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Resumo

Peixes da ordem Siluriformes, conhecidos como Bagne catfishes, apresentam
distribuicdo mundial com mais de 2.800 espéciestgecidas. Aproximadamente 1.700
espécies sao encontradas nas Américas, principgmeanregidao Neotropical. Apesar
desta alta diversidade, abundancia e importan@adeaica, tanto como alimento e
ornamental, dos siluriformes, o conhecimento sobeeis helmintos parasitos é
fragmentado e insuficiente. Oito espécies de $ilumies Pterodoras granulosus,
Trachydoras paraguayensis, Pimelodella avanhandavae, Loricariichthys platymetopon,
Pterygoplichthys ambrosettii, Rhinelepis aspera, Hemisor ubim platyrhynchos e Sorubim

lima) do rio Aguapei, bacia do alto rio Parana, mumiciie Castilho, S&o Paulo, Brasil,
foram investigados quanto a sua fauna de helmpdossitos. Cinquenta e quatexa

de helmintos parasitos foram encontrados: 25 moresge 15 digenéticos, 11
nematoides e trés cestoides. Com base em novos aexdeculares (13 novas sequéncias
de rDNA 28S de dactilogirideos) e morfologicosr@ppsta uma revisdo da diagnose do
génerddemidospermuscom descricdo de uma nova espécie, também € poapostovo
género de dactilogirideo com uma descricéo de a&spéea, e discute-se sobre a questédo
do posicionamento de género de algumas outrasiesmigos dados moleculares estao
disponiveis. O génetdeteropriapulus é revisado, com descri¢cdo de cinco novas espécies
de loricarideos, e ainda dados moleculares prediraf(sequencias de rDNA 28S) sao
apresentadas para tr@sa incluindo a espécie tipbleteropriapulus heterotylus. Uma
nova espécie de nematoide do gérfgimitectus € descrita com base em observacdes
morfologicas. Spinitectus aguapeiensis n. sp. € 0 primeiro registro de uma nova espécie
para o siluriformé®imel odella avanhandavae, o quarto registro desta espécie na bacia do
Alto Parana e a sexta espécie do género descrigaAmaérica do Sul. Apresentando
novos registros de hospedeiros, novos registréscdédade, e possiveis novas espécies
para a ciéncia, o inventario da helmintofauna desspécies de hospedeiros aumentou
consideravelmente o conhecimento da vasta e aiedaodhecida diversidade de
parasitos de peixes siluriformes da regiao Neatedpi

Palavras-chave. Bacia do rio Alto Parana, bagres, morfologia, fHoi,

Dactylogyridae, diversidade.
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Abstract

Fishes of the order Siluriformes, known as catfsimave a worldwide distribution with
more than 2,800 recognized species. Approximat@@adlspecies are found in America,
mainly in the Neotropical region. Despite being hhygdiverse, abundant, and of
economic importance as food and ornamental fistheknowledge about their helminth
parasites is fragmentary and insufficient. Eighteces of catfishes Pferodoras
granulosus, Trachydoras paraguayensis, Pimelodella avanhandavae, Loricariichthys
platymetopon, Pterygoplichthys ambrosettii, Rhinelepis aspera, Hemisorubim
platyrhynchos, andSorubim lima) from the Aguapei River, Upper Parana River basin,
municipality of Castilho, Sdo Paulo State, Braziére surveyed for helmint parasites.
Fifty-four helminth parasitdaxa were found: 25 monogeneans, 15 digeneans, 11
nematodes, and three cestodes. Based on new naol€Bihew dactylogyrids sequences
of the 28S rDNA) and morphological data, a diagar@nhendment of the dactylogyrid
genusDemidospermus (with a new species description) is proposed,va aiactylogyrid
genus is erected with description of a new spesealso proposed, and generic
assignment of unidentified taxa for which molecuttata are available is briefly
discussed. The dactylogyrid gendsteropriapulus is reviewed, five newly described
species from loricariids are described, and alsb finolecular data (partial sequences of
the 28S rRNA gene) are provided for thrésxa including the type species
Heteropriapulus heterotylus. A new nematode species §finitectus is described based
on morphological observationSpinitectus aguapeiensis n. sp. is the first record of a
nematode species Pimelodella avanhandavae, the fourth record of this genus in the
Parana River basin, and the sixth species of #nsig in South America. By providing
new host records, new geographical records, anatipeitnew species to science, the
survey of the helminthfauna of these host speci&s d¢onsiderably increased the
knowledge on the vast and far to be known diversityNeotropical siluriform fish

parasites.

