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ABSTRACT

The Ezo salamander, Hynobius retardatus, is endemic only to Hokkaido, the
northernmost island of Japan. Gravid flukes of the family Gorgoderidae were
discovered from the urinary bladder of H. retardutus. The parasites were
identified as a new species named Phyllodistomum kanae sp. nov. In the
neighboring Honshu island another bladder fluke, Phyllodistomum patellare, has
already been found from the Japanese newt. The new species clearly differs
from P. patellare in having a spherical ovary and very weakly lobed testes. The
discovery of species of Phyllodistomum from urodelan amphibians is very
uncommon in Eurasia. A molecular phylogeny based on 28S ribosomal DNA
suggests that sphaeriid bivalves may serve as the first intermediate host for the
new species.
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1. Introduction

The Japanese archipelago possesses a rich diversity of amphibians
consisting of 44 species of anurans and 32 species of urodelans, in spite of its
small land area (Amphibians of the World Database, American Museum of
Natural History [www.amnh.org]). The great diversity of Japanese amphibians
is directly correlated to the richness of their parasites. The parasitic helminths
of amphibians in Japan have been investigated extensively [1-7]. Amphibian
trematodes of the family Gorgoderidae found in Japan are as follows:
Phyllodistomum patellare (Sturges, 1987) from the Japanese newt [8] and the
sword-tail newt [6], Gorgoderina kajika (Ozaki, 1926) from the Kajika frog [2],
Gorgoderina tanigawaensis Uchida & Itagaki, 1974 from the Japanese toad [5],
and Gorgodera japonica Yamaguti, 1936 from the dark-spotted frog [4]. In this
report, another gorgoderid fluke is further added. The fluke was discovered
from the Ezo salamander, Hynobius retardatus Dunn, 1923, which is endemic
only to Hokkaido, the northernmost island of Japan. This salamander is a
member of the Asiatic salamanders (Caudata: Hynobiidae) whose evolutionary
center is considered to be North China [9].

Morphology of the Ezo salamander-derived fluke agrees with
Phyllodistomum Braun, 1899 rather than Gorgoderina Looss, 1902, particularly
in its broad hindbody [10]. There have been no records of gorgoderids from the
Asiatic salamanders distributed all over Asia and in European Russia.
Moreover, the fluke was distinct in its morphology when compared with already
known related species from urodelan amphibians. In this report, a new species
of Phyllodistomum is thus proposed for bladder flukes collected from the Ezo

salamander.

2. Materials and methods

2.1. Specimen collection and morphological observation

In 4 May 2014, two H. retardutus adult males returning to the water to breed
were captured in a small pool beside a mountain stream in Pippu town,
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Hokkaido (43°56'51.9"N, 142°29'52.6"E). They were subjected to necropsy to
collect endoparasites after killing with ether anesthesia. Six gravid flukes were
obtained from the urinary bladder of one salamander, but the other was
uninfected. Two of the flukes were flattened between grass slides, and then
fixed with Alcohol-Formalin-Acetic acid (AFA) solution. The remaining worms
were kept in 70% ethanol. For morphological observation, the AFA-fixed
worms were stained with acetocarmine, dehydrated in an ethanol series, cleared
in xylene, and finally mounted with Canada balsam. Measurements of the
stained worms were used for morphometric assessment. Eggs recovered from
a broken worm were also measured. All of the measurements were done
under a calibrated microscope.

2.2. Sequencing of nuclear and mitochondrial DNA

Genomic DNA extracted from each of two ethanol-fixed worms was used as
a template for polymerase chain reaction (PCR) amplification of target genes.
Experimental procedures of DNA extraction, PCR, and direct sequencing of
amplicons were the same as those reported previously [11]. The primers digl2
and 1500R [12] were used for amplification of nuclear 28S rRNA gene (rDNA)
including variable domains D1-D3, and the primers JB3 and JB4.5 [13] for
mitochondrial cytochrome ¢ oxidase subunit 1 gene (cox7). Each of the PCR

primers was also used as a sequencing primer.

