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Phylogeography of parasitic nematodes recovered
from Bufo species in mainland Japan

Japan has rich amphibian fauna with many taxa and
high endemism, with 93 species and subspecies. It
was predicted that the number of known amphib-
ian species from Japan (and adjacent region) will
greatly increase because of the systematic studies on
some populations of wide-ranging species as new,
independent species. With the increased number of
amphibians being discovered, the parasitic diver-
sity is anticipated to be greater than the number of
host species. Therefore, this study aimed to 1) fully
assess the diversity and phylogenetic position of
parasites in amphibians, specifically Bufo species
through morphological and molecular approaches,
2) elucidate the relationship of parasite and its host
through morphological, geographical, and specific-
ity patterns, 3) and revise species description using
modern methods and technology and determine the

possibility of new or cryptic species.

Chapter 1. Nematode of Japanese toads.

In this study, I mainly focused on the Japanese toads
or the genus Bufo Garsault, 1764 (family Bufonidae
Gray, 1825) as the host taxa. According to Matsui
and Maeda (2018), there are two endemic Bufo
species on the Japanese mainland: Bufo japonicus
Temminck and Schlegel, 1838 and B. forrenticola
Matsui, 1976. Bufo japonicus is widely distributed
in Honshu, Shikoku, Kyushu, and some adjacent is-
lands. It is a lentic breeder as well as the majority of
the congeneric species (Fukutani et al., 2022). This
species is divided into two subspecies, B. j. japoni-
cus from western Japan and B. j. formosus Bouleng-
er, 1883 from eastern Japan. These two subspecies
are distributed parapatrically, and the boundary is
the Kinki region (Matsui and Maeda, 2018). Both
recent papers of Dufresnes and Litvinchuk (2021)
and Fukutani et al. (2022) proposed raising these
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two to species level in the near future. But for now,
I also adopted these two as subspecies in this paper.
Bufo torrenticola, on the other hand, is limited only
to the mountainous areas of central Honshu, with
lotic breeding habits, which is uncommon among
Bufo. It is also distributed sympatrically with B. ;.
formosus in several areas of central Honshu (Matsui
and Maeda, 2018; Fukutani et al. 2022). This distri-
bution was due to the geological events during the
formation of the Japanese archipelago, which result-
ed in genetic diversification in Japanese toads (Ig-
awa et al., 2006). In a part of Ryukyu Archipelago,
specifically in Miyako Islands, another species Bufo
gargarizans miyakonis is distributed. This species
was also introduced to several islands namely, Daito
Islands (Kitadaitojima and Minamidaitojima) (Igawa
et al., 2006; Komine et al., 2020).

There are at least 12 nematodes from 8§ families
identified up to species level from the hosts Bufo
spp. (Bufo japonicus japonicus, B. j. formosus, B.
torrenticola and B. gargarizans miyakonis) in Japan
(Goldberg and Bursey, 2002; Hasegawa and Asaka-
wa, 2004; Uchida et al. 2019): Rhabdias incerta
Wilkie 1930, R. kafunata Sata et al. 2020 (Rhabdi-
asidae), Cosmocercoides pulcher Wilkie 1930, Cos-
mocerca japonica Yamaguti 1938 (Cosmocercidae),
Meteterakis japonica Wilkie 1930 (Heterakidae),
Oswaldocruzia insulae Morishita 1926, O. socialis
Morishita 1926 (Trichostrongylidae), Hedruris mi-
yakonis Hasegawa 1989 (Hedruridae), Amphibiocap-
illaria bufonis Morishita 1926, Aonchotheca buccalis
Yamaguti 1943 (Capillaridae), one species (larva) in
Metastrongylidae, and one species (larva) in Gna-
thostomatidae. Each of this species parasitized dif-
ferent sites in its hosts, that are, tongue or pharynx

(do. buccalis), lungs or body cavity (R. incerta, R.
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kafunata), stomach (H. miyakonis and Cosmocerca
Jjaponica), intestine (small/large) and rectum (Am.
bufonis, Cosmocercoides pulcher, Cosmocerca japon-
ica, M. japonica). However, most of these species
had been identified only through morphological
studies (Morishita, 1926; Wilkie, 1930; Yamaguti,
1938; Hasegawa, 1989). Only recently, with the de-
velopment of molecular approaches it has been in-
corporated in identification of some of these species

(Chen et al. 2018, 2020; Sata et al., 2020).

