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Abstract With only six recognised genera, the family

Clinostomidae Lühe, 1901 remains a global research

interest of parasitologists and ecologists. Recent efforts

have focused on providing molecular data to investigate

species diversity, elucidate life-cycles, and make infer-

ences on the group’s evolutionary history. Of the

clinostomid genera, the monotypic Ithyoclinostomum

Witenberg, 1926 has remained more enigmatic com-

pared to the commonly encounteredClinostomumLeidy,

1856. Recent morphological and molecular evidence

from metacercariae suggests a second Ithyoclinostomum

species may exist in freshwater cichlids in Central

America and Mexico. In a recent survey of great blue

herons Ardea herodias L. from commercial catfish

production farms in Mississippi, USA, two specimens

of an abnormally large ([ 20 mm) clinostomid were

encountered in the oesophagus of a single bird. These

specimens were identified as an Ithyoclinostomum sp.

morphologically distinct from the only nominal species

Ithyoclinostomum dimorphum (Diesing, 1850). Using

morphological and molecular data these adult specimens

were confirmed as conspecific with the larval metacer-

cariae previously described from Central America and

Mexico and represent the novel species, Ithyoclinosto-

mum yamagutii n. sp.
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Introduction

Clinostomid trematodes are cosmopolitan parasites

found as adults in the buccal cavity and oesophagus of

birds, reptiles and occasionally mammals, including

humans (Kanev et al., 2002). The family Clinostomi-

dae Lühe, 1901 currently contains four subfamilies for

its six recognised genera (Kanev et al., 2002; Caffara

et al., 2019). The subfamily Clinostominae Lühe, 1901

is comprised of two genera: Clinostomatopsis Dollfus,

1932 and the well-known type-genus Clinostomum

Leidy, 1856. The Euclinostominae Yamaguti, 1958

and Ithyoclinostominae Yamaguti, 1958 both contain

only one genus, Euclinostomum Travassos, 1928 and

Ithyoclinostomum Witenberg, 1926, respectively.

Lastly, Nephrocephalinae Travassos, 1928 contains

two genera, Nephrocephalus Odhner, 1902 and

Odhneriotrema Travassos, 1928, uniquely found in

the buccal cavity and oesophagus of reptiles (Kanev

et al., 2002). Recent efforts at unraveling the species

diversity of the Clinostomidae have focused heavily

on Clinostomum spp. and the inclusion of molecular

data has revealed an unprecedented global diversity of

species (Gustinelli et al., 2010; Caffara et al., 2011;

Locke et al., 2015; Rosser et al., 2017, 2018; Sereno-

Uribe et al., 2013, 2018). Comparably, limited studies

have applied these molecular techniques to answer

questions of higher-level taxonomic placement of the

genera within their subfamilies (Caffara et al.,

2016, 2019; Woodyard et al., 2017; Briosio-Aguilar

et al., 2018), but molecular data are still lacking for the

genera Clinostomatopsis and Nephrocephalus.

The genus Ithyoclinostomum was originally estab-

lished for an adult clinostomid from the oesophagus of

piscivorous birds from Brazil with a long, narrow body

capable of reaching several cm in length (Witenberg,

1926; Kanev et al., 2002). Currently the genus is

represented only by the type-species, Ithyoclinosto-

mum dimorphum (Diesing, 1850) from Ardea cocoi L.,

Ardea alba L., Nycticorax nycticorax (L.), and Tigri-

soma lineatum (Boddaert) from South American

localities (Diesing, 1850; Lent & Freitas, 1937; Dias

et al., 2003; Pinto et al., 2004). Ithyoclinostomum

dimorphum is the largest described clinostomid

trematode, capable of reaching 100 mm in length.

There are limited recorded accounts of adults of this

enigmatic trematode (Braun, 1899; Travassos, 1928;

Lent & Freitas, 1937; Dias et al., 2003; Pinto et al.,

2004) and the current morphological basis for the

genus (and its lone species) is based on a small number

(\5) of adult specimens (Braun, 1901; Lent & Freitas,

1937; Dias et al., 2003).

Metacercariae morphologically resembling I.

dimorphum have been reported from a variety of

freshwater fish in Central and South American local-

ities (see Briosio-Aguilar et al., 2018 and references

therein). More recently metacercariae identified as an

Ithyoclinostomum sp., but lacking the elongate and

attenuated anterior region characteristic of I. dimor-

phum were encountered in cichlid fish in Mexico and

Costa Rica (Briosio-Aguilar et al., 2018), which

provided the first molecular data for an Ithyoclinos-

tomum sp. It should be noted, however, that Briosio-

Aguilar et al., (2018) were tentative in their generic

identification of these specimens owing to the distinct

morphological differences from I. dimorphum. How-

ever, they did provide sufficient evidence to support

their assertion this likely represents a novel species of

Ithyoclinostomum, on the occasion the adult stage is

encountered and described.