2.3. Phylogenetic analysis

DNA sequences of gorgoderid species related to the Ezo
salamander-derived fluke were retrieved from DDBJ/EMBL/GenBank databases.
Nucleotide data sets of nuclear 28S rDNA and mitochondrial cox7 were
prepared using the multiple aligner MAFFT [14]. Sites including gaps were
completely removed from the alignments. The genetic software MEGA 6 [15]
was used to find nucleotide substitution models and to estimate phylogenetic
trees by maximum likelihood (ML) analysis. Midpoint rooted ML trees were
generated from both the data sets with 500 bootstrap repetitions under
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appropriate substitution models.

3. Results

3.1. A new species (Trematoda: Gorgoderidae)

3.1.1. Morphological description

Phyllodistomum kanae sp. nov. (Fig. 1).

Measurements of gravid flukes were based on two specimens stained with
acetocarmine. The specimens were observed ventrally.

Body typically pyriform, 4.0 - 4.9 mm long by 2.0 - 2.1 mm wide. Forebody
slender. Hindbody foliate, without crenulate margin. Neck region (posterior to
oral sucker), 0.49 - 0.54 mm wide. Mouth ventral. Oral sucker sub-terminal,
0.48 - 0.49 mm width by 0.51 - 0.55 mm length. Ventral sucker pre-equatorial,
0.83 - 0.85 mm width by 0.60 - 0.70 mm length, obviously larger than oral
sucker.

Esophagus narrow, 0.25 - 0.39 mm long. Pharynx absent. Penetration
glands present along end of esophagus. Ceca bifurcating immediately anterior
to genital pore. Ceca simple, straight, tubular, 2.7 - 3.3 mm long (left) and 2.6 -
3.5 mm long (right), ending near posterior end of hindbody.

Genital pore opening between oral and ventral suckers. Both cirrus-sac
and morphologically striking cirrus absent. Seminal vesicle spherical, 0.23 -
0.24 mm maximal diameter; connecting almost directly to genital pore. Testes
very weakly lobed, 0.52 - 0.54 mm width by 0.69 - 0.83 mm length (left) and 0.41
- 0.52 mm width by 0.88 - 0.92 mm length (right), lying asymmetrically along
ceca. Ovary spherical or very weakly lobed, 0.39 - 0.40 mm maximal diameter,
lying anterior to left testis. Vitelline glands ellipsoidal, 0.16 - 0.17 mm width by
0.22 - 0.29 mm length (left) and 0.14 - 0.18 mm width by 0.23 - 0.27 mm length
(right), lying anterior to ovary. Seminal receptacle absent. Uterus lengthy and
tortuous, filling entire area of hindbody. Uterine eggs immature and
non-operculate, 34 - 37 ym width by 49 - 54 ym length (range of 10 individuals).

3.1.2. Taxonomic summary



Type host: The Ezo salamander, Hynobius retardatus Dunn, 1923
(Caudata: Hynobiidae).

Site of infection: Urinary bladder.

Type locality: Pippu, Hokkaido island (Ezo), Japan.

Date of collection: 4 May 2014.

Collector: M. Nakao.

Intermediate hosts: Unknown.

Type specimens: One holotype and two paratypes have been deposited in
Meguro Parasitological Museum, Tokyo, Japan (MPM Coll. No. 20950). One of
the paratypes is an unflattened and unstained specimen stored in 70% ethanol.

Etymology: The new species is named after my daughter Kana.

3.2. Molecular comparison with other species

Two adult flukes of the new species were individually subjected to DNA
sequencing for molecular phylogenetic comparison with other gorgoderid
species. Both of the two worms showed exactly the same DNA sequences of
nuclear 28S rDNA and mitochondrial cox?1. The resultant sequences (1242
bases of 28S rDNA and 396 bases of cox7) were deposited into
DDBJ/EMBL/GenBank databases under the accession numbers AB979868
(28S rDNA) and AB979869 (cox7). No identical sequences could be found in
the DNA databases through the basic local alignment search tool (BLAST).
Phyllodistomum brevicecum Steen, 1938, a bladder fluke of North American
freshwater fish [16], showed the relatively high BLAST scores of 97% identity to
28S rDNA and 87% identity to cox1.

