable sites and sequence differences were performed
using MEGA 6.0 (Tamura ef al., 2013). Phylogenetic ana-
lyses of the nucleotide sequences were performed using
the Bayesian algorithm with the MrBayes v. 3.1.2 software
(Huelsenbeck et al., 2001). The best nucleotide substitution
model, the general time reversible with estimates of in-
variant sites and gamma-distributed among-site variation
(GTR +I+G), was estimated with jModeltest v. 2.1.5 soft-
ware (Posada & Crandall, 1998). Bayesian analysis was
performed using 10,000,000 generations, with two inde-
pendent runs. Summary parameters and the phylogenetic
tree were calculated with a burn-in of 1,500,000 genera-
tions. The significance of the phylogenetic relationships
was  estimated  using  posterior  probabilities
(Huelsenbeck et al., 2001). The phylogenetic relationships
of the species of Lecithasteridae were inferred from our
data, along with the nucleotide sequences of the 185
rDNA and 28S rDNA of other trematode specimens ob-
tained from the National Center for Biotechnology
Information (NCBI) GenBank database (table 1).

Results
Lecithaster mugilis Yamaguti, 1970

Taxonomic summary

Hosts. Mugilidae: Moolgarda seheli (Forsskdl, 1775),
Valamugil — engeli  (Bleeker, 1858), Liza subviridis
(Valenciennes, 1836).

Table 1. List of taxa incorporated into molecular analysis (1, number of specimens).

Species Author

GenBank accession numbers

185 28S

Lecithaster mugilis, Vietnam
Lecithaster sudzuhensis n. sp. Primorsky Region

Present study
Present study

LN865007-LN865012
LN865013-LN865015

LN865016-LN865021
LIN865022-LN865024

Cribb et al. (2001)/Olson et al. (2003)  AJ287527
Olson et al. (2003) AY222106

AY222199
AY222197

Lecithaster gibbosus
Machidatrema chilostoma
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Locality. Coastal waters of Cat Ba Island, Halong Bay,
northern Vietnam (20°84’N, 106°59'E).

Site. Intestine.
Intensity of infection. 1-8 specimens.

Deposited. Slides No. 60-67Tr. were placed in the collec-
tion of the Zoological Museum (Institute of Biology and
Soil Science, Far East Branch of the Russian Academy of
Sciences, Vladivostok, Russia). E-mail: petrova@ibss.dvo.
ru. Deposited: 20 October 2015.

Description

Based on seven specimens (fig. la, table 2). Body
fusiform, smooth. Pre-oral lobe present. Oral sucker
subterminal, pre-pharynx absent, pharynx spherical, oe-
sophagus long (can reach the level of the anterior margin
of the ventral sucker). Caeca end behind the posterior
margin of the vitellarium, not extending to the posterior
end of the body. A large ventral sucker on the border of
the anterior and middle thirds of the body. Ducts of six
gland cells, which are dorsally placed above the ventral
sucker, pass through a thin-walled sac and open by a
pore on the median line of the body between the genital
pore and the ventral sucker. Testes are round, on the
same level, left and right of the median line of the body,
near or in contact with the posterior margin of the ventral
sucker. Seminal vesicle is saccate and placed between the
middle of the ventral sucker and the anterior margin of
the ovary. Pars prostatica, which passes along the median
line of the body dorsally to the ventral sucker, is long and
lined with vesicular cells and surrounded by numerous
prostatic cells. Sinus-like sac is oval and penetrated with
a hermaphroditic duct. Genital pore is median and lo-
cated at a small distance before the ventral sucker. A pit
is connected with a thin-walled sac in the inner side and

lies on the median line of the body between the genital
pore and the anterior margin of the ventral sucker. Ducts
of six gland cells, which are dorsally placed from the ven-
tral sucker, pass through the sac and open in the pit.