In a recent survey of piscivorous birds in Missis-

sippi, USA adult clinostomids morphologically

resembling the metacercariae described in Briosio-

Aguilar et al. (2018) were collected. Using morpho-

logical and molecular data these two stages are united

and herein is proposed a second nominal species,

Ithyoclinostomum yamagutii n. sp.

Materials and methods

Trematode collection and morphological

characterisation

Thirteen great blue herons Ardea herodias (L.) were

collected from four commercial catfish farms in

Lowndes and Noxubee County, Mississippi, USA

from April to May 2019. Herons were collected

pondside using shotguns (IACUC QA 2853) and

transported on ice to the Parasitology Laboratory at the

College of Veterinary Medicine, Mississippi State

University, Mississippi State, Mississippi, USA. Sex

was determined at necropsy.

A complete parasitology necropsy was performed

on each bird within 15 hours of collection. The oral

cavity was examined for attached clinostomid trema-

todes and all were removed and placed in physiologic

saline (0.9% NaCl). The entire gastrointestinal tract
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was removed and cinched into sections (oesophagus,

proventriculus, small intestine, and cecum with large

intestine) using plastic zip ties. Each section was

excised and placed into a container with physiologic

saline. These sections of intestinal tract were opened

longitudinally, and the mucosal lining and organ

contents were gently scraped into a 38-lm aperture

brass sieve. Helminths were relaxed by pouring

boiling saline over the screened contents and organs

prior to preservation in 70% molecular biology grade

ethanol (modified from Pritchard & Kruse, 1982).

Two abnormally large ([ 20 mm) clinostomid

trematodes (Fig. 1) were observed in the oesophagus

of a single female great blue heron. These were

individually relaxed and preserved as previously

described. Each worm was individually placed into a

sterile Petri dish and submerged in 70% molecular

ethanol. With the aid of a dissecting microscope

(Olympus SZ60, Olympus Optical Co. Ltd., Tokyo,

Japan), sections of the right posterior margin of each

worm were excised using sterile scalpels to create

hologenophore specimens for further morphological

and molecular characterisation. Care was taken to

excise only parenchyma tissue and not cut through any

morphologically informative organs. Each excised

section of tissue was placed individually into separate

microcentrifuge tubes for genomic DNA extraction.

Trematode staining and morphological

characterisation

Hologenophores (n = 2) were transitioned from 70%

ethanol to distilled water through a decreasing series

of 1-hour ethanol washes (50% and 30%) before

staining with Van Cleave’s hematoxylin. Worms were

dehydrated, cleared in methyl salicylate, and mounted

in Canada balsam. The line drawing was made using a

camera lucida and digitized using Adobe Illustrator

CC 2019 (Adobe, San Jose, California, USA). Mor-

phological data were recorded using an Olympus

BX53 microscope with differential interference con-

trast microscopy optics, DP74 digital camera and the

accompanying cellSens v. 1.18 software (Olympus

Optical Co. Ltd.). Morphological data are reported in

micrometres, unless otherwise stated, and are repre-

sented as the range followed by the mean in paren-

theses. The holotype has been deposited in the

Smithsonian Institution, National Museum of Natural

History, Washington, DC, USA.

DNA extraction and molecular characterisation

Total genomic DNA was extracted from excised tissue

sections from each hologenophore using the DNeasy

Blood and Tissue Kit (Qiagen, Valencia, California,

USA). A c.4,200-bp region of ribosomal DNA span-

ning the 18S rRNA gene, internal transcribed spacer 1

region (ITS1), 5.8S rRNA gene, ITS2 region, and

partial 28S rRNA gene was sequenced from a single

specimen using the primers and protocols reported in

Rosser et al. (2018). The ITS regions and partial 28S

rRNA gene were sequenced from both clinostomid

specimens. Additionally, the ITS regions and partial

28S rRNA gene were amplified and sequenced from

an archived specimen of Odhneriotrema incommodum

(Leidy, 1856) isolate 1603326 of Woodyard et al.

(2017). A new set of primers were designed to amplify

a c.600-bp region of the mitochondrial cytochrome

c oxidase subunit 1 (cox1) gene: Clino_gen_F: 50-
GAT TGA ATC TGT GTG ATC CTT ATT-30 and

Fig. 1 Photograph of live Ithyoclinostomum sp. (arrows) and

Clinostomum spp. (arrowheads) attached to oesophageal

mucosa of Ardea herodias collected from commercial catfish

operation in Lowndes County, Mississippi, USA. Scale-bar: 20

mm
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Clino_gen_R: 50-CAC AAA TAT GAC TAA TAA

CCC CAA-30. Briefly, for the new cox1 primers, each

20-ll polymerase chain reaction consisted of 7 ll of

nuclease-free water, 10 ll of Phusion Green Hot Start

II High-Fidelity PCR Master Mix (Thermo Fisher

Scientific, Inc., Waltham, Massachusetts, USA), 10

lM of each primer, and 1 ll of genomic DNA (c.10 ng/

ll). Cycling parameters for the cox1 primers were

98�C for 3 min, 40 cycles at 98�C for 10 s, 55�C for 30

s, 72�C for 1 min, and a final extension step at 72�C for

10 min.

