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Abstract: Despite recent advances in the molecular knowledge of amphistome trematodes, most
genera known from fish remain to be genetically characterized. This is the case for Kalitrema, a genus
of the speciose family Cladorchiidae and the type of Kalitrematinae. The type and only species of this
genus, Kalitrema kalitrema Travassos, 1933, was originally proposed based on two specimens found in
an armored suckermouth catfish from Brazil, and its phylogenetic position has not been evaluated. In
this study, paramphistomes found in Hypostomus alatus (2/9; 22.2%) and Hypostomus francisci (4/143;
2.8%) from the Paraobepa River (São Francisco River basin), Minas Gerais, Brazil, between December
2019 and November 2021, were subjected to morphological study. The parasites were identified in
low intensity of infection [1.2 (1–2)] and redescribed as K. kalitrema. This species exhibits unique
features such as a linguiform body with a circular ridge near the anterior end and a deep, median
notch present at the posterior extremity of the body, apparently dividing the body into two lobes. A
subset of specimens was further subject to phylogenetic analyses based on the most densely sampled
markers, the nuclear ribosomal RNA (28S and ITS2) and mitochondrial cox1, which revealed the
inclusion of K. kalitrema in a Neotropical clade of fish paramphistomes. The most comprehensive
phylogenetic tree, based on the 28S dataset, confirmed K. kalitrema as an independent, early diverging
lineage among Neotropical fish cladorchiids. However, the monophyly of Kalitrematinae was not
sustained, given that species of the other kalitrematine genera Pseudocladorchis and Iquitostrema
included in the phylogenetic analysis fell in a distinct clade with other fish cladorchiids. As a result,
we propose here a narrower concept for Kalitrematinae sensu stricto, accommodating only Kalitrema
(type genus) until a more natural subfamilial or familial classification is provided.

Keywords: fish paramphistomes; Paramphistomoidea; cladorchiids; integrative taxonomy; systematics

1. Introduction

The Neotropical region holds the highest diversity of freshwater and marine fishes
in the world, attracting the attention of conservationists and environmental policymakers
to this biodiversity hotspot [1,2]. However, much less attention has been paid to the
parasitic metazoans associated with these vertebrates, which usually live hidden in the gut
of their more well-known hosts. Even though parasites are often neglected in biodiversity
management and protection programs, a vast body of literature has consistently confirmed
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that parasites are pivotal elements of ecosystems and that a healthy environment is where
parasites thrive in diversity [3–5], and even global parasite conservation plans have been
recently proposed [6].

Amphistome trematodes of the family Cladorchiidae Fischoeder, 1901 are cosmopoli-
tan, speciose gut parasites of all groups of vertebrates but birds [7,8]. They are characterized
by several features, such as having the acetabulum at or close to the posterior extremity
while an oral sucker is absent (features also shared with other paramphistomoids), paired
primary pharyngeal sacs, two testes, cirrus-sac are usually present, ventral pouch absent,
and ovary post-testicular, or very rarely intertesticular [8]. The group has greatly diversified
in South America—in fact, most species are known from fish in this subcontinent—primarily
in the two dominant groups of freshwater fishes, i.e., Characiformes and Siluriformes [9].
With the recent descriptions of new species by Pantoja et al. [10,11], fish cladorchiids stand
out as one of the most diverse groups of fish trematodes in South America, with 38 valid
species [11,12]. Despite that, the knowledge of the actual diversity of these paramphistomes
is largely underappreciated, a fact that is accentuated by the paucity of helminthological
surveys in the literature, with less than 5% of the ichthyofauna of the region scrutinized
for parasites [12]. Moreover, despite these signals of advances in the use of molecular
data to characterize fish paramphistomes, most species, including key ones for taxonomic
resolution, have not been sequenced so far.

Kalitrema kalitrema Travassos, 1933 is the type and only species of Kalitrema Travassos,
1933. The species was originally described based only on two specimens found in the Suck-
ermouth catfish Hypostomus punctatus Valenciennes (=Plecostomus punctatus; Loricariidae)
in the Cachimbal stream, Paraiba do Sul River basin, Brazil [13]. Travassos [13] regarded the
morphology of the species as ‘curious’, which did not correspond to any known species or
even cladorchiid genera described at the time. The most distinctive morphological features
of K. kalitrema are the linguiform body with a circular ridge near the anterior end and a deep,
median notch present at the posterior extremity of the body, apparently dividing it into two
lobes. These distinctive traits led Travassos to propose the subfamily Kalitrematinae, a rank
maintained in the more recent classification of paramphistomes [8]. Despite its key role in
validating the subfamilial status of Kalitrematinae, molecular sequences for K. kalitrema
have not been generated so far.

