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Abstract: The first molecular assessment of phylogenetic relationships of cladorchiid digeneans (superfamily Paramphistomoidea Fi-
schoeder, 1901) from freshwater fishes based on 28S rDNA, ITS2 and cox1 sequences reveals the subfamilies Dadayiinae Fukui, 1929
and Kalitrematinae Travassos, 1933 as non-monophyletic, whereas Dadaytrema Travassos, 1931 represented by three species is mono-
phyletic. Fourteen species of cladorchiids were found in characiform, perciform and siluriform fishes in the Neotropical Region (Brazil
and Peru), with numerous new host and geographical records. The first scanning electron micrographs of seven species are presented.
Two new species of dadayiine and one new species of kalitrematine paramphistomes are described. Microrchis macrovarium sp. n. from
Pimelodella cristata (Miiller et Troschel) (type host), Tetranematichthys quadrifilis (Kner) and Pterodoras granulosus (Valenciennes)
in Brazil and Peru differs from all three congeners in that the testes are directly tandem, not oblique, and that the ovary, between the
caecal ends, is widely separated from the testes. Pronamphistoma philippei sp. n. from Heros sp. in Brazil is distinguished from the
type and only species, Pronamphistoma cichlasomae Thatcher, 1992, by the absence of the anterior collar-like expansion present in the
type species, the presence of extramural rather than intramural pharyngeal sacs, and the unusual development of the dorsal and ventral
exterior circular muscle fibre series in the acetabulum. Pseudocladorchis romani sp. n. from P. granulosus (type host), Brachyplatystoma
vaillantii (Valenciennes), Calophysus macropterus (Lichtenstein), Megalodoras uranoscopus (Eigenmann et Eigenmann) and Oxydoras
niger (Valenciennes) in Brazil and Peru, is most similar to Pseudocladorchis nephrodorchis Daday, 1907 but differs in the shape of the
testes (irregular, versus reniform in the latter species) and the size of the ovary (as large as, or larger than, the testes in the new species).
The generic diagnosis of Pronamphistoma Thatcher, 1992 is amended. Dadaytremoides parauchenipteri Lunaschi, 1989 is transferred
to Doradamphistoma Thatcher, 1979 as D. parauchenipteri (Lunaschi, 1989) comb. n. based on morphological and molecular evidence.
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The Paramphistomoidea Fischoeder, 1901 is a super-
family of digeneans of cosmopolitan distribution charac-
terised by the absence of an oral sucker and by the poste-
rior position of the acetabulum. They constitute one of the
most important groups of helminth parasites of ruminants
with a broad spectrum of definitive hosts, and a wide geo-
graphical distribution (Sey 2005). They are classified in 12
families and are found in all groups of vertebrates, being
common in fresh- and brackish-water fishes (Jones 2005a),
although they are curiously rare in Nearctic and Palaearctic
freshwater fishes. Various species have veterinary impor-
tance, especially members of the Paramphistomidae Fis-
choeder, 1901 and Gastrothylacidae Stiles et Goldberger,

1910, which cause a disease called paramphistomiasis
among ruminants (Sanabria and Romero 2008).

In South America, species of the Cladorchiidae Fi-
schoeder, 1901, Diplodiscidac Cohn, 1904 and Zono-
cotylidae Yamaguti, 1903 parasitise freshwater fish, the
cladorchiids having the second largest species richness
among fish digeneans in this continent (Thatcher 2006).
Most species were described from fishes in the Amazon
River Basin (almost exclusively from Brazil — Thatcher
20006). So far, 35 species are known in 24 genera in South
American freshwater fishes (Choudhury et al. 2016, Panto-
ja et al. 2018), but the validity of some species should be
confirmed because their species descriptions were insuf-
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ficient or based on poor-quality, often strongly flattened,
contracted or decomposed specimens. Most studies on
cladorchiids have been limited to morphological descrip-
tions without the use of scanning electron microscopy
(SEM) to document surface ultrastructure.

Molecular phylogenetic studies on paramphistomes are
scarce and are almost exclusively limited to taxa of vet-
erinary importance, i.e. species of the Paramphistomidae
(Laidemitt et al. 2010, Lotfy et al. 2010, Sokolov et al.
2016, Vélez et al. 2018). In contrast, no molecular data on
any Neotropical cladorchiid species from fish are available
to assess their relationships. The monophyly of cladorchiid
subfamilies has also not been tested using molecular phy-
logenetic approaches.

During surveys of the helminth parasites of freshwater
fishes in Brazil and Peru carried out by the present authors
and their collaborators from 2004 until 2018, extensive ma-
terial of cladorchiid digeneans was collected. In addition to
three new species in two new genera recently described
by Pantoja et al. (2018) from Peruvian Amazonia, the new
material reveals other new species and numerous new host
and geographical records. Moreover, this material enabled
us to make the first attempt to assess phylogenetic rela-
tionships within this family using three different molecular
markers. Scanning electron micrographs (SEM) of several
taxa are also provided for the first time to document their
three-dimensional appearance and visualise details of their
surface ultrastructure.

MATERIALS AND METHODS

Collection of material

Freshwater fishes from the Amazon River and its tributaries
around Iquitos, Loreto Region, Peru were examined in 2004—
2006, 2008, 2009, 2011 and 2018, and those from several regions
of Brazil (states of Amapa, Mato Grosso do Sul, Para, Parana,
Rondoénia and Tocantins, i.e. Amazon, Occidental Northeast At-
lantic and Parana River basins) between 2013-2017. The digene-
ans found were rinsed in saline and fixed in 4% hot formalin or
in molecular-grade 99% ethanol. Formalin-fixed specimens were
transferred to 70% ethanol until further processing, i.e. staining
and SEM studies. Host nomenclature and classification follows
Froese and Pauly (2018).

Morphological evaluation

Specimens fixed in formalin were stained with Mayer’s hy-
drochloric carmine solution, dehydrated in an ascending ethanol
series, cleared with eugenol (clove oil) and mounted in Canada
balsam as permanent preparations. Drawings were made using
a drawing tube attached to an Olympus BX 51 microscope. Meas-
urements were made using cellSens Dimension Software adapted
to a dissecting microscope Olympus BX53 and are given in mi-
crometres unless otherwise stated; metrical data are given as the
range followed by the mean in parentheses.

Specimens for SEM observations were prepared using the
methodology outlined by Kuchta and Caira (2010). Briefly,
samples were hydrated in a graded ethanol series, dehydrated
in a graded ethanol series, transferred to hexamethyldisilazane
(HMDS) (Ted Pella, Inc., Redding, California), and allowed to
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air dry. They were subsequently mounted on aluminium stubs us-
ing double-sided carbon tape, sputter coated with 30-nm gold/
palladium, and examined with a JEOL JSM-7401F field emission
scanning electron microscope (JEOL Ltd., Tokyo, Japan).

For comparison, the types and vouchers of cladorchiids de-
posited in the collection of the Instituto Nacional de Pesquisas
do Amazonas, Manaus, Brazil (INPA), were studied (for list of
specimens studied — see Pantoja et al. 2018). Some of the type
and voucher specimens of cladorchiids collected by J. Natterer
in the Brazilian Amazonia, then described by K.M. Diesing and
deposited in the Natural History Museum in Vienna (Zoologis-
ches Museum Wien — ZWM), were also studied. Holotypes and
some paratypes of the taxa described here are deposited in the
Helminthological Collection of the Instituto Oswaldo Cruz in Rio
de Janeiro, Brazil (CHIOC), whereas other paratypes and vouch-
ers are deposited in the Helminthological Collection of the Insti-
tute of Parasitology of the Biology Centre of the Czech Academy
of Sciences, Czech Republic (IPCAS), Natural History Museum,
Geneva, Switzerland (MHNG-PLAT), and Natural History Muse-
um in London, UK (NHMUK).

DNA isolation, amplification and sequencing

Genomic DNA was isolated from single ethanol-fixed indi-
viduals by placing the samples in 200 microlitres (see Table 1
for a list of specimens sequenced) using Chelex® method con-
taining 0.1 mg/ml proteinase k, followed by incubation at 56°C
for 3h, heating at 90°C for 8 min, and centrifugation at 14,000 g
for 10 min. The internal transcribed spacer 2 (ITS2) was ampli-
fied using the primers GA1 [5-AGA ACA TCG ACA TCT TGA
AC-3] (Anderson and Barker 1998) and BD2 [5-TAT GCT TAA
ATT CAG CGG GT3] (Luton et al. 1992). PCR reactions (25 pl)
consisted of 2.5 pl of 10x PCR buffer minus Mg, 1.5 pl of MgCl,
(50 mM), 2 ul of NTP’s (2.5 mM), 1.25 ul of each oligonucle-
otide primer (10 mM), 0.2 pl of Platinum Taq DNA polymerase
(5 U/ul) (Invitrogen, Carlsbad, California), 13.8 pl of H,O, and
2.5 ul of genomic DNA. PCR cycling parameters for amplifica-
tion were performed as described by Lotfy et al. (2010).

The 28S region of the rDNA was amplified using the prim-
ers digl2 (5-AAG CAT ATC ACT AAG CGG-3) and LO [5-GCT
ATC CTG AG (AG) GAA ACT TCG-3] (Tkach et al. 2000). PCR
reactions were made as described above and PCR cycling pa-
rameters for amplification were performed according to Tkach et
al. (2000). The cytochrome c oxidase subunit 1 (cox1) region of
the mtDNA was amplified using the primers JB3 [S-TTTTTTG-
GGCATCCTGAGGTTTAT-3] and JB4 [S-TAAAGAAAGAA-
CATAAGTAAAATG-3] (Bowles et al. 1995). PCR reactions
(25 pl) consisted of 2.5 ul of 10x PCR buffer minus Mg, 1.5 ul
of MgCl, (50 mM), 1.5 pl of dNTP’s (2.5 mM), 1.5 ul of each
oligonucleotide primer (10 mM), 0.25 ul of Platinum Taqg DNA
polymerase (5 U/ul), 14.25 pl of H,0, and 2 pl of genomic DNA.
PCR cycling parameters for amplification were as those used by
Utuk and Piskin (2012).

PCR products were visualised with SYBR Green (Invitrogen,
Eugene, Oregon) staining before electrophoresis on 1.5% agarose
gels. The amplified products were purified with Exo-SAP-IT Kit
(GE Healthcare Life Sciences, UK) following the manufacturer’s
instructions, sequenced using the same primers of PCR reactions
and the ABI PRISM BigDye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems-Perkin Elmer, Waltham,
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Table 1. List of paramphistomoids whose sequences were used for analyses and sequences obtained in the present study from Brazil

and Peru.