Amplicons were passed electrophoretically through

0.8% sodium borate buffered agarose gels in the

presence of ethidium bromide (0.5 lg/ml). Each

amplicon was compared to a concurrently run molec-

ular weight ladder (HyperLadderTM 50 bp, Bioline,

London, UK) to determine the appropriate size band

for excision. Target amplicons were excised and

purified using the QIAquick Gel Extraction Kit

(Qiagen Inc.). Each product was bidirectionally

sequenced (Eurofins MWG Operon LLC, Louisville,

Kentucky, USA) using both forward and reverse

primers for each target. Chromatograms were aligned

and annotated using Geneious Prime� 2019.2.1

(Biomatters Ltd., Auckland, New Zealand) and

ambiguous bases were resolved manually. Each

sequence was compared to publicly available

sequences of other clinostomid trematodes through a

BLASTN search of the National Center for Biotech-

nology Information non-redundant nucleotide data-

base (NCBI nr/nt) (Altschul et al., 1990).

Phylogenetic analysis

Published sequences derived from representatives

of the Clinostomidae were downloaded from the NCBI

nr/nt database. Downloaded sequences were com-

prised of representatives from all sequenced clinosto-

mid genera wherein ITS1, 5.8S rRNA gene, ITS2, 28S

rRNA gene, and cox1 gene sequence data were

available. ITSx v. 1.0.11 was used to extract the

ITS1, 5.8S rRNA gene, and ITS2 region from each

downloaded sequence (Bengtsson-Palme et al., 2013).

Sequences were aligned using MAFFT v. 1.3.7 in

Geneious Prime� (Katoh et al., 2002; Katoh &

Standley, 2013). Alignments were trimmed and any

positions containing at least one gap were removed

before concatenation for a final alignment containing

2,086 positions. The Bayesian information criterion

was used to select the nucleotide substitution model

that best fits the data for each aligned region (Nei &

Kumar, 2000; Kumar et al., 2016): cox1 codon

position 1 (TN93 ? I; 144 positions), cox1 codon

position 2 (JC; 144 positions), cox1 codon position 3

(HKY ? G; 144 positions), ITS1 region (K2 ? G; 463

positions), 5.8S rRNA gene (JC; 157 positions), ITS2

region (GTR ? G ? I; 294 positions), and 28S rRNA

gene (HKY ? G; 740 positions). Bayesian inference

analysis was performed using MrBayes v. 3.2.6

(Ronquist & Huelsenbeck, 2003) with Markov chain

Monte Carlo searches of two simultaneous runs of four

chains with sampling occurring every 100th tree for

1,000,000 generations. With the value of the standard

deviation of split frequencies\0.01, the first 25% of

trees were discarded as ‘‘burn-in’’ and posterior

probabilities were calculated from the remaining

trees. Maximum likelihood analysis was performed

using IQ-Tree on the IQ-Tree web server (Nguyen

et al., 2015; Trifinopoulos et al., 2016) with the same

concatenated alignment and partitioning scheme as

previously described. Branch support was tested by

the ultrafast bootstrap method (Minh et al., 2013) with

1,000 pseudoreplicates. In addition to the aforemen-

tioned molecular methods of tree construction, a

cladogram depicting the currently accepted morphol-

ogy-based classification of clinostomids (Kanev et al.,

2002) was made using a text editor. Phylogenetic trees

and the morphology-based cladogram were analysed

in FigTree 1.4.2 (Rambaut, 2014) and refined in

Adobe Illustrator CC 2019 (Adobe). Pairwise dis-

tances were calculated using Geneious Prime�.

Family Clinostomidae Lühe, 1901

Genus Ithyoclinostomum Witenberg, 1926

Ithyoclinostomum yamagutii n. sp.

Type-host: Ardea herodias (L.) (Pelicaniformes:

Ardeidae), great blue heron, $.

Type-locality: Lowndes County, Mississippi, USA.

Type-material: The holotype (USNM 1548282) is

deposited in the Smithsonian Institution, National

Museum of Natural History, Washington, D.C., USA.

Infection parameters: Prevalence: 7.7% (1 out of 13

birds); abundance: range 0–2; mean intensity 2.0

worms per infected bird.

Site in host: Oesophagus.
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Representative DNA sequences: GenBank

MN696159-MN696162 (ribosomal regions) and

MN696163-MN696164 (cox1 gene).

Etymology: The specific epithet is in reference to the

renowned Satyu Yamaguti for establishing the sub-

family Ithyoclinostominae and his eminence in the

field of trematode systematics.