Key-words: Upper Parana river basin, catfishes, morphology,ylogeny,
Dactylogyridae, diversity.
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1. Introducéo geraf

1.1. Parasitos e a biodiversidade

A diversidade bioldgica, a despeito da sua notéoiaplexidade cientifica, foi
definida pela Convencao sobre Diversidade Biolggdatada em 1992, por ocasiao da
Conferéncia das Nac¢Ges Unidas sobre Meio Ambierd@senvolvimento no Rio de
Janeiro, como: “A variabilidade de organismos vivde todas as origens,
compreendendo, dentre outros, 0s ecossistemassttesre marinhos e outros
ecossistemas aquaticos e os complexos ecologicgeedazem parte, compreendendo
ainda a diversidade dentro de espécies, entreies@ede ecossistemas”. Segundo Boero
(2010) a diversidade biologica esté intrinsecamesg®ciada a identificacdo dos seres
Vivos, através da taxonomia, uma vez que o contetmdas espécies bioldgicas define
o grau de sua diversidade.

Os parasitos tém sido reconhecidos como importaatee da biodiversidade
global. Considerando-se o papel dos parasitos cussistemas naturais, é de extrema
importancia identificar pontos de acesso de aliaika diversidade parasitaria a fim de
compreender o funcionamento da biosfera. Assingdiversidade de parasitos pode ser
muito importante ja que o parasitismo possui pelpaVe nos ecossistemas, como regular
a abundancia ou densidade das popula¢gfes de hoepedstabilizar cadeias troficas e
estruturar comunidades animais (POULIN e MORANDQ£Z0LUQUE e POULIN,
2007). Um dos principais passos a ser tomado marsecvacao da biodiversidade € a
realizacdo de inventarios, no entanto, os paraiitam incorporados em avaliacdes de
biodiversidade apenas recentemente. Logo, a faanaaiparia de grandes areas tem sido
um componente extremamente subestimados da bisiiade mesmo reconhecendo-se
gue os parasitos representam uma grande fracam liesliversidade total do planeta
(ANON, 2000; POULIN e MORAND, 2004; LUQUE e POULIRQPO7; DOBSON et
al., 2008; LAFFERTY, 2012; POULIN, 2014).

Mais de 6.000 espécies de peixes de agua doceddthecidas na América do
Sul (REIS, 2013), assim espera-se também uma gdivelsidade de parasitos de peixes

para esta regido. Neste contexto, estudos de fuaras peixes na Ameérica do Sul é de

1 Esta secéo foi elaborada de acordo com a AssocBgdieira de Normas Técnicas, ABNT/NBR

6023, e citacdes de acordo com ABNT/NBR 10520.



grande relevancia para que se possa compreengdapés chave destes no ecossistema
assim como para desenvolver melhores medidas dem@gao da biodiversidade. Este
conhecimento também pode ser relevante para @ugzas, como impacto do parasitismo
em pisciculturas e zoonoses transmitidas por pgasage peixe (LUQUE et al., 2016).

Menos de 10% do total de espécies de peixe cordsecid América do Sul
tiveram sua fauna parasitaria investigada. Assiais mstudos possibilitariam a criacao
de mais base de dados a fim de que se teste caistémeia, diferentes hipoteses sobre
biodiversidade e distribuicdo de espécies de hébmiparasitos em peixes Neotropicais
(LUQUE e POULIN, 2007; LUQUE et al., 2016).

1.2. Parasitos de peixe como indicadores de impacmbiental

Os parasitos podem indicar alguns aspectos dagmolte seus hospedeiros,
como dieta, migracéo, recrutamento, desagregacfopidacao e filogenia. Alteracdes
na biodiversidade de comunidades parasitarias pedentilizadas como indicadoras da
saude de sistemas ecoldgicos ja que estas refletpattos ambientais mediante suas
respostas as alteracdes no habitat, como mudanftsialagia, composicado quimica e
prevaléncia ou intensidade (VIDAL-MARTINEZ et a2010; MADI e UETA, 2012).
Assim, muitos estudos tém sido realizados na Améamtina a respeito do uso de
parasitos de peixe como bioindicadores de impaotasentais (VIDAL-MARTINEZ e
WUNDERLICH, 20186).