Trematode species Host species 28S rDNA ITS2 rDNA cox] mtDNA Country
Amurotrema dombrowskajae Ctenopharyngodon idella KT321869 N/A N/A Russia
Dadaytrema gracile Pimelodella gracilis MK604792 N/A MNO037796 Brazil
Dadaytrema gracile Pimelodella megalura MK604793 MK604810 MK907336 Brazil
Dadaytrema gracile Pimelodus blochii MK604827 MK604818 MK918487 Brazil
Dadaytrema gracile Pimelodus fur MK604789 MK604813 MKS890103 Brazil
Dadaytrema minimum Calophysus macropterus N/A N/A MNO037797 Peru
Dadaytrema minimum Pimelodus sp. MK604799 MK604812 MNO037798 Brazil
Dadaytrema minimum Ptrodoras granulosus MK604791 N/A N/A Peru
Dadaytrema minimum Pterodoras granulosus N/A N/A MK890099 Peru
Dadaytrema minimum Tocantinsia piresi MK604800 MK604829 MK890100 Brazil
Dadaytrema minimum Oxydoras niger N/A MK604831 N/A Brazil
Dadaytrema oxycephalum Heros sp. N/A N/A MK890101 Brazil
Dadaytrema oxycephalum Mpyloplus schomburgkii N/A N/A MNO064561 Brazil
Dadaytrema oxycephalum Pterodoras granulosus MK604797 MK604811 MK907333 Brazil
Dadaytrema oxycephalum Pterodoras granulosus MK604790 MK604833 MNO064562 Brazil
Dadaytrema oxycephalum Pygocentrus nattereri MK604795 MK604817 MKS890102 Brazil
Dadaytrema oxycephalum Tometes kranponhah N/A N/A MNO068091 Brazil
Doradamphistoma bacuense Megalodoras uranoscopus MK604808 N/A MNO064563 Brazil
Doradamphistoma bacuense Megalodoras uranoscopus MK604803 N/A MNO064564 Peru
Doradamphistoma bacuense Megalodoras uranoscopus N/A N/A MK907334 Peru
Doradamphistoma bacuense Platydoras costatus MK604806 N/A MNO068092 Peru
Doradamphistoma bacuense Oxydoras niger N/A MK604809 MN099700 Peru
Doradamphistoma bacuense Oxydoras niger N/A N/A MK907335 Peru
Doradamphistoma parauchenipteri n. comb Brachyplatystoma vaillantii MK604828 N/A N/A Brazil
Doradamphistoma parauchenipteri n. comb Trachelyopterus galeatus MK604807 MK604834 MKS800104 Brazil
Doradamphistoma parauchenipteri n. comb Trachelyopterus galeatus MK604830 N/A N/A Peru
Doradamphistoma parauchenipteri n. comb. Trachelyopterus galeatus N/A N/A MNO099701 Brazil
Goeldamphistomum peruanum Duopalatinus peruanum MK604832 N/A N/A Peru
Helostomatis cf. helostomatis Labiobarbus siamensis MK604798 N/A N/A Thailand
Iquitostrema papillatum Hassar orestis MK604819 N/A MN104942 Peru
Pisciamphistoma stunkarkdi Lepomis megalotis MK604794 N/A N/A USA
Pseudocladorchis nephrodorchis Myloplus rubripinnis MK604801 N/A N/A Brazil
Pseudocladorchis nephrodorchis Serrasalmus manuelli MK604804 N/A N/A Brazil
Pseudocladorchis nephrodorchis Tometes kramponhah MK604805 N/A N/A Brazil
Pseudocladorchis romani sp. n. Oxydoras niger MK604796 N/A N/A Peru
Pseudocladorchis romani sp. n. Pterodoras granulosus MK604816 N/A MN099702 Peru
Pseudocladorchis romani sp. n. Pterodoras granulosus N/A N/A MN177615 Peru
Diplodiscus subclavatus %i%g%?ﬁ;ﬁ;?ﬁiﬁi da) AY222212 N/A N/A Bulgaria
Calicophoron microbothrium Bulinus forskalii N/A GU735639 N/A Tanzania
Cladorchiidae gen. sp. Metynnis lippincottianus MK604802 N/A MN099703 Brazil
Cladorchiidae gen. sp. Mpyleus setiger N/A N/A MN099704 Brazil
Cladorchiidae gen. sp. Tetranematichthys quadrifilis MK604815 N/A MK907332 Brazil

Authorities of parasite and host taxa are in the text.

Massachusetts) in a MegaBACE sequencer (GE Healthcare
Life Sciences). Contiguous sequences were assembled in Ge-
neious (Geneious ver. 9 created by Biomatters, available from
http://www.geneious.com/) and deposited in GenBank.

Phylogenetic analyses

Sequences obtained in this study and those retrieved from
GenBank (Table 1) were aligned using the E-INS-I algorithm of
the program MAFFT (Katoh and Standley 2013) implemented in
Geneious, excluding ambiguously aligned positions. Alignments
were analysed using Bayesian inference (BI) and maximum likeli-
hood (ML) methods employing the nucleotide substitution model
which was calculated in the program jModelTest v2.1.10 (Darriba
et al. 2012). For 28S rDNA analysis, the nucleotide substitution
model was GTR + I + G. For cox] mtDNA analysis, the nucleo-
tide substitution model was GTR + G and for ITS2 analysis, the
nucleotide substitution model was K80 + G. The best ML esti-
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mate was obtained from 100 searches in the program GARLI ver.
2.01 (Zwickl 2006) using default settings. The nodal support was
evaluated by running tree searches on each of the 500 bootstrap
replicates in GARLI. A BI tree was constructed using MrBayes
ver. 3.2 (Ronquist et al. 2012) running two independent MC3
runs of 4 chains (one cold, three heated) for 5 million generations
(ngen = 5,000,000), sampling tree topologies every 1,000th gen-
eration (samplefreq = 1,000) and the first 500 samples were dis-
carded as burn-in (burninfrac = 0.10). Tracer v.1.6 (Rambaut et al.
2014) was used to check the convergence and mixing of different
parameters and to confirm that the effective sample size (ESS) of
each parameter was adequate to provide reasonable estimates of
the variance in model parameters (i.e. ESS values >200).

The diplodiscid Diplodiscus subclavatus (Pallas, 1760)
(AY222212) was used as outgroup for 28S rDNA analysis. Se-
quences of the cladorchiid Amurotrema dombrowskajae Achmer-
ov, 1959 (KT321869) obtained from GenBank and newly gener-
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ated sequences of the cladorchiids Helostomatis cf. helostomatis
(MacCallum, 1905) from Thailand and Pisciamphistoma stunk-
ardi (Holl, 1929) from USA were added to the analysis. Diplodis-
cus mehrai Pande, 1937 (GU735639) was used as outgroup for
ITS2 rDNA analysis. An unrooted tree was generated for coxl
mtDNA data because of long branches in the outgroup.

RESULTS

Morphological evaluation of numerous specimens of
cladorchiid digeneans found in freshwater fishes in Brazil
and Peru from 2004 to 2018 has revealed the presence of
14 species, in addition to the three new species recently
described by Pantoja et al. (2018). Out of these 14 species,
three are new to science and are described in the present
paper. A list of previously known species is provided and
SEM micrographs of seven species are presented. In ad-
dition, sequences of 28S rDNA of 27 isolates of 13 spe-
cies, sequences of ITS2 rDNA of 11 isolates of five species
and sequences of cox] mtDNA of 28 isolates of 10 species
were obtained. A total of 1.073, 365 and 396 characters
were observed after complete alignment of the 28S rDNA,
ITS2 rDNA and cox1 mtDNA, respectively.

Cladorchiidae in freshwater fishes from Brazil and
Peru

Species and subfamilies are listed alphabetically, with
the new taxa listed first. New host records are indicated by
an asterisk (*).

Superfamily Paramphistomoidea Fischoeder, 1901
Family Cladorchiidae Fischoeder, 1901
Subfamily Dadayiinae Fukui, 1929

Microrchis macrovarium sp. n. Fig. 1A; Table 2

ZooBank number for species:
urn:Isid:zoobank.org:act: 14F7648 A-7B66-4E79-850E-384EDS7BESF6

Material studied: one specimen from Pimelodella cris-
tata (Miiller et Troschel) (PAIA 49) and one from Tetrane-
matichthys quadrifilis (Kner, 1858) (PAIA 01 — IPCAS
D-790/2), Maracana River in Igarapé-acu, Para, Brazil,
15.vii.2016, collected by A. Pereira and C. Pantoja; one
from P. cristata (P1 183 — IPCAS D-790/1) and three from
Pterodoras granulosus (Valenciennes) (PI 1000, 1001), Ig-
uitos, Loreto, Peru, 13.iv.2005 and 19.iv.2018, T. Scholz
and R. Kuchta; all mounted as permanent preparations.

Description (based on five specimens; measurements of
specimens from different hosts are in Table 2): body elon-
gate, with maximum width in mid-body. Acetabulum with
posteromedial notch. Anterior extremity tapered. Dome-
shaped tegumentary papillae around oral opening, extend-
ing to level of pharynx. Pharynx with anterior sphincter
only and paired primary intramural sacs. Oesophagus sinu-
ous, with moderately-developed muscle fibres throughout.
Slender elongate oesophageal bulb present, often laterally
tilted. Caeca only slightly sinuous; extremities do not ap-
proach close to acetabulum.
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Testes intercaecal, directly tandem, not contiguous,
subspherical to transversely oval. Cirrus-sac immediately
postbifurcal, oval, contains internal seminal vesicle and
prostatic cells distally. Genital pore immediately postbifur-
cal, surrounded by glandular tissue.

Ovary median, between caecal ends, ovoid, as large as
or usually larger than testes. Laurer’s canal not seen. Vitel-
line follicles in lateral fields from level of posterior testis
to about that of ovary. Uterus in small specimens forms de-
scending limb which encroaches laterally to level of caecal
ends; ascending limb mainly intercaecal, filling intercaecal
and intertesticular space; in larger specimens, descending
and ascending limbs tend to encroach across cacca. Eggs
numerous. Excretory vesicle and duct not seen.

Type host: Pimelodella cristata (Siluriformes: Heptapteridae).

Additional hosts: Tetranematichthys quadrifilis (Silu-
riformes: Auchenipteridae); Pterodoras granulosus (Siluri-
formes: Doradidae).

Type locality: Marapanim River, Igarapé-acu, Para, Brazil
(01°07'44"S; 47°37'12"W).

Additional locality: Iquitos, Loreto Region, Peru (Am-
azon River basin) (03°45'60"S; 73°14'44"W).

Site of infection: intestine.

Infection rate: Pimelodella cristata (Brazil): infected one
of two fish examined with 1 trematode, i.e. 1/2 (1); P. crista-
ta (Peru): 1/2 (1); Pterodoras granulosus (Peru): 1/32 (2); T
quadrifilis (Brazil): 1/2 (3).

Type material: holotype (specimen from fish PAIA0O49a
— CHIOC 40056); three paratypes (CHIOC 40057); two para-
types (IPCAS D-790/1, 2).

Representative DNA sequences: notavailable.

Etymology: species name reflects the large size of the ovary
relative to the testes: macro — large, ovarium — ovary.

Differential diagnosis. The new species is placed in
Microrchis based on the combination of the pharynx with
intramural sacs and an anterior sphincter, characteristic of
the microrchis type of Ndsmark (1937), an oesophageal
bulb is present, the caecal ends do not approach the ace-
tabulum, the testes are entire and subspherical, the geni-
tal pore is closely postbifurcal, the uterus forms extensive
descending coils, the vitelline fields fail to extend anterior
to the anterior testis or to reach the caecal ends. All four
species of Microrchis (see below for the list of nominal
species of the genus) have a posteromedial notch in the
posterior rim of the acetabulum.