Maximum likelihood phylogenetic trees were estimated using nuclear 28S
rDNA and mitochondrial cox?7 sequences. The new species was compared
with related species of fish and amphibian parasites, although there are no other
genetic data for Phyllodistomum spp. from amphibians. The data set 28S
included 803 aligned nucleotide sites from 15 taxa, whereas the data set cox1
only consisted of 307 nucleotide sites from 8 taxa. For the phylogeny
reconstruction, the nucleotide substitution models GTR+G and HKY+G were
applied to the data sets 28S and cox7, respectively. As shown in Fig. 2, the
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new species occupied a distinct position in each of the nuclear and
mitochondrial trees. In the 28S rDNA tree the new species was loosely
clustered with Phyllodistomum magnificum Cribb, 1987 [17] and Gorgodera
cygnoides (Zeder, 1800) [18], whereas in the cox1 tree the new species was
distantly related to Gorgoderina sp. [19]. However, this relationship was
considered unreliable because of lack of available taxa in cox1.

4. Discussion

The discovery of species of Phyllodistomum from urodelan amphibians is
very uncommon in Eurasia. The new species has rich morphological features,
although egg-producing and excretory systems could not be observed in the
present whole-mount specimens because of the overlapping uterus filled with
eggs. As shown in Table 1, the new species was compared with other related
species from Japanese and North American urodelans. In North America,
Phyllodistomum americanum Osborn, 1903 [20, 21, 22], Phyllodistomum
singulare Lynch, 1936 [23], Phyllodistomum solidum Rankin, 1937 [24, 25], and
Phyllodistomum coatneyi Meserve, 1943 [26] have been recorded from lungless
salamanders (Caudata: Plethodontidae). The new species clearly differs in
morphology from these North American species. In the Honshu island of Japan,
the congeneric species P. patellare has been found from the urinary bladder of
the Japanese newt [8]. Another bladder fluke from the same newt was once
described as Phyllodistomum entercolpium Holl, 1930 [27], but subsequently
synonymized with P. patellare [23]. The new species is easily distinguishable
from P. patellare by comparing shapes of ovary and testes (Table 1). In the
other countries of the Far East, there are no records of Phyllodistomum spp.
from urodelans. If anuran hosts are also considered, Phyllodistomum skrjabini
Pigulewsky, 1953 and Phyllodistomum sinense Wu, 1937 have been found from
the Asiatic toad in China [28, 29]. The new species differs from P. skrjabini and
P. sinense in having unlobed vitelline glands.

The life cycles of Phyllodistomum spp. generally require freshwater bivalves
as the first intermediate host and arthropods as the second intermediate host
[30]. In the well-studied case of P. solidum (a bladder fluke of the North
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American dusky salamander), Pisidium abditum (Haldeman, 1841), a freshwater
bivalve of the family Sphaeriidae, harbors the parasitic asexual stages and the
resultant cercaria encysts into infectious metacercaria in naiads of several
species of Odonata [31]. At the present time the life cycle of P. kanae sp. nov.
is completely unknown. However, the present phylogenetic tree of 28S rDNA
may give clues as to its life cycle. The tree demonstrated the new species to be
a member of a clade containing P. magnificum, G. cynoides, P. brevicecum, and
others. This clade appears to relate to species in which cystocercous cercariae
develop in bivalves of the family Sphaeriidae [17]. Sphaeriid bivalves in
Hokkaido (e.g. Pisidium japonicum Pilsbry & Hirase, 1908 and Sphaerium
miyadii Mori, 1933) [32, 33] could be candidates for the first intermediate host.
The Ezo brown frog, Rana pirica Matsui, 1991 [34], is also a possible candidate
for the definitive host of the new species because the frog shares a common
ecological niche with the Ezo salamander. Further field studies are needed to
determine the host usage of the new species.