Monogeneas ectoparasitos de peixes estdo em calitato com o ambiente,
logo séo mais sensitivos a qualquer mudanca naseairos das aguas (NACHEV, 2010;
BAYOUMY et al., 2008). Devido a este fato, estudés sido realizados utilizando
monogeneas como biomarcadores em diferentes aspextmo: avaliar efeitos da
exposicao a altas concentracdes de efluentes) dfeiticlo hidrolégico de seca e cheia,
acumuladores de metais pesados, efeito de reseogabdm diferentes caracteristicas
troficas e efeitos do represamento em um ambieateral (SIDDAL et al., 1997;
VITAL, 2008; BAYOUMY et al., 2008; MADI e UETA, 208, ACOSTA et al., 2013).



1.3. Monogeneas da regidao Neotropical: diversidade e eslos filogenéticos de
dactilogirideos de siluriformes

A classe Monogenea pertence ao filo Platyhelminth@slui em sua maioria
ectoparasitos e ocasionalmente endoparasitos, &paciécidade de hospedeiros
vertebrados aquaticos (peixes), e podem ser tarehéontrados em anfibios, répteis, e,
pelo menos uma espécie, em mamiferos. Nos peigensantrados nas branquias, pele,
cavidade nasal, ureteres e alguns nos dutos mdestEm anfibios e répteis podem estar
na boca, cloaca e bexiga urinaria. Em mamiferastear apenas registro de uma espécie,
Oculotrema hippopotami Stunkard, 1924 (Polystomatidae), parasitando hifaopos.
Em invertebrados, foram relatados em lula e copgpoRUPERT et al., 2005;
THATCHER, 2006). A classe monogenea é monofilégcsgus membros séo divididos
em duas subclasses: Polyopisthocotylea e Monogstylea. Individuos do grupo
Polyopisthocotylea se alimentam de sangue enqugueoos Monopisthocotylea se
alimentam de células epiteliais e muco. Membrofaddlia Dactylogyridae pertencem
a subclasse Monopisthocotylea (BUCHMANN e BRESCIARD06; BRUSCA e
BRUSCA, 2007).

Uma andlise de dados de todos os registros deritebrparasitos de peixes na
Ameérica do Sul demonstrou que Monogenea repregegtapo mais diverso com 835
espécies registradas de diferentes paises e 1I3Riages parasito-hospedeiro
(LUQUE et al. 2016). Takemoto et al. (2009) analisados de helmintos parasitos de
72 espécies de peixes coletadas durante sete anuscia do Alto do Parana e neste
estudo a classe Monogenea foi 0 grupo que apresentoaior numero de espécies.
Membros da familia Dactylogyridae representartagas mais abundantes nos ambientes
aguaticos continentais na América do Sul (THATCHE®)6). Neste contexto, a fauna
global de monogeneas da familia Dactylogyridae gi@s de siluriformes é bastante
diversa, com cerca de 380 espécies pertencentésgan@ros, e quase metade destes
géneros e cerca de 80 espécies estao distribuadagido Neotropical (COHEN et al.,
2013; BRAGA et al.,, 2014; BRANCHES e DOMINGUES, 2QIMENDOZA-
PALMERO et al., 2015).

Apesar dessa grande diversidade de dactilogirideasasitando peixes
siluriformes na regido Neotropical, at¢é 0 momerimente o estudo de Mendoza-
Palmero et al. (2015) analisou as relacdes filogease destas monogeneas, com o
objetivo de reconstruir a historia evolutiva despesasitos baseados em sequéncias

parciais de 28S large subunit rDNA (LSU) e baseads resultados, estes autores
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sugerem a hipotese de que monogeneas parasitoixies siluriformes podem

representar um grupo independente dentro de Dagtytiae.