The genus was erected by Daday (1907) to accommo-
date Microrchis megacotyle (Diesing, 1836) (syn. Am-
phistoma megacotyle Diesing, 1836; type species) and M.
ferrumequinum (Diesing, 1836) (syn. 4. ferrumequinum
Diesing, 1836) (Daday 1907). The third species, Micror-
chis oligovitellum Lunaschi, 1987, was described from
Luciopimelodus pati (Valenciennes) and Trachycorystes
striatulus (Steindachner) in Argentina by Lunaschi (1987).

The new species differs from all three in that the testes
are directly tandem, not oblique, and that the ovary, be-
tween the caecal ends, is widely separated from the testes.
It differs further from M. megacotyle and M. ferrumequi-
num in that the ovary is larger than the testes, a character it

Page 4 of 21


http://zoobank.org/NomenclaturalActs/14f7648a-7b66-4e79-850e-384ed87be8f6

doi: 10.14411/1p.2019.011 Pantoja et al.: Cladorchiid digeneans from fishes

500 pm

Fig. 1. A — Microrchis macrovarium sp. n. from Pimelodella cristata (Miiller et Troschel), Brazil; ventral view of holotype (CHIOC
40056); B — Pronamphistoma philippei sp. n. from Heros sp., Brazil; ventral view of holotype (CHIOC 40058a); C, D — Dorad-
amphistoma bacuense Thatcher, 1999 from Megalodoras uranoscopus (Eigenmann et Eigenmann), Brazil; anterior extremity (C) and
acetabulum (D) of paratype (INPA 372c¢).

Table 2. Measurements of Microrchis macrovarium sp. n. from different hosts (in micrometres unless otherwise state).

Host Pimelodella cristata (type host) Pterorodoras granulosus Tetranematichthys quadrifilis
Country (Coll. No.*) %Zi‘l(l(gggg%f‘?ggg))’ CHIOC 40057 Brazil (IPCAS D-790/2)
Number of specimens 2 1 1
Total length (mm) 2.16-2.32 1.58 1.20
Maximum width 436-605 389 215
Acetabulum length 461471 299 300
Acetabulum width 347-379 300 230
Pharynx length 172-191 86 114
Pharynx width 145-152 94 106
Pharyngeal sac (right) 32 38 22
Pharyngeal sac (left) 32-35 40 20
Oesophagus length 232-374 411 210
Oesophageal bulb length 63-73 97 68
Caecal bifurcation to anterior extremity 458475 420 265
Caecum (right) (mm) 1.05-1.17 0.88 0.56
Caecum (left) (mm) 1.15-1.19 0.97 0.59
Anterior testis length 103-107 126 39
Anterior testis width 96-136 126 35
Posterior testis length 99-120 110 52
Posterior testis width 128-177 96 40
Ovary length 165-186 92 85
Ovary width 165-186 96 74
Egg collapsed collapsed collapsed

* CHIOC — Helminthological Collection of the Instituto Oswaldo Cruz in Rio de Janeiro, Brazil; IPCAS — Helminthological Collection of the Institute
of Parasitology of the Biology Centre of the Czech Academy of Sciences, Ceské Budgjovice, Czech Republic
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shares only with M. oligovitellum, which is, however, the
only species described with a bifurcal rather than a close-
ly postbifurcal genital pore, vitelline follicles restricted to
two very short lateral fields overlying the caeca just pos-
terior to the level of the ovary, and uterine coils extending
across the caeca throughout their length.

In M. megacotyle, the uterus is entirely intercaecal and
in M. ferrumequinum it extends just beyond the level of the
caecal ends but is otherwise intercaecal. The new species
further differs from both in having rather more restricted
vitelline fields, which do not extend anterior to the level of
the posterior testis. These specimens are therefore consid-
ered to be new and are named M. macrovarium.

Remarks. The new species occurs in fishes of two dif-
ferent families of catfishes from two river basins of South
America, i.c. the Amazon and Marapanim Rivers. Yama-
guti (1958) erected the subfamily Microrchiinae for Mi-
crorchis Daday, 1907 and Travassosinia Vaz, 1932. Recog-
nised by Sey (1988, 1991), the subfamily was subsequently
synonymised with the Dadayiinae Fukui, 1929 by Jones
(2005b).

Pronamphistoma philippei sp. n. Fig. 1B
ZooBank number for species:
urn:lsid:zoobank.org:act: 18 10CFBD-D47A-41B9-825D-1D9C36043F20

Material studied: six mounted specimens from Heros
sp. (PAIA 99), Marapanim River in Igarapé-acu, Para, Bra-
zil, 15.vii.2016, A. Pereira and C. Pantoja.

Description (based on six specimens, four gravid): body
tiny, 814—1,035 (947; n = 6) long, tapered anteriorly, with
maximum width 277-347 (310; n = 4) in pre-acetabular
region. Acetabulum almost as wide as body, 185-243 long
and 262-307 wide; arc-like concentrations of strongly-de-
veloped ventral exterior circular and dorsal exterior circu-
lar muscle fibres visible in and arching across mid-line in
anterior and posterior regions of acetabulum.

Oral opening terminal. Pharynx 83-100 long and 57-71
wide, with paired primary extramural pharyngeal sacs,
right 5683 long, left 57-79 long, each slightly more volu-
minous than pharynx. Oesophagus medium in length, 83—
164 long, flexed. Oesophageal bulb present, 52—59 long.
Muscle fibres clearly visible in oesophagus and bulb; both
delicate but well developed. Caeca fairly straight, wide,
ends usually overlap anterior rim of acetabulum or may
just fail to reach it; right caecum 420-562 long, left cae-
cum 410-595 long.

Testes in middle third of body, intercaecal, rounded,
entire, usually very slightly obliquely tandem, contiguous,
anterior testis 95-215 long and 98-249 wide, posterior tes-
tis 116214 long and 116-268 wide. Cirrus-sac present,
rounded, contains internal seminal vesicle. Genital pore
immediately postbifurcal, median, surrounded by glandu-
lar tissue.

Ovary rounded, 41-93 long and 50-56 wide, median or
just submedian, slightly anterior to level of caecal ends and
removed from acetabulum, just contiguous with posterior
testis or not. Mehlis’ gland complex appears to be postero-
dorsal to ovary. Laurer’s canal not seen. Vitelline follicles
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in lateral fields along caeca from approximately intertestic-
ular level almost to caecal ends; follicles encroach towards
mid-line at level of ovarian complex, becoming confluent.
Uterine walls difficult to see; gravid specimens contain 2—9
large eggs at level of ovary and posterior testis. Excretory
vesicle and excretory pore not seen.

Type and only known host: Heros sp. (Perciformes,
Cichlidae).

Type locality: Marapanim River, Igarapé-acu, Para, Brazil
(01°07'44"S; 47°37'12"W).

Type material: holotype (specimen from host PAIA 99a
— CHIOC 40058a), 2 paratypes (CHIOC 40058b,c); two para-
types (IPCAS D-791/1).

ZooBank registration: um:sid:zoobank.org:act:1810CFBD-
D47A-41B9-825D-1D9C36043F20

Site of infection: intestine.

Infection rate: 1/5(8).

Representative DNA sequences: notavailable.

Etymology: the species is named after Philippe Vieira Alves,
Brazil, for his help during sampling trips in Brazil and advice
in analysing molecular data.

Differential diagnosis. The new species is placed in
Pronamphistoma Thatcher, 1992, which was erected for
the type and, until now, the only species P. cichlasomae
Thatcher, 1992, described by Thatcher (1992) from Heros
severus Heckel in Brazil (Rondoénia). Closely though the
present specimens resemble P. cichlasomae, they differ sig-
nificantly from this species, whose holotype and paratypes
(INPA 454 and 455a—j) were studied by the authors. The
similarities include the small body size, intercaecal testes
(figured as slightly obliquely tandem by Thatcher 1992),
postbifurcal genital pore, ovary close to the posterior testis
and the small number of relatively large eggs.

The differences are the absence of the anterior col-
lar-like expansion described in the type-species, the pres-
ence of extramural rather than intramural pharyngeal sacs,
and the unusual development of the dorsal exterior circu-
lar and ventral exterior circular muscle fibre series in the
acetabulum of the new species. Furthermore, the fan-like
configuration of the vitelline gland described by Thatch-
er (1992) was not observed in the present specimens, in
which the follicles extend along the caeca in lateral fields,
with some encroaching towards the midline at the level of
the ovarian complex to become broadly confluent.

The anterior collar-like expansion described by Thatch-
er (1992) is visible in some but not all specimens of the
type-series of P. cichlasomae, but seems to be a genuine
feature consistently present in most. Collar- or shoul-
der-like expansions near the anterior extremity in several
cladorchiids have been treated at generic level by various
authors and seem to be a consistent feature in the taxa
where it has been described. This feature has not been seen
in our specimens.

Thatcher (1992) described and figured the pharyngeal
sacs in P. cichlasomae as intramural but they are clearly
extramural in our specimens. He described the oesophagus
as short but it may have been flexed and partly concealed
by the pharynx. The development of the dorsal and ventral
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circular muscle units observed in the acetabulum of our
specimens was not mentioned by Thatcher (1992) but may
not have been observed or considered by him. In compar-
ing our specimens with the type series of P. cichlasomae,
we are aware that the less than optimal condition of those
types renders it difficult to make comparisons as fully as
we would wish. Nevertheless, we consider that the differ-
ential characters presented above justify species status for
the present specimens, under the name of P, philippei n. sp.
Remarks. Because of the addition of another species to
the previously monotypic genus, the generic diagnosis of
Pronamphistoma is amended as presented below.

Pronamphistoma Thatcher, 1992

Amended generic diagnosis: body small, tapered an-
teriorly; maximum width in pre-acetabular region. Ante-
rior collar-like expansion present or absent. Acetabulum
without posteromedial notch in posterior rim; dorsal and
ventral exterior circular muscle series well developed in
mid-line or not. Oral opening terminal. Pharynx with intra-
or extramural paired primary pharyngeal sacs. Oesophage-
al bulb present. Caeca wide, reaching acetabulum or not.
Testes ovoid, entire, intercaecal in middle third of body,
contiguous, obliquely tandem. Cirrus-sac ovoid, contains
internal seminal vesicle. Genital pore closely postbifurcal,
surrounded by glandular tissue. Ovary rounded or spher-
ical, median or submedian, just anterior to caecal ends,
contiguous with posterior testis or not. Laurer’s canal not
seen. Mehlis’ gland complex posterodorsal to ovary. Uter-
us contains few large eggs. Vitelline follicles in lateral
fields along caeca from intertesticular level almost to cae-
cal ends, broadly confluent at level of ovary, or form fan-
like configuration on each side. Excretory vesicle saccate.
In intestine of cichlid fishes (Heros spp.), Brazil.

Dadayius marenzelleri (Daday, 1907) Fukui, 1929

Syns Amphistoma oxycephalum of Diesing (1836)
(partim); Diplodiscus marenzelleri Daday, 1907

Material studied: type material (see below); three speci-
mens from Trachelyopterus galeatus (Linnaeus) (PA 146 — IP-
CAS D-792/1), Marapanim River, Igarapé-agu, Para, Brazil,
31.vii.2016, C. Pantoja.

Type host: “Salmo sp.” (in fact a characiform fish, most prob-
ably a serrasalmid).

Type locality: not explicitly mentioned, either Cuiaba
(state of Mato Grosso), or the Parana River, Brazil.