Description (Figs. 1–4)

[Based on the holotype and 1 paratype. All measure-

ments taken from Van Cleave’s hematoxylin stained

and Canada balsam mounted gravid worms, see

Table 1.] Body large, linguiform, dorsally convex,

ventrally concave, widest at midpoint, 24,218–25,238

9 6,088–6,505 (24,728 9 6,297). Tegument lacking

surface spines. Anterior extremity contains incom-

plete oral collar-like fold surrounding oral sucker. Oral

sucker subterminal, small, 429–641 9 807–839 (535

9 823). Pharynx present, 600 9 467 (n = 1).

Oesophagus absent. Intestinal caeca simple, bifurcate

just posterior to pharynx and laterally extend almost to

posterior extremity of body. Ventral sucker, large,

located near anterior extremity of the body, close to

oral sucker, 2,219–2,436 9 2,108–2,462 (2,327 9

2,285). Small, tegumental papillae visible on the

ventral surface just anterior to ventral sucker

(Fig. 4A). Distance between oral and ventral sucker

1,089–1,889 (1,489).

Testes 2, tandem, median, intercaecal, deeply

lobed, located in upper region of posterior fourth of

body. Anterior testis with 4 lobes, H-shaped,

1,995–2,024 9 2,661–2,708 (2,010 9 2,685), anterior

lobes longer than posterior lobes. Posterior testis with

4 lobes, X-shaped, 1,502–2,000 9 1,944–2,084 (1,751

9 2,014), lobes roughly the same size. Distance

between testes 672–914 (793). Cirrus-sac ovoid,

small, median to slightly dextral, 639–649 9

742–776 (644 9 759), just anterior to anterior testis.

Cirrus not observed. Distance from posterior margin

of posterior testis to body terminus, 2,838–2,874

(2,856).

Ovary small, intertesticular, dextral, ovoid, smooth,

630–698 9 493–591 (664 9 542). Mehlis’ gland large.

Seminal receptacle present, with Laurer’s canal

opening on dorsal surface at level of anterodextral

margin of posterior testis (Fig. 4B). Uterine duct

intracaecal, emerging from oötype region and extend-

ing anteriorly along sinistral margin of anterior testis

before opening into uterine sac, details difficult to

discern due to the presence of eggs. Uterine sac, well

developed, 11,166–11,560 (11,363) long, filled with

thousands of eggs, occupying almost entire median

field between ventral sucker and anterior testis.

Distance from posterior margin of ventral sucker to

anterior margin of uterine sac 1,445–1,771 (1,608).

Metraterm muscular, leads from posterior margin of

uterine sac into genital atrium. Genital pore just

pretesticular, median vitelline fields restricted mostly

to lateral margins of body, begin at level of ventral

sucker and extend to posterior extremity of body.

Vitelline follicles small, in clusters, median and lateral

relative to caeca except for gonadal region where they

are primarily laterally positioned. Vitelline follicles

confluent only posterior to gonads. Eggs (n = 30)

operculate, 135–145 9 83–90 (139 ± 2.0 9 86 ± 1.5),

often located within uterine sac, uterine duct, and

oötype region.

Excretory pore ventrally subterminal with an

irregularly Y-shaped vesicle.

Remarks

Adult specimens of I. yamagutii n. sp. in this study are

morphologically similar to metacercariae described in

Briosio-Aguilar et al. (2018) and both fit the generic

description of Ithyoclinostomum according to Baer

(1933), Lent & Freitas (1937), Skrjabin (1947),

Travassos et al. (1969) and Kanev et al. (2002). This

generic identity is reached by I. yamagutii n. sp.

having a pre-testicular cirrus-sac, deeply lobed testes,

a greater body length relative to species of the other

genera in the family Clinostomidae, and the portion of

the body between the ventral sucker and anterior testis

being void of internal organs (Lent & Freitas, 1937;

Travassos et al., 1969; Kanev et al., 2002). However, I.

yamagutii n. sp. differs from the sole species within

the genus, I. dimorphum, in several qualitative and

quantitative features. The overall body of I. dimor-

phum is elongated and attenuated anteriorly and may

reach up to 100 mm in length. Ithyoclinostomum

yamagutii n. sp. is approximately 1/5 the length of I.

dimorphum and is not elongated and attenuated

anteriorly to the extent of I. dimorphum (Table 1).

The ventral sucker dimensions of I. yamagutii n. sp.

are consistently larger ([2 mm in length and width)

than those of I. dimorphum (\ 1.8 mm in diameter).