1.4. Area de estudo

O presente estudo foi realizado no Rio Aguapepangdo localizada na Reserva
Particular do Patriménio Nacional (RPPN) Foz doAguapei. Esta RPPN foi instaurada
em 2006 pela Companhia Energética do Estado de F#ado (CESP), como
condicionante da mitigagdo dos impactos da usideeléitrica de Trés Irm&os e também
para fins de conservacao da biodiversidade loddACSP, 2013). A reserva é banhada
pelo rio Aguapei e compreende os municipios deid&a) Castilho e Sdo Jodo do Pau
d’Alho, Noroeste Paulista. Esta unidade de congé@&ncontra-se nos dominios fito-
ambientais Mata Atlantica e Cerrado, e é caraadapor uma fauna adaptada aos ciclos
hidrolégicos de cheia e seca bem definidos da oe@ifise ecossistema possui grande
semelhanca com o Pantanal Sul-Mato-Grossense,spar geriodicamente inundado.
Esse processo esta associado ao regime hidrol@gieqrovoca a expansao, contracao
e fragmentacédo dos sistemas aquaticos, além diemtao grau de conectividade entre
as partes do sistema (RODRIGUES et al., 2005). mdera inundacdo, os sistemas
aquaticos expandem suas areas, inundando porcOplrdaie e assim estabelecem
ligacBes entre o rio e planicie, rio e lagoa, lagoplanicie, bem como a troca de
organismos entre os ambientes (NEIFF, 1996). Adailnestre da regido da RPPN Foz
do Rio Aguapei é bastante diversa com muitas espé@ mamiferos, aves, répteis,
anfibios e peixes (CESP, 2014; MATSUNAKA et al.12D

O Rio Aguapei (Figuras 1 e 2) pertence a Unidadéatenciamento de Recursos
Hidricos 20 (UGRHI 20), de acordo com a divisdo 8istema Integrado de
Gerenciamento de Recursos Hidricos do Estado dB&#o. A UGRHI do Rio Aguapei
possui area de drenagem de 13.196 Kimitando-se ao Norte com a Bacia do Rio Tieté,
a Oeste com o Estado do Mato Grosso do Sul, temdo divisa o Rio Parand, a Leste é
limitado pela Serra dos Agudos e ao Sul encontreese a Bacia do Rio do Peixe. E
formada pelo Rio Feio, que nasce a uma altitudgd0emetros, entre as cidades de Galia
e Presidente Alves, e pelo Rio Tibirica, que nasuena altitude de 480 metros, junto a
cidade de Garca. A bacia possui extensdo aproxiadd®20 Km até sua foz no Rio
Parana, a uma altitude de 260 metros, entre o Raltiminto e o Porto Independéncia.
Os principais afluentes da margem esquerda do Rimpei sdo o Rio Tibirica e o

Corrego Sete de Setembro e os da margem direitassRibeirbes Claro e Grande. O
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Rio Aguapei apresenta 857 km2? de vegetacdo naterahnescente que ocupa,
aproximadamente, 6,5% da area da UGRHI. As categaleé maior ocorréncia sao
Floresta Estacional Semidecidual e Formacao Arbhéreastiva em Regido de Véarzea.
Possui a floresta ciliar mais preservada e contiayzaisagem de sua bacia hidrografica,
porém apresenta alguns trechos fragmentados caanua de gado até as margens do
rio (PORTAL SIGRH, 2016).

Dados dos levantamentos ictiofaunisticos do rioajpgil presentes nos planos de
manejo do Parque Estadual do Aguapei mostram piadonia das ordens Siluriformes
e Characiformes. Levantamentos realizados em 200 rAguapei registraram para a
ordem Characiformes 10 familias com 35 espéciesaegordem Siluriformes 9 familias
com 22 espécies (SMA-SP, 2012). No entanto, lewaemiéos de 2011 e 2012 mostraram
dominancia da ordem Siluriformes em numero de éspéoepresentando 45,2% da
ictiofauna (VILELA et al., 2015). Apesar desta ddesavel diversidade de peixes
siluriformes, somente duas espécfaghenipterus osteomystax (Miranda Ribeiro, 1918)

e Trachelyopterus galeatus (Linnaeus, 1766), tiveram recentemente sua fauna de
helmintos parasitos investigada (YAMADA et al., ZD1Para espécies de peixes de

outras ordens no rio Aguapei ainda ndo ha nenhtudeede helmintos parasitos.