Chapter 2. Phylogeography of Rhabdias
spp. (Nematoda: Rhabdiasidae) collected
from Bufo species in Honshu, Shikoku, and
Kyushu, Japan including possible cryptic
species.

The genus Rhabdias Stiles & Hassall, 1905 com-
prises lung parasites of amphibians and reptiles
worldwide. In Japan, 9 species have been recorded,
including Rhabdias incerta Wilkie, 1930 which has
been reported only in Bufo species. In this study,
to assess the diversity of R. incerta, 1 performed
molecular analyses of Rhabdias species sampled
from three species/subspecies of Japanese toads
namely Bufo japonicus, B. japonicus formosus, and
B. torrenticola, collected in various regions of Hon-

shu, Shikoku, and Kyushu, Japan. DNA sequence

A Clade 2b ﬁ
Clade 3a,b,c
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divergence was compared using mtDNA (COI) and
nuclear DNA (28S) to identify possible cryptic spe-
cies. Morphological analysis was performed through
light microscopy and scanning electron microscopy
(SEM). The results revealed that Bufo spp. serve as
hosts for at least three Rhabdias species. Morpho-
logically, most samples were identified as R. incerta
but with a longer body and larger buccal cavity than
originally described. Rhabdias incerta appears to be
specific to the genus Bufo and is further subdivided
into two or three phylogroups based on subspecies
divisions and biogeography of their host. Some
Rhabdias specimens collected in this study resemble
R. tokyoensis Wilkie, 1930, parasitic in hosts from
the order Caudata, which suggests host switch-
ing. Both molecular and morphological analyses
suggested the presence of undescribed and cryptic
Rhabdias species within toads collected in Japan.
This study was the first to molecularly characterize

Rhabdias species in Japan, including novel sequenc-

es of R. incerta and two undescribed species.

o 3
i C//b ® Bufo japonicus japonicus

m Bufo |. formosus
% B. |. japonicus /
B. |. formosus

A B. forrenticola

4 [ Clade 1d #Ranidae /Rhacophoridae
A Salamandridae/
Hynobiidae

o
&=
=3
&
&
R. incerta

{1 Clade 1e
Clade 1d
[ Clade 2a !
Clade fe
Gidded ) | O e A2
Clade 3e Clade2a  Rhabdiassp. 1

Clade2d R Iokyoensis
lade 3




Chapter 3. Morphological and molecu-
lar characterization of Cosmocercoides
(Nematoda: Cosmocercoidea: Cosmocer—
cidae) from Bufo spp. (Amphibia: Anura:
Bufonidae) in Japan: a redescription of C.
pulcher Wilkie 1930

Cosmocercoides pulcher Wilkie, 1930 (Nematoda:
Cosmocercoidea: Cosmocercidae) collected from
the gastrointestinal tract of the Japanese toads, Bufo
Japonicus Temminck and Schlegel, 1838 (type host)
which is divided into two subspecies, the western B.
J. japonicus and the eastern B. j. formosus Bouleng-
er, 1883, and B. forrenticola Matsui, 1976 in Kinki
district, is redescribed using integrated approaches,
including light and scanning electron microscopy,
and sequencing and analyzing the small ribosomal
DNA (18S) and mitochondrial DNA cytochrome c

oxidase subunit 1 (COI) target regions. Our molecu-

CB1518M2C. pulcher from 8. torrenticola in Wakayama
€61229M C. puicher from 8. /. formosus in Gifu

C61229F C. pulcher from B. /. formosus in Gifu

[}

CBL165F C. puicher from 8. . japonicusin Kyoto
CEL165M C. puicher from 8./ joponicusin Kyota
CB1362F €. pulcher from 8. . formasusin Aichi
C61276F C. pulcher from 6. . formosus in Shizouka
CE1365M C. puicher from B. . formosus in Kyoto
LC201933 C. pulcher from B, jopanicusin Tokyo
C61452M2 €. pukcher from B. . faponicusin Dsaka
CE1276MC. puicher from B. . formosusin Shizouka
CB1349M C. pulcher from B. . jeponicus in Kagoshima
C61359M C. pulcher from B. . formosus in Iharaki
C61359F . pulcher from B.j. formosusin Ibaraki

|- C61172F € pulcher from 8. jopanicusin Tokushima
C6146DF C. puleher from B. j. formosusin Gunma

