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Resumen

En este trabajo se investigd la posicion filogenética de dos especies de trematodos de la familia
Clinostomidae: Clinostomum heluans e Ithyoclinostomum sp. Entre 2014 y 2016 se realizd trabajo de
campo para la obtencion de helmintos pardsitos de peces dulceacuicolas en diferentes localidades de
Meéxico y Centroamérica en donde se obtuvieron metacercarias de trematodos de gran tamafo en la
cavidad corporal de algunas especies de ciclidos. Las metacercarias fueron procesadas para estudios
morfoldgicos y moleculares. Para el estudio morfologico, fueron tefiidas y montadas en preparaciones
permanentes. Para el trabajo molecular, fueron secuenciados tres marcadores, uno mitocondrial (cox1)
y dos nucleares (ITS1-5.8S-ITS2 y 28S). Para la determinacion taxonémica de las metacercarias, se
examino la literatura con respecto al area de distribucion y el material depositado en la Coleccion
Nacional de Helmintos (CNHE), llegando a la conclusion que éstas podrian corresponder a la especie
Clinostomum heluans. Por ello, el presente estudio estd dividido en dos partes (capitulos). En el
primero, se establece el vinculo molecular entre las metacercarias y los adultos de C. heluans, para
determinar si las metacercarias recolectadas correspondian a esta especie. Se obtuvieron muestras de
tejido de ejemplares tanto adultos como metacercarias de esta especie de clinostomido (de México y
Brasil, respectivamente) y se establecid el vinculo a través del gen cox1. Esto nos permitioé corroborar
que nuestros ejemplares no correspondieron con la especie C. heluans. En el segundo capitulo se utilizé
la reconstruccion filogenética de las metacercarias recolectadas junto con las secuencias disponibles en
el GenBank de otros clinostomidos, utilizando para ello los tres genes referidos con anterioridad.
Asimismo, se utilizo una aproximacion de taxonomia integrativa para tratar de lograr la determinacion,
incluyendo la asociacion hospedatoria, el area de distribucidon geografica y la revision morfoldgica de
los representantes de la familia Clinostomidae. De esta manera, se caracterizO morfologica y
molecularmente a estas metacercarias que son parasitos de ciclidos y se ubicaron de manera tentativa
dentro del género monotipico Ithyoclinostomum. Sin embargo, por algunas caracteristicas morfologicas
y con base en la asociacion hospedatoria, no se pudo concluir que nuestros ejemplares correspondieran
a la especie I. dimorphum. Es necesaria la obtencion de datos moleculares de la especie . dimorphum
para corroborar que nuestros ejemplares representan una especie diferente, y ademas se requiere la
obtencion de adultos en sus hospederos definitivos para poder describir esta potencial especie como

nucva.



Abstract
This study investigates the phylogenetic position of two species of trematodes of the family
Clinostomidae: Clinostomum heluans and Ithyoclinostomum sp. between 2014 and 2016, we conducted
fieldwork to obtain helminth parasites from freshwater fishes in different localities of Mexico and
Middle America. In six localities, unusually large metacercariae of clinostomids were found in the body
cavity of cichlids. Metacercariac were processed for a morphological and molecular study. For the
morphological study, specimens were stained and mounted in permanent slides. For molecular work,
two nuclear markers (ITS1-5.8S-ITS2 y 28S) and one mitochondrial (cox1) were amplified.. For the
taxonomic identification of the metacercariae, relevant literature regarding species of clinostomids
ocurring within that geographical area and comparison to specimens deposited in the National
Collection of Helminths were analyzed, leading to the conlusion that they might belong to the species
Clinostomum heluans. This study is divided in two parts (chapters). In the first one, a molecular link
between the metacercariae and adults of C. heluans was established to determine if the sampled
metacercariae corresponded with this species. Specimens of adults and metacercariae of this species of
Clinostomum were obtained from Mexico and Brazil, respectively, and the molecular link was
established by using cox1 sequences. We were then able to corroborate that our specimens do not
correspond with C. heluans. In the second chapter, we tested the phylogenetic position of the unusually
large metacercariae considering sequences of clinostomids available in the GenBank for 2 ribosomal
and one mitochondrial gene. We followed an integrative taxonomy approach to accomplish the species
identification by including data on host association, geographic distribution, and a morphological
analysis with respect to all members of the family Clinostomidae. Metacercariae were morphologically
and molecularly characterized and tentatively placed within the genus Ithyoclinostomum. However,
considering some morphological traits and using host association, we conclude that our specimens do
not correspond with the species 1. dimorphum. Further molecular data are necessary to corroborate that
our specimens represent a separate species, as well as the collection of adults forms from their

definitive hosts to describe this potentially new species.



1. Introduccion

I.1 Caracteristicas generales del Phylum Platyhelminthes

El Phylum Platyhelminthes comprende cuatro clases: Trematoda, Monogenea, Cestoda y
Turbellaria. Las primeras tres clases contienen principalmente organismos endo y ectoparasitos de
invertebrados y vertebrados silvestres. Los platyhelminthes son dorsoventralmente aplanados, carecen
de cavidad corporal (acelomados), durante su desarrollo se diferencian tres capas embrionarias, es
decir, son tripoblasticos y el orificio oral deriva del blastoporo embrionario por lo que son protostomos.
Presentan simetria bilateral y no estdn segmentados, aunque en la clase Cestoda se observan
proglétidos en forma de estrébilo. La boca conduce a una faringe y de ahi a un intestino ciego la
mayoria de las veces; y cuando es abierto desemboca en un poro excretor. El intestino puede
presentarse desde muy complejo a estar incompleto o incluso ausente. Exhiben un sistema nervioso
central compactado en un ganglio cerebral. Como sistema de osmoregulacion y excrecion presentan
protonefridios. Los organismos de este phylum son hermafroditas, aunque también se observan

especies didicas (Brusca & Brusca, 2005).

I. 2 Caracteristicas generales de la clase Trematoda Rudolphi, 1808

De acuerdo a Gibson et al. 2001, la clase Trematoda comprende dos subclases: Aspidogastrea y
Digenea. Esta segunda clase alberga organismos endoparasitos. Presentan un ciclo de vida complejo
con dos hospederos intermediarios, el primero un molusco y el segundo un vertebrado, la gran mayoria
de las veces. El espécimen sexualmente maduro se encuentra en un vertebrado en la cavidad del
cuerpo, en 6rganos o tejidos (Fig. 1). Presentan dos 6rganos de fijacion: ventosa oral y ventosa ventral.
El tegumento es sincicial (células multinucleadas) con o sin espinas o papilas. La boca se presenta
como un organo de fijacion en la parte anterior del cuerpo, una prefaringe que se vincula a la boca, la
faringe es muscular, puede estar presente o no. El intestino es usualmente bifurcado, a veces con
ciegos sencillos, otras veces ramificado y algunas veces con diverticulos; los intestinos son
frecuentemente ciegos, en ocasiones estan abiertos y desembocan en un ano que se encuentra en la
pared del cuerpo o en una vesicula excretora. Presentan un inico poro excretor terminal. Los digeneos
son hermafroditas, aunque existen especies didicas. El aparato reproductor femenino esta compuesto
por un ovario, una glandula de Mehlis y un ootipo. Los huevos se almacenan en el ttero. El vitelo se

puede observar desde un tejido folicular hasta una masa compacta sencilla. Frecuentemente se observan
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dos testiculos, aunque pueden presentarse desde uno hasta varios. Cuando la genitalia masculina se
encuentra totalmente embebida en un saco muscular, se le nombra saco del cirro; cuando se encuentran
tanto el masculino como el femenino dentro del saco muscular, éste se llama saco del sino (sinus sac).
El aparato reproductor masculino consta de una vesicula seminal, una glandula prostatica y un ducto
eyaculatorio. Normalmente se exhibe un 6rgano de almacenamiento espermatico. El atrio genital puede
0 no estar presente. Tanto machos como hembras tienen un conducto reproductor terminal que abre en
un poro en comun (Gibson et al., 2001). La clase Digenea esta constituida por 150 familias, 24
superfamilias y dos grandes subclases, Diplostomida y Plagirochiida (Littlewood et al., 2015).
Diplostomida es |a subclase méas pequefiay contiene tres superfamiliasy 19 familias; una de estas esla
familia Clinostomidae (Littlewood et al., 2015).

.3 Caracteristicas generales de la familia Clinostomidae Liihe, 1901

Los parasitos de esta familia presentan un cuerpo detamafio medio a grande, alargado o
linguiforme; pueden tener un cuerpo robusto o no, son planos, en forma de lanza o de hoja o
marcadamente conicos en la parte anterior del cuerpo. Usualmente son convexos dorsalmente y
ventralmente concavos. Su tegumento no estd ornamentado, aunque algunos pueden tener finas espinas.
La ventosa oral es pequefia o puede estar bien desarrollada. Puede observarse en algunas especies un
pliege en forma de collar alrededor de la ventosa oral. La ventosa ventral es muscular, robusta; la cual
esta situada en la parte anterior media del cuerpo. La prefaringe estd pobremente desarrollada o
ausente. Tienen una faringe pequea y escasamente desarrollada. El es6fago es corto o esta ausente. El
intestino es simple, tiene una pared lisa o curveada, puede tener ramas laterales o diverticulos. El
ovario se encuentra en el espacio intertesticular, puede tener forma esférica, oval o irregular. Los
foliculos vitelinos estan desarrollados en el area lateral de la parte terminal del cuerpo y hasta la parte
media de los ciegos intestinales y alcanzan el nivel de la ventosa ventral. El ttero es tubular; se observa
principalmente en el espacio entre los ciegos intestinales hasta el nivel de la ventosa ventral, después
desciende a la derecha hacia el poro genital. Los testiculos son lisos o ligeramente lobulados, de forma
irregular, en disposicion en tandem, a la mitad de la parte media posterior del cuerpo. El saco del cirro
y el poro genital se situan en el espacio pre-, inter-, post testicular, o lateral al testiculo anterior. El poro
genital femenino y masculino estan juntos y en algunas especies son separados. La vesicula excretora
tiene forma de Y (Gibson et al., 2001). Las cercarias de esta familia presentan ocelos, faringe, un
furcocerco, un lofocerco con un érgano principal alargado (en forma de cabeza); desarrolla a redia en

caracoles pulmonados de agua dulce. Las metacercarias se encuentran en la cavidad abdominal y en
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musculo de peces de agua dulce, serpientes, salamandras o caracoles. Los adultos se encuentran
principalmente en la cavidad bucal o es6fago de aves piscivoras, reptiles y ocasionalmente mamiferos
incluyendo humanos. En el ciclo de vida de esta familia de tremétodos las aves depositan los huevos al
exterior ya sea a través de las heces o de rejurgitamientos; de los huevos eclosiona el miracidio, el cual
tiene la potencialidad de producir un gran nimero de descendientes; el miracidio penetra el primer
hospedero intermediario, un caracol planérbido en el cual se desarrolla por reproduccidon asexual un
esperocisto; redia madre y redias hijas la cuales albergan a las cercarias las cuales una vez maduras
salen al medio acudtico donde entran en contacto con el segundo hospedero intermediario, un pez, una
vez dentro del pez desarrollan a metacercarias, para madurar a adultos requieren de la ingesta del
segundo hospedero intermediario por parte del hospedero final para que una vez dentro de el, éstas
desarrollen a trematodos adultos y produzcan huevos y el ciclo de vida continue (Bullard &, Overstreet,

2008) El género tipo es Clinostomum Leidy, 1856. (Fig. 1).

i a

Adulto i o Ave piscivora

Huevo

)1 Metacercaria

Miracidio cilindo

Cercaria
bifurcada
Caracol planérbido

g

Fig. 1. Ciclo de vida del género Clinostomum de la familia Clinostomidae Liihe, 1901.
Modificado de Bulllard & Overstreet, 2008.

Reproduccion
asexual
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De acuerdo con Kanev et al. (2001), la Familia Clinostomidae Liihe, 1901 estd compuesta por cuatro
subfamilias: Nephrocephalinae Travassos, 1929, Euclinostominae Yamaguti, 1958, Clinostominae
Liihe, 1901 e Ithyoclinostominae Yamaguti, 1958. Las caracteristicas principales que diferencian estas
subfamilias se enlistan en la Tabla 1. No se cuenta hasta la fecha con un analisis filogenético de los
miembros de esta familia, excepto para algunas especies incluidas en los géneros Clinostomum,

Euclinostomum y Odnheriotrema.
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Tabla 1. Caracteristicas representativas de las subfamilias de la familia Clinostomidae Liihe, 1901

segun Kanev et al. (2001).

Nephrocephalinae Euclinostominae Clinostominae Ithyoclinostominae
Travassos, 1929. Yamaguti, 1958. Liihe, 1901. Yamaguti, 1958.
Los adultos se Los adultos se Los adultos se Los adultos se
encuentran en la encuentran en cavidad encuentran en cavidad encuentran en cavidad
cavidad esofagica de esofagica de aves esofagica de aves esofagica de aves
reptiles (ocasionalmente de
mamiferos)
Ciegos intestinales con Ciegos intestinales sin Ciegos intestinales
numerosas ramas laterales ni sencillos sin ramas
ramificaciones laterales diverticulos laterales ni diverticulos

y diverticulos

Cuerpo robusto, Cuerpo delgado,
linguiforme entre 5y alcanza hasta los
30 mm de largo 100mm de largo
Nephrocephalus Euclinostomum Clinostomum Ithyoclinostomum
sessillis heterostomum complanatum dimorphum
Odhner, 1902. Rudolphi, 1809 Rudolphi, 1819 Diesing, 1850

(seglin Braun, 1900).
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I1. Objetivos

1.1 Objetivo general.

e Determinar la posicion filogenética de Ithyoclinostomum sp. y de Clinostomum heluans dentro

de la familia Clinostomidae, utilizando secuencias de genes ribosomales y mitocondriales.

1I. 2 Objetivos particulares

e (Caracterizar molecularmente a las metacercarias y a los adultos de C. heluans obtenidas de sus

hospederos intermediarios (Cichlidae) y definitivos (Ardeidae).

e Vincular molecularmente la metacercaria y el adulto de Clinostomum heluans en su hospedero

intermediario (ciclido) y definitivo (aves).

e C(Caracterizar morfologicamente a las metacercarias de Ithyoclinostomum sp. en ciclidos

colectados en México y Costa Rica.

e (aracterizar genéticamente las metacercarias de Ithyoclinostomum sp. obtenidas de distintas

localidades y de diferentes especies de hospederos.
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III. Materiales y Métodos
II1.1 Trabajo de campo.
II1.1.1 Colecta de peces y analisis helmintologico

Ithyoclinostomum sp.

Entre el afio 2014 y 2016 se colectaron peces dulceacuicolas pertenecientes a seis especies de
hospederos de la familia Cichlidae en nueve localidades de cuencas hidrologicas de México y Costa
Rica (Tabla 2, Fig. 2). Para obtener las muestras, se utilizd equipo de electropesca. Los peces fueron
capturados y trasportados vivos a la estacion de trabajo, donde se identificaron con ayuda de claves
especializadas (Miller et al., 2005). Los peces fueron sacrificados para una posterior revision
helmintolégica con instrumentos de diseccion, se obtuvieron los érganos internos y se colocaron en
una caja Petri con suero fisiologico al 0.65%. El andlisis de cada drgano se realizé con la ayuda de un
microscopio estereoscopico. La observacion se realizd primero externamente y después de forma
interna. Cabe mencionar que las metacercaria se encontraron libres en la cavidad corporal de su

hospedero.

Clinostomum heluans

En el caso de esta especie de tremdtodo, las metacercarias fueron recolectadas por Hudson
Alves Pinto en Australoheros sp. en Pampulha en Belo Horizonte, Minas Gerais, de Brasil, mientras
que el adulto fue recolectado por Maria Amparo Rodriguez-Santiago y Karina Lopez Garcia de la
cavidad bucal de Ardea alba en la localidad de Palizada del Este, Campeche, México. Asimismo
colectaron dos individuos mas cuyos hospederos fueron Ardea herodias y Ardea alba de la misma

localidad.