Ovary consists of four large lobes and is located be-
tween the posterior border of the testis and the anterior
margin of the vitellarium. Seminal receptacle is round
and placed on the level of the ovary and on the left of
the median line of the body. Vitellarium consists
of seven drop-shaped follicles and is placed at the end
of the middle third and onset of the last third of the
body. The uterus is located between posterior margin
of the ventral sucker and posterior end of the body.
Eggs small, oval and operculated. Excretory bladder is
Y-shaped, excretory pore is terminal.

Molecular data

For L. mugilis collected from V. engeli, Vietnam, a total of
1821 and 1003 alignable characters, obtained using from
two to six replicate sequences, were available for analysis
in the 185 rRNA gene and 285 rRNA gene datasets, re-
spectively. No variable and parsimony-informative sites
for either 18S or 28S rDNA of L. mugilis were presented.

Lecithaster sudzuhensis 7. sp.

Taxonomic summary
Host. Mugil cephalus Linnaeus, 1758, Mugilidae.

Type habitat. Kievka River (42°52'N, 133°39'E).
Site. Intestine.
Intensity of infection. 17 specimens.

Type deposition. Holotype no. 51-Tr., paratypes nos
52-Tr.-56-Tr., the collection of the Zoological Museum

0.1 mm

Fig. 1. Morphological features of adult worms of (a) Lecithaster mugilis Yamaguti, 1970 and (b) Lecithaster sudzuhensis n. sp.
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Table 2. Morphometrics (in um) of Lecithaster mugilis, L. sudzuhiensis n. sp. and L. helodes.

L. mugilis

Present study

Machida (2003)

Lecithaster sudzuhensis n. sp.

Lecithaster helodes (Overstreet, 1973)

Features Mean Range Range Holotype Mean Range Mean Range
Body 0.757 x 0.262 0.681-0.832 x 0.66-1.15 x 0.693 x 0.262 0.742 x 0.259 0.678-0.801 x 0.870 x 0.293 0.348-0.951 x
0.227-0.285 0.32-0.45 0.231-0.277 0.131-0.293
Oral sucker 0.067 x 0.081 0.062-0.085 x 0.07-0.11 x 0.062 x 0.077 0.068 x 0.083 0.062-0.077 x 0.064 x 0.078 0.035-0.070 x
0.062-0.085 0.09-0.14 0.077-0.089 0.042-0.081
Pharynx 0.040 x 0.044 0.039-0.050 0.04-0.07 0.046 x 0.054 0.054 x 0.058 0.046-0.061 x 0.067 x 0.087 0.039-0.075 x
0.050-0.065 0.045-0.087
Ventral sucker 0.187 x 0.187 0.154-0.216 x 0.22-0.32 x 0.135x 0.162 0.150 x 0.160 0.139-0.162 x 0.174 x 0.205 0.102-0.239 x
0.173-0.216 0.22-0.30 0.146-0.185 0.113-0.223
Oesophagus length 0.067 0.054-0.092 0.05-0.13 0.089 0.107 0.089-0.135 - -
Forebody (% of body 0.160 0.135-0.216 36—48% 0.135 (19.5%) 0.215 (28.9%) 0.135-0.289 28% (24-32%, 42% in
length) (21.1%) (12.2— (19.5-36.1%) one specimen)
31.7%)
Hermaphroditic sac 0.074 x 0.061 0.073-0.096 x 0.06-0.11 x 0.058 x 0.039 0.079 x 0.042 0.058-0.089 x - -
0.054-0.065 0.04-0.05 0.039-0.046
Pars prostatica - 0.104-0.123 0.09-0.19 0.104 - 0.112-0135 - -
Left testes 0.060 x 0.076 0.050-0.073 x 0.05-0.16 x 0.085 x 0.077 0.081 x 0.080 0.050-0.104 x 0.087 x 0.067 0.038-0.107 x
0.058-0.092 0.05-0.11 0.077-0.085 0.030-0.104
Right testes 0.066 x 0.079 0.058-0.077 x 0.05-0.14 x 0.065 x 0.069 0.072 x 0.074 0.058-0.108 x 0.073 x 0.069 0.049-0.099 x
0.062-0.100 0.07-0.12 0.069-0.081 0.038-0.104
Ovary 0.115 x 0.105 0.096-0.135 x 0.10-0.29 x 0.150 x 0.116 0.143 x 0.149 0.116-0.169 x 0.160 x 0.131 0.087-0.177 x
0.065-0.142 0.13-0.19 0.116-0.173 0.052-0.186
Vitellarium 0.092 0.077-0.116 x 0.08-0.17 x 0.096 x 0.062 0.102 x 0.092 0.085-0.119 x - -
0.065-0.108 0.07-0.14 0.062-0.123
Eggs - 0.019-0.023 x 0.015-0.019 x - - 0.019-0.023 x - 0.016-0.021 x
0.011-0.014 0.011-0.013 0.011-0.012 0.009-0.012
Suckers, length ratio 1:2.53 1:2.23-2.90 1:21-2.7 1:2.19 1:2.21 1:1.93-2.49 - -
Suckers, width ratio 1:2.37 1:2.10-2.80 1:2.10 1:1.92 1:1.69-2.08 1:2.6 1:2.5-3.0
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1.0