During a long-term investigation carried out under the scope of a multidisciplinary
project for monitoring the local biodiversity in the Paraobepa River, São Francisco River, a
paramphistome species was found parasitizing armored catfishes of the genus Hypostomus
Lacépède. The species, morphologically identified as K. kalitrema, is redescribed here.
Moreover, the phylogenetic position of this poorly known fish parasite was evaluated for
the first time.

2. Materials and Methods
2.1. Collection of Samples

A total of 202 specimens armored catfishes (Siluriformes, Loriicaridae) belonging to
4 species, i.e., Hypostomus alatus Castelnau (n = 9), Hypostomus francisci (Lütken) (n = 143),
Hypostomus freire Penido, Pessali & Zawadzki (n = 7), Hypostomus guajupia Penido, Pessali
& Zawadzki (n = 20), and specimens identified at the genus level, Hypostomus sp. (n = 23)
were collected over six samplings points distributed along the Paraobepa River, Upper São
Francisco River basin), between the municipality of Brumadinho (20◦11′48.9′′ S; 44◦7′22.8′′ W)
and Pompeu (18◦52′15.4′′ S; 44◦47′13.2′′), Minas Gerais, Brazil. The sampling is part of a long-
term monitoring carried out in Paraobepa River, and the fish evaluated for this study were
caught between December 2019 and November 2021. After capture using fishing nets, fish
were euthanized and immediately transported to the laboratory for dissection. Host capture
carried out within the framework of the monitoring project was authorized by the Instituto
Estadual de Florestas (IEF) (GPFAP/DFAU/IEF Nº 003/2019). Moreover, all procedures
followed the recommendations of the local ethics committee on animal experimentation,
CEUA, at UFMG (protocol 295/2019).
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The newly collected trematodes were removed from the hosts’ intestines, placed
in saline (0.9% NaCl solution), cleaned from the intestinal content, and gently flattened
between glass slides, followed by fixation in 10% formalin. Some specimens were fixed in
95% ethanol for molecular analyses.

2.2. Morphological Data

Specimens for morphological identification were stained with alum acetocarmine, de-
hydrated in an increasing series of ethanol, clarified in beechwood creosote and mounted on
permanent slides with Canada balsam. Whole-mounted paramphistomes were evaluated
using a Leica DM 750 optical microscope (Leica Microsystems, Heerbrugg, Switzerland)
with a differential phase contrast system and photographed with a camera coupled to
the microscope. Images were analyzed in the Leica Application Suite software (LAZ EZ),
v.2.0 (Heerbrugg, Switzerland). Measurements were taken with the aid of a micrometer
eyepiece. Morphometric data are presented in micrometers (unless otherwise indicated)
as the mean, followed by the standard deviation and range in parentheses. For compar-
ison, photomicrographs of the type material (syntypes) of Kalitrema kalitrema deposited
at the Helminthological Collection of the Oswaldo Cruz Institute (CHIOC-10279a and
CHIOC-10279b) were studied.

Voucher specimens were deposited in the Collection of Trematodes of UFMG (UFMG-
TRE 134-136) and the CHIOC (CHIOC-40218- 40220).

2.3. Molecular Data

Total genomic DNA was extracted from fragments of two amphistome specimens (one
from each species of Hypostomus studied) using a QIAamp Mini kit (QIAGEN) following
the manufacturer’s instructions. The concentration and quality of extracted DNA were
evaluated using the microvolume spectrophotometer NanoDrop® Lite (Thermo Fisher
Scientific, Waltham, MA, USA). Partial regions of the 28S (~1200 bp; primers Dig-12/1500R),
ITS1-5.8S-ITS2 (~1000 bp; primers BD1/BD2), and cox1 (~800 bp; primers JB3/COI-R Trema)
were amplified by PCR, using the conditions previously described [14–16]. PCR reagents,
electrophoresis, amplicon purifications and sequencing were previously described in the
works of our research team [17]. Chromatograms obtained were assembled and inspected
for errors in ChromasPro v.2.0.1 software (Technelysium Pty Ltd., South Brisbane, Australia)
and consensus sequences were used for downstream phylogenetic analyses.