I1.1.2 Fijacion de ejemplares

Los ejemplares encontrados se procesaron de dos maneras de acuerdo al objetivo de analisis. Una vez
obtenidos, los ejemplares fueron lavados en solucion salina al 0.6 o 0.8%. Para el estudio morfolégico,
los trematodos fueron fijados en formol caliente al 4%, y posteriormente colocados en un frasco de
vidrio con formol al 4% a temperatura ambiente y etiquetado para su identificacion taxonémica. Para el
analisis molecular, los adultos y metacercarias fueron colocados en un vial con alcohol etilico absoluto,

etiquetadas y mantenidas a -20°C hasta su extraccion.
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Fig. 2 Mapa que muestra la distribucion de los ejemplares de Ithyoclinostomum sp. 'y de C. heluans utilizados en el presente estudio, incluyendo datos

de registros previos en el Continente Americano.
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Tabla 2. Registros de metacercarias y adultos de Ithyoclinostomum sp., Ithyoclinostomum dimorphum y Clinostomum heluans.

Localidad Hospedero N Y Autor
Ithyoclinostomum sp. (Metacercaria)
Meéxico
Estado Tabasco
Gregorio Méndez Mayaheros urophthalmus 17°27'00" 91°34'10" Presente estudio
Estado Chiapas
El Ocotalito, Naha Vieja melanura 17°03'00" 91°35'49" Presente estudio
Estado Veracruz
Nautla River, Nautla Herichthys deppi 20°11'18" 96°44'43" Presente estudio
Nautla River, Filipinas  Herichthys deppi 20°00'47" 97°09'50" Presente estudio
Costa Rica
Provincia Guanacaste
Rio Irigaray, Liberia Cribroheros longimanus 10°43"21" 85°30'38" Presente estudio
Rio Irigaray, Liberia Parachromis managuensis ~ 10°43'21" 85°30'38" Presente estudio
Rio Orosi, Pithaya Cribroheros alfari 11°03'05" 85°24'30" Presente estudio
Rio Orosi Cribroheros alfari 11°02'50" 85°22'48" Presente estudio
Nicaragua
Region Autonoma de la Costa Caribe Sur
Rio Mahogany Cichlasoma managuense 12°03'22" 83°59'07" Aguirre-Macedo et al., 2001*
Ithyoclinostomum dimorphum (Adulto) S %
Brasil
No especificado Ardea cocoi Braun, 1899
Estado Para
Ilha de Maraj6 Ardea cocoi Lent & Freitas, 1937
Estado Mato Grosso
No especificado Ardea cocoi Travasos, 1928
Bardo de Melgaco Ardea cocoi 23°30'00" 47°30'00" Pinto et al., 2004
Ardea alba 23°30'00" 47°30'00" Pinto et al., 2004
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Nycticorax Nycticorax 23°30'00" 47°30'00" Pinto ef al., 2004
Estado de Mato Grosso do Sul

No especificado Ardea cocoi Travasos, 1941; Travasos & Freitas , 1942, 1943
Cuenca del Rio Parana  Ardea cocoi 22°70'00" 53°40'00" Dias et al., 2003
Barao de Melgago Tigrisoma lineatum Arruda et al., 2001
Estado Sdo Paulo
Pirassununga Nycticorax Nycticorax Arruda et al., 2001
Estado Rio Grande do Sul
Pelotas Ardea cocoi 31°46'19" 52°20'34" Fedatto et al., 2017
Ithyoclinostomum dimorphum (Metacercaria) S AW
Brasil
Estado Tocantins
Rio Araguaia, Araguand Hoplias malabaricus 06°34'00" 48°38'00" Reis, 2014
Estado Rio Grande do Sul
Santa Maria Hoplias malabaricus Weiblen & Brandao, 1992
Cachoeira do Sul Hoplias malabaricus Gallio et al., 2007
Rio Pirantini Hoplias malabaricus 31°30'00" 53°31'00" Rodrigues, 2010
Estado Minas Gerais
Rio Doce Hoplias malabaricus 19°46'53" 42°35'57" Belei et al., 2013
No especificado Hoplias malabaricus Moreira, 2000
Cuenca Sao Francisco  Hoplias malabaricus 18°12'32" 45°15'41" Costa et al., 2015
Cuenca Sao Francisco  Hoplias intermedius 18°12'32" 45°15'41" Costa et al., 2015
No especificado Hoplerythrinus unitaeniatus Moreira, 2000
Estado Rio de Janeiro
Reserva Lajes Hoplias malabaricus 22°42'00" 44°05'00" Paraguassu & Luque, 2007
Estado Espirito Santo Hoplias malabaricus Travasos, 1964
Estado Para
Lago Arari, Isla Marajo Hoplias malabaricus 00°39'48" 49°10'30" Benigno et al., 2014
Lago Arari, Isla Marajo Hoplerythrinus unitaeniatus 00°39'48" 49°10'30" Benigno et al., 2014
Estado Parand
Porto Rico Hoplias malabaricus Pavanelli ef al., 1990
Porto Rico Schizodon borelli 22°40'00" 53°15'00" Machado et al., 1996
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Argentina
Provincia de Tucumdn
Peru
Provincia del Alto amazonas

Yurimaguas

Hoplias malabaricus

Hoplerythrinus unitaeniatus 05°42'03" 76°52'03"

Szidat, 1969

Delgado et al., 2017

Clinostomum heluans (Adulto)
Meéxico
Estado Campeche,
Palizada del Este
Estado Nuevo Leon
Sabinas Hidalgo

Brasil

No especificado

No especificado
Estado Minas Gerais

Estado Sao Paulo
Cuba

Venezuela

Ardea alba

Ardea herodias

Ardea caerulea
Nycticorax gardeni

Ardea cocoi
Nyctanassa violacea

Butorides striata
Tigrisoma lineatum
Botaurus pinnatus
Ardea alba

Ardea alba

N \W

18°15'19" 92°06'32"

19°50'50" 43°59'35"

24°4321" 47°3229"

En este estudio

Bravo-Hollis, 1947

Braun, 1899

Travasos, 1969
Pinto et al., 2013
Fernandes et al., 2015
Werneck et al., 2017
Pérez-Vigueras, 1955
Caballero & Diaz-Ungria, 1958

Clinostomum heluans (Metacercaria)

Brasil
Estado Minas Gerais
Belo Horizonte

No especificado

Autraloheros sp.

Cichla temensis

19°50'50" 43°59'35"
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No especificado Geophagus proximus

Zago et al.,2012

Bolivia
Santa Cruz Cichlasoma boliviense
Clinostomum sp. L5 (Adulto)
Meéxico
Estado Campeche
Palizada del Este Ardea alba

Ardea herodias

Locke et al., 2015°
18°15'19" 92°06'32" En este estudio
18°15'19" 92°06'32" En este estudio

* La metacercaria reportada por Aguirre-Macedo et al. (2001) fue identificada como Clinostomum sp.; en este trabajo se identifica como /thyoclinostomum sp. por las caracteristicas
morfologicas que presenta en comun con las metacercarias reportadas en este estudio. ° El registro reportado por Locke ef al. (2015) como Clinostomum sp. 6 corresponde a

Clinostomum heluans revelado por analisis filogenéticos con el gen coxl.
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I1. 2 Estudio morfologico

II1.2.1 Numero de ejemplares y técnica de tincidon de los organismos

Los ejemplares fijados en formol al 4% fueron lavados con alcohol al 70% y luego en alcohol al
96%, posteriormente se tifieron utilizando Paracarmin de Meyer y se lavaron en alcohol 96% para
retiral el exceso de colorante. Se sumergieron en alcohol acidulado al 2% con acido clorhidrico y
lavados en alcohol al 96% para desactivar el efecto aclarante del alcohol acidulado y deshidratados en
alcohol absoluto por 30 minutos, posteriormente fueron aclarados usando salicilato de metilo y
montados en preparaciones permanentes con balsamo de Canadd segiin Lamothe-Argumedo, 1997 y

fueron depositados en la Coleccion Nacional de Helmintos (CNHE).

II1.2.2 Medicion de ejemplares

Las estructuras morfologicas de 14 metacercarias fueron medidas. Para ello, se utilizd un
microscopio Optico ZEISS: Axio Zoom V. 16 integrado con una cdmara Axio Cam Mrc5. Con el
software ZEN-Zeiss Efficiant Navigation se obtuvieron fotos en las cuales se llevd a cabo la medicion
de las estructuras. Los resultados obtenidos fueron utilizados para la caracterizacion morfoldgica de

Ithyoclinostomum sp.

Los organismos se describieron y esquematizaron con ayuda del software GIMP 2.8.16. Para su

identificacion a nivel especifico, se emplearon claves taxondmicas y descripciones originales.

I11.2.3 Obtencion de fotografias de Microscopia Electronica de Barrido (MEB)

Dos ejemplares conservados en formol al 4% fueron lavados en agua destilada y
subsecuentemente deshidratados con alcoholes graduales hasta alcohol absoluto posteriormente fueron
secados con didxido de carbono y montados sobre placas de metal con pasta de plata y recubiertos con
oro con la finalidad de ser observados en el microscopio electrénico de barrido Hitachi modelo

Stereoscan SU1510 (Hitachi High-Technologies México S. A. de C. V, México) a 15 kV.

I1IT.3 Estudio Molecular

I11.3.1 Extraccion de DNA

Los ejemplares fueron digeridos individualmente en una soluciéon que contuvo 10mM de Tris-
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HCI (pH 7.6), 20 mM NaCl, 100 mM Na2 EDTA (pH 8.0), 1% Sarkosyl y 0.1 mg/ml proteinasa K a
56°C por 24 horas. Posteriormente a la digestion, el ADN se extrajo usando el reactivo DNAzol de

acuerdo a las instrucciones de uso de los fabricantes.

I11.3.2 Amplificacion de genes nucleares y gen mitocondrial
Primers

El ADN ribsomal y mitocondrial se amplifico usando la reaccion en cadena de la Polymerasa
(PCR) usando los siguientes primers:

Para ITS1, 5.8S, ITS2 (Luton et al., 1992).

e BDI 5-GTCGTAACAAGGTTTCCGTA-3' (forward)
e BD2 5-ATCTAGACCGGACTAGGCTGTG-3' (reverse)

Para 28S los primers utilizados fueron tomados de Garcia-Varela & Nadler, 2005

e 502 5'-CAAGTACCGTGAGGGAAAGTTGC-3' (forward)
e 536 5'-CAGCTATCCTGAGGGAAA-3' (reverse)

Para el gen Citocromo Oxidasa I (cox1) de Moszczynska et al., 2009

e MplatCOX1dF 5-TGTAAAACGACGGCCAGTTTWCITTRGATCATAAG-3" forward
e MplatCOX1dR 5'-CAGGAAACAGCTATGACTGAAAYAAYAIIGGATCICCACC-3’ reverse

Condiciones de Amplificacion

La reaccion en cadena de la polimerasa fue llevada a cabo en volumen total de 25ul conteniendo
2ul de DNA genomico, 1ul de cada primer (10mM) 0.5ul de dNTP's (10mM), 0.125 ul equivalentes a
una media unidad de Taq Polimerasa 2.5 pl de Buffer (10X), 1.5 pl de MgCl, y 16.375 nul de agua

megapura. Las condiciones de amplificacion para cada gen se muestran en la tabla 3.

Tabla 3. Condiciones de Amplificaciones para primers

ITS1-5.8S-1TS2 28S cox1
Desnaturalizacion ~ 94°C S5min 95°C 5min 94°C S5min
35 Ciclos 94°C Imin 94°C 1min 94°C Imin
Alineamiento 50°C Imin 50°C 1min 50°C 1 min

la. Extension 72°C Imin 72°C 1min 72°C 1 min
Extension final 72°C 10 min 72°C 10 min 72°C 1 min
Permanencia 4°C 4°C 4°C
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II1.3.3 Reaccidn de secuenciacion

La reaccion de secuenciacion se realizo con el reactivo Big Dye (Applied Biosystems, Boston
Massachussetts) en un volumen total de 10 pl. Los primers usados fueron los mismos para la
amplificacion, en el caso de los espaciadores internos ITS1, 5.8S, ITS2 y el gen 28S se usaron algunos
primers internos:

Primers internos (ITS1, 5.8S, ITS2):

e BD3 5-GAACATCGACATCTTGAACG-3' (forward) (Hernandez-Mena et al., 2013)

e BD4 5'-ATAABCCGACCCTCGGC-3' (reverse) (Hernandez-Mena et al., 2013)
Primers internos (28S):

e 503 5-CCTTGGTCCGTGTTCAAGACG-3' (forward) (Stock et al., 2001)

o 504 5'-CGTCTTGAAACACGGACTAAGG-3' (reverse) (Garcia-Varela & Nadler, 2005)

II1.3.4 Secuenciacion y alineamiento

Los purificados fueron secuenciados en un secuenciador ABI Applied Biosystems 3730. Las
secuencias fueron ensambladas con el programa Codoncode Aligner version 6.0.2 (Codoncode
Corporation). Para cumplir con los objetivos planteados en este trabajo se realizaron seis alineamientos
que incluyeron las secuencias generadas en este estudio junto con aquellas obtenidas del GenBank
(http://www.ncbi.nlm.nih.gov/Genbank/index.html). En todos los casos, éstos fueron obtenidos por
medio del  programa  Clustal Omega  implementado en el servidor  web
https://www.ebi.ac.ebi.ac.uk/Tools/msa/clustalo/ y posteriormente corregidos manualmente mediante el

programa Bioedit version 7.2.6.1 (Hall, 1999).

Para el estudio de la posicion filogenética de C. heluans dentro del género Clinostomum, se
construyd un alineamiento a partir de secuencias del gen coxl. El alineamiento consistio de 51
terminales y 474 caractéres que incluyen cinco especies del género Clinostomum reconocidas como
especies validas, ademas de siete linajes genéticos que representan especies aun por describir, todos
estos distribuidos en el Continente Americano, ademas se incluyeron dos especies del viejo mundo (C.
Complanatum y Euclinostomum sp.) y como grupo externo para enraizar los arboles, a tres especies de

diplostomidos (Diplostomum baeri, Austrodiplostomum sp.y Alaria marcianae).

Para el caso de Ithyoclinostomum, se realizaron cuatro alineamientos con un nimero variable de
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terminales en funcidon de la informacion disponible para los tres marcadores moleculares ITS1-5.8S-
ITS2, 28S y cox1 (Gustinelli et al., 2010; Caffara et al., 2011, 2013, 2017; Locke et al., 2011, 2015;
Sereno-Uribe et al., 2013; Pérez- Ponce de Leon et al., 2016; Rosser et al., 2017; Woodyard et al.,
2017). Se realizaron alineamientos para cada gen individual y concatenados para los tres genes

anteriormente mencionados.

cox1. El alineamiento consistio de 474 pares de bases (pb) y de 15 secuencias pertenecientes a
Ithyoclinostomum sp., dos secuencias de FEuclinostomum heterostomum, tres de Odhneriotrema
incommodum y una o dos réplicas de cada una de las 11 especies validas de Clinostomum, mas una o
dos réplicas de cada uno de los 12 linajes descritos por Locke et al. (2011); Perez- Ponce de Leon et al.

(2016); Caftara et al. (2017).

ITS1-5.8S-ITS2. El alineamiento fue de 1142 pb e incluyo 17 secuencias de Ithyoclinostomum
sp., dos secuencias de Euclinostomum heterostomum, dos de Odhneriotrema incommodum, y una o dos
réplicas de cada una de las 11 especies validas de Clinostomum, mas una o dos réplicas de los 12
linajes genéticos descritos por Locke et al. (2011); Pérez-Ponce de Leon et al. (2016); Caffara et al.

(2017).

28S. El alineamiento fue de 1414 pb y solamente incluyd dos secuencias de Ithyoclinostomum
sp., dos secuencias de Euclinostomum heterostomum, una de Odhneriotrema incommodum, una o dos
réplicas de las seis especies validas de Clinostomum para las cuales hay secuencias disponibles para
este marcador, una especie de Clinostomum no identificada de Australia y dos réplicas de los cinco
linajes de Clinostomum de América descritos por Pérez- Ponce de Ledn et al. (2016).

Analisis concatenado de los tres marcadores. Consistio de 3094 pb e incluyd dos secuencias de
Ithyoclinostomum sp., dos secuencias de Euclinostomum, una de Odhneriotrema, una o dos réplicas de
las seis especies validas de Clinostomum y dos réplicas de cinco linajes genéticos de Clinostomum

descritos por Pérez- Ponce de Leon ef al. (2016).