Type material: specimens on slides 980 and 984 of Dies-
ing’s (1836) collection at the Natural History Museum, Vienna
(ZMW).

Additional hosts: Mylossoma aureum (Spix et Agassiz)
(Characiformes: Serrasalmidae); *7. galeatus (Linnaeus) (Si-
luriformes: Auchenipteridae).

Site in host: intestine.

Infection rate: T galeatus: 1/27 (5).

Distribution: Brazil (type locality — not specified; Marapa-
nim River, [garapé-acu, Para, Brazil — new locality).

Representative DNA sequences: notavailable.
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Remarks. The species was described as D. marenzelleri
by Daday (1907) who found a mixture of species on two
of Diesing’s (1836) slides from ‘Sal/mo sp.” He differen-
tiated his new species from the only congener from fish,
Diplodiscus cornu (Diesing), by the presence of a ‘genital
sucker’ (absent in D. cornu). The present specimens cor-
respond in their morphology including the total size of the
body and the relative size of the pharynx and ‘genital suck-
er’. In fact, there is no true genital sucker in this taxon nor
in Dadayius pacuensis (see below). The area surrounding
the genital pore is slightly elevated and glandular but lacks
a sucker-like structure.

Dadayius pacuensis Thatcher, Sey et Jégu, 1996
Fig. 2A-C

Material studied: type material (see below); 50 spec-
imens from Metynnis lippincottianus (Cope), Marapanim
River, Igarapé-agu (PAIA 06f, 13b, 70c, 72a, 95a, 102¢, 105a,
108c, 110a,), Pard, Brazil, 19.vii.2016, C. Pantoja; five from
M. lippincottianus (PI 190a), Iquitos, Loreto Province, Peru,
16.iv.2005, T. Scholz and R. Kuchta (IPCAS D-793/1).

Type host: Myloplus rubripinnis (Miller et Troschel)
(Characiformes: Serrasalmidae).

Type locality: Jatapu River, Amazonas, Brazil.

Type material: holotype INPA 203; paratypes INPA 203a—e.

Additional hosts: Metynnis hypsauchen (Miiller et Tro-
schel), *M. lippincottianus, Myloplus asterias (Miiller et Tro-
schel), Myloplus sp. (Characiformes: Serrasalmidae).

Site of infection: intestine.

Infection rate: Metynnis lippincottianus (Brazil): 12/16
(38; maximum 81 specimens); M. lippincottianus (Peru): 1/1
(16).

Distribution: Brazil (Marapanim River, Igarapé-acu, Para —
new locality); Peru (Iquitos, Loreto — new locality).

Representative DNA sequences: notavailable.

Remarks. New material from the serrasalmid M. /lip-
pincottianus corresponds to D. pacuensis, confirmed by
a study of its holotype (INPA 203) and paratypes (INPA
203b, e). Dadayius pacuensis was described from M. ru-
bripinnis by Thatcher et al. (1996) and differentiated from
the type and only species, D. marenzelleri, by its massive
acetabulum, relatively larger pharynx and genital sucker,
and smaller body size (half the size of the type species —
Thatcher et al. 1996). It has a massive acetabulum with
incomplete transverse ridges on the luminal surface. Both
D. marenzelleri and D. pacuensis were described with
these ridges, which Thatcher et al. (1996) regarded as
a generic character. Dadayius marenzelleri was illustrated
by Thatcher et al. (1996) with directly tandem testes. The
size of our specimens from M. lippincottianus is consistent
with this species but, according to Thatcher et al.’s (1996)
generic diagnosis, it has a genital sucker and lacks a cir-
rus-sac. A thin-walled cirrus-sac has been noted in the pres-
ent specimens and the testes are obliquely tandem.

However, two other species of Dadayius, D. pacupeva
Lacerda, Takemoto et Pavanelli, 2003 and D. puruensis
Lopes, Karling, Takemoto, Rossoni, Ferreira et Pavanelli,
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Fig. 2. A—C — Dadayius pacuensis Thatcher, Sey et Jégu, 1996 from Metynnis lippincottianus (Cope), Brazil. A — ventral view; B —ac-
etabulum with transverse ridges on the luminal surface; C — genital pore showing the absence of a genital sucker. D-H — Dadaytrema
gracile Lunaschi, 1989 from Pimelodella gracilis (Valenciennes), Brazil. D — ventral view; E — anterior extremity showing distribution
of papillae; F — single multiciliate papilla on the anterior extremity; G — genital pore; H — acetabulum.

2011, were described as lacking visible transverse ridges
(Lacerda et al. 2003, Lopes et al. 2011).

Our specimens resemble D. pacupeva in having oblique-
ly tandem testes (described as tandem in D. pacupeva but
figured as obliquely tandem) and the ovary between the
caecal ends, but differ in the greater size of the acetabulum
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relative to the body and the presence of transverse ridg-
es on its luminal surface, confirmed in the present study
(Fig. 2B). The caeca reach or almost reach the acetabulum,
a cirrus-sac is present and a true genital sucker is absent.
The area around the genital pore is slightly elevated and
glandular but lacks a sucker as defined by Nasmark (1937)
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and Eduardo (1982). Their interpretation is followed here.
These specimens therefore cannot be allocated to D. pacu-
peva.

Our specimens cannot be D. puruensis, which differs in
apparently lacking transverse ridges in the lumen of the ac-
etabulum and a posteromedial acetabular notch. Also, this
species is said to have a genital sucker, vitelline follicles
anterior to the caecal arch and an arc-shaped ovary. The
position of the vitelline follicles, if confirmed, would be
highly unusual for the superfamily and requires reassess-
ment. A cirrus-sac was considered absent or not observed
and the uterus and eggs were not observed. This suggests
that these specimens were immature. These specimens are
closest to D. pacuensis, but the genus requires revision and
re-examination of all type-series to clarify interpretation of
the terminal genitalium and ascertain whether the reported
absence of a cirrus-sac and of transverse ridges in some
taxa results from the difficulty of observing them.

Scanning electron microscopy has revealed the presence
of concentric rings of dome-shaped, non-ciliate tegumenta-
ry papillae around the anterior extremity, on the rim of the
acetabulum and around the genital pore (Fig. 2A—C).

Dadaytrema gracile Lunaschi, 1989 Fig. 2D-H

Material studied: five specimens from Pimelodella gra-
cilis (Valenciennes) (BR-MS 99 — IPCAS D-794/1); three
from Pimelodella megalura Miranda Ribeiro (BR-MS 40, 41,
66 — IPCAS D-794/2); five from Pimelodus fur (Liitken) (BR-
MS 42,47, 48, 58, 112 — IPCAS D-794/4), all Miranda River,
Pantanal, Mato Grosso do Sul, Brazil, 22.x.2015, C. Panto-
ja and T. Scholz; three from Pimelodus blochii Valenciennes
(BR-RO 61, 62), Quatro Cachoeiras River, Ariquemes, Ron-
donia, Brazil, 9.x.2015, T. Scholz (IPCAS D-794/3).

Type host: Pimelodella gracilis (Siluriformes: Heptapteridae).

Type locality: Arroyo Brazo Chico, Uruguay River basin,
Entre Rios Province, Argentina.

Type material: type specimens (six adult and seven im-
mature worms, all flattened) in the Coleccion Helmintologica,
Museo de La Plata, Argentina (Coll. Nos. 1289C-1306C).

Additional hosts: *P.megalura(Siluriformes: Heptapteri-
dae); *P. blochii, *P. fur (Siluriformes: Pimelodidae).

Site of infection: intestine.

Infection rate: Pimelodella gracilis: 1/1 (14); P. megalu-
ra: 3/3 (3); P. blochii: 2/8 (3); P. fur: 5/13 (7).

Distribution: Argentina, Brazil (Miranda River, Pantanal,
Mato Grosso do Sul, 20°1127"S; 56°30'19"W; Quatro Cach-
oeiras River, Ariquemes, Rondonia, 10°01'S; 63°03'W; both
new localities).

Representative DNA sequences: see Table 1 and Figs. 6-8.

Remarks. The species was described by Lunaschi
(1989) from the heptapterid catfish P. gracilis from Entre
Rios Province in Argentina (Parana River basin). It was
differentiated from D. oxycephalum by the diagonal, not
tandem position of the testes, which are almost entire, and
by the extracaecal position of the uterus (versus almost
exclusively intercaecal in D. oxycephalum). New material
collected from the same river basin as the type locality and
from the Amazon River basin extends the distribution of
the species and the spectrum of its definitive hosts to inc-
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lude another species of Pimelodella, P. megalura, and two
pimelodid catfishes, P. blochii and P. fur.

For the first time, the species was studied using SEM
and details of the tegumentary papillae, which were not
reported in the original description, are provided here. The
papillae are arranged in several concentric circles around
the anterior extremity (Fig. 2E) and are bluntly dome-sha-
ped and multiciliate (Fig. 2F). The acetabular rim also
appears to bear small, dome-shaped, non-ciliate papillae
(Fig. 2H).

Since the latin suffix -trema is neuter, not feminine, the
species name is amended to gracile.

Dadaytrema minimum Vaz, 1932 Fig. 3A-D

Material studied: one specimen from Calophysus mac-
ropterus (Lichtenstein, 1819) (PI 101) and ten from P. gran-
ulosus (P 350, 441, 758b, 829, 981, 982, 1000, 1001), Iqui-
tos, Peru, 9.ix.2006, 3.iii.2011, 15.iv.2018 (IPCAS D-795/2),
T. Scholz, R. Kuchta; five from Pimelodus sp. (TO 23c),
Araguaia River at Santa Isabel, Pard, Brazil, 23.x.2014; five
from Tocantinsia piresi (Miranda-Ribeiro) (BR-X 58a), Xingu
River in Altamira, Para, Brazil, 24.iv.2013 (IPCAS D-795/1),
T. Scholz.

Type host: Myleus sp. (= Myloplus sp.) (‘pact branco’)
(Characiformes: Serrasalmidae).

Type locality: Rio Paranapanema, Sao Paulo, Brazil.

Type material: holotype and paratypes in the Coleccion Hel-
mintologica, Instituto Biologico de Sao Paulo, Brazil (No. 461).

Additional hosts: *Calophysus macropterus, * Pimelodus
sp. (Siluriformes: Pimelodidae); *P. granulosus (Siluriformes:
Doradidae); *T. piresi (Siluriformes: Auchenipteridae).

Site of infection: intestine.

Infection rate: C.macropterus (Peru): 1/35 (1); Pimelodus
sp. (Brazil): 1/1 (5); P. granulosus: 21/32 (3; maximum 15);
T. piresi: 1/2 (5).

Distribution: Brazil (Rio Paranapanema, Sao Paulo; Ara-
guaia River, Santa Isabel, Para, 06°0523"S; 48°16'46"W;
Xingu River, Altamira, Para, 3°35'45"S; 51°49'01"W — both
new localities); Peru (Iquitos, Loreto, 03°45'60"S; 73°14'44"W
—new locality).

Representative DNA sequences: see Table 1 and
Figs. 6-8.