The sequences generated de novo were assembled into three alignments, one for each
marker, but only considering the ITS2 in the case of the internal transcribed spacer due
to the availability of data for comparison. Representatives of paramphistomes from cold-
blooded vertebrates, i.e., families Cladorchiidae and Diplodiscidae, with available data in
the Genbank, were included in the alignments. Sequences of these two families were chosen
as the ingroup because the monophyly of Cladorchiidae is not sustained with the inclusion
of certain Diplodiscidae, as observed in recent phylogenetic reconstructions [18]. Only
unique haplotypes were considered in the phylogenetic analysis. The alignments were built
using default parameters of the MAFFT algorithm [19] implemented in the GUIDANCE2
server [20]. Unreliable positions in the single-gene alignments were identified and removed
using the Gblock web server (https://ngphylogeny.fr/ (accessed on 17 February 2023) [21]
with less stringent settings.

Phylogenetic reconstructions were performed with the maximum likelihood (ML)
and Bayesian inference (BI) criteria using the evolutionary models implemented in Mod-
elFinder [22] within IQ-TREE [23], based on the small sample size corrected Akaike Infor-
mation Criterion (AICc). The search for the BI was restricted to those models allowed in
MrBayes v.3.2 [24] using the “-mset” option. The models used in the ML analyses were
TVM + F+I + G4, TVM + F+G4, and TIM2 + F+I + G4 for the 28S, ITS2, and cox1 datasets,
respectively, while in the BI analyses, the models chosen were GTR + F+I + G4, GTR +
F+G4, HKY + F+I + G4 for the same molecular markers. Zygocotyle lunata (Diesing, 1836)

https://ngphylogeny.fr/
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(Zygocotylidae) was chosen as the outgroup for all analyses based on the phylogenies
provided by Alves et al. [17].

BI analyses were conducted in MrBayes v.3.2, running two independent MC3 runs
of four chains (one cold, three heated) for 5 million generations, sampling tree topologies
every 1000th generation, with the first 25% of samples discarded as burn-in. Tracer v.1.7 [25]
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 ML trees were
generated via IQTREE, and clade supports were estimated with 1000 replicates of the
ultrafast bootstrap (UFBoot—[26]) and an SH-aLRT test with 1000 replicates [27]. To avoid
overestimation of UFBoot, we used a hill climbing nearest neighbor interchange (NNI), as
recommended by Hoang et al. [28]). Clades with support values of both UFBoot ≥ 95 and
SH-aLRT ≥ 80 for the ML analyses and posterior probability (PP) ≥ 0.99 for the BI ones
were considered strongly supported. All the above analyses were run on the computational
resource CIPRES [29]. Genetic divergences were calculated as uncorrected p-distances
using MEGA 7.0 [30].

3. Results
3.1. Kalitrema Kalitrema Travassos, 1933 (Figures 1 and 2)

Type host and locality: Hypostomus punctatus Valenciennes (=Plecostomus punctatus)
(Siluriformes: Loricariidae), Cachimbal stream (Paraiba do Sul River basin), Pinheiral, Rio
de Janeiro, Brazil.

New hosts: Hypostomus alatus Castelnau, Hypostomus francisci (Lütken)
Prevalence: 2/9 (22.2%) of Hypostomus alatus, 4/143 (2.8%) of H. francisci.
Mean intensity of infection: 1.2 (1–2).
Site of infection: Anterior intestine.
Localities: Paraobepa River; Upper São Francisco River basin, at its portion at the

municipalities of Brumadinho and São Joaquim de Bicas, state of Minas Gerais, Brazil.
Voucher material: UFMG-TRE134–136 and CHIOC 40218–40220
Representative DNA sequences: Two isolates, one recovered from each host species:

partial 28S (OR541121 and OR541122, identical sequences, 943 bp long); partial ITS (OR555847
and OR555848, identical sequences, 803 bp long); and partial cox1 (OR537891 and OR537892,
identical sequences, 753bp long).