II1. 4 Métodos de reconstruccion filogenética

Se llevaron a cabo analisis de Maxima Verosimilitud (ML) e Inferencia Bayesiana (IB) con los

alineamientos anteriormente referidos.
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Maxima verosimilitud (ML)

Los analisis de ML fueron realizados en el programa RAXML version 8.2.X (Stamatakis, 2014).
Para ello se hizo una busqueda del mejor modelo de sustitucion nucleotidica en el programa jModeltest
version 2.1.10 (Darriba et al., 2012) de acuerdo al criterio de informacion de Akaike corregido. Los
parametros de ejecucion del programa consistieron en una busqueda de bootstrap y una subsecuente
busqueda del arbol de ML. Los valores de apoyo de bootstrap consistieron en 1000 repeticiones junto
con optimizacion de longitud de ramas. La Verosimilitud final fue evaluada y optimizada bajo el

modelo GAMMA de tasas de heterogeneidad.

Inferencia Bayesiana (IB)

Los analisis de Inferencia Bayesiana fueron elaborados usando el programa MrBayes v. 3.2.6
(Ronquist et al., 2012). El andlisis fue disefiado con dos corridas y cuatro cadenas (una fria y tres
calientes). Las cadenas de Markov Monte Carlo (MCMC por sus siglas en inglés) fueron corridas por
10 millones de generaciones muestreadas cada 1000 generaciones y las primeras 2500 muestras fueron
descartadas como burn-in (25%). La topologia consenso y el soporte de los nodos fue evaluado como
valores de Probabilidad Posterior (Huelsenbeck et al., 2001). Los resultados fueron examinados con
Tracer V 1.4 (Drummond & Rambaut, 2007) para corroborar la convergencia de diferentes parametros
que determinan el nimero aproximado de generaciones a las cuales los estadisticos se estabilizaron y
para identificar el tamafo efectivo de muestra (EES>200). Los arboles resultantes fueron observados y
editados en el programa Fig Tree version 1.4.3 (Rambaut, 2016).

Las divergencias genéticas (distancias “p” no corregidas) fueron calculadas con el programa

PAUP version 4.0a (build 159, Swofford, 2017).
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IV. Resultados
Los resultados de este trabajo se presentan en dos capitulos. El Capitulo 1 incluye la posicion
filogenética de C. heluans dentro del género Clinostomum a partir de secuencias del gen mitocondrial
cox1 en donde se utilizd la informacion molecular para establecer un vinculo entre las metacercarias
obtenidas en peces y los adultos en aves ictidofagas. El Capitulo 2 consiste en la caracterizacion
morfoldgica y molecular de metacercarias del género [thyoclinostomum ademas del establecimiento de
la posicion filogenética en la clasificacion de la familia Clinostomidae, basados en analisis de

secuencias de tres genes, dos nucleares (28S e ITS) y uno mitocondrial (cox1).
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IV.1  Capitulo 1

Link Between the Adult and the Metacercaria of Clinostomum heluans  Braun, 1899 (Trematoda:
Clinostomidae) Through DNA Sequences, and its Phylogenetic ~ Position =~ within  the Genus
Clinostomum Leidy, 1856.
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Link Between the Adult and the Metacercaria of Clinostomum heluans Braun, 1899
(Trematoda: Clinostomidae) Through DNA Sequences, and its Phylogenetic Position Within

the Genus Clinostomum Leidy, 1856
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AmTracT:  The phylogenetic position of Clinostomun heludns
Braun, 1899 within the genus Clinostomum Leidy, 1856 is reported
in this study based on sequences of the barcoding region of the
mitochondrial cytochrome ¢ oxidase subunit 1 gene (COXT).
Additionally, molecular data are used to link the adult and the
metacercariae of the species. The metacercariae of C. heluans were
found encysted infecting the cichlid fish Awstraloheros sp. in
Minas Gerais, Brazil, whereas the adults were obtained from the
mouth cavity of the Great White Egret, Ardea alba, in Campeche,
Mexico. The COX! sequences obtained for the Mexican
clinostomes and the Brazilian metacercaria were almost
identical (0.2% molecular divergence), indicating conspecificity.
Similar molecular diverpence (0.2-0.4%) was found between
sequences of C. heluans reported here and Clinostomum sp. 6
previously obtained from a metacercaria recovered from the
cichlid Cichlasoma boliviense in Santa Cruz, Bolivia. Both
maximum likelihood and Bayesian inference analyses
unequivocally showed the conspecificity between C. heluans and
Clinostomum sp. 6, which form a monophyletic clade with high
nodal support and very low genetic divergence. Moreover, tree
topology reveals that C. heluans occupies a hasal position with
respect to New World species of Clinostorman, although a denser
taxon sampling of species within the genus is further required.
The metacercaria of C. heluans seems to be specific to cichlid fish
because both samples from South America were recovered from
species of this fish family, although not closely related.

Clinostomum Leidy, 1856 is a cosmopolitan genus of digeneans
with complex life cycles; adults of this genus infect the mouth
cavity and esophagus of fish-eating birds {Kanev et al,, 2002). The
genus currently contains 16 described species (see Locke et al.,
2015; Pérez-Ponce de Ledn et al, 2016; Rosser et al, 2017),
although another 14 putative species recognized through DNA
sequences remain to be described (Locke et al, 2013, Pérez-Ponce
de Lebn et al., 2016, Caffara et al., 2017). Clinostomum hefuans is
one of the species recognized among the New World species of
Clinostomum and was originally described by Braun (1899) as a
parasite of the Little Blue Heron, Egretia caerulea, in Brazil. The
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species was later recorded in the same country parasitizing at least
six other species of ardeids: the Cocoi Heron, Ardea cocol, the
Yellow-Crowned Night Heron, Nyvetanassa violacea, the Striated
Heron, Burorides siriaia; the Little Blue Heron, Egretia caendea,
the Rufescent Tiger Heron, Tigrisoma fnearum; and the Pinnated
Bittern, Botaurus pinsarus (Travassos et al., 1969; Pinto et al.,
2013; Fernandes et al., 2015; Werneck et al., 2017). Additional
records of the adult stage of C. hefuans in the Americas include
those in Great Blue Heron, Ardea herodias, in northern Mexico
(Bravo-Hollis, 1947), and those in 4. herodias and Great Egret,
Ardea alba, in Cuba and Venezuela (Pérez-Vigueras, 1955,
Caballero and Diaz-Ungria, 1938). The species seems to be
widely distributed across the Americas, since it has been recorded
from Brazil to northern Mexico. However, Sitko (2012) reported
an atypical record of the species in Europe, mentioning the
presence of C. fiefuans in A. alba in the Czech Republic, and in the
Grey Heron Ardea cinerea in eastern Russia. Considering the
distribution and intermediate host association with cichlids, we
believe that this record requires further verification. The
metacercariae of C. heluans have only been found in cichlids
from Brazil, particularly in Ciehla remensis and Geophagus
proximus (Vicente et al., 1978; Zago et al., 2012). In this short
communication, we assess the phvlogenetic position of C. hefuans
with respect to other species of Clinostomum, a genus for which
the genetic library of their species has been considerably
augmented in recent years. In addition, we report the molecular
link between the adults and metacercariae of C. hefuans recovered
from fish-eating birds and freshwater cichlid fishes, respectively.
Moreover, molecular data obtained reveal the occurrence of a
widely distributed species of Clinestomum in 2 areas far apart
(Brazil and Bolivia in South America, and Mexico in Central
America).

Digeneans belonging to the genus (linostomum were recovered
from their hosts, and some individuals were fixed in 4% formalin
for morphological study, whereas | metacercaria and 3 adults
were fixed directly in 100% ethanol. Metacercariae were found
encysted in the body cavity of cichlid Australokeros sp. in Belo
Horizonte, Minas Gerais, Brazil. Adults were obtained from the
mouth cavity of 4. alba and A. herodias in Laguna de Términos,
Campeche, Mexico. For morphological identification. specimens
were stained with Gomori's trichrome, Harris hematoxylin, or
acetic-alum carmine, and mounted as permanent slides in Canada

fitan/Production/ipiparsiive_jobs fpars-104/pars-104-03 pars- 104-03-13syouts (pars- 104 03-13.3d @ 27 March 2018 m €53 pm @ ABen Press, Inc. @ Cusiomer MS# 17-183

3

Page 1



0 THE JOURNAL OF PARASITOLOGY, WOL. 104, NO. 3, JUNE 2018

balsam. Voucher specimens were deposited either in the Coleccion
Nacional de Helmintos (CNHE), Instituto de Biologia, Uni-
versidad Nacional Autonoma de México (UNAM) {adult,
CNHE: no. 10663), or in the collection of the Department of
Parasitology, Federal University of Minas Gerais (DPIC)
(metacercaria, DPLC: no. 6242). Host taxonomy followed Avibase
(https://avibase.bsc-eoc.org) and FishBase (hitp://www.fishbase.
org). For the molecular study, a fragment of the cytochrome ¢
oxidase subunit 1 gene (COXT) was sequenced from 3 adults and
I metacercaria (paragenophores sensu Pleijel et al., 2008).
Individual specimens were digested overnight at 56 C in a
solution containing 10-mM Tris-HCI (pH 7.6), 20-mM NaCl,
100-mM Na; EDTA (pH 8.0), 1% sarkosyl, and 0.1 mg/ml
proteinase K. Total DNA was extracted using the DNAzol
reagent (Molecular Research Center. Cincinnati, Ohio) ac-
cording to the manufacturer's instructions. A fragment of
COX1 (~474 bp) was amplified using polymerase chain
reaction (PCR) with degenerate forward MplatCOXI1dF (5'-
TGTAAAACGACGGCCAGTTTWCITTRGATCATAAG-
3) and reverse MplatCOXIdR (5 “CAGGAAACAGCTAT
GACTGAAAY AAYAIIGGATCICCACC-3") primers de-
scribed by Moszczynska et al. (2009). PCR reactions, cycling
conditions, and sequencing reactions followed procedures as in
Pérez-Ponce de Leon et al. (2016). Contigs were assembled and
base-calling differences were resolved using Codoncode Aligner
version 3.5.4 (Codoncode Corporation, Dedham, Massachu-
setts). Phylogenetic analyses were conducted with reference to
all species of the genus reported from the Americas, including
candidate species that have not yet been described (see Locke et
al., 2013; Pérez-Ponce de Ledn et al., 2016). Sequences of
Clingstonnem complanatum and Euelinostomum sp., as well as
those of Diplestenm baeri, Ausirodiplostomum sp., and Alaria
mustelae, were also included in the analyses and used as
outgroups for rooting the trees. Newly generated sequences
were deposited in GenBank, accession numbers: MGE60832
MGE60835. An alignment was built with sequences of species
of Clinostomun occurring in the Americas, but the sequences of
C. complanaum and Euelinostomum sp. were also included.
Three diplostomid species were used as outgroups for rooting
the tree. Phylogenetic analyses were run using maximum
likelihood (ML) and Bavesian inference (Bl) methods, employ-
ing the substitution model GTR + G + | for COX1. The models
of nucleotide evolution were estimated in jModelTest v2
(Darriba et al., 2012). ML inference (100 replicates), model
parameters, and bootstrap support (1000 replicates) were
estimated with RAxML v. 7.0.4 ( Stamatakis, 2006). M rBayes v.
3.2.1 (Rongquist et al., 2012) was used to perform Bl analysis.
Two species of Clinostomum were found in our samplings.
Morphologically, one corresponds to an undescribed species
(Clinostomum sp. Lineage 5 after Pérez-Ponce de Ledn et al,
2016), and a second species corresponds to C. heluans. The
metacercariae were also identified as belonging to C. hefuans.
Both the metacercaria and the adult correspond with C. hefuans
because they possess a relatively large body (between 10 and 20
mm in the adult), 2 testes occupying the posterior third of the
body, an intertesticular ovary, and a genital pore located pre-
testicularly (Braun, 1901, Pérez-Vigueras, 1955; Travassos et al.,
1969). The COXJ sequences obtained for both developmental
stages of C. heluans evaluated in the present study were almost
identical (molecular divergence of 0.2%), confirming the con-

specificity between the metacercariae found in freshwater fishes
from Brazil and the adults recovered from fish-eating birds from
southeastern Mexico, imrespective of geographic distance (about
7000 km). The newly generated sequences of C. heluans form a
monophyletic clade along with the sequence of Clinestormem sp. 6
(GenBank KP110334, after Locke et al, 2015), and these
relationships are highly supported by bootstrap and posterior
probability values found in ML and BI analyses, respectively (Fig.
1). Owerall. the genetic divergence between C. heluans and
Clinostoniun sp. 6 varies from 0.2 to 0.4%. These results show
that Clinestonim sp. 6 is conspecific with C. ke fuans. This species
is the hasal taxon of the New World clade of Clinostomum species
(Fig. 1), and it seems to be the most widely distributed, since its
distribution range extends between Brazil and Bolivia in South
American and northern Mexico in Central America. The position
of this species as verified in the present study contrasts with that
of previous molecular phylogenetic analyses (see Locke et al.,
2015; Perez-Ponce de Leon et al., 2016); however, corroboration
of this hypothesis requires a denser taxon sampling to include
other species of Clinostomum and also requires other molecular
markers. Unforunately, we were unable to successfully amplify a
nuclear marker such as the internal transcribed spacers (1TSs).
which are commonly used in phylogenetic analyses of clinosto-
mids. Additionally, Figure 1 shows molecular confirmation that
the specimens of Clinosiomum recovered from A, alba and A
herodias in this study correspond to the undescribed species
referred as Lineage 5 in Pérez-Ponce de Ledn et al. (2016). This
species was recorded as a parasite from the mouth cavity of the
Bare-Throated Tiger Heron, Tigrisoma mexicanum, and the Boat-
Billed Heron, Cochlearivs cochlearis, in several localities across
southeastern Mexico (Pérez-Ponce de Ledn et al. 2016). This
result is interesting because the metacercariae of Clinostomum
Lineage 5 seem to be host-specific to cichlid fish across a wide
geographic range in Middle America, parasitizing at least 10
cichlid species (see table 1 in Pérez-Ponce de Ledn et al., 2016).
The record of Clinestonmm Lineage 5 in A. alba and A. herodias
from Laguna de Témminos, Campeche, Mexico, represents a new
locality record, and even though large numbers of cichlids have
been studied in that geographic region, metacercariae of C.
heluans have been not found, even though the adults were
obtained from fish-eating birds.