The genus Phyllodistomum is a large group consisting mainly of fish
parasites together with a few amphibian parasites, while hosts of the most
closely related genera Gorgoderina and Gorgodera are only found in
amphibians [10]. Russian taxonomists divided Phyllodistomum into four
subgenera, based on the shapes of whole-body and vitelline gland [28].
Recent molecular phylogenetic studies on members of the Gorgoderidae
showed that Phyllodistomum is paraphyletic [16, 17], as also confirmed in the
present study. The broad and foliate hindbody of Phyllodistomum is a key
morphological character separating this genus from Gorgoderina and Gorgodera,
and furthermore Gorgodera has more testes than Phyllodistomum and
Gorgoderina [10]. However, the above-mentioned molecular phylogenies
suggest a possibility that the shape of hindbody and the number of testes are
homoplasious traits. More extensive phylogenetic analyses are required for the
revision of genera of the family Gorgoderidae. The species of Phyllodistomum
from amphibians should be added to the analyses to clarify the evolutionary
history of host-switching from fishes to amphibians or vice versa.

Acknowledgements



| am deeply grateful to Takashi lwaki (Meguro Parasitological Museum,
Tokyo, Japan), who taught me the taxonomy and distributional records of
Phyllodistomum spp. Many thanks are also due to anonymous reviewers for
the improvement of this article.

References

[11 Morishita K. Studies on some nematode parasites of frogs and toads in
Japan, with notes on their distribution and frequency. J Fac Sci, Univ Tokyo,
Sect IV, Zool 1926; 1: 1-32.

[2] Ozaki Y. On two new genera of frog trematodes, Cryptofrema and
Microlechitus, and a new species of Pleurogenes. J Fac Sci, Univ Tokyo,
Sect IV, Zool 1926; 1: 33-44.

[3] Pearse AS. Parasites of Japanese salamanders. Ecology 1932; 13:
135-152.

[4] Yamaguti S. Studies on the helminth fauna of Japan. Part 14. Amphibiam
trematodes. Japan J Zool 1936; 6: 551-576.

[5] Uchida A, Itagaki H. Studies on the amphibian helminths in Japan. |. A new
trematode, Gorgoderina tanigawaensis n. sp., from the toad, Bufo
Japonicus (Schlegel, 1838). Jpn J Parasitol 1974; 23: 232-235.

[6] Hasegawa H. Helminth fauna of five Okinawan amphibian species. Biol
Mag Okinawa 1984; 22: 11-22.

[71 Goldberg SR, Bursey CR. Helminths of 10 species of anurans from Honshu
island, Japan. Comp Parasitol 2002; 69: 162-176.

[8] Sturges MM. Preliminary notes on Distomum patellare, n. sp. Zodl Bull
1897; 1: 57-69.

[91 Zhang P, Chen YQ, Zhou H, Liu YF, Wang XL, Papenfuss TJ, Wake DB,
Qu LH. Phylogeny, evolution, and biogeography of Asiatic Salamanders
(Hynobiidae). Proc Natl Acad Sci U S A 2006; 103: 7360-7365.

[10] Campbell RA. Family Gorgoderidae Looss, 1899. In: Bray RA, Gibson DI,
Jones A, editors. Keys to the Trematoda, 3rd ed, Wallingford: CAB
International; 2008, p. 191-214.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Nakao M, Lavikainen A, lwaki T, Haukisalmi V, Konyaev S, Oku Y,
Okamoto M, Ito A. Molecular phylogeny of the genus Taenia (Cestoda:
Taeniidae): proposals for the resurrection of Hydatigera Lamarck, 1816
and the creation of a new genus Versteria. Int J Parasitol 2013; 43:
427-437.

Curran SS, Tkach VV, Overstreet RM. Phylogenetic affinities of
Auriculostoma (Digenea: Allocreadiidae), with descriptions of two new
species from Peru. J Parasitol 2011; 97: 661-670.

Bowles J, Blair D, McManus DP. Genetic variants within the genus
Echinococcus identified by mitochondrial DNA sequencing. Mol Biochem
Parasitol 1992; 54: 165-173.