407M C. puleher from 8. . farmosusin Tokyo

LC201930C. pulcher from B, japanicusin Tokyo
"I 601MC. pulcher fromB. . formosusinTokyo
021MC. pulcher from B j. formosusin 1baraki
LC201928 C. pulcher from B. japonicus in Ibaraki
221MC. pulcher from B. J. formosusin lwate
LC201931 € pusleher from B. japonicus in lwate

C61215F C. pulcher from B.j. formosus in wate

C61215M . pulcher from .. formosusin lwate

LC201932 €. pulche
o CE1518M1C.pr
®|| CE166MC. pule 1 Hyogo
o " C6166F €. pukcher from 8., japenicusin Hyogo

L C61460M . pulcher from 8. j. form

607M Casmocercoides sp. fram 8. . japanicusin Oita

612M Cosmacercoides sp. from B. . japonicus in Oita

614M o i jen

C61349F 1 Cosmocercoides pulcher from B. ). foponicus in Kagoshima

608M €0

[ 610M Cosmacercoides sp. from B. . faponicus in Oita

ul 613M 0

MH178305 Co

LC201929 C. pulcher from B. japonicus in Tokyo Cosmocercoides pulcher

Cosmacercoides sp. 1

ina | Cosmacercoides

lar analyses revealed low level both in intraspecific
(0%—-0.85%) and interspecific (0%—0.68%) nucle-
otide divergence in 18S. On the other hand, COI
showed relatively low divergence (0%—6%) among
C. pulcher (Clade 1) but relatively high between
C. gingtianensis (10%—14%), Cosmocercoides sp.
1 (Clade 2) in Kyushu (8%-11%), and Cosmocer-
coides sp. 2 (Clade 3) in Hokkaido (10% — 13%).
These suggests that there are probably 2 cryptic spe-
cies within Japan other than C. pulcher from B. ja-
ponicus in Honshu: one from the same host species
in Kyushu and the other parasitizing Rana japonica
and Hynobius retardatus from Hokkaido. However,
I haven’ t examined the voucher specimens from
these localities for their morphology. Therefore, I
cannot describe these two new species. For the de-
scription of these new species, I need to obtain new

samples for morphological studies in the future.

Clade 1

Clade 2

= a7 csmcei

LC201939 Cosmocercoides sp. Rana piricain Hokkaido
. ‘ LC201935 Cosmocercoldes sp. from Hynobius retardatus In Hokkaldo Clade 3

16201934 5 o Cosmocercoides sp. 2

LC201938 Cosmocercoldes sp. from Hynobius retardatus In Hokkaldo

r MN729571 Faleaustra sp. from Physignatu:

MF113223 inensis i inChina I
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This study was the first to molecularly characterize
the species Rhabdias incerta and Cosmocercoides
pulcher, both are originally described from Bufo ja-
ponicus in Japan. Through this, it will help biodiver-
sity study and will be useful for species delimitation
and differentiation since both species, morpholog-
ically, are difficult to distinguish from their conge-
neric species. This study suggests the importance of
scanning electron microscopy (SEM) in identifying
and describing nematodes that morphologically re-
semble each other. With the help of it, I was able to
describe and confirm the characteristics that were
not mentioned in the original description of the spe-
cies, Cosmocercoides pulcher. The phylogenetic ev-
idence from the present study was able to determine
that the rhabdiasids follow their hosts resources in-
stead of their host phylogenies, in this case the host
segregation, geographical distances, and isolation of
the Japanese toads. Lastly, molecular approach not
only helps us with the identification of species, but
also reveals cryptic species that are not able to dis-

tinguish from their related species by morphology.
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Helminth of Japanese urodelans: a parasitological
approach to the alien species problem and challenges in

systematic confusion
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F L7z, £EEEREOED RE UIZEN,
T DEFEMIE RO ML ARNE - BA 1% Fat
MULETH D, T T, () dAEEIBT 357
RAE [ E O AR HE AR & Q) MAEE D H
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~3EDOIZEICH D HLATZ,