Remarks. The species was described as D. minima (the
generic name is neuter and thus the ending of the species
name should be -um) from the serrasalmid Myleus sp.
(= Myloplus sp.) by Vaz (1932). He did not differentiate it
from D. elongatum and D. oxycephalum, just mentioned its
small size (total length of 2.0-2.5 mm; maximum width of
1.3—-1.5mm) and a very short oesophagus. Based on Vaz’s
(1932) figures, it is also possible to distinguish this species
from D. elongatum and D. oxycephalum by the widely oval
shape of the body steadily narrowing towards the anterior
extremity (versus more oblong in the latter species; com-
pare figs. 14—17 with figs. 5-7 and 10-14 in Vaz 1932).
Even though Heyneman et al. (1960) and Vicente et al.
(1978) synonymised all three species, they did not pro-
vide convincing arguments for this synonymy. In addition,
molecular data unequivocally establish the existence of at
least three separate species of Dadaytrema (see Fig. 6).
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Fig. 3. A-D — Dadaytrema minimum Vaz, 1932 from Tocantinsia piresi (Miranda Ribeiro), Brazil. A — ventral view; B — anterior
extremity showing distribution of papillae; C — single papilla on the anterior extremity; D — posteromedial notch in the acetabulum.
E-J — Dadaytrema oxycephalum (Diesing, 1836) from Pterodoras granulosus (Valenciennes), Brazil. E — genital pore; F — ventral
view; G — anterior extremity; H — anterior extremity showing distribution of papillae; I — single papilla on the anterior extremity;

J — posteromedial notch in and papillae on the acetabulum.

The present study considerably enlarges the spectrum of
definitive hosts of this species. Furthermore, it was stud-
ied using SEM for the first time, which revealed the clear-
ly oval shape of the body (Fig. 3A). Even though many
specimens are apparently contracted, the worms seem to
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have a similar body-shape as D. minimum described by
Vaz (1932). The caeca are not as lateral as figured by Vaz
(1932), but the worms have a rather short oesophagus,
which corresponds to Vaz’s (1932) description. Therefore,
we consider them as conspecific.
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SEM examination also showed the presence of con-
centric rings of bluntly conical, multiciliate, tegumenta-
ry papillae around the anterior extremity (Fig. 3B,C) and
dome-shaped, non-ciliate papillae on the rim of the acetab-
ulum (Fig. 3D).

Dadaytrema oxycephalum (Diesing, 1836) Travassos, 1931
Fig. 3E-J

Material studied: one specimen from Ageneiosus inermis
(Linnaeus) (P1886a—IPCAS D-796/1), Iquitos, Peru, 12.x.2011;
one from C. macropterus (P 101a — IPCAS D-796/2), Iquitos,
Peru, 23.1v.2004, T. Scholz and R. Kuchta; four from Oxydoras
niger (BR-AMP 100a,c — [IPCAS D-796/3), Macapa, 24.v.2013,
J. Luque, P. Vieira, T. Scholz and V. Freitas; one from O. ni-
ger (PI 223a — TIPCAS D-796/3), Iquitos, Peru, 19.iv.2005; 24
(one hologenophore) from Piaractus brachypomus (Cuvier)
(BR-AMP 72a, 73a, 87a, 107a), Macapa, 24.v.2013; 35 from
P. granulosus (PI 54b, 350a,c, 441a, 443a, 758b, 783a, 829c,
831b, 999a, 1000 — IPCAS D-796/4), Iquitos, Peru, 20.iv.2004,
9.ix.2006, 15.ix.2006, 3.-7.x.2011, 15.iv.2018; 14 from
P. granulosus (BR-MS 39c, 45b, 51a, 52b, 77b, 108a — [IPCAS
D-796/4), Miranda River, Pantanal, Mato Grosso do Sul, 22.—
23.x.2014, 25.x.2015; seven from P. granulosus (BR-PR 77b
— IPCAS D-796/4), Baia River, Mato Grosso do Sul, 3.x.2014;
all specimens collected by T. Scholz.

Type host: not designated by Diesing (1836) who listed the
following fish hosts: ‘Salmo’ auratus (= Salminus brasiliensis
Valenciennes) (Characiformes: Characidae), ‘Salmo’ pacu (=
Piaractus brachypomus (Cuvier), ‘Salmo’ pacupeba (= My-
loplus rhomboidalis (Cuvier) (Characiformes: Serrasalmidae),
and ‘Silurus’ megacephalus (= Pimelodus ornatus Kner) (Si-
luriformes: Pimelodidae).

Type locality: Cuiaba, Mato Grosso, Brazil.

Type material: Natural History Museum in Vienna (ZMW
977, 980-984, 988; as Chiorchis oxycephalum Daday, 1907).

Additional hosts: Colossoma macropomum (Cuvier),
Myleus micans (Litken), M. asterias (Miller et Troschel),
Mylosoma aureum (Spix et Agassiz), Myletes torquatus Kner,
P. mesopotamicus (Holmberg) (Characiformes: Serrasalmi-
dae); *4. inermis, *T. piresi (Siluriformes: Auchenipteridae);
*O. niger (Valenciennes), P. granulosus (Siluriformes: Dora-
didae); *C. macropterus, Pseudoplatystoma corruscans (Spix
et Agassiz) (Siluriformes: Pimelodidae).

Site of infection: intestine.

Infection rate: A.inermis: 1/18 (4); C. macropterus: 1/35
(3); O. niger (Brazil): 2/2 (11; maximum 22); O. niger (Peru):
1/17 (2); P. brachypomus: 4/5 (19; maximum 25); P. granulo-
sus (Brazil — Amapd): 6/12 (31; maximum 105); P granulosus
(Brazil — Parana): 1/5 (33); P. granulosus (Peru): 20/32 (14;
maximum 49).

Distribution: Argentina, Brazil (states of Amapa — new lo-
cality, Amazonas, Mato Grosso, Mato Grosso do Sul —new lo-
cality, Minas Gerais, Parda, Parana, Sao Paulo, Tocantins —new
locality), Peru (Iquitos — new locality), Venezuela.

Representative DNA sequences: see Table 1 and
Figs. 6-8.

Remarks. The species was described as 4. oxycepha-
lum by Diesing (1836) from several species of serrasalmid
fishes and the catfish P. ornatus in Mato Grosso, Brazil.
Travassos (1931) transferred it to Dadaytrema. This dige-
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nean seems to be the most abundant cladorchiid occurring
in Neotropical fishes and occurs in a number of characi-
form and siluriform fishes. In the present study, four new
fish hosts are reported. One specimen from P. granulosus
(BRMS) was studied using SEM, revealing the distribution
of the tegumentary papillac around the anterior extremi-
ty (Fig. 3G), where they occur in concentric rings and are
conical and multiciliate (Fig. 3H,I). Dome-shaped, non-
cilate papillae are scattered on the acetabular rim around
its aperture and on the adjacent body-surface (Fig. 3J).

Deltamphistoma pitingaense Thatcher et Jégu, 1996

Material studied: type material from INPA (see below);
eight specimens from Myloplus schomburgkii (Jardine) (BRXJ
71, PAX 92, 93b, 96 — D-797/1), four from Myleus setiger
Miiller et Troschel (PAX 67, 68 — D-797/2), 15 from Myloplus
rubripinnis (Miiller et Troschel) (BRXJ73, PAX 44, 54), Xin-
gu River in Altamira, Pard, Brazil, 20.vii.2016, J. Carneiro, J.
Moreira and M.C. Moraes.

Type host: Mylesinus paraschomburgkii Jégu, Santos et Fer-
reira (Characiformes: Serrasalmidae).

Additional hosts: *M. schomburgkii, * M. setiger, *M. ru-
bripinnis (Characiformes: Serrasalmidae).

Type locality: Pitinga River, Amazonas, Brazil.

Type material: holotype (INPA 191) and six paratypes
(INPA 192a—f).

Site of infection: intestine.

Infection rate: Myloplus schomburgkii (Brazil): 4/6 (3);
Myleus setiger (Brazil): 3/6 (3); M. rubripinnis: 3/7 (127,
maximum 200).

Distribution: Brazil (Amazonas, Xingu River, Altamira,
Par4, Brazil, 3°35'45"S; 51°49'01"W — new locality).

Representative DNA sequences: notavailable.

Remarks. New material from three serrasalmid fishes
(all new hosts) well corresponds in its morphology to the
type and only species of Deltamphistoma Thatcher et Jégu,
1996, D. pitingaense Thatcher et Jégu, 1996. This species
was described from M. paraschomburgkii from three riv-
ers in the state of Amazonas, Brazil by Thatcher and Jégu
(1996). It closely resembles Anavilhanatrema robustum
Thatcher, 1992 (the original spelling “robusta” is emend-
ed here because the latin suffix -trema is neuter in gender,
not feminine) described from the serrasalmid Pristobrycon
striolatus (Steindachner) in Anavilhana Island, Rio Negro,
Amazonas, Brazil in the possession of large, tandem testes
much wider than long, extramural pharyngeal sacs and in-
tercaecal uterus, but differs by the absence of the anterior
collar-like ridge (present in A. robustum), the presence of
an oesophageal bulb, postbifurcal genital pore, intestinal
cacca ending far from the acetabulum, an entire, not lobed
ovary, and intercaecal vitelline follicles (see Jones 2005b).

Doradamphistoma bacuense Thatcher, 1999
Figs 1C,D, 4C,D,E

Material studied: type material (see below); five spec-
imens from Megalodoras uranoscopus (Pl 324b, 344, 581,
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1077, 1084 — IPCAS D-798/1), Iquitos, Peru, 7.ix.2006 and
23.iv.2018, T. Scholz and R. Kuchta; two from M. uranoscop-
us (PAX 75, 76), Xingu River in Altamira, Para, 22.vii.2016,
J. Carneiro, M.C. Moraes and J. Moreira; five from Oxydoras
niger (PEOX 01, 02 — IPCAS D-798/2), Tarapoto, San Martin,
Peru, 13.iv.2016, C. Cruces and J. Chero; one from Platydo-
ras costatus (Linnaeus) (PI 353a — D-798/3), Iquitos, Peru,
9.ix.2006, T. Scholz and R. Kuchta.

Type host: Megalodoras irwini (= M. uranoscopus) (Siluri-
formes: Doradidae).

Type locality: Manaus, Amazonas, Brazil.

Type material: Holotype and five paratypes (INPA 371,
372a-e).

Additional (new) hosts: *Oxydoras niger, *Platydo-
ras costatus (Siluriformes: Doradidae).

Site of infection: Intestine.

Infection rate: M. uranoscopus (Brazil): 2/3 (3); M. ura-
noscopus (Peru): 5/7 (3; maximum 9); O. niger (Peru): 2/2 (9);
P. costatus (Peru): 1/1 (3).

Distribution: Brazil (Amazonia; Xingu River, Pard — new
locality), Peru (Tarapoto, San Martin Region, 6°29'S; 76°22'E
—new locality).

Representative DNA sequences: see Table 1 and
Figs. 6-8.

Remarks. This species was described from M. irwini
(= M. uranoscopus) from Manaus in the state of Amazonas
in Brazil, and a new genus, Doradamphistoma Thatcher,
1999, was erected to accommodate it by Thatcher (1999).
He characterised it by well-developed pharynx and extra-
mural pharyngeal sacs, a long oesophagus, sinuous caeca
approaching the anterior margin of the acetabulum, testes
diagonal, equatorial or pre-equatorial, postbifurcal genital
pore, and postequatorial ovary (figured as anterior to the
caecal ends).