Redescription (Figures 1 and 2) (measurements of syngenophores in Table 1 and
hologenophore in the description): Body relatively large, linguiform, dorso-ventrally flat-
tened, 8250. Maximum width at distal caeca, 3400. Body surface with small, dome-shaped,
non-ciliated tegumental papillae (about 11–13 in diameter) (Figure 2B,C). Collar-like circu-
lar ridge at the anterior part of the body. Posterior extremity with a median notch. Oral
opening terminal. Pharynx muscular, well developed, with extramural sacs, subspherical,
elongated-oval or transversely oval, 416 long and 572 wide (Figure 1B). Oesophagus long,
narrow, curved or straight, 1843 long. Oesophageal bulb absent. Intestinal bifurcation
in the anterior half of the body, posterior to the genital pore. Distance from intestinal
bifurcation to anterior extremity, 2463 (30% of body length). Caeca blind, with thin walls
and narrow lumen, slightly sinuous, extending up to posterior half of body, far short of
ventral sucker. Acetabulum (ventral sucker) small in relation to body size, muscular, well
developed, subspherical, elongate-oval or transversely oval, 922 long, 953 wide. Testes two,
small, subspherical, elongate-oval or transversely oval, entire or slightly lobed, symmetrical
or subsymmetrical, separated, irregular, extracaecal or slightly overlapping caeca, in the
anterior half of body close to intestinal bifurcation. Distance of testes from anterior end
2238, 27% of body length. Right testis, 454 long, 223 wide; left testis, 367 long, 215 wide.
External seminal vesicle thin-walled, elongate, partitioned, 434 long, 124 wide. Cirrus sac
subspherical or elongate-oval, 286 long, 206 wide, contains internal seminal vesicle proxi-
mally. Internal seminal vesicle thin-walled, elongate, coiled, 372 long, 73 wide (Figure 1C).
True genital sucker absent. Genital pore surrounded by glandular tissue, median, posterior
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to pharynx, prebifurcal. Ovary small, spherical, subspherical or transversely oval, entire,
submedian, posterior to caecal ends, at some distance from the acetabulum, 261 long, 291
wide. Post-ovarian region 2700, 33% of body length. Laurer’s canal was not observed.
Seminal receptacle subspherical, elongate-oval or transversely oval, immediately posterior
to the ovary, 136 long, 163 wide. Vitelline follicles in narrow lateral fields, usually caecal,
from mid-caeca, extending slightly posterior to caecal ends. Uterus long, coiled, descending
limb encroaches close to ventral sucker, ascending limb intercaecal. Eggs were absent in
the specimens examined. Excretory vesicle and duct not observed.

Table 1. Comparative metrical data of Kalitrema kalitrema Travassos, 1933 from Hypostomus spp. from
Brazil.

Source Present Study Travassos (1933)

Host Hypostomus alatus Hypostomus punctatus
Hypostomus francisci

N N = 6 N = 2

Body L 7729 (6175–9900) 7000, 8700
W 2979 (2100–4400) 2600, 3000

Body length/body width 1:2.59 (1:2.25–3.34) –
Pharynx L 421 (260–595) –

W 493 (355–691) –
Oesophagus L 1314 (1035–1759) 780,1300
DTRAE 1117 (821–1386) 800, 900
Acetabulum L 823 (601–1095) 760

W 797 (631–969) 780
DIBAE 1810 (1453–2271) –
Right testis L 300 (190–417) 570

W 315 (211–485) 390, 440
Left testis L 331 (216–382) 570

W 346 (140–797) 390, 440
External seminal vesicle L 378 (243–478) –

W 61 (45–93) –
Cirrus-sac L 252 (110–348) –

W 191 (105–367) –
Internal seminal vesicle L 304 (206–382) –

W 73 (50–95) –
GRSGP L 363 (276–553) 310, 390

W 369 (230–558) 310, 390
Genital pore opening L 81 (62–140) –

W 100 (61–209) –
Ovary L 299 (221–373) 350

W 354 (281–450) 360
Seminal receptacle L 165 (122–208) –

W 175 (148–211) –
DBOT 3400 (2537–4150) –
Post-ovarian region % 31 (23–34) –
Egg L n/a 160, 168