Katoh K, Standley DM. MAFFT multiple sequence alignment software
version 7: improvements in performance and usability. Mol Biol Evol 2013;
30: 772-780.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGAG6: Molecular
evolutionary genetics analysis version 6.0. Mol Biol Evol 2013; 30:
2725-2729.

Razo-Mendivil U, Pérez-Ponce De Leon G, Rubio-Godoy M. Integrative
taxonomy identifies a new species of Phyllodistomum (Digenea:
Gorgoderidae) from the twospot livebearer, Heterandria bimaculata
(Teleostei: Poeciliidae), in Central Veracruz, Mexico. Parasitol Res 2013;
112: 4137-4150.

Cutmore SC, Miller TL, Curran SS, Bennett MB, Cribb TH. Phylogenetic
relationships of the Gorgoderidae (Platyhelminthes: Trematoda), including
the proposal of a new subfamily (Degeneriinae n. subfam.). Parasitol Res
2013; 112: 3063-3074.

Tkach V, Pawlowski J, Mariaux J. Phylogenetic analysis of the suborder
Plagiorchiata (Platyhelminthes, Digenea) based on partial ISrDNA
sequences. Int J Parasitol 2000; 30: 83-93.

Rosas-Valdez R, Choudhury A, Perez-Ponce de Leon G. Molecular
prospecting for cryptic species in Phyllodistomum lacustri (Platyhelminthes,
Gorgoderidae). Zool Scr 2011; 40: 296-305.

Osborn HL. 1903. On Phyllodistomum americanum (n. sp.); a new bladder

-10 -



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

distome from Amblystoma punctatum. Biol Bull 1903; 4: 252-258.

Dyer WG. Helminth parasites of amphibians from lllinois and adjacent
midwestern states. Trans lll State Acad Sci 1991; 84: 125-143.

Tiekotter KL, Coggins JR. Redescription of Phyllodistomum americanum
Osborn, 1903 with a discussion of the taxonomic status of Phyllodistomum
coatneyi Meserve, 1943 and Phyllodistomum bufonis Frandsen, 1957
(Trematoda: Gorgoderidae). Proc Helminthol Soc Wash 1982; 49;
189-195.

Lynch JE. Phyllodistomum singulare n. sp., a trematode from the urinary
bladder of Dicamptodon ensatus (Eschscholtz), with notes on related
species. J Parasitol 1936; 22: 42-47 .

Rankin JS Jr. New helminths from North Carolina salamanders. J Parasitol
1937; 23: 29-42.

Goater TM, Esch GW, Bush AO. Helminth parasites of sympatric
salamanders: ecological concepts at infracommunity, component and
compound community levels. Am Midl Nat 1987; 118: 289-300.

Meserve FG. Phyllodistomum coatneyi n. sp., a trematode from the urinary
bladder of Ambystoma maculatum (Shaw). J Parasitol 1943; 29: 226-228.
Holl FJ. Phyllodistomum entercolpium, a new trematode from Diemictylus
pyrrhogaster Boie. Annot Zool Jpn 1930; 12: 449-453.

Skrjabin KI. Keys to the trematodes of animals and man (English
translation). Arai HP, Dooley RW, editors. Urbana: University of lllinois
Press; 1964.

Yamaguti S. Digenea of amphibians. In: Synopsis of digenetic trematodes
of vertebrates, Vol. I, Tokyo: Keigaku Publishing Co Ltd; 1971, p. 339-375.
Cribb TH. A new species of Phyllodistomum (Digenea: Gorgoderidae) from
Australian and New Zealand freshwater fishes with notes on the taxonomy
of Phyllodistomum Braun, 1899. J Nat Hist 1987; 21: 1525-1538.
Goodchild CG. The life-history of Phyllodistomum solidum Rankin, 1937,
with observations on the morphology, development and taxonomy of the
Gorgoderinae (Trematoda). Biol Bull 1943; 84: 59-86.

Mori S. Classification of Japanese Pisidium. Mem Coll Sci Univ Kyoto Ser
B 1938; 14: 255-278.