The only differences between Thatcher’s (1999) de-
scription of D. bacuense and the present specimens are
the presence of an anterior pharyngeal sphincter, which
he did not report or illustrate, and the shape of the ace-
tabulum, which has a posteromedial notch (Figs 1D, 4E)
not described by Thatcher but confirmed by a study of the
type material (Fig. 1D). Our material from Brazil and Peru
expands the spectrum of definitive hosts to include anoth-
er two species of doradid catfishes, namely O. niger and
P, costatus. Peru represents a new geographical record for
the species, previously known only from the Amazon Riv-
er basin. Additional specimens also enabled us to provide
the first SEM of the species. Concentric rings of incon-
spicuous dome-shaped papillae are present around the oral
opening, extending further posteriorly, and more widely
spaced, on the anterior extremity, and on the rim of the
acetabulum; none were observed around the genital pore.
The molecular data indicate a close relationship between
D. bacuense and Dadaytremoides parauchenipteri, a par-
asite of auchenipterid and pimelodid catfishes (see below).
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Doradamphistoma parauchenipteri (Lunaschi, 1989)
comb. n. Fig. 4A-B

Syn. Dadaytremoides parauchenipteri Lunaschi, 1989

Material studied: one specimen from Ageneiosus inermis
(P1886) and six from 7. galeatus (P1 436, 799, 803, 820), Iq-
uitos, Peru, 3.x.2011, T. Scholz; two from Brachyplatystoma
vaillantii (Valenciennes) (BR-AMPS59), Macapa, Amapa, Bra-
zil, 16.x.2017, C. Pantoja; 15 from Trachelyopterus galeatus
(PAITA 64, 123, 124, 125, 126, 145, 146, 160, 161, 163, 164,
166, 168, 187, 198), Maracana River at Igarapé-acu, Pard,
Brazil, 16.vii.2016, C. Pantoja; 13 from 7. galeatus (BR-PR
25,26, 41, 65, 66, 67,71, 72, 82, 84, 142, 221), Parana River
in Porto Rico, Parand, Brazil, 2.ii.2014, T. Scholz.

Type host: Trachelyopterus galeatus (Siluriformes: Auchen-
ipteridae).

Type locality: Arroyo Brazo Chico, Uruguay River basin,
Entre Rios Province, Argentina.

Type material: type specimens (three specimens, all flat-
tened) in the Coleccion Helmintologica, Museo de La Plata,
Argentina (Coll. Nos. 1315C and 1316C).

Additional hosts: *4.inermis, Trachelyopterus coriaceus
Valenciennes (Siluriformes: Auchenipteridae); *B. vaillantii
(Siluriformes: Pimelodidae).

Site of infection: intestine.

Infection rate: A. inermis (Peru): 1/1 (1); B. vaillan-
tii (Brazil): 1/4 (2); T. galeatus (Para, Brazil): 15/25 (2); T.
galeatus (Parana, Brazil): 12/16 (4; maximum 27); T. galeatus
(Peru): 13/24 (2).

Distribution: Argentina (Entre Rios Province), Bra-
zil (Igarapé Fortaleza River, Macapa, Amapa, 00°02'20"N;
51°03'59"W — new locality; Maracand River, Igarapé-acu,
Para 01°07'44"S; 47°37'12"W — new locality; Parana River,
Porto Rico, Parana, 20°45'S; 53°16'W — new locality); Peru
(Iquitos, Loreto — new locality).

Representative DNA sequences: see Table 1 and
Figs. 6-8.

Remarks. The species was described from Par-
auchenipterus galeatus (= Trachelyopterus galeatus) from
Argentina by Lunaschi (1989). It is characterised by a large
pharynx with a massive anterior sphincter, extensive uter-
us with numerous extracaecal loops from the oesophageal
level to the acetabulum, a posteromedial notch in the ac-
etabular rim, testes diagonal, and few vitelline follicles
situated far anterior to the acetabulum (Lunaschi 1989).
Numerous specimens were found in the type host, 7. galea-
tus, from the Parand and Amazon River basins, and in two
new definitive hosts, both of the order Siluriformes, i.e. the
auchenipterid A. inermis and the pimelodid B. vaillantii.

Using SEM (Fig. 4A), dome-shaped non-ciliate papil-
lae in concentric rings around the anterior extremity were
clearly observed (Fig. 4B); the rings, more widely spaced,
extend posteriorly along the anterior extremity but, as with
the previous species, do not reach the level of the genital
pore; small dome-shaped papillae are also present on the
acetabulum (Fig 4A—B).
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Fig. 4. A, B— Doradamphistoma parauchenipteri (Lunaschi, 1989) comb. n. from Trachelyopterus galeatus (Linnaeus), Brazil (A—B),
A — ventral view; B —anterior extremity showing distribution of papillae. C, D, E — Doradamphistoma bacuense Thatcher, 1999 from
Megalodoras uranoscopus (Eigenmann et Eigenmann), Brazil; C — anterior region with oral opening and genital pore; D —anterior
region showing distribution of papillae; E — posteromedial notch in the acetabulum. F, G — Pseudocladorchis romani sp. n. from Pter-
odoras granulosus (Valenciennes), Peru; F — anterior region showing the genital pore; G — acetabulum; posteromedial notch absent.

Although Dadaytremoides parauchenipteri and Dora-
damphistoma bacuense were originally assigned to two
distinct genera, they share some characteristics, discussed
in more detail below. Both species seem to share a similar
distribution of the tegumentary papillae. Although there
are deficiencies in the original descriptions of both species
and the type species of Dadaytremoides, D. grandistomis
Thatcher, 1979, some clarifications have been possible by
examination of the types and additional specimens from
the Peru/Brazil collections.

Lunaschi (1989) described D. parauchenipteri and com-
pared it only with D. grandistomis, the only option open to
her at that time. Ten years later, Thatcher (1999) erected
Doradamphistoma, compared it only with Pacudistoma
turgida Thatcher, 1992 and was presumably unaware of
Lunaschi’s (1989) work because he did not, then or in his
2006 book, list the taxon originally erected as Dadaytre-
moides parauchenipteri as a species of Dadaytremoides or
include any references by L.I. Lunaschi.

Doradamphistoma bacuense and Dadaytremoides pa-
rauchenipteri resemble each other to a degree that suggests
they are congeneric but may differ at species level. They
resemble each other in: the pharynx with an anterior pha-
ryngeal sphincter (this differentiates both species from D.
grandistomis, in which it was neither reported by Thatcher
1979 nor observed in the type material); extramural phary-
ngeal sacs; well-developed oesophagus and presence of an
oesophageal bulb. The caeca terminate close to or not far
short of the acetabulum in both (but far short in D. grandis-
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tomis). The genital pore is bifurcal to closely postbifurcal.
The testes in both are diagonal, entire to slightly lobed or
indented. The ovary is not between the caecal ends as in D.
grandistomis but some distance anterior to them,; it is close
to the testes in D. parauchenipteri but far removed from
them in D. bacuense and in Dadaytrema grandistomis. The
uterus is intercaecal in D. grandistomis but encroaches ri-
ght across the caeca in D. parauchenipteri and D. bacuen-
se. The vitelline fields in D. grandistomis are clustered at
the ends of the caeca. In D. parauchenipteri, they are clear-
ly anterior to the caecal ends, closely posterior to the ovary,
in more or less horizontal fields. In D. bacuense, they are
in the ovarian zone and clearly anterior to the caecal ends
as in D. parauchenipteri but in longitudinal fields. A poste-
romedial acetabular notch is present in D. parauchenipteri
and D. bacuense but not in D. grandistomis.

The indications are that in morphological characters D.
parauchenipteri and D. bacuense have more in common
with each other than either does with D. grandistomis. The
differences between the two of them are the position of the
ovary relative to the testes and the configuration — horizon-
tal or longitudinal — of the vitelline fields. These differenc-
es would be sufficient to separate them at species level on
morphological terms (unless some of them could be shown
to be artefacts related to fixation or maturity).

DNA sequences are available for D. parauchenipteri
and D. bacuense, which are very close by any criteria,
but not for D. grandistomis, the type species of Daday-
tremoides, which differs from both by several morpholog-
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ical characters. A genus rests on its type species, not on
others attributed to it, and D. grandistomis differs from the
others in a combination of the characters listed above.

Therefore, the attribution of D. parauchenipteri to Da-
daytremoides is now unsure on morphological grounds and
the species should be transferred to Doradamphistoma as
a new combination. This fits with the sequencing results
for both species of that genus (Figs 6-8). Although both
genera are morphologically similar, which resulted in them
keying out in the same couplet in the key by Jones (2005b),
they are not synonymised in the absence of any DNA se-
quence data from the type species of Dadaytremoides and
the morphological differences discussed above.

Myleustrema concavatum Thatcher et Jégu, 1998
Fig. 5A

Material studied: type material (see below); one speci-
men from Myloplus rubripinnis (BRXJ 77 — D-799/1), Xingu
River in Altamira, Para, Brazil, 19.vii. 2016, J. Carneiro.

Type host: Myleus ternetzi (Norman) (Characiformes: Ser-
rasalmidae).

Type locality: French Guiana.

Type material: holotype INPA 206, paratypes INPA 207a—d.

Additional host: *M. rubripinnis (Characiformes: Ser-
rasalmidae).

Site of infection: intestine.

Infection rate: M. rubripinnis: 1/3 (9).

Distribution: Brazil (Xingu River, Pard — new locality),
French Guiana.

Representative DNA sequences: notavailable.

Remarks. Specimens found in Myloplus rubripinnis are
almost indistinguishable from those described by Thatcher
and Jégu (1998) as Myleustrema concavatum and are con-
sidered conspecific. The species was described from Myleus
ternetzi in French Guiana and never found since its original
description. It is typified by an ovoid, thick-walled cirrus-sac
and the aperture of the acetabulum directed posteriorly, with
tiny papillae on its rim. In addition, it has a postbifurcal gen-
ital pore, pharynx with long extramural sacs, lobed oblique
testes much wider than long, and short lateral fields of vi-
telline follicles commencing posteriorly at the level of the
ovary but failing to reach the level of the posterior testis.

The only difference between our specimens and those
of Thatcher and Jégu (1998) is that the caeca are conspic-
uously more sinuous in the dorsoventral plane. LM and
SEM observation confirmed the presence of concentric
circles of papillae around the anterior extremity (Fig. 5A),
those in the first five circles being more conspicuous. Nu-
merous papillac were also observed on the acetabular rim,
especially dorsally, as also mentioned in the original de-
scription (Thatcher and Jégu 1998).
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Subfamily Kalitrematinae Travassos, 1933

Pseudocladorchis romani sp. n. Figs 4D,G, 5B-D

ZooBank number for species:
urn:lsid:zoobank.org:act:22BCF69E-4A0E-421B-8555-B7D406461732

Material studied: three specimens from Brachyplat-
ystoma vaillantii (P1 789a), Rio Nanay near Iquitos, Peru,
23.iv.2011 (IPCAS D-801/2); one from Calophysus macrop-
terus (P1 101a), Iquitos, Peru, 23.iv.2004 (IPCAS D-801/3); 28
from Pterodoras granulosus (P1350a, 441a, 759a, 783a, 829a,
830a, 1000, 1001, 1076), Iquitos, Peru, 9. and 15.ix.2006 (IP-
CAS D-801/1); three from Oxydoras niger (P1 223a), Iquitos,
Peru, 19.iv.2005 (IPCAS D-801/4); one from Megalodoras
uranoscopus (BRX 36b), Xingu River in Altamira, Para, Bra-
zil, 24.iv.2013.