The genetic library for species of clinostomids has steadily
increased in recent years, and substantial progress has been made
in our understanding of the evolutionary relationships and
biogeographical history of this group of fish-eating bird digeneans
(e.g., Caffara et al., 2014, 2016, 2017; Acosta et al., 2016). More
importantly, molecular information used in combination with
morphology has been instrumental in establishing more robust
species limits and increasing our understanding of species
diversity within the cosmopolitan genus Clinostonuemn (see Caffara
et al., 2011, 2017; Sereno-Uribe et al., 2013; Locke et al., 2013;
Pérez-Ponce de Leon et al, 2016). The molecular information
generated in this study was useful in assessing the phylogenetic
position of C. helvans and establishing a link between the
metacercariae and the adults. In a large-scale molecular survey of
Clinostomum, Locke et al. (2015) wsed molecular data from 2
maolecular markers, COX7 and ITS, to delineate 8 putative species
within the genus. The sequence data of one of them, Clinosiomum
sp. 6, was generated from a specimen of metacercaria collected
from the cichlid . boliviense from Samta Cruz. Bolivia.
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balsam. Voucher specimens were deposited either in the Coleccion
Nacional de Helmintos (CNHE), Instituto de Biologia, Uni-
versidad Nacional Auténoma de México (UNAM) (aduli,
CNHE: no. 10663), or in the collection of the Department of
Parasitology, Federal University of Minas Gerais (DPIC)
(metacercaria, DPIC: no. 6242). Host taxonomy followed Avibase
(https://avibase bsc-eoc.org) and FishBase (http://www fishbase.
org). For the molecular study. a fragment of the cytochrome ¢
oxidase subunit 1 gene (COX1) was sequenced from 3 adults and
| metacercaria (paragenophores sensu Pleijel et al., 2008).
Individual specimens were digested overnight at 56 C in a
solution containing 10-mM Tris-HCI (pH 7.6), 20-mM NaCl,
100-mM Na, EDTA (pH 8.0), 1% sarkosyl, and 0.1 mg/ml
proteinase K. Total DNA was extracted wsing the DNAzol
reagent (Molecular Research Center, Cincinnati, Ohio) ac-
cording to the manufacturer's instructions. A fragment of
COX! (~474 bp) was amplified using polymerase chain
reaction (PCR) with degenerate forward MplatCOX1dF (5'-
TGTAAAACGACGGCCAGTTTWCITTRGATCATAAG-
3) and reverse MplatCOXIdR (3“CAGGAAACAGCTAT
GACTGAAAY AAYANIGGATCICCACC-3") primers de-
scribed by Moszczynska et al. (2009). PCR reactions, cycling
conditions, and sequencing reactions followed procedures as in
Pérez-Ponce de Leon et al. (2016). Contigs were assembled and
base-calling differences were resolved using Codoncode Aligner
version 3.5.4 (Codoncode Corporation, Dedham, Massachu-
setts). Phylogenetic analyses were conducted with reference to
all species of the genus reported from the Americas, including
candidate species that have not yet been described (see Locke et
al., 2015; Pérez-Ponce de Ledn et al., 2016). Sequences of
Clinostomum complanatum and Euclinostomum sp., as well as
those of Diplostomum baeri, Ausirodiplostomum sp., and Alaria
mustelae, were also included in the analyses and used as
outgroups for rooting the trees. Newly generated sequences
were deposited in GenBank, accession numbers: MGE60852
MGEA0855. An alignment was built with sequences of species
of Clinastemum occurring in the Americas, but the sequences of
C. complangium and Euclinostomum sp. were also included.
Three diplostomid species were used as outgroups for rooting
the tree. Phylogenetic analyses were min using maximum
likelihood (ML) and Bayesian inference (Bl) methods, employ-
ing the substitution model GTR + G + 1 for COX 1. The models
of nucleotide evolution were estimated in jModelTest v2
(Darriba et al., 2012). ML inference (100 replicates), model
parameters, and bootstrap support (1,000 replicates) were
estimated with RAXML v. 7.0.4 ( Stamatakis, 2006). M rBayes v.
3.2.1 (Ronquist et al.. 2012) was wsed to perform Bl analysis.
Two species of Clinostonmum were found in our samplings.
Morphologically, one comesponds to an undescribed species
(Clinostomum sp. Lineage 5 after Pérez-Ponce de Ledn et al.,
2016), and a second species corresponds to C. fehwans. The
metacercariae were also identified as belonging to C. fhelfuans.
Both the metacercaria and the adult correspond with C. hefuans
because they possess a relatively large body (between 10 and 20
mm in the adult), 2 testes occupying the posterior third of the
body, an intertesticular ovary, and a genital pore located pre-
testicularly (Braun, 1901; Pérez-Vigueras, 19535; Travassos et al.,
1969). The COXT sequences obtained for both developmental
stages of C. helwans evaluated in the present study were almost
identical (molecular divergence of 0.2%). confirming the con-

specificity between the metacercariae found in freshwater fishes
from Brazil and the adults recovered from fish-eating birds from
southeastern Mexico, irrespective of geographic distance (about
TO00 km). The newly generated sequences of C. hefuans form a
monophyletic clade along with the sequence of Clinostomum sp. 6
(GenBank KP110534, after Locke et al., 2015), and these
relationships are highly supported by bootstrap and posterior
probability values found in ML and Bl analyses, respectively (Fig.
1}. Owerall, the genetic divergence between C. helwans and
Clinostomum sp. 6 varies from 0.2 to 0.4%. These results show
that Clinestonum sp. 6 is conspecific with C. heluans. This species
is the basal taxon of the New World clade of Clinostomum species
(Fig. 1), and it seems to be the most widely distributed, since its
distribution range extends between Brazil and Bolivia in South
American and northern Mexico in Central America. The position
of this species as verified in the present study contrasts with that
of previous molecular phylogenetic analyses (see Locke et al.
2015; Pérez-Ponce de Leon et al., 2016); however, corroboration
of this hypothesis requires a denser taxon sampling to include
other species of Clinostormum and also requires other molecular
markers. Unformnately, we were unable to successfully amplify a
nuclear marker such as the internal transcribed spacers (1TSs),
which are commonly used in phylogenetic analyses of clinosto-
mids. Additionally, Figure 1 shows molecular confirmation that
the specimens of Clinosiomum recovered from A, alba and A
herodias in this study correspond to the undescribed species
referred as Lineage 5 in Pérez-Ponce de Ledn et al. (2016). This
species was recorded as a parasite from the mouth cavity of the
Bare-Throated Tiger Heron, Tigrisoma mexicarnum, and the Boat-
Billed Heron, Cochlearius cochlearis, in several localities across
southeastern Mexico (Pérez-Ponce de Ledn et al, 2016). This
result is interesting because the metacercariae of Clinostomum
Lineage 5 seem to be host-specific to cichlid fish across a wide
geographic range in Middle America, parasitizing at least 10
cichlid species (ses table 1 in Pérez-Ponce de Ledn et al., 2016).
The record of Clinestomuem Lineage 5 in A. alba and A. herodias
from Laguna de Téminos, Campeche, Mexico, represents a new
locality record, and even though large numbers of cichlids have
been studied in that geographic region, metacercariae of C
heluans have been not found, even though the adults were
obtained from fish-eating birds.

The genetic library for species of clinostomids has steadily
increased in recent vears, and substantial progress has been made
in our understanding of the evolutionary relationships and
biogeographical history of this group of fish-eating bird digeneans
(e.g.. Caffara et al., 2014, 2016, 2017; Acosta et al., 2016). More
importantly, molecular information used in combination with
morphology has been instrumental in establishing more robust
species limits and increasing ouwr understanding of species
diversity within the cosmopolitan genus Clinosiomum (see Caffara
et al., 2011, 2017; Sereno-Uribe et al., 2013; Locke et al., 2015;
Pérez-Ponce de Leon et al., 2016). The molecular information
generated in this study was useful in assessing the phylogenetic
position of C. heluans and establishing a link between the
metacercariae and the adults. In a large-scale molecular survey of
Clinostomum, Locke et al. (2015) used molecular data from 2
maolecular markers, COX7 and ITS, to delineate 8 putative species
within the genus. The sequence data of one of them, Clinostomium
sp. 6, was penerated from a specimen of metacercaria collecied
from the cichlid € boliviense from Santa Cruz, Bolivia.
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KU156801

100

[KCB34797 Euclinostomum sp.
KCBS4T%6 Euclimastomum sp.
GO292501 Diplastoviurm baeri
KUT07945 Austrodiplostomum sp.
JF904529 Alaria mustelae

Fisuee 1.

SHORT COMMUNICATIONS Li]

HQ439582 Clinostormum marginatum

JF718617 Clinostomum marginatum

JX630%92 Clinostomum marginatum

KP150306 Chinostamum attenuatum

KP150305 Clinostomum attanuatum

KU708010 Chnostamurm aibum

arPKP110517 Clinostomum detruncatum

—[KPHUSJ.B Clinastemum detruncatum
KP110519 Chnastornum detruncatum

KU156806 Clinostornum L1 (after Pérez-Pance de Ledn et al., 2016)
KU156804 Cinostomum L1 (after Pérez-Ponce de Ledn et al, 2016)
KU156782 Clipostomurm L1 (after Pérez-Ponce de Ladn at af., 2016)
KU156783 Clinestomum L1 [(after Pérez-Ponce de Ledn et af,, 2015)
KJB18262 Clinostormurm sp, 7 (after Locke et al,, 2015)

e p=KP110531 Clinostomum sp. 4 (after Locke af al., 2015)

KU156787 Clinestomum L2 [after Pérez-Ponce de Ledn et al,, 2016)

1@ KU156788 Ciinostomum L2 (after Pérez-Ponce de Ledn et al., 2016)
k1504212 Clinostomum L2 (after Pérez-Ponce de Ledn et al,, 20168)
KU156790 Clinostomum L2 (after Pérez-Ponce de Leon et al,, 2016)

KU156780 Clinostomum L4 (after Pérez-Pance de Ledn et al., 2016

)
Clinostormum L4 (after Pérez-Ponce de Ledn et al., 2016)

KU156793 Clinostomum L4 (after Pérez-Ponce de Ledn et al, 2016)
KP110530 Clinostomum sp. 3 (after Locke et al., 2015)

K47 7566 Clinostormum L4 (after Pérez-Ponce de Ledn et al., 2016)
KP110532 Clinostomum sp. 5 (after Locke et al., 2015)
k1477553 Clinostomum fataxumui

KI477555 Clinostamum tataxumul

KJ477554 Clinostomum tataxumul

K1477552 Clinostomum tataxumui

K3477466 Clinostomum LS (after Pérez-Ponce de Ledn ef al., 2016)
K1477523 Clinostornum LS (after Pérez-Ponce de Ledn ef al,, 2016)
K1477597 Clinestomum LS (after Perez-Ponce de Ledn et al,, 2015)
K147 7468 Clinostornum LS (after Pérez-Pance de Ledn et al., 2016)
MGBE0854 Clinostomum L5/ Ardea alba/Campache
MGB60855 Clinostomum L5/Ardea herodias/Campeche
K1477476 Clinostomum L3 (after Pérez-Ponce de Leon et al., 2016)
KI477503 Cllnostomun L3 (after Pérez-Ponce de Ledn et al., 2016)
K1477444 Clinostomum L3 {after Pérez-Ponce de Ledn et al., 2016)
KP110529 Clinostormum sp. 2 (after Locke ef al., 2015)
KP110524 Clinostomum sp. 1 (after Locke et al., 2015)
KU156820 Cinostomum L3 (after Pérez-Ponce de Ledn et &/, 2016)
KP110534 Clinostomum sp. 6 (after Locke et &/, 2015)
LSS MGB60852 Clinostomum heluans/Australoheros sp./Brazil/ Metacercaria
MGBG0853 Clinostomum helvans f Ardea alba/Mexico/ Adult
ﬂKMSIEZfJS Clirostormum complaratum
JF718585 Clinostemum complanatum

Phylogenetic relationships between Cliostanum heluans (in bold) and Mew World Clinostonmm spp. nferred through sequences of the

cytochrome ¢ oxidase subunit 1 gene by Bavesian inference (Bl) and maximom likelihood (ML) analyses. The numbers above branches represent
posterior probability and bootstrap values obtained by Bl and ML, respectively. Sequences of (linostomum Lineage 5 (after Perez-Ponce de Leon et al.,

H16) are also in bold.

Interestingly, our COXI sequence of the metacercariae of C.
heluans was obtained from another species of cichlid, Austral
oheres sp. in Minas Gerais, Brazil, and our data demonstrate that
the species uncovered in the Locke et al. (2015) study should be
referred as C. heluans. Clinostomum sp. 6 (after Locke et al., 2015)
was recognized molecularly, but, since no morphological traits
were reported, it was not possible to correlate the putative species
with a previously recognized species such as C. heluans.
Morphologically, this species is clearly separated from other
Clinostomum species, even in the metacercarial stage, and our
study provided that information. We acknowledge, however, that
distinguishing among other metacercarial forms in this group, as
well as in other groups of digeneans such as diplostomids and
strigeids, is practically impossible.
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The molecular sequences here obtained for C. heluans may also
help to elucidate the snail involved in the transmission of the
parasite as the first intermediate host. The cercaniae found in
species of Biomphalaria from Brazil, and described by Lutz (1934)
as the larvae of C. hefuans, do not correspond to this species,
given the fact that the metacercariae experimentally obtained by
Pinto et al. (2015) show sexual structures located between the
middle and posterior third of body, as verified in an undescribed
species (Clinostomum sp. 7 after Locke et al., 2015). Thus, the
snail intermediate host and the morphology of the cercariae of C.
heluans remain unknown. We need to keep collecting molecular
data from a wider array of species of Clinostomum around the
waorld to fully understand the diversity patterns of this species-rich
group of digeneans. Clinostomum heluans exhibits a wide
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geographic range that extends from southern Brazil to northern
Mexico, and it possesses a host-specificity pattem that involves
several species of ardeids as definitive hosts and cichlids as second
intermediate hosts. Additional molecular information associated
with morphological assessments of all stages of the life cycle will
be instrumental in this endeavor. A large effort has been made in
increasing the genetic library of this digenean genus, but
maolecular data from regions such as Australia and South America
are still needed.
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Morphological and molecular characterization of an enigmatic clinostomid trematode (Digenea:
Clinostomidae) parasitic as metacercariae in the body cavity of freshwater fishes (Cichlidae) across
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position and tentatively placed the metacercariae as belonging to Ithyoclinostomum.
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Abstract

The family Clinostomidae Lithe, 1901 contains 29 species allocated into seven genera; Clinostomium
Leidy, 1836 being the most diverse, with ¢.14 valid species. The diversity of Clinostomum has been
assessed combining morphological and molecular data. The genetic library for species i this genus has
icreased steadily m the last years, although the information for the other genera included in the fanuly
1s very scarce or null. Molecular phylogenetic relationships among the genera of clinostomids have not
been assessed, and their classification 1s still based on morphological traits. The monotypic
Ithyoclinostomium was described from a fish-eating bird m Brazil. and its metacercariae have been
found in several locations of South America, parasitizing erythrinid freshwater fishes. We collected

unusually large metacercariae from the body cavity of cichlids in several locations across Middle

37

1L



325

7
827

1530

America. These metacercariae exhibited some resemblance with [thyoclinestomim. although several
differences prevent their inclusion in I. dimorphum. casting doubt on their taxonomic identification.
The main objective of this paper was to characterize the metacercariae collected in cichlids vsing both,
morphology and molecular data from three molecular markers: and to assess the molecular
phylogenetic relationships among the genera of Clinostomidae to establish the position of the newly
generated sequences. We took a conservative position and tentatively placed the metacercariae as

belonging to Ithyoclinostomum.

Introduction

Members of the cosmopolitan family Clinostomidae Lithe, 1901 are parasites of the buccal cavity,
oesophagus or intestine of birds, reptiles, and occasionally mammals (Ukoli, 1966; Kanev ef al., 2002).
The taxonomic status and phylogenetic relationships among the genera allocated into this family have
been uncertain. Currently. the family comprises seven genera mncluded mn four subfammlies according to
Kanev et al. (2002): Clinostominae Lihe, 1901 with the cosmopolitan genus Clinostomum Leidy, 1856
containing ¢. 14 species parasitizing fish-eating birds as definitive hosts (see Locke ef al., 2015; Pérez-
Ponce de Leon ef al . 2016; Caffara ef al_, 2017). Clinostomatopsis Dollfus, 1932 (two species). and the
monotypic Clinestomeides Dollfus, 1939; Euclinostominae Yamaguti, 1958, with Euclinostomun
Travassos, 1928 containing eight species parasitizing birds (Caffara ef al_, 2016); Nephrocephalinas
Travassos, 1928, with two genera parasitic in crocodilians, 1.e., Odhneriotrema Travassos, 1928 and
Nephrocephalus Odhner, 1902 with two and one species, respectively (Woodyard ef al . 2017); and
[thyoclinostominae Yamaguti, 1958, with the monotypic Ithyoclinostomum dimorphum (Diesing, 1830)
Witenberg, 1923, as a parasite of birds. Even though great progress has been made in recent years to
mcrease the generic library for species of Clinostomum, the most species-rich genus in the family, in

studies aimed at establishing robust species delimitation criteria, few attempts have been made to
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generate sequence data to perform a phylogenetic analysis at the family level (see Woodyard ef al.,
2017).

During survey work on the helminth fauna of Middle American freshwater fishes, unusually
large clinostonud metacercariae were found unencysted in the body cavity of some cichlid species in
several locations of Mexico and Costa Rica. Based on the size of the metacercariae and the position of
the genital complex in the posterior fourth of the body, we first identified the species as Clinostomum
heluans Braun, 1899 An additional piece of information was that C. heluans had been previously
recorded as a parasite of the great blue heron. Ardea heredias Linnaeus. 1758 in northeastern Mexico
(Bravo-Hollis, 1947). In a recent study, Briosio-Agmlar ef al. (2018) characterized molecularly the
metacercanae of C. hieluans: m addition. these authors established a molecular link between the
metacercariae and the adults and deternmned that the distributional range of the species extends
between northern Mexico and Brazil. However, once we obtained ribosomal and mitochondnal DNA
sequences of the unusually large clinostomid metacercariae, we discovered that they are not conspecific
with C. heluans. The objective of this paper 1s two-fold, to characterize morphologically and
molecularly the clinostomid metacercariae found in Middle American cichlids, and to accomplish their
identification at genus level establishing their phylogenetic position within the phylogeny of the fanuly

Clhinostomdae.