0.99

0.03

L. sudzuhensis n.sp. (M. cephalus) Primorsky Region
L. sudzuhensis n.sp. (M. cephalus) Primorsky Region
L. sudzuhensis nsp. (M. cephalus) Primorsky Region
L. mugilis (V. seheli) Vietnam

L. mugilis (V. seheli) Vietnam

L. mugilis (V. seheli) Vietnam

L. mugilis (V. seheli) Vietnam

L. mugilis (V. seheli) Vietnam

L. mugilis (V. seheli) Vietnam

——AJ287527 Lecithaster gibbosus

AY222106 Machidatrema chilostoma

Fig. 2. Phylogenetic tree of the family Lecithasteridae based on the analysis of combined 185 rRNA (complete) and of 285 rRNA (partial)
gene sequences with the Bayesian algorithm; nodal numbers indicate posterior probabilities.

(Institute of Biology and Soil Science, Far East Branch of
the Russian Academy of Sciences, Vladivostok, Russia).
E-mail: petrova@ibss.dvo.ru. Deposited: 20 October 2015.

Etymology. The specific name refers to the old name of
the Kievka River, Sudzuhe River.

Description

Based on six specimens (fig. 1b, table 2). Body fusiform,
smooth. Pre-oral lobe present. Oral sucker subterminal,
pre-pharynx absent, pharynx spherical, oesophagus long
(can reach the level of the anterior margin of the ventral
sucker). Caeca end at the posterior half or behind the pos-
terior margin of the vitellarium. The large ventral sucker
is on the border of the anterior and middle thirds of the
body. Round testes located at the same level, on both
sides of the median line of the body, near or in contact
with the posterior margin of the ventral sucker. Seminal
vesicle is saccate and placed between the middle of the
ventral sucker and the anterior margin of the ovary.
Pars prostatica, which passes along the median line of
the body dorsally to the ventral sucker, is long and
lined with vesicular cells and surrounded by numerous
prostatic cells. Sinus-like sac is oval and penetrated with
a hermaphroditic duct. Genital pore is median and lo-
cated at a small distance before the ventral sucker. A pit
connected with a thin-walled sac in the inner side and
lies on the median line of the body between the genital
pore and the anterior margin of the ventral sucker.
Ducts of an uncertain number of gland cells, placed dor-
sally from the ventral sucker, pass through the sac and
open in the pit.

Ovary consists of four large lobes and is located be-
tween the posterior border of the testis and the anterior
margin of the vitellarium. Seminal receptacle is round
and placed on the level of the ovary and on the left

of the median line of the body. Vitellarium consists of
seven drop-shaped follicles and is placed at the end
of the middle and onset of the last third of the body.
Uterus is located between posterior margin of the ventral
sucker and posterior end of the body. Eggs small, oval
and operculated. Excretory bladder is Y-shaped, excretory
pore is terminal.