W n/a 96, 112

Abbreviations: DTRAE = distance from transverse ridge to anterior extremity, DIBAE = distance from intesti-
nal bifurcation to anterior extremity, DBOT = distance between ovary and testes, GRSGP = Glandular region
surrounding genital pore L = Length, W: width, n/a = not available.
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Figure 1. Kalitrema kalitrema ex Hypostomus alatus from Brazil: (A) complete specimen, ventral view;
(B) detail of the pharynx, ventral view; (C) details of the terminal genitalia. Scale bars (A): 2 mm,
(B,C): 250 µm. Abbreviations: CS—Cirrus sac, ES—extramural sac, ESV—External seminal vesicle,
GP—genital pore, ISV—internal seminal vesicle, Oe—Oesophagus, OO—oral opening, Ph—pharynx,
Ut—uterus.

Remarks

Specimens evaluated in the present study correspond well to the generic diagnosis of
Kalitrema provided by Travassos [13] and Jones [8] in having extracaecal testes, linguiform
body with anterior end demarcated by a circular ridge, notched posterior extremity, and
small acetabulum not papillate on the luminal surface. Therefore, the identification of the
amphistome as Kalitrema kalitrema, the type and only species of the genus, was straight-
forward. The specimens also matched the morphometrics of the original material, e.g.,
body length (6175–9900 vs. 7000–8700), body width (2100–4400 vs. 2600–3000), acetabulum
length×width (601–1095× 658–969 vs. 760× 780) and in ovary length×width (221–373 ×
281–450 vs. 350 × 360). Even though K. kalitrema was originally described as possessing
a genital sucker, evaluation of the type and newly collected material revealed that a true
genital sucker is absent; in fact, numerous glandular cells are present surrounding the
genital pore in a slightly elevated area (see Figure 2). Furthermore, the detailed description
of the terminal genitalia revealed, for the first time, the presence of a cirrus sac, which
was previously overlooked. In the original description, Travassos [13] did not assign any
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specimen as the holotype, so the syntype CHIOC-10279b is designated herein as lectotype,
i.e., the name-bearer of the taxon when a holotype has not been originally determined [31].
Mandatorily, the specimen CHIOC-10279a becomes the paralectotype.

An interesting finding related to the host-parasite interrelationship in the infection
site that deserves to be mentioned is that the worms were found with the lateral parts
ventrally bent, occupying much of the intestinal lumen and distending it (Supplementary
Material—Video).
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Figure 2. Kalitrema kalitrema ex Hypostomus alatus from Brazil: (A) Whole view of a stained specimen.
(B) Dorsal and (C) lateral view of small dome-shaped tegumental papillae. (D) Detail of cirrus sac.
Scale bars (A): 2 mm, (B,C): 50 µm, (D): 100 µm. Abbreviations: CS—Cirrus sac, ESV—External
seminal vesicle, GP—genital pore, ISV—internal seminal vesicle, Ut—uterus.

3.2. Molecular Analyses

Two sequences for each marker (28S, ITS, cox1) were successfully generated for the
isolates of K. kalitrema (one from each host species, H. alatus and H. francisci). Since all
sequences of individual markers were identical, only one of each fragment was used in the
downstream phylogenetic analyses.

The alignment of 39 sequences using the 28S dataset comprised 1072 positions, in-
cluding 227 parsimony informative sites. The trees resulting from the ML and BI were
identical in topology (Figure 3), except that in the BI tree, the clade of Pseudocladorchis
Daday, 1907 emerged in a polytomy. Kalitrema kalitrema appeared as an early diverging
lineage of a large, well-supported clade (UFBoot = 96; SH-aLRT = 92.8; PP = 1), sister to
all remaining Neotropical cladorchiids parasitizing fish; Catadiscus marinholutzi Freitas
and Lent, 1939 (Diplodiscidae), known from anurans in Brazil, is placed as sister to all
fish Neotropical cladorchiids yet with no statistical support. The entire Neotropical clade
is sister to an assemblage comprising the Palaearctic species Ophistodiscus diplodiscoides
Cohn, 1904 (Cladorchiidae) + Diplodiscus spp. (Diplodiscidae) parasites of amphibians;
both clades are, in turn, sisters to a highly eclectic, earliest-diverging clade, composed of the
fish helostomatine Helostomatis cf. helostomatis (MacCallum, 1905) from the Indomalayan
region + the fish dadayiines Amurotrema dombrowskajae Achmerow, 1959 and Pisciamphis-
toma stunkardi (Holl, 1929) from the Palaearctic and Nearctic regions, respectively, + the
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dugong solenorchiine Solenorchis travassosi Hilmy, 1949 from the Australasian region +
two unidentified species of the anuran schizamphitomine genus Megalodiscus Chandler,
1923 from the Nearctic. No cladorchiid subfamily with more than one representative, i.e.,
Dadayiinae, Kalitrematinae, and Schizamphistominae, were found as monophyletic in the
phylogenetic analysis. The Cladorchiidae itself is paraphyletic relative to the inclusion of
diplodiscid members. Pairwise comparison shows that K. kalitrema diverged by 5.2 to 7.5%
(44–61 nt difference) from other Neotropical taxa and by 8.8 to 12.6% (70–106 nt difference)
from the remaining species.
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Figure 3. Maximum likelihood (ML) phylogram based on the 28S dataset of the selected Cladorchiidae
and Diplodiscidae. GenBank accession numbers are followed by the taxon and host names. The newly
obtained sequence is in bold. Branch length scale bar indicates the number of substitutions per site. The
species names are colored according to the current subfamilial or familial morphology-based classification.