Chapter 1 : Current helminth fauna of gi—
ant salamanders in Japan

P8 HAE A TEOR KA M TH 2F
FY 22 a3 U F Andrias japonicus (Temminck,
1836) 1. #JIEMEIC X DA BHDHI, Fa
DA FAY T a v FEOBAIHED EE
TRBICKOMABREARENHEL THD, £
CTAEG, FEOBIED M - S kA AT >
DavUAEHOFERMEMWAL, SORER
AD#BeFEREMITHMT S Lz H
& UTze BUER 2 AR T S W78 25 D 1) ) D
T, BEFEECTavIIAAY > avy
% A. davidianus (Blanchard, 1871) 5 7= 1332 4 {IE
R &R E N7z G 27 EIRIZ DWW T, BT O
]G CE AR ERE L 2. TORIR, Li-
olope copulans Cohn, 1902 (Digenea: Liolopidae).
Amphibiocapillaria tritonispunctati (Diesing, 1815)
(Nematoda: Trichuridae). Spiroxys hanzaki Hasega-
wa, Miyata et Doi, 1998 (Nematoda: Gnathostoma-
tidae), Falcaustra sp. (Nematoda: Kathlaniidae) %
B U7z ROFED Falcaustra sp. ZFRE, I
SR THERA AT > 2 a oo Fh st
HO, ERETHDHEEZAL N, DXD. £
KZF A R HE - SR F AT 2 3 T AR
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ML, WEVZATEZHERIEDLZENBES
Na, 37bb, BEHOERS AT awy
TR A AT > av T FBAICK
0. TERFERZNLUZBENY X7 OEKE
WA TNWD ERBREI Nz,

Chapter 2 : Family Kathlaniidae parasitiz—
ing giant salamanders in Japan

AAY 2 a v AEITEHFET S Kathlanii-
dae F}#f H1 (Cosmocercoidae EFl) 1%, HE -« H
AWENZ ML TWD, FEIOF 27 I7FF
B2 a v FEN S, Urodelnema andrias
(He, Liu et Ma, 1992). Falcaustra chengguensis (He,
Liu et Ma, 1992). F. fopingensis (He, Liu et Ma,
1992) 3, HADFAH > avodnsid,
Megalobatrachonema nipponicum Yamaguti, 1941
MEINTND, ABRHREORKBERITA
MO FICH D, TITAEIX, = —HOD
FTHY T avuFEMS SO NEARERE
L. TORMEBREMRATLS ZEZHNE
U 7z, Chapter 1 & [FERIZIF 5 N7 2 HEAE 29 {E
&, FfkzE AT TE /KM 4 fRICDONT
FARMHZRAEL 2. TOREER. WHOBE
5 3 ffl O Kathlaniidae B} #¢ &2 B U 7z, Fal-
caustra hanzaki Tsuchida, Urabe et Nishikawa, 2023
3. HEROA A Y 2 a v I AREITIALS A L.
Chapter 1 THt % U 7z Falcaustra sp. {3 T 88 Jx Y
BRTFNoAHTHD EHEA SN, Urodelne-
ma takanoensis Tsuchida, Urabe et Nishikawa, 2023
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5DAME SNz, M. nipponicum 13, FHELE =
HOZH -ERFAY > avorhomih S
N7ze F hanzaki & U. takanoensis 1%, FRE:[E T
ERMN kD FEGmTER WY, A - HET
DISBEZMENLETH D, [MMAEHTITHBN
C. M. nipponicum \J[5] J&fE & BLR 2 T AE T,
Megalobatrachonema [\ IR R HEETH S Z &0
binol. £z, AED 2 #HiJg (Megalobatra-
chonema Wi J& + Chabaudgolvania W& ) |3 %% B
REKBLTHBST, NS OHiEDOHHEBE
( BREIROIPRME DA ) 1T, FL NIV OFE
EETH DI EN/RE SN /=, Cosmocercoidea
ERHNI T RT3 DD T A —ITK G &
., = OH T Kathlaniidae £HI 2 DD T A5 —
\Z7#|l S N7z, Kathlaniidae £} Kathlaniinae #fi £}
DOFETH LR Td % Seuratoidea ERIDFEE 7 5
A& — %Rk U, Kathlaniidae £} Cruziinae #fi £}
DFEZ[E — LR D Cosmocercidae Bt DFE & 7 5
2 ="K LTz ZOXDIBREAFEREL X
)V TORELT. 7R R DA S FIE L D0
FZBR<IRTHDTH %,