Similarly, the dimensions of both testes and ovary of I.
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dimorphum are larger than those of I. yamagutii n. sp.

and the placement of the cirrus-sac in I. dimorphum is

consistently antero-dextral relative to the anterior

testis compared to the median to slightly dextral

positioning in I. yamagutii n. sp. The ovary of I.

dimorphum is described as being lobed in all accounts

of adults and metacercariae, compared to the smooth

ovary in accounts of I. yamagutii n. sp. adults and

metacercariae (Briosio-Aguilar et al., 2018). The

distance between the posterior margin of the ventral

sucker and anterior margin of the uterine sac is

considerably longer in I. dimorphum (63,3265 vs 1,608

Fig. 2 Photomicrographs of Van Cleave’s hematoxylin-stained Ithyoclinostomum yamagutii n. sp. ex Ardea herodias from

commercial catfish operation in Lowndes County, Mississippi, USA. A, Holotype; B, Paratype. Scale-bar: 5 mm
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lm). While body morphometric data may exhibit

plasticity as trematodes develop, both specimens in

this study were gravid and more rigid characters such

as egg dimensions can also be used to contrast I.

yamagutii n. sp. with I. dimorphum: eggs of I.

yamagutii n. sp. are distinctly larger than those of I.

dimorphum (135–145 9 83–90 vs 100–107 9 57–64

lm).

As noted by Briosio-Aguilar et al. (2018) although

the metacercaria and adult stages of I. yamagutii n. sp.

are superficially similar to those of Clinostomatopsis,

they differ in a number of taxonomically informative

characters. Although similar in body plan and distri-

bution of the gonads toward the posterior extremity of

the body, Clinostomatopsis spp. differ in having an

intertesticular cirrus-sac and overall body size com-

parable to the other genera within the family (i.e.\20

mm) and do not approach the size of either I.

dimorphum or I. yamagutii n. sp. (Kanev et al.,

2002; Lunaschi & Drago, 2009).

Lent & Freitas (1937) provided measurements from

a single adult of I. dimorphum collected from the

oesophagus of A. cocoi from Brazil which have been

used to newly calculate commonly used ratios in

describing clinostomids and other dimensions previ-

ously not measured (see Table 1). In their description

of metacercariae of an Ithyoclinostomum sp., Briosio-

Aguilar et al. (2018) appear to have misinterpreted the

length and width metrics of the specimen of I.

dimorphum described in Lent & Freitas (1937) by

swapping the measurements for length with those of

width (see Table 2 of Briosio-Aguilar et al., 2018).

Additionally, the ratios calculated by Briosio-Aguilar

et al. (2018) are also affected by this error and have

been clarified in Table 1 of this study. Regardless of

these mishaps, we agree with Briosio-Aguilar et al.

(2018) in their assertion that their metacercariae were

of a previously undescribed Ithyoclinostomum sp.

Metrical data between specimens in this study and

those previously reported for I. dimorphum support the

erection of a second species, Ithyoclinostomum yam-

agutii n. sp.

bFig. 3 Line drawing of the holotype of Ithyoclinostomum

yamagutii n. sp. ex Ardea herodias from commercial catfish

operation in Lowndes County, Mississippi, USA. Scale-bar: 5

mm
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Molecular data

Ithyoclinostomum yamagutii n. sp. shared highest

similarity for all sequenced regions with data obtained

from the metacercariae of Ithyoclinostomum sp. of

Briosio-Aguilar et al. (2018) collected from Cichla-

soma urophthalma (Günther), Herichthys deppii

(Heckel), and Vieja melanura (Günther) from Mexico

and Amphilophus alfari (Meek), Amphilophus longi-

manus (Günther) and Parachromis managuensis

(Günther) from Costa Rica (Table 2). Sequence sim-

ilarities[99 % at these regions suggest the Ithyocli-

nostomum sp. of Briosio-Aguilar et al. (2018) and I.

yamagutii n. sp. are conspecific and are well within the

limits of other molecular studies on clinostomid

trematodes (Sereno-Uribe et al., 2013, 2018; Locke

et al., 2015; Pérez-Ponce de León et al., 2016; Rosser

et al., 2017, 2018)

Phylogenetic analyses assessing the position of

Ithyoclinostomum have been previously performed

using both individual single-locus and concatenated

alignments (Briosio-Aguilar et al., 2018). Herein,

phylogenetic analyses using a concatenated alignment

of cox1, ITS regions, and 28S rDNA sequence data, I.

yamagutii n. sp. and the metacercariae of Briosio-

Aguilar et al. (2018) were within a monophyletic clade

basal to Clinostomum and Euclinostomum and with

Odhneriotrema as the most basal genus in the family

Clinostomidae (Fig. 5). The phylogenetic positioning

of the genera with available sequence data is in

agreement with the morphological based taxonomy of

genera within their subfamilies according to the most

recent clinostomid classification scheme (Kanev et al.,

2002).