Materials and methods

Specimen collection

Specimens of metacercariae were sampled between 2014 and 2016 m six species of cichlids from six
localities. four in Mexico and two in Costa Rica (table 1). In total, 45 individual fish were collected
using semne nets and electrofishing, kept alive and transported to the laboratory, pith sacrificed. and

examined for parasites under a stereomicroscope. Some specimens were fixed by sudden tmmersion n
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hot (near boiling) 4% formalin, subsequently washed in distilled water and stored in 70% ethanol; some
specimens were also preserved in vials with 100% ethanol for molecular analysis.

Morphological study

For morphological identification, 29 specimens (14 whole specimens and 15 hologenophores) were
stained with Mayer's paracarmine, dehydrated m a graded ethanol senies. cleared with methyl
salicylate, and mounted on permanent shides with Canada balsam Voucher specimens were deposited
at the Coleccion Nacional de Helmintos (CNHE). Instituto de Biologia, Universidad Nacional
Autonoma de Meéxico, Mexico City. All the specimens were exammned using a bright-field Zeiss Axio
Zoom V16 microscope. Images were obtained through an Axio Cam Mrc3 attached to the microscope,
and specimens were measured using the software ZEN-Zeiss Efficient Navigation; measurements are
presented m millimeters with the range followed by the mean in parenthesis. Drawimngs of the
metacercariae were made using a drawing tube attached to the microscope. For the scanning electron
microscopy (SEM) study. two specimens were dehydrated through a graded series of ethyl alcohol. and
then critical-point dried with carbon dioxide, mounted on metal stubs with silver paste, coated with
gold, and examined in a Hitachi Stereoscan model SU1510 (Hitach: High-Technologies Mexico S.A.de
C.V, Mexico) at 15 kV.

DNA extraction, amplification and sequencing

Seventeen specimens were placed individually in tubes and digested overnight at 536 °C m a solution
containing 10 mM Tris—HC1 (pH 7.6). 20 mM NaCl. 100 mM Na2 EDTA (pH 8.0). 1% Sarkosyl, and
0.1 mg/ml proteinase K. DNA was extracted from the supernatant using the DNAzol (Molecular
Research Center. Cincinnati, Ohio). Two regions of nuclear ribosomal DNA (tfDNA). and the
mitochondrial cythochorme ¢ oxidase subunit 1 (coxl) were amplified via the polymerase chain
reaction (PCR). The ITS1, 5.85 and ITS2 region was amplified using the forward primer BD1, 5°-
GTCGTAACAAGGTTTCCGTA-3 "and the reverse primer BD2, 5'-

ATCTAGACCGGACTAGGCTGTG-3" (Luton ef al.. 1992). The D1-D3 domains of the 285 fRINA
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gene were amplified using the primers 502 3-CAAGTACCGTGAGGGAAAGTTGC-3' (forward) and
336 -CAGCTATCCTGAGGGAAA -3 (reverse) (Garcia-Varela & Nadler, 20035). The mitochondnal
cox] was amplified using the forward primer MplatCOX1dF 5°-
TGTAAAACGACGGCCAGTTTWCITTRGATCATAAG-3" and the reverse primer MplatCOX1dR
3 -CAGGAAACAGCTATGACTGAAAYAAYANIGGATCICCACC-3" (Moszczynska ef al., 2009).
PCR reactions (25 pl) consisted of 10 pM of each primer, 2.5 pl of 10 X buffer, 1.5 pl of 2 mM MgCla,
0.5 pl of dNTP's (10 mM), 1 U of Taq DNA polymerase (Platinum Taq. Invitrogen Corporation, Séo
Paulo. Brazil) plus 2 ul of the genomic DNA plus 16.7 ul of distillated water. PCR. cycling parameters
for rDNA amplifications included denaturation at 94 °C for 5 min; followed by 35 cycles 0of 94 °C for 1
min, annealing at 30°C for 1 min for the three molecular markers, and extension at 72 °C for | nun,
followed by a post-amplification incubation at 72 °C for 10 min. PCR products for ITS1. 5 85, ITS2
and 285 rDNA were sequenced with the PCR primers plus the internal primers BD3 5'-
GAACATCGACATCTTGAACG-3" and BD4 5-ATAAGCCGACCCTCGGC-3' (Hemandez-Mena et
al., 2013) and 503 5-CCTTGGTCCGTGTTCAAGACG-3' (forward) (Stock et al, 2001) and 504 3'-
CGTCTTGAAACACGGACTAAGG-3' (reverse) (Garcia-Varela & Nadler, 20035). respectively.
Sequencing reactions were performed using ABI Big Dye (Applied Biosystems. Boston.
Massachusetts) terminator sequencing chemistry and reaction products were separated and detected
using an ABI 3730 capillary DNA automated sequencer. Contigs were assembled and base-calling
differences resolved using Codoncode Aligner version 6.0.2 (Codoncode Corporation, Dedham,
Massachusetts). Sequences obtained in the current research for ITS, 285 and coxl were aligned with
sequences of other genera of clinostomids downloaded from GenBank. Three alignments were built.
For ITS and coxl alignments, newly generated sequences were aligned along with one to three
representative sequences of 23 species/lineages of Clinostomum, plus Odhneriotrema incommodum

(Leidy, 1836) and Euclinosfomum heterostormum (Rudolphi, 1908). For 285, an alignment was built
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considering two newly generated sequences in addition to six validated species of Clinostomum. plus
newly generated sequences of five genetic lineages of the genus. and one sequence of Clinostomoides,
two of Euclinostomum and one of Odhneriotrema. In addition. sequences of the diplostonuds
Diplostomum baert Dubois, 1937, and Alaria marcianae (La Rue, 1917) Walton, 1949 were used as
outgroups for rooting the trees. A fourth alignment was built to perform a concatenated analysis of
285-ITS-cox1. Due to the number of sequences available for the 285 tRNA gene, the concatenated
analysis was performed considering sequences of six validated species of Clinostomum, plus those of
five genetic lineages, two of Euclinosiomum, one of Odhneriofrema. with Alaraia marcianae as
outgroup.

Phylogenetic analyses

Sequences were aligned with the software Clustal Omega (Sievers ef al . 2011), mmplemented 1n the
website https://www ebi.ac uk/Tools/msa/clustalo/. Phylogenetic analysis for each data set was run
under Bayesian Inference (BI) and Maximum Likelihood (ML), employing the nucleotide substitution
mode]l GTRHGAMMA , which was calculated in the program jModelTest v2.1.10 (Darriba ef al., 2012).
The concatenated analysis was also run under ML and BI. Bayesian inference was performed in
MrBayes v. 3.2.6 (Ronquist ef al., 2012), running two mdependent MCMC of four chams each run
(heating parameter= 0.3) for 10 mullion generations and sampling trees every 1000 generations
(printfreq=1000 samplefreq=1000 diagnfreq=10000), and Burmn-in periods were set to the first 2500
generations. A 50% majority-rule consensus tree and nodal support (posterior probability values) were
calculated from the remaining trees. ML inference (100 replicates). model parameters and bootstrap
support (1,000 replicates) were estimated with RAxXML v. 8.2 X (Stamatalkis, 2014). Phylogenetic trees
obtained from the analysis were visualized m FigTree v.1.4.3. (Rambaut, 2016). Molecular divergence
for all markers was estimated using uncomected p distances (p-distances) with the software PAUP*

4 0a (Swofford. 2002).
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Results

Morphology

The clinostomid metacercariae were identified as members of the monotypic genus Ithyoclinosfomum
Witenberg, 1923, based on body size, the presence of oral collar. simple caeca lacking diverticula,
gonads being located in the posterior fourth of body, and having a pre-testicular genital pore. Even
though body size was variable among collected individuals (11.6-29 5 mm). the position, size and
shape of internal organs in proportion to the body length was very similar, particularly for characters
related with the reproductive organs (fig. 1).

Ithyoclinostomum sp.
(Metacercariae)

(figs. 2, 3a-d)

Hosts- Mayaheros urophthalmus (Ginther, 1862). Vieja melanura (Hubbs, 1933), Herichthys deppu
(Heckel. 1840), Cribroheros longimanus (Giinther, 1867), Cribroheres alfari Meek. 1907).
Parachromis managuensis (Gunther, 1867).

Localities: Mexico— Gregorio Méndez, Tabasco (Grijalva River basin); Naha, Chiapas (Usumacinta
River basin); Nautla (Nautla River basin); Filipinas Creek (Nautla River basin). Costa Rica— Ingaray
River at Liberia, Guanacaste; Orosi River, Guanacaste; Pithaya Creek (Orosi River basin), Guanacaste.

Specimens deposifed: Coleccion Nacional de Helmintos (CNHE), vouchers 10716-10721.
Representative DNA sequences: MH139738-MH159732 (coxl1), MH159753-MHI1359770 (ITS).

MH159736-MH159737 (285)

Description. (Based on measurements of 14 specimens; measurements in table 2): Body large, elongate
and widest in equatonial region of body. Tegument surface lacking spines. Anterior end forming an oral
collar: oral collar with a ventral constriction. Oral sucker rounded, termunal. smaller than ventral
sucker, embedded in oral collar. Prepharynx absent. Pharynx well-developed leading immediately to

intestinal bifurcation. Intestinal caeca run laterally to posterior end of body. Ventral sucker rounded, in
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anterior fourth of body: triangular aperture. Testes in tandem. in postenior fourth of body, irregularly
shaped, with smooth margins, entirely intracaecal. Anterior testis H-shaped, with anterior lobes longer
than posterior ones. Posterior testis X-shaped. forming four lobes of same size; inter-testicular space
wide. Cirrus-sac ovoid, overlapping anterior testis in dextral position. Genital pore pre-testicular, in
mid-level of body. Ovary small, rounded. smooth, located in inter-testicular space on right side of
body. Uteroduct emerging from ootype, runming around left margin of anterior testis to form tubular
uterine sac, well-developed, extending anteriorly to short distance from posterior border of ventral

sucker, descending straight into genital pore; metraterm not observed. Vitellaria undeveloped.

Taxonomic remarks

The metacercariae sampled from Middle American cichlids correspond in general with the diagnosis of
the genus Ifhyoclinosiomum following Kanev ef al. (2002). Our specimens possess a large and elongate
body with a small oral sucker surrounded by an oral collar. a considerable space free of internal organs
between ventral sucker and anterior testis, simple, long caeca without lateral diverticula, gonads in the
posterior fourth of body, and inter-testicular ovary. Overall comparison of morphometric characters
showed that our specimens are very similar to those described for . dimorphum (table 2); this species
was found i some locations across South America (see Bemgno ef al., 2014; Costa ef al., 2013). In
addition, the ultrastructure of the body surface of I. dimorphum was previously studied by Dias ef al.
(2003) 1n adults obtained from Ardea cocoi (L.). and by Bemigno ef al. (2014) in metacercaniae from
Hoplerytrinus unifaeniatus, both in Brazil. Our SEM specimens (fig. 3) are similar, except by the fact
that they possess a triangular shaped ventral sucker aperture and a well-defined constriction of the oral
collar (see figs. 3a, 3¢). Moreover, two main facts prevented us from identifying our specimens as the
monotypic I. dimorphum. First. we relied solely on the morphology of the metacercarial stage. since we
did not collect the adults from their definitive hosts. Second, our specimens were morphologically

different from I. dimorphum regarding some traits. For mstance, some differences were found on the
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overall body shape, testes size and shape, and the position of the genital pore between I. dimorphum
and our specimens (table 2). In I. dimorphum, the body 1s long and slender, and testes are small and
wregularly shaped. while in our specimens, the body 1s elongate and robust, testes are well-developed.,
and their form 1s well-defined, the anterior testis 15 H-shaped and the postenior testis 1s X-shaped. The
Ccifmis-sac in our specimens is located in the mid-level of the anterior testis, and the genital pore 15
medhial; mn I. dimorphum the cirrus-sac 15 dextral to the right margin of the anterior testis, and the
genital pore 1s dextrally located. A striking difference was found i the body length/body width ratio.

On average, in our specimens the ratio is 3.8, while in I. dimorphum the ratio is around 18 (see table 2).

Molecular data

Phylogenetic analyses inferred with three independent datasets (cox1, ITS, 285) through Bl and ML
unequivocally recovered all the sequenced metacercaniae as a monophyletic assemblage, with high
bootstrap and posterior probability values (figs. 4-6). However, the three datasets vielded different
topologies regarding the position of Ithyoclinostornum sp. with respect to other clinostomids for which
DNA sequences are available.

Coxl. The alignment was 474 bp long and consisted of 15 newly sequenced metacercariae, two
sequences of Euclinostomum heterostomum, three of Odhnerioirema incommodum, and one or two
replicates of each of the 11 valid species of Clinostomum_ plus one or two replicates of each of the 12
genetic lineages of Clinostomum not yet described. The phylogenetic analysis suggested that the
metacercariae of Ithyoclinostomum sp. occupy a basal position with respect to the other genera of
clinostonuds, as follows: [[thvoclinosiomum sp. (Euclinosfomum (Odhneriotrema (Clinostomum)))]
(fig. 4).

ITS. The alignment was 1142 bp long and consisted of 17 newly sequenced metacercanae, two

sequences of Euclinostomum heterostormum, two of Odhneriotrema incommodum, and one or two
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replicates of each of the 11 valid species of Clinastomum_ plus two replicates of each of the 12 genetic
lineages of Clinostomum not vet described. The phylogenetic analysis showed that the metacercanae of
Ithyoclinostomum sp. are recovered as the sister group of the genus Odhneriofrema, as follows:
[Euclinostomum (Odhneriotrema + Ithyoclinostomum sp. (Clinostomum)))] (fig. 5).

28S. The alignment was 1414 bp long, and only included two newly generated sequences of
Ithyoclinostomum sp.. two sequences of Euclinosiomum heterostomum, one of Odhnerioirema
incommodum, one or two replicates of six valid species of Clinostorum for which this molecular
marker has been sequenced and an unidentified species from Australia, two replicates of five newly
sequenced genetic lineages of Clinostomum, and one sequence of Clinesiomeides brieni Dollfus, 1950.
The phylogenetic analysis revealed that the metacercariae of Ithyoclinostomum sp. were recovered as
the basal group of the Clinostomidae as follows: [Ithyoclinostomum (Odhneriotrema (Euclinosfomum
(Clinostomum)))] (fig. 6). In this analysis, C. brieni nests within the group of Clinostomum species that
occur in the old world.

Concatenated analysis (cox1+IT5+285). Since the mitochondrial gene, and the two ribosomal
genes vielded different topologies regarding the position of the newly generated sequences in the
phylogeny of Clinostomidae, a fourth alignment was built for a concatenated analysis of the three
molecular markers through BI and ML. The final alignment was 3094 bp long and included fewer
representative sequences of clinostomids: only species or lineages with sequences of the three markers
were included i the analysis. Alignment consisted of two sequences of Ithyoclinostomum sp., two of
Euclinostomum._ one of Odhneriotrema. one or two replicates of six valid species of Clinostomum, and
two replicates of five genetic lineages of Clinostomum. The concatenated tree recoverad
Odhneriofrema incommodum as the basal member of the group. as the sister taxon of the metacercariae
of Ithyoclinostomum sp. plus Euclinostomum and Clinostomum, as follows: [Odhneriotrema

(Ithyoclinastomum sp. (Euclinostomum (Clinostemum)))] (fig. 7).
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Genetic divergence. The genetic distance estimated through uncorrected p distances showed a
high divergence levels between the sequences of Ifhyvoclinosiomum sp. and the other clinostomids for
the three molecular markers. On average, for the 285 rRNA gene. our metacercanae varied from
Euclinostomum, Odhnerietrema and Clinosfomum from 3.69-9 97%. 7.78%. and 6.02-7.92%,
respectively; for ITS, they varied 19.72%, 15.82%. and 17.15-20.14%, and for cox] divergence values
varied 18.14%. 19.62%. and 16.66-23.62% with respect to the species included in the aforementioned
genera. Intraspecific divergence among 1solates of our metacercariae was very low or null (0.00-0.85%
for cox1, 0.00-0.09% for ITS, and 0.0% for 285), indicating that irrespective of body size (see fig. 1)

and geographical location (Mexico or Costa Rica). all metacercanae are conspecific.