Molecular data

For L. sudzuhensis n. sp. collected from Mugil cephalus,
Primorsky region, 1819 and 1002 alignable characters, ob-
tained using from two to six replicate sequences, were
available in the 185 rRNA gene and 285 rRNA gene data-
sets, respectively. No variable and parsimony-informative
sites for either 18S or 28S rDNA of L. sudzuhensis n. sp.
were presented.

Discussion

The adult flukes collected from mullet fish in Vietnam
had identical morphology (including body and organ
size) to L mugilis described by Machida (2003) (table 2).
There are minor differences in the sizes of the ventral
sucker, which are smaller in our specimens than in
those described by Machida. Machida (2003) noted the
presence of a pit with a short posterior sac, or duct,
lying midway between the genital pore and ventral sucker
in specimens of L. mugilis. In our material, worms had a
pit connected to a thin-walled sac in the same area of
the body. Ducts of glands pass through the sac (fig. 1a).
Lecithaster helodes Overstreet, 1973 from mullet fish that
were caught in the Mississippi Sound and adjacent waters
are similar to L. mugilis in most morphological features
and sizes (table 2). Overstreet (1973) distinguished L. he-
lodes and L. mugilis based on the number of lobes of the
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ovary (four and three lobes, respectively). However,
Machida (2003) established that L. mugilis has a four-lobed
ovary, so this morphological feature cannot be used to
identify it from L. helodes. However, the differences in
the sizes of the pharynx and oral sucker (table 2), the
ratio between these organs (the pharynx was smaller
than the oral sucker in L. mugilis and vice versa in L. he-
lodes) and some differences in the length of the caeca
(the caeca reached the zone between the ovary and poster-
ior end of the body in L. mugilis and only the level of the
posterior margin of the vitellarium in L. helodes) support
the validity of L. helodes.

Among East-Asian species of Lecithaster, L. mugilis is
most similar to L. confusus Odhner, 1905 and L. stellatus.
In 1907, Looss (cited by Machida, 2003) pointed out that
L. confusus has a pre-acetabulum pit. Lecithaster mugilis
differs from these species and other species of
Lecithaster, besides L. helodes and L. sudzuhensis n. sp., by
having a long oesophagus, which can reach the anterior
border of the ventral sucker.

Worms found in mullet fish from the Primorsky re-
gion of Russia match the diagnostic features of the
genus Lecithaster in all morphological features
(Gibson, 2002). When comparing morphological and
metric characteristics, the newly described species has
the greatest similarity to L. mugilis and L. helodes
(table 2). However, L. sudzuhensis n. sp. differs from
L. mugilis by having a higher mean size of the pharynx
and a smaller ventral sucker, and by the ratio of suck-
ers. The present species differs from L. helodes by hav-
ing a smaller maximal and mean size of the pharynx,
and smaller ventral sucker, and by the ratio of suckers
(table 2). Unlike L. helodes, the pharynx of L. sudzuhen-
sis n. sp. is smaller than the oral sucker (table 2).
According to the above features, L. sudzuhensis n. sp.
occupies an intermediate position between L. mugilis
and L. helodes. Comparative analysis of the nucleotide
sequences of L. mugilis from Vietnam and L. sudzuhen-
sis n. sp. from the Primorsky region showed 40 (1.9%)
and 28 (2.6%) variable sites in the 185 rRNA and 28S
rRNA genes, respectively. The genetic differentiation
between L. mugilis from Vietnam and L. sudzuhensis
n. sp. from Primorsky with L. gibbosus was 5.4% and
5.5% respectively for the 185 rDNA gene sequence
data, and 10% and 10.3% for the 285 rRNA gene se-
quence data. A phylogenetic relationship based on the
combined ribosomal gene sequence data showed a
clear differentiation of L. mugilis and L. sudzuhensis
n. sp.; L. gibbosus appears to be a sister species to the
(L. mugilis/L. sudzuhensis n. sp.) cluster (fig. 2). Thus,
our molecular data support the validity of L. sudzuhen-
sis n. sp. from M. cephalus of the Primorsky region.