1.5. Hospedeiros investigados

Dentre 0os organismos vivos conhecidos cerca déd@&8o peixes (NELSON,
2006), rigueza esta que também é refletida em sidemte morfolégica e ecoldgica
(LANGEANI et al., 2007). Grande parte desta riquemaontra-se em aguas tropicais,
especialmente na regidao Neotropical, onde podeisen&rar mais de 6.000 espécies
incluindo espécies validas e as que sdo reconleqgumaém nao descritas (LOWE-
MCCONNELL, 1999; REIS et al., 2003; REIS, 2013)AAérica do Sul compreende a
maior parte desta diversidade na bacia AmazordecaRarana. A bacia do Alto do Parana
possui registro de 310 espécies de peixe, comdehsre 38 familias, das quais a maior
riqgueza é encontrada em Siluriformes e Characifeymepresentando 80% das espécies
dos grupos dominantes (LANGEANI et al., 2007).

A ordem Siluriformes € um grupo monofilético comisnde 2800 espécies com
distribuicdo cosmopolita, agrupadas em 35 faméi&l6é géneros cujos membros sédo
popularmente conhecidos como “bagres” e “catfishedNELSON, 2006).
Aproximadamente 1.700 espécies, descritas e nauitdss ocorrem na Ameérica e sua

maioria encontra-se na regido Neotropical (ALBERRES, 2011). Peixes siluriformes
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sdo amplamente apreciados por aquaristas, além mistas espécies de grande porte
sao utilizadas para consumo. Mesmo sendo um gragtarite diverso e de importancia
econdmica, menos de 10% das espécies de silurifonaeegido Neotropical tiveram
sua fauna de helmintos parasitos analisadas (MORAMP98; THATCHER, 2006;
LUQUE e POULIN, 2007; DE CHAMBRIER et al., 2014).

No rio Aguapei, os siluriformes mais abundantestepeem as familias
Doradidae Bleeker, 1858 Pterodoras granulosus (Valenciennes, 1821) (n=59) e
Trachydoras paraguayensis (Eigenmann & Ward, 1907) (n=70); Heptapteridae —
Pimelodella avanhandavae Eigenmann, 1917 (n=40); Loricariidae Rafinesque,518
Loricariichthys platymetopon Isbricker & Nijssen, 1979 (n=80Rterygoplichthys
ambrosettii (Holmberg, 1893) eRhinelepis aspera Spix & Agassiz, 1829 (n=30); e
Pimelodidae Bonaparte, 1835 Hemisorubim platyrhynchos (Valenciennes, 1840)
(n=21) eSorubim lima (n=25) (Bloch & Schneider, 1801). Consequentemdatam as

espécies avaliadas neste estudo quanto a suaffarasitaria (Figura 3; Tabela I).
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Figura 1. Mapa da bacia hidrogréfica do rio Aguapei (FoAervo do Saber/Unesp -
https://edutec.unesp.br/publicador/index.php/catérisualizar?pid=353&Conteudo

page=9.

Figura 2. Rio Aguapei, localizado na RPPN Foz do Rio Aguapehicipio de Castilho,
Séo Paulo, Brasil.
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Figura 3. Espécies de peixes coletados do Rio Aguapei, RIRIZNdo Rio Aguapei,
municipio de Castilho, Sado Paulo, Brasil. (Aemisorubim platyrhynchos; (B)
Trachydoras paraguayensis, (C) - Pimelodella avanhandavae; (D) Pterodoras
granulosus; (E) Pterygoplichthys ambrosettii (F) Rhinelepis aspera; (G) Loricariichthys
platymetopon; e (H) Sorubim lima.
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Tabela 1.Dados biométricos dos exemplares das oito espadeipsixes analisados neste
estudo do rio Aguapei, bacia do Alto Parana, mpriaie Castilho, Sdo Paulo, Brasil.
Comprimento padrdo em centimetros e peso em grafakses mostrados como media

+ desvio padrdo (minimo — maximo).