The ITS2 alignment included only 11 sequences of cladorchiid and diplodiscid param-
phistomes and comprised 289 positions with 77 parsimony informative sites. The small
number of taxa used in the analysis decreases the explanatory power of this dataset. Nev-
ertheless, in the ML tree (Figure 4A), K. kalitrema appeared in a virtual polytomy (due to
the presence of unsupported internal branches, collapsed in the BI tree) together with the
Neotropical fish dadayiine Doradamphistoma spp. and Dadaytrema spp. (representatives of
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both genera are placed in a well-supported clade), and species of Diplodiscus from the frog
Rana dybowskii Günther in the Palaearctic realm. The genetic divergence between K. kalitrema
and its relatives from the Neotropical region ranged from 14.8 to 18.4% (38–47 nt difference),
while from Diplodiscus spp. the divergence ranged from 21.6 to 22% (55–56 nt difference).
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The cox1 alignment included 47 sequences of the selected paramphistomes and com-
prised 265 positions with 143 parsimony informative sites. Despite a better taxon coverage
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than for the ITS2 dataset, the overlapping sites among the sequences are not comprehen-
sive, so a large portion of the alignment was excluded after the Gblock analysis. The trees
obtained from the ML and BI analyses show similar interrelationships—considering the
terminal clades—among the paramphistomid taxa. Three major clades can be recognised
(Figure 4B): the earliest diverging is composed of the anuran schizamphistomine Megalodiscus
temperatus (Stafford, 1905) and the rodent cladorchiine Neostichorchis subtriquetrus (Rudolphi,
1814) (=Stichorchis subtriquetrus), both from the Palaearctic realm; the second clade is formed
by paramphistomes of anurans, i.e., diplodiscid species of Diplodiscus (three taxa) and the
schizamphistomine O. diplodiscoides, all from the Palaearctic region; the third clade encom-
passes only Neotropical taxa of the Dadayiinae and Kalitrematinae (both non-monophyletic)
parasitising fish. In this later clade, K. kalitrema emerged as a sister to another kalitrematine
species, Iquitostrema papillatum Pantoja, Scholz, Luque and Jones, 2018, but the lack of branch
support prevents any assumption of a close relationship between these taxa. Kalitrema kalitrema
diverged by 15.2 to 21.1% (34–56 nt difference) from other Neotropical taxa and by 19.6 to
24.9% (51–66 nt difference) from the remaining species.

4. Discussion

Amphistome trematodes, commonly referred to as “rumen flukes,” pose a substantial
threat to a wide range of wildlife and domestic animals, particularly ruminants. The pres-
ence of these parasites leads to considerable economic losses in the livestock industry. In
light of this, extensive scientific research has been conducted to explore the host-parasite
interactions associated with these trematodes, aiming to identify potential targets for treat-
ment and control strategies [32,33]. Many of these studies rely on molecular data to address
pertinent questions, and a substantial number of sequences are already accessible in the
GenBank database. Conversely, fish paramphistomoids have received considerably less
research focus, and the molecular characterization of most of these species is still lack-
ing [10,11]. This knowledge gap hinders our ability to confidently unravel the evolutionary
relationships of this highly diverse group and assess species boundaries, especially in South
American drainages. In this study, the integration of molecular and morphological analyses
made it possible to effectively redescribe K. kalitrema, a rare Neotropical fish amphistome,
and elucidate its evolutionary relationships. Additionally, this study evaluated the system-
atic significance of key morphological features traditionally used to characterize distinct
taxa at higher levels of classification.