Discussion

Ithyoclinostomum is now comprised of two species,

the type-species I. dimorphum and the newly

described I. yamagutii n. sp. While these two species

differ markedly in terms of overall body length, with

adult and metacercariae of I. dimorphum capable of

reaching[100 mm in length and those of I. yamagutii

n. sp. being approximately 1/5th the size of I.

dimorphum, the distribution and shape of their

remaining morphological characters suggest them to

be congeneric. In both species, there is great distance

between the ventral sucker and remaining internal

organs, the gonads are located in the posterior fourth

of the body, the cirrus-sac and genital pore are

pretesticular, and the testes are deeply lobed compared

to the other genera in the family. In addition to the

qualitative features, dimensions of reproductive

organs and eggs can also be used to distinguish the

two species. Testes size and shape of I. yamagutii n.

sp. metacercariae (Briosio-Aguilar et al., 2018) and

adults (this study) are notably conserved in overall

Fig. 4 Photomicrographs of morphological details of Van Cleave’s hematoxylin-stained Ithyoclinostomum yamagutii n. sp. ex Ardea

herodias from commercial catfish operation in Lowndes County, Mississippi, USA. A and inset figure, Tegumental papillae (arrows)

anterior to the ventral sucker of holotype. B, Dorsal opening (arrowhead) of Laurer’s canal on the tegumental surface of the paratype.

Scale-bars: A, B, 1 mm; A inset, 200 lm
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Table 1 Morphological data of Ithyoclinostomum spp. from birds in the Americas

Species Ithyoclinostomum yamagutii n. sp. Ithyoclinostomum dimorphum (Diesing, 1850)

Host Ardea herodias L. Ardea cocoi L.

Locality Mississippi, USA Brazil Para State, Brazil

Reference This study Braun (1901) Lent & Freitas (1937)

BL 24,218–25,238 (24,728) 60–100 mm 90 mm

BW 6,088–6,505 (6,297) 2–6 mm 5 mm

BL/BW 3.72–4.15 (3.93) – 18.0a

OSL 429–641 (535) 0.5 mm

diameter

579

OSW 807–839 (823) 763

OSW/BW 0.13–0.13 (0.13) – 0.15a

PhL 600 – –

PhW 467 – –

VSL 2,219–2,436 (2,327) 1.6 mm

diameter

1.8 mm

diameterVSW 2,108–2,462 (2,285)

VSW/OSW 2.61–2.94 (2.77) – 2.36a

VSW/BW 0.35–0.38 (0.36) – 0.36a

DVSUS 1,445–1,771 (1,608) 63,265b

DBS 1,089–1,889 (1,489) – 1,736

ATL 1,995–2,024 (2,010) – 815

ATW 2,661–2,708 (2,685) – 3,024

ATW/ATL 1.32–1.36 (1.34) – 3.71a

PTL 1,502–2,000 (1,751) – 1,709

PTW 1,944–2,084 (2,014) – 2,893

PTW/PTL 1.04–1.29 (1.17) – 1.69a

DBT 672–914 (793) – 971b

DPTPB 2,838–2,874 (2,856) 3,673b

OVL 630–698 (664) – 1,183

OVW 493–591 (542) – 842

OVW/OVL 0.78–0.85 (0.81) – 0.71a

USL 11,166–11,560 (11,363) 9,864b

CSL 639–649 (644) – 920

CSW 742–776 (759) – 579

CSL/BL 0.78–0.85 (0.81) – 0.01a

EGGL 135–145 (139 ± 2.0) – 100–107

EGGW 83–90 (86 ± 1.5) – 57–64

Note: Measurements are reported in micrometres unless otherwise stated and represent the range followed by mean in parentheses
aRatios calculated based on previous measurements of Lent & Freitas (1937); bMeasurements obtained based on figures 6–7 of Lent

& Freitas (1937)

Abbreviations: BL, body length; BW, body width; OSL, oral sucker length; OSW, oral sucker width; PhL, pharynx length; PhW,

pharynx width; VSL, ventral sucker length; VSW, ventral sucker width; DVSUS, distance between posterior margin of ventral sucker

and anterior margin of uterine sac, DBS, distance between suckers; ATL, anterior testis length; ATW, anterior testis width; PTL,

posterior testis length; PTW, posterior testis width; DBT, distance between testes; DPTPB, distance between posterior margin of

posterior testis and body terminus; OVL, ovary length; OVW, ovary width; USL, uterine sac length; CSL, cirrus-sac length; CSW,

cirrus-sac width; EGGL, egg length; EGGW, egg width
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morphological shape and their distinctly lobed nature.

This is in accordance with metacercariae and adults of

other clinostomids (Caffara et al., 2019).

Briosio-Aguilar et al. (2018) speculated that host

specificity and geographical restriction also separate

these two species. Ithyoclinostomum dimorphum has

thus far been reported from only South American

localities and as metacercariae parasitising characi-

form fish (Braun, 1901; Lent & Freitas, 1937; Szidat,

1969; Weiblen & Brandão, 1992; Machado et al.,

1996; Gallio et al., 2007; Paraguassú & Luque, 2007;

Belei et al., 2013; Benigno et al., 2014; Reis, 2014;

Costa et al., 2015; Delgado et al., 2017; Chagas de

Souza et al., 2018). In contrast, I. yamagutii n. sp. has

been reported in Central and North American local-

ities and in cichlid fish hosts (Briosio-Agular et al.,

2018). We tentatively support Briosio-Aguilar et al.