Discussion

The morphology of the specimens reported in our study resembled that of members of the genus
Ithyoclinestomum. Molecular results confirm that our specimens formed a monophyletic assemblage
and that they represented an independent genetic lineage. not closely related with species of
Clinostomum, the most species-rich genus within the family Clinostomidae; moreover, the
phylogenetic relationships of the metacercariae with other clinostomids remain uncertain, since the
three molecular markers used in this study resolved contradictory sister-group relationships (figs 4-6).
Even though we hypothesized that the metacercariae recovered from Middle American cichlids belong
in the genus Ithyoclinestomum, morphologically, they cannot be considered conspecific with I.
dimorphum. Several differences showed that our specimens may actually represent an undescrnibed
species. In addition to morphology. three pieces of information were useful to complement the species
differentiation: habitat, host-specificity, and geographic distribution. In terms of habitat, records of I.
dimorphum as a metacercaria in most of locations of South America indicate the body cavity

(mesentery) of their hosts as the preferential habitat, and more rarely metacercariae were found in the
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musculature, opercula, stomach. and gills. It 1s unclear, however, if the metacercariae were always
encysted in the different habitats where they occurred. For instance, Szidat (1969) found metacercarnae
encysted in the gill arches of their hosts in Tucuman, Argentina; Gallio ef al. (2007) recoverad them
encysted in the musculature of their hosts in Rio Grande Do Soul, Brazil; and Bele: ef al. (2013) found
them encysted in the visceral cavity of their hosts i Minas Gerais, Brazil . In contrast, some authors
reported the metacercariae of I. dimorphum from the mesentery/musculature, coelomic cavity/stomach,
and body cavity of their fish hosts. although none of them refer specifically if the metacarcariae were
encysted or not (Benigno ef al_, 2014: Costa et al_, 2015; Delgado ef al., 2017). In our study, the
metacercanae of Ithyoclinosiomum sp. were exclusively found in the body cavity of their cichlid hosts
and n all cases, they were unencysted. and actively moving when collected.

Furthermore, geographic distribution and host specificity patterns were also used to differentiate
1. dimorphum from the specimens sampled in this study. The metacercariae of I. dimorphum shows a
strong host specificity since they have only been reporied from three species of Characiform fishes
(Family Erythninidae Valenciennes, 1847), ncluding Hoplias malabaricus Bloch, 1794, H. intermedius
(Giinther, 1864), and Hopleryirinus unitaeniatus (Spix & Agassiz, 1829) 1n Brazil, Peru, and Argentina
(Travassos ef al., 1969; Szidat, 1969, Pavanelli ef al.. 1990; Weiblen & Brandao, 1992; Paraguassu &
Luque, 2007; Gallio et al., 2007; Belei et al., 2013; Benigno ef al., 2014; Costa ef al., 2015; Delgado et
al_, 2017). Additionally, the species has been found also as a parasite of Schizodon borreli (Boulenger,
1900} 1n the Parana River, Brazil (Machado ef al | 1996). a member of the Anostomidae Giinther, 1864
Erythrimids and Anostomids are both Characiforms, although they are not closely related (see Oliveira
efal., 2011). In this sense, I. dimorphiom seems to be restricted to these particular groups of
characiforms in South America. In contrast, our specimens are host-specific to cichlids and are
apparently restricted to Middle Amenica; they have been only found unencysted in the body cavity of

their hosts.
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Taking together all the pieces of information discussed above, it 15 possible that the specimens
from cichlids represent an undescribed species; however, sampling adults from their defimitive hosts 1s
a requirement fo present a complete species description for this potentially new species. The single
specimen reported in Aguirre-Macedo ef al. (2001) as Clinostormum sp. 2. from the body cavity of
Parachromis managuensis (Giinther, 1867), n the South Atlantic area of Nicaragua, in Central
America, correspond fully with the morphology of the metacercariae we describe m this study (see
table 2), even though the single specimen collected by these authors from the cichlid 1s larger (39 mm
long): therefore, these specimens have to be further considered as Ithyoclinostomum sp. Interestingly,
Belei ef al_ (2013) reported the presence of the metacercanae of I. dimorphim i H. malabaricus from
the Parque Estadual do Rio Doce, Brazil and, since their specimens were hardened due to fixation mn
formalin, the body was macerated and these authors reported the presence of eggs in the metacercariae,
argmng the possibility that the digenean larval stage acquired sexual maturity due to permanent
absence of the definitive hosts. In our specimens, even though gonads are well-developed, no evidence
of the development of the uterine sac is observed.

The adults of Ithyoclinostomum have been found in the buccal cavity of fish-eating birds in
some locations of Brazil. The oniginal record (as Clinostomum dimorphum Diesing, 1850) was made as
a parastte of Ardea cocol. According to Lent & Freitas (1937) the species was transferred to
Ithyoclinostomum by Witenberg (1925), but since a generic diagnosis was not provided, these authors
formally described the genus for the first time. After first described, I. dimmorphum has been reported
also as a parasite of Ardea alba (Linnaeus, 1758), Nyeticorax nycticorax (Linnaeus, 1758), and
Tigrisoma lineatum (Boddaert, 1783) (see Benigno ef al., 2014; Fernandez ef al., 2015). The genus
Ithveclinostomum is unique among clinostomids because of their body size: they are “the largest
species among the so far known Clinostomidae, reaching sizes which are rarely encountered among the

trematodes: 60-100 mm™ (Braun, 1901). Clinostornum heluans Braun, 1899, a species widely
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distributed in the Americas as a parasite of fish-eating birds (Briosio-Aguilar ef al., 2018). 1s also
characterized by 1its larger size, although it 1s not as large as I. dimorphum; adults of C. heluans are
usually 15-20 mm long (see Wemeck ef al | 2017 and references therein); likewise, the specimens of
C. heluans reported by Bravo-Hollis (1947) from the buccal cavity of Ardea herodias (Linnaeus, 1758)
mn northern Mexico are probably the largest reported. reaching between 20.7 and 26 1 mm_ The report
by Bravo-Hollis (1947) led us to consider, initially, that our specimens corresponded with C. heluans
since they were 11.6-29.5 mm long; also, our samples coimncided with the geographic range of the
species (Briosio-Aguilar ef al . 2018). However, morphologically, our specimens resembled more
closely Ithvoclinostomum than C. heliuans; the molecular evidence gathered in this study, unequivocally
confirmed that our specimens did not nest within the clade formed by Clinostomum species.
Metacercariae of I. dimorphum are vaniable in length, since they reach 15-50 mm long (see table 2). On
average, our specimens lie within the length range of that species, although in the lower limit (18.7
mm), and as mentioned above, the body length/width ratio 1s much greater in I. dimorphum, which
means that specimens of that species are more elongated.

The definitive hosts of the metacercariae herein characterized still remain unknown.
Considering the most parsimonious explanation of sister-group relationships among clinostomids
shown by the concatenated phylogenetic analysis (fig. 7), the possibility that crocodilians are the
definitive hosts of this trematode cannot be mled out, especially since we have analyzed for helminths
around 377 fish-eating bird individuals in the last few vears. including species of ardeids, pelicans,
cormorants, anhingids, and theskiornithids, and we have been unable to recover adult parasites
corresponding with the species we characterize in this study. We have to keep looking at a wider
diversity of birds and whenever possible at crocodilians to try to obtain adult forms of this trematode
species. Previous classification schemes of the family Clinostomidae considered Ithveclinostomum to
be part of the subfamily Clinostominae (see Skryjabin, 1947; Feizullaev and Mirzoeva, 1983) or to the

monotypic subfamily Ithyvoclinostominae (see Yamaguti, 1971); these classifications included only

14

50



species whose adults were found in birds. The current classification scheme (Kanev ef al . 2002) also
mclude the subfamily Nephrocephalinae in the fanuly Clinostomidae; their members are parasites of
crocodilians. Our molecular phylogenetic analysis provided additional support to the classification
scheme proposed by Kanev ef al. (2002) which is based solely on morphology.

Since our specimens did not conform entirely to the diagnosis of I. dimorphum and C. heluans,
we compared our material with the other genera included in separate subfamilies of the famuily
Clinostomdae (see Kanev et al., 2002). Molecularly, our specimens were closely related to the genera
Euclinostomum and Odhneriotrema, the only members other than Clinosfomum for which sequences
are available in GenBank; genetic divergence values and reciprocal monophyly indicated that our
specimens were independent evolutionary sigmificant umts. Morphologically, species included in these
genera are different. Enclinosfomum 1is the only genus in the subfamily Euclinostominae (Kanev ef al.,
2002); adults are parasites of ardeids and metacercariae are commonly found in cichlids in the old
world (see Caffara ef al.. 2016); adults and metacercanae of species of Euclinostomum are
characterized by having 6-15 blind diverticula extending latero-posteriorly to the mam ceca (Kanev ef
al., 2002; Caffara ef al.. 2016); this character, and the body size of the organisms are the man traits
that distinguish our specimens of Ithvoclinostomum sp. from the species in that genus. Species of the
genus Odhneriotrema, a member of the Nephrocephalinae along with Nephrocephalus, are parasites of
the buccal cavity and oesophagus of crocodilians in the Americas. They differ from Ithvoclinostormum
sp. in the small size of the oral sucker, the position of the ovary and cirrus-sac with respect to testes, the
size of the cirrus-sac, and the large inter-testicular space.

The genus Clinosfomatopsis Dollfus, 1932 belongs to the Clinostomatinae (Kanev ef al.. 2002).
and shows some resemblance with the metacercariae from the present study because of the lobated
nature of the testes. Unfortunately, no sequence data was available for this species, and the comparison

relied solely on morphology. Currently. the genus contains two species known to parasitize the
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oesophagus of Neotropical birds (Lunaschi & Drago. 2009): Clinostomatopsis intermedialis Lamont,
1920, recorded as a parasite of cormorants. Phalacrocorax brasilianus (Gmelin. 1789) from Venezuela
(Lamont, 1920), and P. penicillatus (Brandt, 1837) from northeastern Mexico (Bravo-Hollis, 1947).
The second species. Clinosfomatopsis sorbens (Braun, 1899) Dollfus, 1932, 15 a parasite of Mycteria
americana (Linnaeus, 1758), Ardea coccol and Jabiru mycteria (Lichtenstein, 1819) in Brazil (see
Benigno ef al., 2014; Fernandes ef al., 2015, and references therein) and has been found in Tigrisoma
lineafum in Argentina (Lunaschi & Drago. 2009). Metacercanae was recorded from the mesentery of
the erythrimids H. malabaricus and H. unitaeniatus in Brazil by Benigno ef al. (2014), who mcluded
SEM micrographs of the specimens. The metacercariae of C. sorbens are different from the ones we
characterize in this study because they are relatively smaller (<10 mm), they have an mnter-testicular
cirrus-sac and genital pore (which 1s a diagnostic trait for the genus). and even though they possess
deeply lobed testes, testes shape 1s very different: anterior testis formed by five irregular lobes, and
posterior testis by six lobes, two directed anteriorly, and four directed posteriorly (see Figure 1 i
Bemigno ef al., 2014). Finally, the metacercaniae of Ithyoclinostomum sp. are also different from the
monotypic Clinostomoides. Clinostomoides brieni Dollfus, 1930 mfects the oesophagus of herons and
their metacercariae are more commonly found in siluriform fishes in Asia and Africa (Kanev ef al.,
2002); this species 1s characterized by possessing an elongated body and gonads are also located 1n the
posterior fourth of the body; however, it can be easily distingmished from our metacercariae because the
cirmis-sac 15 mnter-testicular and the genital pore is post-testicular according with the diagnosis by
Kanev et al. (2002), although a recent description of the metacercariae from Clarias gariepinus
(Burchell, 1822) from Botswana, Africa (van Rensburg ef al., 2013) refers to a “genital pore just
submedian to right, immediately anterior to posterior testis”. The fact that the sequenced specimen of
this species (from a metacercanae obtamed from a siluriform fish in India -KF781299— as a direct
submiission) 1s nested within a group of species of Clinestomum that includes the cosmopolitan C.

complanatum, mdicates a possible nusidentification, and requires further verification.
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In conclusion, the metacercariae characterized in this study were included 1n the genus
Ithveclinostomium because they share some morphological traits: however, the inclusion of our
specimens in the genus in tentative until sequences of the adults or metacercanae of the species I.
dimorphum are provided from specimens sampled from their natural distributional range i South
America. Molecular data will provide confirmation or rejection of this hypothesis. Even 1f our
specimens belong to a different genus, they represent an undescribed species; to accomplish the proper
species description, and naming of the species, we need to collect adult forms from their definitive
hosts, either fish-eating birds or crocodilians, and characterize them morphologically and molecularly,

to establish a link between the larval forms and the adults in their defimtive hosts.
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Figure 2. Line drawing of the metacercariae of Ithyoclinostomum sp. from Herichthys deppi Nautla

River, Veracruz state. Ventral view.

Figure 3. Scanning Electron Microscopy of Ithyoclinestomum sp. from Cribroheros alfari, Orost River,
Costa Rica. a) entire worm. scale bar = 2 mm; b) oral collar showing ventral constriction, ventral view,
scale bar = 0.5 mm;: c) oral collar showing ventral constriction, ventro-lateral view, scale bar = 0.5
mm; d) oral collar showing ventral constriction and oral aperture, em face view, scale bar = 0.5 mm.
Figure 4. Bayesian inference tree for Ithyoclinostomum sp. based on the cytochrome ¢ oxidase subunat
1 gene (coxl) dataset. Dots above branches represent posterior probability values and bootstrap values

higher than 0.8/80%_ Newly generated sequences of Ithveclinastomum sp. in this study are in bold.

Figure 5. Bayesian inference tree for Ithyoclinostomum sp. based on the internal transcribed spacers
(IT51-5 85-TTS2) dataset. Dots above branches represent posterior probability values and hootstrap
values higher than 0.8/80%. Newly generated sequences of Ithyoclinostomum sp. in this study are in

bold.

Figure 6. Bayesian inference tree for Ithyoclinostormum sp. based on the 285 tRINA gene dataset. Dots
above branches represent posterior probability values and bootstrap values higher than 0.8/80%. Newly
generated sequences in this study for Iffiveclinostomum sp.. as those for Lineages 1-5 (sensu Pérez-

Ponce de Leon ef al., 2016) are 1n bold.