While Travassos [13] acknowledged the distinct morphology of K. kalitrema, certain
features were either misinterpreted or overlooked, preventing a comprehensive characteri-
zation. For instance, we confirmed the presence of a cirrus-sac in the species, as observed in
other cladorchiids; this feature is even used to differentiate paramphistomes of mammals
from those of cold-blooded vertebrates, including the Cladorchiidae [7,8]. In the differential
diagnoses of both Kalitrematinae and Kalitrema, Jones [8] expressed uncertainties regarding
the presence of a genuine genital sucker. Our findings have confirmed the absence of this
feature in K. kalitrema. Instead, the species exhibits a glandular area that is slightly ele-
vated and surrounds the genital pore. It is noteworthy that many Neotropical cladorchiids
previously described as possessing a genital sucker may not have this structure. A more
detailed morphological evaluation, as observed in recent studies [10, 11, present study],
could provide further evidence supporting this prediction.

The findings from the multi-loci molecular analyses provide support for recent phy-
logenetic studies [11,17,18] in several aspects: (i) the inclusion of Diplodiscidae renders
Cladorchiidae as non-monophyletic; (ii) Dadayiinae, Kalitrematinae, and Schizamphistomi-
nae are artificial assemblages of unrelated taxa; (iii) Neotropical fish cladorchiids are so
far monophyletic; (iv) zoogeography likely played a significant role in the evolutionary
history of paramphistomes, as all Neotropical taxa, including C. marinholutzi from anurans,
consistently clustered together in the same clade, albeit with low support. It is evident
that comprehensive revisions in the classification of Paramphistomoidea are necessary
to accurately reflect the evolutionary relationships among its members. For instance, the
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subfamilial classification scheme of the highly diverse Cladorchiidae, currently comprising
ten taxa, requires a critical reassessment due to the non-monophyly observed in most
groups for which molecular data are available. Features such as the number (one or two)
and position (intercaecal, caecal or extracaecal) of testes are of limited systematic value and
should be avoided in the new scheme. However, among the 69 genera within Cladorchi-
idae, many of which are monotypic, only 14 have representative sequences available for
comparison. Therefore, taxonomic actions should be approached cautiously, given the
current state of knowledge. Considering these factors, we propose a refined concept of
Kalitrematinae sensu stricto, encompassing only Kalitrema (the type genus) and its sole
species. Other members of Kalitrematinae sensu lato that have not yet undergone molecular
characterization, i.e., Betamphistoma Thatcher and Jégu, 1996, Brevicaecum McClelland, 1957,
Micramphistoma Thatcher, 1992, and Nicollodiscus Srivastava, 1939, or even representatives
of different subfamilies may demonstrate close relationships to K. kalitrema and should be
included within this revised scheme.

The host spectrum of fish cladorchiids varies among taxa. While many species are
known only from one species (oioxenous specificity), others have been found infecting
multiple hosts even from different orders (euryxenous specificity), with a particular em-
phasis on serrasalmids (Characiformes), and pimelodid and doradid catfishes (Siluri-
formes) [7,10,11]. Kalitrema kalitrema is documented for the first time in H. francisci and H.
alatus, indicating a stenoxenous specificity, meaning it can be restricted to congeners. On the
other hand, the recent report of the species in Loricaria cataphracta L. from Amazonia during
an ecological study [34] indicates that this fish amphistome could infect other loricariid
genera. However, a detailed morphological characterization and molecular comparison
with the data presented here are necessary to confirm this hypothesis. Nevertheless, yet
originally described from the Paraiba do Sul River basin, the occurrence of K. kalitrema in the
São Francisco River basin is not unexpected due to the complex geomorphological processes
that have occurred in these hydrological drainages, resulting in shared ichthyofauna [35,36]
and likely shared parasites.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/d15101034/s1, Video—Kalitrema kalitrema in the intestinal lumen of
Hypostomus francisci from Brazil.
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