Description(based on seven specimens; measurements of
specimens from different hosts are in Table 3): Paramphistoma-
toidea, Cladorchiidae, Kalitrematinae. Body subcylindrical,
slightly tapered at each extremity. Dome-shaped tegumentary
papillae present around oral opening and on anterior extremity
to level of pharynx and on rim of acetabulum. Acetabulum lacks
a posteromedial notch in dorsal rim. Oral opening terminal.
Pharynx with anterior and posterior sphincters and tiny paired
primary intramural sacs. Oesophagus fairly straight or slightly
flexed; oesophageal bulb or thickening not clearly seen. Caecal
bifurcation in anterior third of body. Caeca end short of acetab-
ulum. Testes symmetrical or subsymmetrical, irregular, usually
overlie caeca. Cirrus-sac oval, contains internal seminal vesicle
and prostatic cells, closely postbifurcal. Genital pore bifurcal,
surrounded by glandular tissue. Ovary between caecal ends,
subspherical, as large as or, usually, larger than testes. Laurer’s
canal not seen. Vitelline follicles in lateral fields along caeca
from level of ovary but not reaching level of testes anteriorly;
transverse vitelline ducts occasionally visible as loop posterior
to ovary. Mehlis’ gland complex posteroventral to ovary. Uterus
forms descending limb; it and ascending limb cross caeca into
extracaecal space from postovarian zone to bifurcal level. Eggs
numerous. Excretory vesicle and pore not seen.

Type host: Pterodoras granulosus (Siluriformes: Doradidae).

Additional hosts: O. niger (Siluriformes: Doradidae);
B. vaillantii, C. macropterus (Siluriformes: Pimelodidae), M.
uranoscopus (Siluriformes: Doradidae).

Type locality: Iquitos, Loreto Region, Peru (Amazon Riv-
er basin) (03°45'60"S; 73°14'44"W).

Additional locality: Brazil (state of Parda — Xingu River).

Site of infection: intestine.

Infection rate: B.vaillantii: 1/1 (7); C. macropterus: 1/35
(1); P. granulosus: 18/32 (2; 3); O. niger: 1/18 (3); M. ura-
noscopus: 1/2 (1).

Type material: holotype from P granulosus (P1 350a),
Iquitos, Peru, collected on 9.ix.2006 (IPCAS D-801/1);
one paratype from P granulosus (Pl 441a), Iquitos, Peru,
15.ix.2006 (IPCAS D-801/1); two paratypes from P.granulo-
sus (P1 783a), Iquitor, Peru, 4.x.2011 (CHIOC 40059a,b); one
paratype from O. niger (Pl 223a), Iquitos, Peru, 19.iv.2005
(IPCAS D-801/4).
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Fig. 5. A — Myleustrema concavatum (Thatcher et Jégu, 1998) from Myloplus rubripinnis (Miiller et Troschel), Brazil. A — ventral view.
B-D — Pseudocladorchis romani sp. n. from Pterodoras granulosus (Valenciennes), Peru (B, D) and Oxydoras niger (Valenciennes),
Peru (C). B — ventral view of holotype (IPCAS D-801/1); C — anterior region with genital pore, ventral view of paratype (IPCAS
D-801/4); D — terminal genitalia of holotype (IPCAS D-801/1).

Table 3. Measurements of Pseudocladorchis romani sp. n. from different hosts in Peru (in micrometres unless otherwise stated).

Host

Pterodoras granulosus

Calophysus macropterus

Oxydoras niger

Collection No.*
Specimens

Total length (mm)
Maximum width (mm)
Acetabulum length
Acetabulum width
Pharynx length
Pharynx width
Oesophagus
Oesophageal bulb
Caecal bifurcation to anterior extremity (mm)
Caecum (right) (mm)
Caecum (left) (mm)
Anterior testis length
Anterior testis width
Posterior testis length
Posterior testis width
Ovary length

Ovary width

IPCAS D-801/1
5
5.02-8.21 (6.6%%)
1.68-2.88 (2.35)
752-1,463 (1,124)
876-1,524 (1,298)
634-777 (714)
629-988 (838)
798-1,473 (1,166)
156-198
1.09-2.00 (1.5)
2.35-4.74 (3.18)
2.35-4.72 (3.21)
162-421 (344)
201-544 (350)
187-619 (388)
208-506 (341)
174-427 (342)
123-669 (320)

IPCAS D-801/3
1 (immature)

1.08
0.32
222
268
292
243
109
0.87
0.37
0.36
181
459
424
254
35
61

IPCAS D-801/4

1
5.74
1.57

1,038
1,064
955
927
540

2.88
2,69
2,81
181
459
424
254
342
320

*Helminthological Collection of the Institute of Parasitology of the Biology Centre of the Czech Academy of Sciences, Ceské Budgjovice, Czech Republic;

**mean
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Fig. 6. Bayesian tree from phylogenetic analysis of the sequences of 28S rDNA from cladorchiids parasitic in freshwater fishes from Brazil
and Peru. Numbers show bootstrap nodal support (maximum likelihood — 1,000 replications) and Bayesian posterior probability (4 x 10°
generations; burn-in = 4 x 10°). Diplodiscus subclavatus (Pallas, 1760) from Pelophylax ridibundus (Pallas) (formerly Rana ridibunda)

was used as outgroup.

Etymology: The species is named in honour of Roman
Kuchta, Institute of Parasitology, Czech Republic for his con-
tribution to a better understanding of the diversity of fish hel-
minths in Amazonia.

Representative DNA sequences: see Table 1 and
Figs. 6, 7.

Differential diagnosis. The new species is morphologi-
cally very similar to Pseudocladorchis nephrodorchis Da-
day, 1907 (see below). However, in P. nephrodorchis, the
testes have a distinctive exaggerated reniform shape with
lobes which are usually orientated towards the ventral sur-
face. Furthermore, the ovary in the present specimens is
almost always as large as, or larger than, the testes. The
specimens also differ from P. cylindricus in these respects
and in lacking a posteromedial notch in the acetabulum.
These differences are considered sufficient to designate
a new species on morphological grounds and molecular
data also support its validity (see Fig. 6).

Pseudocladorchis nephrodorchis Daday, 1907

Material studied: one specimen from Leporinus affin-
is Glinther (PAX 20), Xingu River in Altamira, Para, Brazil,
23.ix.2013, F.B. Pereira and P.V. Alves (IPCAS D-802/1); one
from Metynnis lippincottianus (PAIA 06f), Maracana River,
Igarapé-agu, Para, Brazil, 13.vii.2016, C. Pantoja; one from
Mpyleus setiger (PAX 67); two from M. rubripinnis (BRXJ73;
PAX 44, 54 — IPCAS D-802/ 2); two from M. schomburgkii
(Jardine) (BRXJ 71, PAX 92); one from Serrasalmus manueli
(Fernandez-Yépez et Ramirez) (PAX 61 — IPCAS D-802/4);
four from Tometes kranponhah (BRXJ 05, PAX 42 — IPCAS
D-802/5); two from Ossubtus xinguense Jégu (BRXJ 01 —
IPCAS D-802/3), all Xingu River in Altamira, Para, Brazil,
20.vii. 2016, J. Carneiro, J. Moreira and M.C. Moraes.

Type host: not designated by Daday (1907) who mentioned
three fish hosts: ‘Salmo’ sp., ‘Salmo’ pacu (= Piaractus
brachypomus Cuvier) and ‘Salmo’ pampa (= Mylossoma au-
reum (Spix et Agassiz).
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Type locality: not explicitly mentioned, but most likely
Parana or Paraguay River, Mato Grosso, Brazil (based on data
in Diesing 1836).

Type material: Natural History Museum in Vienna (ZMW 980).

Additional hosts: *Leporinus affinis (Characiformes:
Anostomidae), *M. lippincottianus, *Myleus setiger, *M. ru-
bripinnis, *M. schomburgkii, *Ossubtus xinguense, *Ser-
rasalmus manueli, *Tometes kranponhah (Characiformes:
Serrasalmidae).

Distribution: Brazil (states of Parana or Mato Grosso;
Marapanim River, Igarapé-agu, Pard — new locality; Xingu
River in Altamira, Para — new locality).

Site of infection: intestine.

Infection rate: L. affinis: 1/3 (2); M. lippincottianus: 1/16
(1); M. setiger: 1/6 (2); M. rubripinnis: 2/7 (1); M. schom-
burgkii: 2/6 (3); S. manueli: 1/4 (2); T. kranponhah: 2/3 (4);
O. xinguense: 1/1 (2).

Representative DNA sequences: see Table 1 and Fig. 6.

Remarks. Specimens found in several species of ser-
rasalmid fishes are placed in Pseudocladorchis Daday, 1907
because they possess characteristics typical of the genus (see
Jones 2005b), e.g. a large pharynx with anterior and pos-
terior sphincters and intramural sacs, testes symmetrical or
nearly so, overlying caeca ventrally, vitelline follicles in re-
stricted lateral fields from about the testicular level to near or
beyond the caecal ends, and a bifurcal genital pore.

The genus was erected by Daday (1907) to accommo-
date three species collected by J. Natterer in Brazil and
then described by Diesing (1836), namely Amphistoma cy-
lindricum Diesing, 1836 (listed first and thus considered to
be the type species; see Jones 2005b), P. nephrodorchis and
P. macrostomus Daday, 1907. Even though Daday (1907)
provided detailed morphological descriptions of all three
species, there was in fact no explicit differential diagno-
sis. As indicated by the species name, P. nephrodorchis has
testes of a distinctive reniform shape, which differs signifi-
cantly from the testes of the other species.
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Stunkard (1925) synonymised all three species with
P. cylindricus because he did not consider differences
between P. cylindricus, P. nephrodorchis and P. mac-
rostomus to be significant at species level. Comparison
of the original text of Daday (1907) and his figures on
plates 25 and 26 has revealed that P. cylindricus (Diesing,
1836) and P. macrostomus Daday, 1907 have a postero-
medial notch in the posterior rim of the acetabulum (“Die
Offnung des Saugnapfs ist in der Regel kreisformig, am
hintern Rand zeigt sich indessen héufig eine kleine Ver-
tiefung”; see figs. 7 and 9 of P. cylindricus on plate 25;
“Die Offnung des Saugnapfs blickt schief nach hinten
und gegen den Bauch”; see fig. 8 on plate 26 of Daday
1907 for P. macrostomus).

In contrast, P. nephrodorchis has an acetabulum with-
out a posteromedial notch (“vom Bauch gesehen hinge-
gen einem ganzen Kreis bzw. einem breiten Ring (Taf.
25, Fig. 18, 20; Taf. 26, Fig. 1).”). Based on this differ-
ence, P. macrostomus is retained as a junior synonym of
P. cylindricus as first proposed by Stunkard (1925) but
P. nephrodorchis is considered to be valid. The descrip-
tion of P. nephrodorchis was based on Diesing’s (1836)
specimens designated as Amphistomum oxycephalum on
slides Nos. 980 (from ‘Salmo’ sp.), 981 (from ‘Salmo’
pacu = Myletes bidens) and 983 (‘Salmo’ pampa = Myl-
etes aureus).