The present study showed that L. mugilis, L. helodes and
L. sudzuhensis n. sp. have no distinct morphometric differ-
ences. Only molecular data allowed us to distinguish L.
mugilis from Vietnamese mullet fish and L. sudzuhensis
n. sp. from Far Eastern fish. It is likely that L. mugilis,
L. helodes and L. sudzuhensis n. sp. form a group of cryptic
species. However, a final decision on the status of these
species can only be made after receiving the molecular
data for L. helodes.

Financial support

Grants RFBR no. 16-34-00222_mol_a and VAST.DA47 .-
DA 12/15-18 provided partial financial support for this
research.

Conflict of interest

None.

References

Cribb, T.H., Bray, R.A., Littlewood, D.T.]., Pichelin, S. &
Herniou, E.A. (2001) Relationships of the Digenea —
evidence from molecules and morphology. pp. 186-
193 in Littlewood, D.T.J. & Bray, R.A. (Eds)
Interrelationships of Platyhelminthes. London, Taylor &
Francis.

Gibson, D.I. (2002) Family Lecithasteridae Odhner, 1905.
pp- 381-396 in Gibson, D.I,, Jones, A. & Bray, R.A. (Eds)
Keys to the Trematoda, vol. 2. Wallingford, CAB
International.

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.

Littlewood, D.T.J. & Olson, P.D. (2001) Small subunit
rDNA and the Platyhelminthes: signal, noise, conflict
and compromise. pp. 262-278 in Littlewood, D.T.]J. &
Bray, R.A. (Eds) Interrelationships of Platyhelminthes.
London, Taylor & Francis.

Machida, M. (2003) Additional two species of digenean
trematodes from mullet of Southern Japan. Bulletin of
Natural Science Museum 29, 125-129.

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

Overstreet, R.M. (1973) Some species of Lecithaster Liihe,
1901 (Digenea: Hemiuridae) and related genera from
fishes in the Northern Gulf of Mexico. Transactions of
the American Microscopical Society 92, 231-240.

Posada, D. & Crandall, K.A. (1998) Modeltest: testing the
model of DNA substitution. Bioinformatics 14, 817-818.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. &
Kumar, S. (2013) MEGA6: Molecular Evolutionary
Genetics Analysis version 6.0. Molecular Biology and
Evolution 30, 2725-2729.

Tkach, V.V, Littlewood, D.T.], Olson, P.D., Kinsella, J.
M. & Swiderski, Z. (2003) Molecular phylogenetic
analysis of the Microphalloidea Ward, 1901
(Trematoda: Digenea). Systematic Parasitology 56, 1-15.

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 molecular
biology. Burlington, Massachusetts, Jones & Bartlett.

WoRMS Editorial Board. (2014) World register of marine
species. Available at http://www.marinespecies.org
(accessed March 2014).

Yamaguti, S. (1970) Digenetic trematodes of hawaiian fishes.
Tokyo, Keigaku Publishing.

Downloaded from https:/www.cambridge.org/core. Central Library FEB RAS, on 10 May 2017 at 00:26:31, subject to the Cambridge Core terms of use, available at
https:/www.cambridge.org/core/terms. https://doi.org/10.1017/50022149X16000201


http://www.marinespecies.org
http://www.marinespecies.org
https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0022149X16000201
https:/www.cambridge.org/core

	Morphometric and molecular analyses of two digenean species in mugilid fish: Lecithaster mugilis Yamaguti, 1970 from Vietnam and L. sudzuhensis n. sp. from southern Russian Far East
	Abstract
	Introduction
	Materials and methods
	Collection and examination of fish
	Molecular analysis

	Results
	Lecithaster mugilis Yamaguti, 1970
	Taxonomic summary
	Description
	Molecular data

	Lecithaster sudzuhensis n. sp.
	Taxonomic summary
	Description
	Molecular data


	Discussion
	Financial support
	Conflict of interest
	References