(2018) in their identification of the single clinostomid

metacercariae from Parachromis managuensis (syn:

Cichlasoma managuense) (Günther) in Nicaragua of

Aguirre-Macedo et al. (2001) as consistent with their

isolates and therefore likely conspecific with I.

yamagutii n. sp. However, no molecular data exist to

fully confirm this speculation. Similarly, Dias et al.

(2003) describe the qualitative ultrastructural mor-

phology of adult clinostomid trematodes collected

from A. cocoi from Brazil and reported as I. dimor-

phum. Morphometric data are not provided but based

on the published figures (namely figure 1 and its

accompanying scale-bar) these specimens are much

shorter than the minimum metric of described I.

dimorphum adults (*8.3 mm compared to 60 mm)

(Dias et al., 2003). These adults do share similarity to

those of I. yamagutii n. sp. in that the worms are

stouter and not as elongate as I. dimorphum and also

have tegumental papillae present along the body

surface just anterior to the ventral sucker (Dias et al.,

2003). In the absence of morphological data from

stained and mounted specimens or molecular data, the

identity of the adult clinostomids of Dias et al. (2003)

may represent that of another clinostomid, possibly

another genus.

Witenberg (1926) established the genus Ithyocli-

nostomum for specimens of an adult clinostomid with

long, narrow bodies capable of reaching several

centimeters in length (up to 100 mm) from the

oesophagus of piscivorous birds collected in Brazil.

Originally named Distoma dimorphum by Diesing

(1850) and later refined into several species by Braun

(1899), Baer (1933) and later Skrjabin (1947) consid-

ered Ithyoclinostomum to be within the subfamily

Clinostominae alongside Clinostomum and Euclinos-

tomum. However, Yamaguti (1958) later erected the

subfamily Ithyoclinostominae for the genus. Kanev

et al. (2002) agreed that Ithyoclinostominae and

Ithyoclinostomum are valid and their key represents

the most recent and comprehensive assessment of the

Clinostomidae, but without the more recent synonymy

of Clinostomoides as a junior synonym of Clinosto-

mum (see Caffara et al., 2019). In all keys to the

subfamily and genus, body length is listed as the

principle distinguishing feature separating Ithyocli-

nostomum from other clinostomid taxa (Witenberg,

1926; Lent & Freitas, 1937; Kanev et al., 2002) with

only some making mention of the distinct deeply

lobate nature of the testes (Lent & Freitas, 1937;

Yamaguti, 1958, 1971; Travassos et al., 1969). These

features are observed in I. dimorphum and now in I.

yamagutii n. sp. and could suggest body length may

need to be reserved as a species-level distinguishing

feature within the genus rather than at the level of

Table 2 Pairwise distance values of sequences obtained from

hologenophores of Ithyoclinostomum yamagutii n. sp. and

metacercariae of Ithyoclinostomum sp. in Briosio-Aguilar et al.

(2018)

Ithyoclinostomum

yamagutii n. sp.

ITS1 region (564 bp) 0–0 (0)

Ithyoclinostomum sp. RBA-2018

MH159753–MH159769

5.8S rRNA gene (157 bp) 0–0 (0)

Ithyoclinostomum sp. RBA-2018

MH159753–MH159769

ITS2 region (266 bp) 0–0 (0)

Ithyoclinostomum sp. RBA-2018

MH159753–MH159769

28S rRNA gene (1,141 bp) 0.00–0.0009 (0.006)

Ithyoclinostomum sp. RBA-2018

MH159736–MH159737

cox1 (432 bp) 0.00–0.009 (0.003)

Ithyoclinostomum sp. RBA-2018

MH159738–MH159752

Note: Values are expressed as the number of base differences

per site and represent the range followed by mean in

parentheses
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subfamily. Conversely, the distinct deeply lobed testes

and pretesticular cirrus-sac, previously considered

species-level descriptors of I. dimorphum, should now

be elevated to diagnostic features of the genus as a

whole. This is consistent with the subfamily diagnosis

of Yamaguti (1958, 1971). The present authors

reassert Yamaguti’s (1958) original diagnosis of the

subfamily Ithyoclinostominae and genus Ithyoclinos-

tomum as valid, but amend these diagnoses to account

for the inclusion of I. yamagutii n. sp. as follows:

Subfamily Ithyoclinostominae Yamaguti, 1958

Genus Ithyoclinostomum Witenberg, 1926

Diagnosis

Body slender or stout, attenuated anteriorly,[20 mm

and up to 100 mm long. Oral sucker small, surrounded

by anterior collar-like thickening of body. Pharynx

present. Oesophagus indistinct or absent. Caeca sim-

ple, without lateral branches or diverticula, terminat-

ing near posterior extremity of body. Ventral sucker

near anterior extremity of body, close to oral sucker.