Figure 7. Bayesian inference tree for Ithyoclinostomum sp. based on the concatenated dataset (285 +
ITS1-5.85-ITS2 + coxl). Numbers above branches represent posterior probability values and bootstrap
values. The defimitive host, either a fish-eating bird or a crocodilian for each species/genetic lineage of

clinostomd 1s included in the figure. * coxl sequences: ® ITS sequences; * 285 sequences.
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table 1. Localities sampled across Middle America for [tfivoclinostomum sp., state for each locality, host and geographical coordinates; and records of
adults and metacercariae of 1. dimorphum reported in fish-eating birds and freshwater fishes South America

Locality Host N W Author
Ithyoclinostomum sp. (Metacercaria)
Mexico
Tabasco State
Gregorio Méndez Mayaheros urophthalmus — 17°27'00" 91°34'10" This study
Chiapas State
El Ocotalito, Naha Vieja melanura 17°03'00" 91°35'49" Thus study
Veracruz State
Nautla River, Nautla Herichthys deppi 20°11'18" 96°44'43" This study
Nautla River, Filipinas Herichthys deppi 20°0047" 97°09'50" This study
Costa Rica
Guanacaste Province
Trigaray River,Liberia Cribroheros longimanus 10°43'21" 85°30'38" This study
Irigaray River,Liberia Parachromis managuensis  10°43'21" 85°30'38" Thus study
Orosi River, Pitahaya Cribroheros alfari 11°03'05" 85°24'30" Thus study
Orosi River Cribroheros alfari 11°02'50" 85°22'48" Thus study
Nicaragua
South Caribbeab Cost Autonomus Region
Mahogany River Cichlasoma managuense 12°03'22" 83°59'07" Aguirre-Macedo ef al., 2001
Ithyoclinestomum dimorphum (Adult)
Brazil S w
Not specified Ardea cocoi Braun, 1899
Para State
Ilha de Marajé Ardea cocoi Lent & Freitas, 1937
Mato Grosso State
Not specified Ardea cocoi Travassos, 1928
Bardo de Melgago Ardea cocoi 23°30' 47°30" Pinto et al., 2004
Ardea alba 23230 47°30" Pinto ef al., 2004
Nycticorax Nycticorax 23°30" 47°30" Pmto et al., 2004
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Mato Grosso do Sul State
Not specified
Parana River Basin
Bardo de Melgago

Sdio Paulo State
Pirassununga

Rio Grande do Sul State
Pelotas

Ardea cocoi
Ardea cocoi
Tigrisoma lineatum

22°50'-22°70'

Nycticorax Nycticorax

Ardea cocoi 31°46'19"

Ithyoclinostomum dimorphum (Metacercaria)

Brazil
Tocantins State
Araguaia River, Araguani
Rio Grande do Sul State
Santa Maria
Cachoeira do Sul
Pirantini River
Minas Gerais State
Rio Doce
Not specified
Sdo Francisco Basin
Sio Francisco Basin
Not specified
Rio de Janeiro State
Lajes Reservoir
Espirito Santo State
Parda State
Arari Lake, Marajé Island
Arari Lake, Marajo Island
Parana State
Porto Rico
Porto Rico
Argentina

S

Hoplias malabaricus 06°34'
Hoplias malabaricus
Hoplias malabaricus

Hoplias malabaricus 31°30'-34°35"

Hoplias malabaricus 19°46'53"
Hoplias malabaricus

Hoplias malabaricus 18°12'32"
Hoplias intermedius 18°12'32"

Hoplervthrinus unitaeniatus

Hoplias malabaricus 22°42'-22°50

Hoplias malabaricus

Hoplias malabaricus 00°39'48"
Hoplerythrinus unitaeniatus 00°39'48"

Hoplias malabaricus

Schizodon borelli 22°40'-22°50"
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Travassos,

53°15-53°40'

52°20'34"

W

48°38'

53°31'-55°15'

42°35'57"

45°15'41"

45°15'41"

44°05'-44°05"

49°10'30"
49°10'30"

53°15'-53°40"

1941; Travassos & Freitas, 1942, 1943

Dias er al., 2003
Arruda ef al., 2001

Arruda ef al., 2001

Fedatto ef al., 2017

Reis, 2014

Weiblen & Brandio, 1992
Gallio ef al., 2007
Rodrigues, 2010

Belei et al., 2013
Moreira, 2000
Costa et al., 2015
Costaeral., 2015
Moreira, 2000

Paraguassu & Luque, 2007
Travassos, ef al., 1964

Benigno et @l., 2014
Benigno et al., 2014

Pavanelli ef al., 1990
Machado ef al., 1996



Tucumecn Province Hoplias malabaricus Szidat, 1969
Peru
Alto amazonas province
Hoplerythrintis
Yurimaguas unitaeniatis 05°42'03" 76°52'03" Delgado et al., 2017
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table 2. Morphometric data for the metacercaniae of Ithyoclinostomum sp. from Middle Amernican cichlids sampled in this study, and comparison
with published descriptions of metacercariae and adults of I. dimorphum. Measurements are expressed in mm as a range; measurements in parenthesis
for some columns represent the mean value. Measurements with an asterisk represent ratios not provided in the original description/redescription; these

ratios were calculated as a reference value with a comparative purpose only.

Ithyoclinastomum dimerphum

Ithyeclinostomum dimoerphum

Ithyoclinostemum sp.

(Adult) (Metacercaria) (Metacercaria)
Ardea cocoi  Ardea cocoi Hoplias  Hoplerythrinus Hoplias Hoplias Hoplerythrinus Cichlasoma Cichlidae
malabaricus  unitaeniatus  malabaricus intermedius unitaeniatus managuense
Braun, Lent & Freitas. Szidat, Benigno efal., Reis, Costa et al.. Delgado et al.. Aguirre-Macedo (This paper)
1901 1937 1969 2014 2014 2015 2017 efal., 2001
EL 60100 o0 13 23.55 47.20 15.0-33.0(22) 50 39 11.60—29.55 (18.71)
BW 21-6 5 23 1.9 375 1.50-4.00 (2.3%) 4 11 234-821(5.25)
BLBW 10-16.6* 18* 5.65% 12.30% 12.59% 8.25 10 (9.20)* 12.5#% 354% 212-495(3.85)
OCL 032-1.54(0.74)
oCwW 0.97-2.85(2.03)
OSL 05 0.763 02 036 024 0.30-0.32(0.31) 0.65 0.32-0.99 (0.53)
OsW (diameter) 0.579 (diameter) 0.40 031 0.52-0.57(0.33) 0.90 023-235(1.25)
OSW/BW 0.08* 0.11* 0.08* 0.21% 0.08*% 0.14-0.34 (0.22)* 0.08* 0.08 —0.43 (0.26)
PhL 032 0.61 0.49—-0.91 (0.70)
PhW 023 037 0.45-0.83 (0.63)
VSL 16 18 0.75 1.15 0.69 0.90 — 1.20 (0.98) 15 1.20— 2.85(1.97)
VIW (diameter) (diameter) (diameter) 1.25 121 0.92-142(1.05) (diameter) 1.215-2.82 (2.02)
VSW/OSW 3.2+ 3.10* 375 312 3.90% 1.76-2.40 (1.98)* 1:3.88 1: 1.05-2.36 (1.36)
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VSL/OSL 32* 2.35* 3.75= 3.19= 2.875% 3-375(3.16)* 5.38% 2.14-542(391)

VSW/ABW 0.26* 0.36* 1.63% 0.65= 0.32= 035-0.61 (0.43)* 0.32* 0.31-0.52(0.41)
OSL/VSL 031" 0.42% 0.26% 031+ 034 02609 (0.31)* 0.18* 0.18—-047(0.27)
OSWVSW 0.31* 0.32* 0.26% 0.32= 0.25* 0.40-0.56 (0.50)* 0.26* 0.16 —0.95 (0.62)
DES 1.32-330(2.16)
DOC&VS 1.14 -3.03 (1.71)
ATL 3.021 0.47 1.35 1.625 0.68—-2.52(1.38)
ATW 0.815 0.34 1.12 0.775 0.59-222(1.41)
ATW/ATL 0.27* 047 0.82* 0.48% 0.75-1.47(1.03)
PTL 2.893 045 1.65 0.775 0.62-2.50(1.23)
PTW 1.709 0.23 1.35 0.650 0.65 —231(1.24)
PTW/PTL 0.50% 0.51= 0.81= 0.34* 0.73-1.76 (1.06)
DBVS&AT 573 —15.30(8.88)
DET 0.54-2.03(1.24)
OL 0.842 0.18 0.400 0.19-0.50(0.31)
ow 1.183 0.12 0.375 0.19 -0.30(0.27)
OW/OL 1.40* 0.67% 0.875* 0.55-1.28(0.54)
CSL 0.579 0.45 1.27

CSW 0.920 0.27 1.5

Abbreviations: Body length (BL), Body width (BW), ratioc BL/BW, oral collar length (OCL). oral collar width (OCW), oral sucker length (OSL), oral sucker width (OSW), ratio
OSW/BW, Pharynx length (PhL), Pharyox width (PhW), ventral sucker length (VSL). ventral sucker width (WSW), ratio VEW/OSW, ratio VSL/OSL., ratio VSW/BW., ratio
OSL/VSL. ratioc OSW/VSW, distance between suckers (DOS/VS), distance between oral collar and ventral sucker (DOC&VS), antericr testis length (ATL), anterior testis width
(ATW), ratio ATW/ATL, posterior testis length (PTL), pesterior testis width (PTW), ratio PTW/PTL, distance between ventral sucker and anterior testis (DBVS&AT). distance
between testis (DBT), Ovary length (OL), Ovary width (OW), ratio OW/OL, cirrus sac length (CSL), cirrus sac width (CSW).
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Figure 3 Click here to download Figure Fig 3.6iff 2
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Figure 4
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KJ504182 Clinostomum marginatum Ardea alba
4.‘_1{—‘5)(630995 Clinastomum marginatum Ardea alba
KP130306 Clinostomum attenuatum
| KP150305 Clinostomum attenuatum

KUT08010 Clinostomum album Ardea alba

KU156T83 Clinostomum sp. L1 Rhamdia guatemalensis (after Pérez-Ponce de Ledn ef al., 2016)
o E KU156806 Clinostomum sp. L1 Rhamdia sp. (after Pérez-Ponce de Ledn et al_, 2016)
- KJ818262 Clinostomum sp. 7 Biophalana sp. (after Locke ef al., 2015)

,[ KP110518 Clinastomum defruncatum Symbranchus marmaratus
KP110518 Clinostomum detruncatum Symbranchus marmoratus
—— KP110531 Clinostomum sp. 4 Apistogramma sp. (after Locke et al, 2015)
KL156801 Clinostomum sp. L4 Egretta thula (after Pérez-Ponce de Ledn ef al,, 2016)
[ KU156800 Clinostomum sp. L4 Egretla thula (after Pérez-Ponce de Ledn ef al,, 2016)
S _,| KJ477498 Clinosformum sp. L3 Tigrisoma mexicanum (after Pérez-Ponce de Leon et al., 2016)
KJ477501 Clinostomum sp. L3 Ardea herodias (after Pérez-Ponce de Ledn et al., 2016)

,1: KU158797 Clinostomum sp. L2 Egrefta thula (after Pérez-Ponce de Ledn ef al., 2016)
KU156803 Clinostomum sp. L2 Ardea alba (after Pérez-Pance de Ledn et al., 2016)

KP110532 Clinostomum sp. 5 Cichiasoma boliviense (after Locke et al., 2015)
= KJ477536 Clinostomum sp. LS Tignsoma mexicanum (after Pérez-Ponce de Ledn et al, 2016)
o K

KJ4T7541 Clinostomum sp. L Cochiearius cochlearis (after Pérez-Ponce de Ledn ef al., 2016)
U156776 Clinostomum tataxumui Tigrisoma mexicanum
= KJ504202 Chnostomum tataxumui Ardea alba
{ KP110534 Clinostomum sp. 6 Cichlasoma boliviense (after Locke et al., 2013)
MGE60852 Clinostormum heluans Australoheros sp. Brazil
- MGB60853 Clinostomum heluans Ardea alha Mexico
g{ KP110516 Clinostomum cutaneum Oreochromis niloticus niloticus
KP110515 Clinostomum cutaneum Ardea cinerea
05164 _.| KP110522 Clinostomum phalacrocoracis Ardea cinerea
KP110521 Clinostomum phalacrocoracis Ardea cinerea
.[ KY649364 Clinostomum filapiae Synodonfis batensoda
KYG49357 Clinostomum llapiae Synodonfis batensoda
o KYBB5ETS Clinostomum Morphotype 3 Chiloglanis preforiae (after Caffara ef al., 2017)
KYBG566T Clinostomum Morphotype 3 Amphilivs uranoscopus (after Caffara et al., 2017)
KYB65661 Clinostomum Morphotype 4 Barbus trimaculatus (after Caffara et af, 2017)
o JFT18589 Clinostomum complanatum Lepomis gibbosus
JF718594 Clinostomum complanatum Squalius cephalus

—— e L% ————— KP110523 Clinostomum philippinense Thrichogaster microlepsis

KYB65681 Clinostomum Morphotype 1 Synodontis intermedius (after Caffara et al, 2017)
Y865662 Clinostomum Morphotype 2 Marcusenius macrolepidotus (after Caffara ef al., 2017)
KYBB65666 Clinostormum Morphotype 2 Marcusenius pongolensis (after Caffara et al., 2017)
“ MF766003 Odhneriotrema incommadum/Alligator mississippiensis
L]

KY863627 Clinostomum Morphotype 1 Synodontis batensoda (after Caffara et al., 2017)
e

MFT66002 Odhneriotrema incommodum Alligator mississippiensis
MF766001 Odhneriotrema incommadum Alligator mississippiensis

L e KP721420 Euclinostomum heterostomum ciclid
~KP721421 Euclinostomum heterostormum ciclid
| MH158751 Ithyoclinostomum sp. Herichthys deppi Nautla River Filipinas Veracruz
' MH159752 Ithyocfinostomum sp. Herichthys deppi Nautia River Filipinas Veracruz
- MH159748 Jthyoclinostomum sp. Herichthys deppi Nautla River Veracruz
MH159750 ithyoclinostomum sp. Cribroheros alfari Orosi River Cosla Rica
MH159747 lthyoclinostemum sp. Parachromis managuensis Ingaray River Cosla Rica
MH159748 fthyoclinostomum sp. Cribroheros longimanus Irigaray River Costa Rica
MH159746 Ithyoclinostomum sp. Cribroheros alfari Orosi River Cosfa Rica
. {MH159?45 Ithyoclinastomum sp.Vieja mefanura El Ocotalito Naha Chiapas
MH159744 Ithyoclinostomum sp. Mayaheros urophthalmus Gregorio Méndez Chiapas
- MH159743 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz
| MH159742 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz
'MH159741 Ithyoclinostomum sp. Herichthys deppi Nautla River \eracruz
' MH159740 [thyoclinostomum sp. Herichthys deppi Nautla River Veracruz
' MH159739 lthyoclinostomum sp. Herichthys deppi Nautla River Veracruz
' MH159738 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz
GQ292501 Diplostomum baeri Parca flavescens

JF904529 Alaria mustelae Lithobates Clamitans

0.2
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KP150307 Clinostomum attenuatum Lithobates pipiens
JXB31045 Clinostomum marginatum Ardea alba
KU708008 Clinostomum album Ardea alba
KJ477678 Clinostomum marginatum Ardea alba
KJ4T7674 Clinostormum tataxumui Tigrisoma mexicanum
KJ477669 Clinostomum tataxumui Ardea alba
KJ477649 Clinostomum sp. L5 Cochlearius cachlearis (after Pérez-Ponce de Ledn et al., 2016)
KJ477645 Clinostomum sp. L5 Tigrisoma mexicanum (after Pérez-Ponce de Ledn ef al., 2016)
KP110576 Clinostomum sp. 5 Cichlasoma boliviense (after Locke et al., 2015)
KP110574 Clinostornum sp. 4 Apistogramma sp. (after Locke et al., 2015)
KJ477614 Clinostomum sp. L3 Ardea herodias (after Perez-Ponce de Leén et al., 2016)
KJ477612 Clinostomum sp. L3 Tigrisoma mexicanum (after Pérez-Ponce de Ledn et al., 2016)
KJ477663 Clinostomum sp. L4 Profundulus balsamus (after Pérez-Ponce de Ledn et al., 2016)
KMB76409 Clinostomum sp. L4 Profundulus punctatus (after Pérez-Ponce de Ledn et al_, 2016)
KU156738 Clinostomum sp. L2 Egrefta thula (after Pérez-Ponce de Ledn ef al., 2016)
KU158760 Clinostornum sp. L2 Ardea alba (after Pérez-Ponce de Ledn et al., 2018)
KU136763 Clinostomum sp. L1 Rhamdia sp. (after Pérez-Ponce de Ledn ef al., 2016)
KU156743 Clinostomum sp. L1 Rhamdia guatemalensis (after Pérez-Ponce de Ledn et al., 2016)
KP110578 Clinosfomum sp. 7 Gymnotus carapo (after Locke et al., 2015)
KP110566 Clinasfornum detruncafum Symbranchus marmoratus

« KP110377 Clinostomum sp. 6 Cichlasoma boliviense (after Lacke ef al., 2015)

MH159770 Clinostomum heluans Australoheros sp. Minas Gerais Brazil
_.[ KP110569 Clinostomum phalacrocoracis Ardea cinerea
KP110568 Clinostomum phalacrocoracis Ardea cinerea
JF718629 Clinostomum complanatum Barbus barbus
JF718623 Clinostomum complanatum Squalius cephalus
KY865644 Clinostomum sp. Morphotype 4 Barbus trimaculatus (after Caffara et al., 2017)

*| | KY865660 Clinostomum sp. Morphotype 1 Schilbe intermedius (after Caffara ef al., 2017)
KY865656 Clinostomum sp. Morphotype 1 Schilbe intermedius (after Caffara et al., 2017)
KYB65647 Clinostomum sp. Morphotype 2 Marcusenius pongolensis (after Caffara ef al., 2017)

A KY865645 Clinostomum sp. Maorphotype 2 Marcusenius macrolepidotus (after Caffara et al., 2017)