Chapter 3 : Mesocoel/ium Odhner, 1910
parasitic in amphibians in Japan
Mesocoelium J& W H (Plagiorchioidea: Mesoco-
eliidae) (&, fH 57t Dl 4= & HUBIZ 25 £ 9 % A,
i DB RERE B D i S 0y 5 3 FESERY IR E N
2, KEIE, BEHEEREZTRHEESL, &
HEOBEHIHMITHEIEESL A FOERITEK
DIERET D, HADOMWENEHEEN S 3R K S
MEL S ML I N TN B, EFEDKRFTIL M.
brevicaecum Goto et Ozaki, 1929 (unintentionally
available) & M. geoemydae Ozaki, 1936 @ 2 ff %
BB EL TS, LinL, RIBKEOHHER
B3GR EICRRD, ROy A1 ToNTF v —
EAZZRT L LICHmnENINS
ENZWN, T I TAMIE TR, HAOM A
D Mesocoelium WHOEZHSNTTH I &%
HIE Uz, EINNSE S N obk 4 7ol A4 481
L, HANTEHEBEINTWERBELY IANE
EhoWRERGZ, £lfE/RRoFos 1
TNTF v —EAOHBEREZT o/, %+
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DGR, AW THE L 7z Mesocoelium J@EEAR
W2 fEICH S 2. M. brevicaecum V3. %tk
IR AEFEIZ A < FAE LU . M. elongatum Goto et
Ozaki, 1929, M. lanceatum Goto et Ozaki, 1929,
M. pearsei Goto et Ozaki, 1930, M. ovatum Goto et
Ozaki, 1930, M. minutum Park, 1939 |3 A FE D >
J ZhEZEZ 5N, M. monas (Rudolphi, 1819)
3. wEEERE (EFH) Y avuARE
FIZHM L. BRI ARHLE N RIBEL Y
ANEHENS bR SN/, M. japonicum Goto et
Ozaki, 1930 V3 M. monas D> ) LA EHEZ BN
7o AFED 288 IDNA > —%4 > X1, Waki et al.
(2022) THEOEF YR FIAIA ML
172 Mesocoelium sp. 2 3 & TF Olson et al. (2003)
TH—AMZUTDHRAFEFHIILNS
e X 3172 Mesocoelium sp. 3 & i WAHRIME 2 7R
L. INSIER—#ETHDEZEA SN, 28S
rDNA HHEH O LIz K D, Wil & B Waki et
al. (2022) CHERESDO XTIV Eh oMt S
7z Mesocoelium sp. 1 EI3HFETH 2 Z L%
BHL 7= /6> T, HAIZIX M. brevicaecum, M.
monas, Mesocoelium sp. 1 D 3N D2 < &%
SHAL TS &S L 7ee HAITHFET S M
geoemydae \ZENHINEDINAHTH D, HIR
SMEMNBETH D, £z, M. brevicaecum D
COl > =7 2 AZ Wi in 5. AEPH D
BRENE RIIH IR IREE S R D D 2 &
RSNz —H T, BHEEIYEENDORR
PITIEF IR N S EAUREI Nz,

T () IR T LHEFMKERD 128IL, F
EHOGEENGI SR I THREBADY X7 %
R UTe—0, &R OE L R O AR ENHHIR
SNz, FiITEERME DR ED D, Ko
FFAE A O B PRI D' =S U > Tk
oD, FET—QIIDNT, 2:3%%
WU THEAIRREEN IR S Nz, 25 DRk
DD, FRHEFHINIEZ S 5ITHED D &4t
2. BREZPOERFNIDEBRLELRDLEEZS
N,
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PHILIPPINES: A STUDY OF THE FORTIFICATION

MODEL USED BY FR. BERMEJO IN CEBU ISLAND
BULAONG CARMEN BETTINA SILAO
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M, bR, . BN, 21, St
1, Z L CAMRT = DN DD I T
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THEODRENNE Y 7 0iH 5,

2) 74 UEITBITDEARA > OHE R
DODEFEDOWIED=DIT, 1216 OFEH M D
F=INR—ZADHHEBL T, AXA 2R
A F N DRl AR 0D BLFE D 58 42 /s Ll
BNfrbisz.

3) 74 UEIZBUIZEEMNANITII 2=
T4 —DEENT AT L DOREEIZ K > TR
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T RIARNE TE T ETIVE K
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THEBICBWTERTH S,
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