The acetabulum of our specimens lacks the deep pos-
teromedial notch typical of P. cylindricus. Therefore, they
are indistinguishable from P. nephrodorchis (see above) in
this respect. Furthermore, specimens lacking this character
also have reniform testes, as indicated by Daday’s (1907)
choice of the species name.
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Betamphistoma jariense Thatcher et Jégu, 1996

Material studied: type material (see below); one spec-
imen from Tometes kranponhah Andrade, Jégu et Giarrizzo
(PAX 42), Xingu River in Altamira, Para, Brazil, 17.vii. 2016,
J. Moreira and M.C. Moraes (IPCAS D-800/1).

Type host: Mylesinus paraschomburgkii (Characiformes:
Serrasalmidae).

Type locality: Jari River, Para, Brazil.

Type material: holotype INPA 187, paratypes INPA 188a—f.

Site of infection: intestine.

Infection rate: 1/2(10).

Additional (new) host:
formes: Serrasalmidae).

*T. kranponhah (Characi-

Distribution: Brazil (Para including Xingu River — new
locality).
Representative DNA sequences: notavailable.

Remarks. Betamphistoma jariense was described from
M. paraschomburgkii by Thatcher and Jégu (1996) as the
type and only species of Betamphistoma Thatcher et Jégu,
1996. Cladorchiids found by the present authors in the
same region (state of Pard) correspond to B. jariense in
most morphological characteristics, i.e. a dorsoventrally
flattened body, small oesophageal bulb, short caeca, a post-
bifurcal genital pore, a large, thick-walled cirrus-sac, and
vitelline follicles limited in extent (see Thatcher and Jégu
1996).

Phylogenetic relationships of cladorchiid trematodes
from freshwater fishes

In total, 66 sequences of three molecular markers of 39
isolates from 26 hosts were generated (Table 1; Figs. 6-8).
The phylogenetic trees for 28S and ITS2 rDNA showed
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Fig. 8. Bayesian tree from phylogenetic analysis of the sequences of ITS2 rDNA from cladorchiids parasitic in freshwater fishes from Brazil
and Peru. Numbers show bootstrap nodal support (maximum likelihood — 1,000 replications) and Bayesian posterior probability (4 x 10°
generations; burn-in =4 x 10°). Calicophoron microbothrium (Fischoeder, 1901) from Bulinus forskalii Ehrenberg was used as outgroup.

the congruent topology, even though 28S rDNA analysis
included more taxa (Fig. 6). Molecular data revealed nei-
ther the Dadayiinae nor the Kalitrematinae as monophy-
letic and two species of the Kalitrematinae belong to two
separate lineages (Fig. 6).

Several well-supported lineages could be distinguished
based on molecular data, especially the 28S rDNA sequen-
ce dataset (see Fig. 6 for designation of individual clades).
The clade A comprises three morphologically similar, but
genetically distinct species of Dadaytrema which forms
a monophyletic assemblage. The clades B and C include
two morphologically similar species of Pseudocladorchis,
which differ from one another only slightly (nucleotide di-
vergence about 1% in 28S rDNA dataset), but they occur
in different fish groups: P. nephrodorchis in characiform
fishes, whereas P. romani sp. n. has been found only in
siluriform fishes.

Two samples provisionally designated as Cladorchiidae
gen. sp. 1 (clade D) and Cladorchiidae gen. sp. 2 (clade G)
were revealed in analyses inferred from 28S rRNA gene
sequences (Fig. 6). Unfortunately, hologenophores of these
samples were not available for a more precise identifica-
tion of these samples that undoubtedly represent separate
species and possibly belong to new genera.

The well-supported clade E comprises species original-
ly placed in two morphologically similar genera, D. bac-
uense and D. parauchenipteri (transferred to Doradamhpi-
stoma as D. parauchenipteri comb. n.; see Remarks to both
species above), both occurring in catfishes (doradids in the
former species and auchenipterids and pimelodids in the
latter). Molecular data indicate that these species are con-
generic, thus supporting the new combination proposed for
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D. parauchenipteri based on morphological characteristics
(see above). Nucleotide divergence between specimens of
both species is rather low (only 2% in 28S rDNA sequenc-
es), corresponding to differences between species of the
same genus (unpublished data).

Another well-supported clade called F in Fig. 6 is com-
posed by Iquitostrema papillatum and Goeldamphistoma
amazonum, two species recently described from Peruvian
Amazonia. Nucleotide divergence between these species
of two morphologically conspicuously different genera,
Iquitostrema and Goeldamphistomum, was only 2% in
28S rDNA sequences, whereas the divergence between
the species of Dadaytrema ranged from 2—4%. However,
there may be different rates of divergence for different lin-
eages and species pairs or species groups. This depends
on a range of historical factors such as age, selection pres-
sures, drift, stasis, etc.

Clade 1 is a sister clade to all Neotropical cladorchiids,
which thus form a monophyletic assemblage. This clade is
composed of three non-Neotropical cladorchiids, namely
Amurotrema dombrowskajae from the Palaearctic region,
Helostomatis cf. helostomatis from the Indomalayan re-
gion, and Pisciamphistoma stunkardi from the Nearctic
region. The latter species from North American centrar-
chids is a sister to the clade containing both taxa from
the Old World. Clade I is a sister clade to all Neotropical
cladorchiids (clades A—G), which thus form a monophylet-
ic assemblage.

DISCUSSION
The present study provides an account of 14 species of
cladorchiids found in freshwater fishes in South America
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(Brazil and Peru), with numerous new host (29) and ge-
ographical (8) records. In addition, three new species are
described and scanning electron micrographs of seven
species are provided, five for the first time. However, the
most important advance of the present study is the first as-
sessment of the phylogenetic relationships of Neotropical
cladorchiids.

In the most comprehensive molecular phylogenetic
study of digeneans at family level, Olson et al. (2003) in-
cluded only two species of the superfamily Paramphisto-
moidea, namely Solenorchis travassosi Hilmy, 1949 (fami-
ly Cladorchiidae) from dugong [Dugong dugong (Miiller)]
in Australia and Diplodiscus subclavatus (Pallas, 1760)
(family Diplodiscidae) from marsh frog [Pelophylax rid-
ibundus (Pallas) (formerly Rana ridibunda)] in Bulgaria.
More recently, the interrelationships of paramphistomes
were assessed by Sokolov et al. (2016) using molecular
data, but only a single cladorchiid from fish, Amurotrema
dombrowskajae Achmerov, 1959, a parasite of the grass
carp, Ctenopharyngodon idella (Valenciennes), in the
Palaearctic region, was included in this analysis.

Based on available data, we cannot confirm the mono-
phyletic status of the family Cladorchiidae, whereas two of
its subfamilies, Dadayiinae and Kalitrematinae, appeared
as non-monophyletic. However, molecular data for mem-
bers of other subfamilies of the Cladorchiidae are needed
before any change in subfamilial classification is proposed.
The same applies to the validity of some morphologically
well-distinct, but genetically closely related genera, such
as Goeldamphistomum Pantoja, Scholz, Luque et Jones,
2018 and Iquitostrema Pantoja, Scholz, Luque et Jones,
2018, because their intergeneric nucleotide divergence was
the same as, or lower than, intrageneric (interspecific) di-
vergence in some genera.

Using molecular data, it was possible to confirm the
distinctions between morphologically similar species, such
as Pseudocladorchis nephrodorchis and the new species
P. romani, and three species of Dadaytrema. In contrast,
some morphologically distinct species of different gen-
era appeared to be closely related, e.g. two recently de-
scribed species of two newly erected genera from Peru,
Goeldamphistoma and Iquitostrema. They are conspicu-
ously different from each other in several morphological
characters, including the size and robustness of the body,
the size, shape and type of the acetabulum, the pharyngeal
type, the position of the testes relative to the caeca and to
each other, the extent of the uterine coils relative to the
cacca, and the distribution of vitelline fields (see Panto-
ja et al. 2018). Some previous studies have also revealed
that 28S rDNA may not help to differentiate closely related
species (Hwang and Kim 1999, Ghatani et al. 2014), but
this marker made it possible to differentiate two species of
Pseudocladorchis in the present study (Fig. 6).

Neotropical cladorchiids are revealed to be monophy-
letic, with three non-Neotropical cladorchiids, namely
A. dombrowskajae from Russia, Helostomatis cf. helos-
tomatis from Thailand and Pisciamphistoma stunkardi
from USA, representing their sister clade. The first species
is native to the Far East of Russia and was introduced with
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carp to Central Asia, East and Central Europe (Chen 1985,
Sokolov et al. 2016). It is more closely related to H. cf.
helostomatis from the Indomalayan region, both taxa being
a sister of the Nearctic P. stunkardi. Manter (1963) pro-
posed that this parasite of centrarchids in North America
is not closely related to cladorchiids from Brazil, having
originated from a marine ancestor.

McClelland (1957) commented on the morphological
similarity between Brevicaecum niloticum McClelland,
1957 (African) and Kalitrema kalitrema Travassos, 1933
(South American), but also accepted the significant mor-
phological differences between the two monotypic genera.
Many more taxa have been described in the South Ameri-
can fauna since 1957. It seems that geographical isolation
can be a factor in divergence and it may have been signifi-
cant, although it was not necessarily a defining factor. Pre-
sumably, in the event of a common origin, there will have
been many extinction events. In fact, South American and
African cladorchiids share similar hosts (siluriform and
characiform fishes) (Manter 1963, Jones 2005b, Thatcher
20006). Unfortunately, molecular data are not available for
any African cladorchiid from freshwater fish to have a bet-
ter insight into the evolutionary history of the group.

Over-all, molecular data reveal less strict host specific-
ity of most species because the same species occurred in
fishes of different species, genera, families or even orders
(Characiformes and Siluriformes). For example, Daday-
ius marenzelleri occurs in auchenipterids and serrasal-
mids, Dadaytrema minimum in auchenipterids, doradids,
pimelodids and serrasalmids, and Dadaytrema oxycepha-
lum in three families of catfishes (Auchenipteridae, Dora-
didae and Pimelodidae) and two families of characiforms
(Characidae and Serrasalmidae). Molecular data also con-
firmed the wide geographical distribution of several spe-
cies that occur in both principal river basin in South Amer-
ica, i.e. the Amazon and Parana River basins (three species
of Dadaytrema and Doradamphistoma parauchenipterr).

Most cladorchiids from freshwater fishes in South
America occur in characiform fishes, but the present ex-
tensive material collected throughout Brazil and in Peru
also originated to a large extent from catfishes, with the
highest number of species (and the highest intensity of
infection) found in doradids. The number of cladorchiids
found in auchenipterids and pimelodids was considerably
lower and very few paramphistomes occurred in cichlids,
but the specimens found in Heros sp. represented a new
species. Despite the extensive research of V.E. Thatcher
in the Brazilian Amazonia in the two last decades of the
20th century, this group of fish paramphistomes remains
insufficiently known. This has been demonstrated by Pan-
toja et al. (2018) who described three new species in two
new genera based on material from Peruvian Amazonia,
and by the high number of new host and geographical re-
cords presented here. The description of another three new
species in the present paper increases the total diversity of
cladorchiids in freshwater fish in South America to 38 spe-
cies, confirming the family as dominant in the Neotropical
region (Thatcher 2006, Choudhury et al. 2016).
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