067738

GQ339114 Clinostomum cutaneum Ardea cinerea
FJB09421 Clinostomum cutaneum Qreochromis niloticus
KY865655 Clinostemum sp. Morphotype 3 Chiloglanis pretoriae (after Caffara et al_, 2017)
KY865648 Clinostomum sp. Morphotype 3 Amphilius uranoscopus (after Caffara et al., 2017)
E(YG&IQ?,J,Q Clinostomum tilapiae Synodontis batensoda (after Caffara et al., 2017)

" KY849356 Clinostomum tilapiae Synodontis batensoda (after Caffara et al., 2017)
KP110570 Clinostomum philippinense Trichogaster microlepis

MH159768 Ithyoclinostomum sp. Herichthys deppi Nautla River Filipinas Veracruz
MH158769 Ithyoclinostomum sp. Herichthys deppi Nautla River Filipinas Veracruz
MH159759 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz
MH159760 lthyoclinostomum sp. Herichthys deppi Nautla River Veracruz
MH159761 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz
MH159762 lthyoclinostomum sp. Herichthys deppi Nautla River Veracruz

MH 158763 lthyoclinostomum sp. Herichthys deppi Nautla River Veracruz
MH159764 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz
MH159765 Ithyoclinostomum sp. Herichthys deppi Nautla River \eracruz

N 1100

g4

MH159766 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz

MH159767 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz

MH159757 Ithyoclinostomum sp. Cribroheros alfari Orosi River Costa Rica
MH158758 fthyoclinostomum sp. Cribroheros alfari Orosi River Costa Rica
MH159756 Ithyoclinostomum sp. Parachromis managuensis Irigaray River Costa Rica
MH159755 Ithyoclinostomum sp. Mayaheros urophthalmus Gregorio Méndez Chiapas
MH159754 Ithyoclinostomum sp. Cribroheros longimanus Irigaray River Costa Rica
MH159753 Ithyoclinostomum sp. Vieja melanura El Ocotalito Naha Chiapas

. MF765998 Odhneriotrema incommodum Alligator mississippiensis

MFT&6000 Odhneriotrema incommodum Alligator mississippiensis

o KP721422 Euclinostomum heterostomum ciclid
KP721423 Euclinostomum heterastornum ciclid
AY123042 Diplostomum baeri Larus delawarensis

JF769478 Alaria mustelae Lithobates clamitans

0.08
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o/ MF398323 Clinostomum marginatum Ardea alba Los Ocotes Qaxaca
. \ MF398322 Clinostomum marginatum Ardea alba Los Ocotes Oaxaca

KU708008 Clinostomum album Ardea alba Mississippi USA
MH159734 Clinostomum sp. L1 Rhamdia guatemalensis San Juan River Chiapas

! 4{ MH159735 Clinostomum sp. L1 Rhamdia sp. El paraiso Honduras

MH159729 Clinostomum sp. L2 Egretta thula Catemaco River Veracruz
MH159728 Clinostomum sp. L2 Astyanax aeneus La Rosa River Jalisco

. MH159731 Clinostomum sp. L3 Gobiomorus maculatus Rio Grande Costa Rica
MH159730 Clinostomum sp. L3 Rhamdia guatemalensis Catemaco River Veracruz
. MH159732 Clinostomum sp. L4 Pseudoxiphophorus jonesii Los Ocotes dam Oaxaca
. MH159733 Clinostomum sp. L4 Egretta thula Catemaco River Veracruz
MH159727 Clinostomum sp. L5 Cochlearius cochlearius Champoton River Campeche
* MH159726 Clinostomum sp. L5 Tigrisoma mexicanum El Espino Tabasco

MF398320 Clinostomum tataxumui Ardea alba Veracruz Mexico

MH159725 Clinostomum tataxumui Bagre marinus Salsipuedes Pantanos Centla Tabasco
AY222175 Clinostomum sp. Hypeseleotris galii Australia

FJ609422 Clinostomum phalacrocoracis Oreochromis niloticus Kenya

.FJ609421 Clinostomum cutaneum QOreochromis niloticus Kenya

FJ609420 Clinostomum complanatum Barbus barbus ltaly
KF781299 Clinostomoides brieni Heteropneustes fossilis India

'F KY284847 Euclinostomum sp. India
KY273277 Euclinostomum heterostomum Bubulcus ibis India

MF765998 Odhneriotrema incommodum Alligator mississippiensis Mississippi USA
MH159736 Ithyoclinostomum sp. Mayaheros urophthalmus Gregorio Méndez Chiapas
MH159737 Ithyoclinostomum sp. Herichthys deppi Nautla River Veracruz

JF820607 Alaria mustelae Lithobates sylvaticus Dakota USA
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Figure 7
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JF718589* JF718629° F1609420~ Clinostomum complanatum
1/100
KP110522* KP110569° F1609422” Clinostomum phalacrocoracis
KP110516* GQ339114° FJ609421~ Clinostomum cutaneum

KJ1504182* IJX631045° 2076~ Clinostomum marginatum
1/91)

1/100 JIX630995* K1477678° MF398322” Clinostomum marginatum
1/100

KU708010* KU708008° KU708008~ Clinostomum album

, KU156800* KJ477663° MH159733~ Clinostomum sp. L4
1/100

KU156801* KU156759° MH159732~ Clinostomum sp. L4

KU156789* KU156750° MH159729"
1/100

KU156788* KU156747° MH159728"

Clinostomum sp. L2
1/100]|

Clinostomum sp. L2
KJ477501* KJ477614° MH159731"  Clinostomum sp. L3
1/100

KJ477498* KJ477612° MH1569730™  Clinostomum sp. L3

KU156776* K1477674° MH159725 " Clinostomum tataxumui

1/100

K1504202* KJ477669° MF398320~ Clinostomum tataxumui

1/100

KJ477541* KI477649° MH159727~ Clinostomum sp. L5
1/100

K1477536* K1477645° MH159726~ Clinostomum sp. L5

KU156783* KU156743° MH159735~ Clinostomum sp. L1
1/100

KU156806* KU156763° MH159734” Clinostomum sp. L1
KP721420* KP721422° KY273277” Euclinostomum heterostomum
1/100
KC894797* KC894800° KY284847”" Euclinostomum sp.

1/100[ MH159747* MH159756 ° MH159736 ~ Ithyoclinostomum sp.

{ MH159745* MH159753 © MH159737/ Ithyoclinostomum sp.

MF766001* MF765998° MF765998~ Odhneriotrema incommodum Alligator mississippiensis

0.07

JF904529* JF769478° JF820607" Alaria mustelae Lithobates clamitans
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V. Discusion general

En el presente trabajo se estudid la metacercaria de un tremdtodo perteneciente a la familia
Clinostomidae cuya determinacion taxondmica requirié el uso de una aproximacion integrativa donde
se consideraron caracteres moleculares, morfologia, patrones de asociacidones ecoldgicas y de
distribucion geografica. Desde que los ejemplares fueron recolectados en ciclidos de localidades de
México y Costa Rica surgié una interrogante sobre la identificacion de estos trematodos. En primera
instancia se considerd que podrian pertenecer a Clinostomum heluans, una especie originalmente
descrita de la cavidad bucal de la garza azul Ardea caerulea en Brasil (Braun, 1899), pero que en la
actualidad se ha encontrado parasitando al menos a siete especies de ardeidos de Brasil, Venezuela,
Cuba y Mexico (Bravo-Hollis, 1947; Pérez-Vigueras, 1955; Caballero y Diaz-Ungria, 1958; Travassos
et al., 1969; Pinto et al., 2013; Fernandes et al., 2015; Werneck et al., 2017). Adicionalmente, existe un
registro de esta especie para la Republica Checa y el este de Rusia (Sitko, 2012); sin embargo, estos
registros requieren verificacion ya que al parecer C. heluans solo se distribuye en el Continente
Americano.

Clinostomum heluans exhibe gran tamafio alcanzando hasta los 26 mm de largo y 3.2 mm de
ancho (Bravo-Hollis, 1947), presenta las gonadas terminales y su distribucion geografica abarca desde
el norte de México (Sabinas Hidalgo, Nuevo Leo6n) hasta Minas Gerais, Brasil (ver Fig. 2). Por ello se
considerd preliminarmente que las metacercarias podrian corresponder con C. heluans. Sin embargo,
revisiones morfologicas de especimenes adultos de esta especie mostraron diferencias considerables y
los anélisis moleculares confirmaron que las metacercarias no pertenecen al género Clinostomum. Cabe
destacar que Locke ef al. (2015) colectd una metacercaria de Cichlasoma boliviense en Santa Cruz,
Bolivia y la reportd como Clinostomum sp. 6; en los andlisis filogenéticos aqui presentados con el
marcador molecular cox1, esta especie presentd baja variacion genética (0.2-0.4%) con respecto a C.
heluans, los cual nos indic6 que Clinostomum sp.6 corresponde a Clinostomum heluans (ver resultados
del Capitulo 1 del presente trabajo).

Las metacercarias reportadas en este estudio también comparten caracteristicas morfoldgicas
con el género [thyoclinostomum aunque hay claras diferencias a la especie monotipica
Ithyoclinostomum dimorphum.

El género Ithyoclinostomum es caracteristico en la familia Clinostomidae debido a que la

especie tipo alcanza un tamafio poco frecuente entre las especies de trematodos, 60-100 mm de largo
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en individuos adultos y 13-50 mm en metacercarias. En este trabajo las metacercarias midieron entre 11
y 29.5 mm de largo y 2.3-8.4 mm de ancho; en el caso de 1. dimorphum el ancho del cuerpo varia entre
1.5 y 3.75, lo cual indica que éstos presentan un cuerpo mas delgado y alargado con respecto a las
metacercarias de Costa Rica y México. Aguirre-Macedo et al. (2001) reportaron un ejemplar de
metacercaria recolectada de la cavidad corporal de un ciclido en Nicaragua de mayores dimensiones
(39 mm de largo x 11 mm de ancho). Morfologicamente, nuestros ejemplares corresponden con el
género [thyoclinostomum, principalmente en la posicion pretesticular y anterolateral del poro genital y
de la bolsa del cirro, ademas de ser el género que incluye a la especie mas grande de trematodo
conocido. No obstante, las metacercarias de nuestro estudio difieren morfologicamente de /.
dimorphum con respecto al habitat, la relacion hospedatoria y la distribucion geografica. Las
metacercarias de 1. dimorphum han sido registradas enquistadas o libres en la cavidad del cuerpo y en
diferentes organos de peces caraciformes, principalmente de las familias Erythrinidae y Anostomidae,
con una distribucion amplia en Brasil, aunque también hay reportes en Pert y Argentina (Arruda et al.,
2001; Belei et al., 2013; Benigno et al., 2014; Braun, 1899; Dias et al., 2003; Delgado et al., 2017,
Fedatto et al., 2017; Gallio et al., 2007; Lent & Freitas, 1937; Reis, 2014; Machado et al., 1996;
Moreira, 2000; Rodrigues, 2010; Travasos, 1928, 1941; Travasos & Freitas, 1942, 1943, 1964;
Paraguassu & Luque, 2007; Pavanelli et al., 1990; Pinto ef al., 2004; Weiblen & Brandao, 1992; Szidat,
1969). Mientras que Ithyoclinostomum sp. se encontr6 libre en la cavidad corporal y tinicamente se ha

reportado en ciclidos de Centroamérica y México (Tabla 2).

La revision morfoldgica comparativa de las especies de los géneros restantes de la familia
Clinostomidae mostré6 de igual manera diferencias sustanciales. Con respecto a los géneros
Clinostomatopsis 'y Clinostomoides (subfamilia Clinostominae) varios atributos difieren de los
especimenes aqui estudiados; Clinostomatopsis sorbens presenta el saco del cirro y el poro genital
inter-testicular, testiculos muy grandes y profundamente lobulados; el testiculo anterior presenta cinco
lobulos irregulares mientras que el testiculo posterior presenta seis (Benigno et al., 2014). Las
metacercarias de C. intermedialis y C. sorbens han sido encontradas en erytrinidos de Brasil y los
adultos en suliformes del Norte de México, Centro y Sudamérica y pelicaniformes y ciconiiformes de
Brasil y Argentina, respectivamente. El género monotipico Clinostomoides (Clinostomoides brieni)
presenta la bolsa del cirro en posicion intertesticular y el poro genital esta situado en posicion posterior
al testiculo posterior; sus metacercarias se encuentran enquistadas en branquias y presentan papilas y

espinas en la superficie corporal, parasitando a peces siluriformes y ardeidos de Africa y Asia (Kanev
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etal.,2002).

Con relacion a la subfamilia Nephrocephalinae, ésta incluye los géneros Nephrocephalus y
Odhneriotrema; se han encontrado metacercarias de Odhneriotrema incommodum parasitando el tejido
ovarico y testicular de peces lepisosteiformes comunmente llamados “pejelagartos™ y los especimenes
adultos han sido encontrados en la cavidad bucal y esofigica de caimanes de Florida (Leigh, 1978;
Woodyard et al., 2017). En contraste, las metacercarias de Ithyoclinostomum sp. fueron encontradas en
ciclidos de México y Centroamérica, mientras que el hospedero definitivo es aun desconocido, aunque
si bien éste debe ser un ave ictiéfaga, no descartamos la posibilidad de que sea alguna especie de
cocodrilo. Si este fuera el caso, es probable incluso que nuestros ejemplares pudieran representar un
género diferente a Ithyoclinostomum. En cuanto a las caracteristicas morfoldgicas de los integrantes del
género Nephrocephalus, éstos presentan poros genitales femenino y masculino separados y la bolsa del
cirro postesticular. Finalmente, en el caso del género Euclinostomum, aunque las metacercarias también
se han registrado como parésitos de ciclidos y los adultos son encontrados en la cavidad bucal y
esofagica de ardeidos del viejo mundo (Caffara et al., 2016); morfologicamente son muy diferentesya
que los ciegos intestinales son ramificados y presentan diverticulos caracteristicos de este género, que

estan ausentes en Ilthyoclinostomum.

Los resultados moleculares de nuestro estudio confirman que las metacercarias representan un
linaje genético claramente diferenciado de otros géneros de la familia Clinostomidae para los cuales
hay secuencias disponibles en el GenBank. Los analisis de inferencia filogenética de tres marcadores
genéticos, dos nucleares y uno mitocondrial, aunque fueron discrepantes, mostraron claramente a través
de un andlisis concatenado de los tres marcadores que las metacercarias que identificamos
tentativamente como pertenecientes al género Ithyoclinostomum sp. conforman un grupo monofilético,
aunque su relacion con otros clinostomidos requiere necesariamente la adicion de secuencias de mas
representantes. La topologia del andlisis concatenado sugiere ademas que Odhneriotrema, parasito de
cocodrilos, es el grupo basal de clinostomidos, mientras que Ithyoclinostomum es el grupo hermano de
Euclinostomum y Clinostomum. La confirmacion de nuestra hipotesis podra realizarse cuando se cuente
con secuencias, tanto de /. dimorphum como de otros clinostomidos, principalmente de aquellos que se

distribuyen en Sudamérica, incluyendo representantes del género Clinostomatopsis.
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VI. Conclusiones

Se establecid molecularmente el vinculo entre el adulto de Clinostomum heluans obtenido de la cavidad

bucal de ardeidos del sureste de México y la metacercaria recolectada de un ciclido de Brasil.

Los analisis filogenéticos con el gen mitocondrial cox]l nos permitieron corroborar que el linaje

descrito por Locke ef al. (2015) como Clinostomum sp. 6 corresponde con la especie C. heluans.

Las metacercarias que se recolectaron en la cavidad corporal de diferentes especies de ciclidos de
México y Centroamérica fueron identificadas como pertenecientes al género Ithyoclinostomum

principlamente por la posicion del complejo genital y la del poro genital.

Las metacercarias analizadas no corresponden con la especie Ithyoclinostomum dimorphum por la
longitud del cuerpo (relacién largo/ancho), el habitat y los patrones de distribucién geografica y
hospedatoria.

El hospedero definitivo de Ithyoclinostomum sp. alin se desconoce.

La identificacién de los ejemplares dentro del género [Ithyoclinostomum es tentativa. Se requiere

obtener secuencias de ADN de las formas adultas en sus hospederos definitivos para corroborar la

identificacion taxondmica.
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