-11 -



[33] Mori S. Classification of Japanese Sphaerium. Venus 1933; 4: 149-158.
[34] Matsui M. Original description of the brown frog from Hokkaido, Japan
(genus Rana). Japan J Herpetol 1991; 14: 63-78.

FIGURE LEGENDS

Fig. 1. Ventral views of the holotype specimen of Phyllodistomum kanae sp.
nov. The left is a macrophotograph and the right is a drawing showing the
shape and location of main organs. Abbreviations are as follows: ¢, cecum; e,
esophagus; gp, genital pore; o, ovary; os, oral sucker; pg, penetration gland; sv,
seminal vesicle; t, testis; u, uterus; vg, vitelline grand; vs, ventral sucker. A

scale bar represents 1 mm.

Fig. 2. Midpoint rooted phylogenetic trees of Phyllodistomum kanae sp. nov.
and related trematodes. The trees were generated by maximum likelihood
analysis using nucleotide sequences of nuclear 28S rDNA (803 sites) and
mitochondrial cox? (307 sites). Values of nodes are bootstrap percentages.
Scale bars represent the estimated number of substitutions per nucleotide site.
Database accession numbers of original sequences are given in parentheses.
(A) The tree of 28S rDNA including 15 taxa. (B) The tree of cox? including 6
taxa. Most of the taxa used are fish parasites, except the following amphibian
parasites: Gorgodera cygnoides, Gorgoderina sp., and the new species.
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Fig. 1

Fig. 2

Phyllodistomum lacustri (HQ325016)
Phyllodistomum staffordi (HQ325027)
Phyllodistomum inecoli (KC760199)
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Phyllodistomum brevicecum (KC760204)
Gorgodera cygnoides (AF151938)
89 Phyllodistomum magnificum (KF013186)
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Phyllodistomum inecoli (KC760169)

Phyllodistomum lacustri (HQ325040)

Phyllodistomum staffordi (HQ325055)
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Table 1

A comparison of Phyllodistomum spp. from Japanese and North American urodelans, based on their original descriptions.

Phyllodistomum Phyllodistomum Phyllodistomum Phyllodistomum Phyllodistomum Phyllodistomum
kanae sp. nov. patellare americanum singulare solidum coatneyi
(Sturges, 1897) Osborn, 1903 Lynch, 1936 Rankin, 1937 Meserve, 1943
Type locality Hokkaido, Japan Honshu, Japan Minnesota Oregon North Carolina Wisconsin
Type host Hynobius Cynops Ambystoma Dicamptodon Desmognathus Ambystoma
retardatus pyrrhogaster?® maculatum® ensatus fuscus® maculatum
Body length 4.0-49mm 4.5 mm 3.5mm 3.27 -3.95 mm 1.82-2.67 mm 3.3-7.0mm
Hindbody wide 20-2.1mm 3 mm 1.4 mm 2.3-34mm 0.76 - 1.27 mm 0.7-1.7mm
Hindbody margin Smooth Weakly crenulate Smooth Crenulate Smooth Smoorth
Ratio of sucker width 1:1.7 1:1.2° 1:1.5° 1:1.2 1:1.2 1:1.4
Ovary Spherical Lobed Lobed Lobed Smooth Lobed
Testes Weakly lobed Deeply lobed Deeply lobed Lobed Smooth Deeply lobed
Vitelline glands Ellipsoidal Oval Lobed Lobed Smooth Deeply lobed

Uterus

Extending to
hindbody margin

Extending to
hindbody margin

Concentrating
between ceca

Extending to
hindbody margin

Extending to
hindbody margin

Extending to
hindbody margin

@ Cynops ensicauda is another definitive host [6].

bAmbystoma tigrinum is another definitive host [21], and Amblystoma punctatum used in the opriginal descripsion is a synonym for Ambystoma maculatum.
¢ Desmognathus monticola, Desmognathus ochrophaeus, and Desmognathus quadramaculatus are other definitive hosts [25]

4The ratio of oral sucker to ventral sucker was calculated.

® The values of P. patellare and P. americanum were cited from other sources [6, 22, 27].

Medians or means of the widths were used for the calculation.
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