Testes tandem, deeply lobed, near posterior extremity

of body. Cirrus-sac small, ovoid, pretesticular or

anterodextral relative to anterior testis. Genital pore

immediately pretesticular, median or submedian.

Ovary ovoid, lobate or smooth, submedian, intertes-

ticular. Uterus ascending anteriorly, but not beyond

anterior limit of vitelline follicles. Space between

ventral sucker and anterior limit of vitelline field free

of internal organs. Parasitic as metacercaria in fresh-

water fish and as adult in buccal cavity and oesophagus

of piscivorous birds. South, Central and North

America.

Type-species: I. dimorphum (Diesing, 1850).

Other species: I. yamagutii n. sp.

During the review of the literature for this study, the

taxonomic authority of the genus Ithyoclinostomum

is attributed variably to the years 1925 or 1926 and

is correctly represented herein as Ithyoclinostomum

Witenberg, 1926. To clarify the placement of the

genus Ithyoclinostomum in relation to the other

clinostomid genera, sequence data from the type-

species are needed, but remain unavailable. Simi-

larly, molecular data are needed from the genera

Clinostomatopsis and Nephrocephalus to support

their inclusion in the subfamilies Clinostominae and

Nephrocephalinae, respectively. Regardless, based

on the current phylogenetic placement it appears

that the most basal subfamily in the Clinostomidae

is Nephrocephalinae as previously observed

Fig. 5 Phylogenetic tree and cladogram of the Clinostomidae. A, Phylogenetic tree constructed from concatenated alignment of cox1

gene, ITS1, 5.8S rRNA gene, ITS2, and 28S rRNA gene sequence data. Numbers above the branches represent Bayesian posterior

probabilities and maximum likelihood ultrabootstrap support values based on 1,000 pseudoreplicates (\0.7/70 are indicated by –).

Taxa sequenced in this study are in bold. B, Cladogram constructed based on the current morphological placement of the genera within

the subfamilies of the Clinostomidae. Scale-bar: number of nucleotide substitutions per site
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(Woodyard et al., 2017; Briosio-Aguilar et al.,

2018). This study represents a novel locality as this

is first record of a species of Ithyoclinostomum in

the USA and the great blue heron represents a novel

host record for the genus.

The complete life-cycle of either species of Ithy-

oclinostomum remains unresolved, but likely follows

that of other clinostomids. Clinostomids with known

life-cycles utilise primarily freshwater planorbid

snails as first intermediate hosts, freshwater fish or

amphibians as second intermediate hosts, and preda-

tory birds as definitive hosts (Hunter & Hunter, 1934;

Edney, 1950; Jhansilakshmibai & Madhavi, 1997;

Rosser et al., 2018). Future efforts will focus on

determining if the life-cycle of I. yamagutii n. sp. is

capable of being completed in the ictalurid catfish

aquaculture ponds in Mississippi, USA, where this

species was encountered. These aquatic systems are

known to sustain the life-cycles for Clinostomum

album Rosser, Alberson, Woodyard, Cunningham,

Pote & Griffin, 2017 and Clinostomum marginatum

(Rudolphi, 1819), and likely Clinostomum poteae

Rosser, Baumgartner, Alberson, Noto, Woodyard,

King, Wise & Griffin, 2018 where the marsh rams

horn snail Planorbella trivolvis (Say) is a host for C.

album and C. marginatum (see Overstreet & Curran,

2004; Rosser et al., 2017, 2018).

Herein we report a fourth clinostomid species and a

second clinostomid genus from piscivorous birds

collected from commercial catfish operations in Mis-

sissippi, USA. The description of I. yamagutii n. sp.

documents the second named species within the genus,

expands the geographical range of the genus to include

the USA, and documents another ardeid bird as a host.

The diversity and ecology of the clinostomid trema-

todes warrant further investigation.
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Memórias do Instituto Oswaldo Cruz, 91, 441–448.

Minh, B. Q., Nguyen, M. A. T., & von Haeseler, A. (2013).

Ultrafast approximation for phylogenetic bootstrap.

Molecular Biology and Evolution, 30, 1188–1195.

Nei, M., & Kumar, S. (2000). Molecular evolution and phylo-

genetics. New York: Oxford University Press.

Nguyen, L., Schmidt, H. A., von Haesler, A., & Minh, B. Q.

(2015). IQ-TREE: A fast and effective stochastic algorithm

for estimating maximum likelihood phylogenies. Molecu-

lar Biology and Evolution, 32, 268–274.

Overstreet, R. M., & Curran, S. S. (2004). Defeating diplosto-

moid dangers in USA catfish aquaculture. Folia Parasito-

logica, 51, 153–165.
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