Hospedeiro Comprimento Peso
padrao

Doradidae
Pterodoras granulosus 30,418 (7,3-64) 740+870,2 (9,2-5500)
Trachydoras paraguayensis 9,541 (6,2-11,5) 3049 (15,9-51,6)
Heptapteridae
Pimel odella avanhandavae 12,4+2,4 (9-17,5) 23,515 (7,8-58,5)
Loricariidae

Loricariichthys platymetopon  23,4+3,3 (14,3-28,7) 99,3+38 (20,1-180)
Pterygoplichthys ambr osettii 28,9+4,6 (20,5-45) 492,3£205,5 (191,5-1520)

Rhinelepis aspera 31,613 (25-38) 881,5+246,7 (466,5-1495)
Pimelodidae

Hemisorubim platyrhynchos 28,5+3 (23-36,5) 310,8+107,3 (141,4-641,4)
Sorubim lima 37,316 (29,2-51,5) 489,7+274,2 (190,4-1175)
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2. Objetivos

2.1. Objetivo geral

Dada a escassez de estudos de helmintofauna paea piuriformes na regido
Neotropical, somando-se a escassez de estudosiapaiasitologia para peixes do rio
Aguapei, o0 presente estudo teve como objetivo Baviam os helmintos parasitos de

peixes siluriformes desta regido.

2.2. Objetivos especificos

2.2.1. Helminth parasites of eight siluriform spe@s from the Aguapei River, Upper
Parana river basin, S&o Paulo State, Brazil

Caracterizar a fauna de helmintos parasitos de esfmecies de siluriformes
dominantes no rio Aguapei, bacia do Alto Paran&iapalidade Castilho, estado de
Sédo Paulo, Brasil. Estas espécies de peixes fommopestudadas a respeito de suas

helmintofauna, especialmente em se tratando de geoeas.

2.2.2. Added resolution to circumscription of somegill monogenean species
(Dactylogyridae) of Neotropical catfishes including description of a new
Demidospermus species and erection of a new genus

Apresentar, com base em novos dados moleculareso{E3 sequéncias de 28S
rDNA) e morfolégicos, uma diagnose amendada do rgéBeEmidospermus com
descricdo de uma nova espécie, descrever um nowvgée dactilogirideo e propor a
descricdo de uma nova espécie, e discutir sobvest@p do posicionamento de género

de algumas outras espécies cujos dados molecelstés disponiveis.

2.2.3. A synoptic review oHeteropriapulus spp. (Monogenea: Dactylogyridae) from
loricariid catfishes in South America including desription of five new species and
first molecular phylogeny

Descrever cinco novas espécies do gérméateropriapulus encontrados nas
branquias dos hospedeiros loricariddeterygoplychthys ambrosettii e Rhinelepis
aspera. Adicionalmente, apresentar dados moleculares reldedes filogenéticas para
espécies deste género de dactilogirideo, incluiadespécie tipaHeteropriapulus
heterotylus.
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2.2.4. Spinitectus aguapeiensis n. sp. (Nematoda: Cystidicolidae) fromPimelodella
avanhandavae (Siluriformes: Heptapteridae) in the Aguapei River,Upper Parana
River basin, Brazil

Descrever uma nova espécie do gérgpraitectus. Spinitectus aguapeiensis n.
Sp. € 0 primeiro registro de uma nova espécie pmarsiluriforme Pimelodella
avanhandavae, o quarto registro desta espécie na bacia doRPdtana e a sexta espécie
do género descrita para América do Sul.
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Parana River basin, Sao Paulo State, Brazil



3. Helminth parasites of eight siluriform fishes fom the Aguapei River, Upper

Parana River basin, Sdo Paulo State, Brazil

Abstract

Fishes of the order Siluriformes, known as catfsimave a worldwide distribution with
more than 2,800 recognized species. Approximat@§Q.species are found in America,
mainly in the Neotropical region. Despite being hhygdiverse, abundant, and of
economic importance as food and ornamental fistheknowledge about their helminth
parasites is fragmentary and insufficient. Eightecps of catfishes Pferodoras
granulosus, Trachydoras paraguayensis, Pimelodella avanhandavae, Loricariichthys
platymetopon, Pterygoplichthys ambrosettii, Rhinelepis aspera, Hemisorubim
platyrhynchos, andSorubim lima) from the Aguapei River, Upper Parana River basin,
municipality of Castilho, S&o Paulo State, Braziére surveyed for helmint parasites.
Fishes were placed individually in plastic bagszén, and transported to the Department
of Parasitology, Institute of Bioscience, Sdo Padtate University (UNESP),
municipality of Botucatu, Sao Paulo State, Brdnilthe laboratory, they were defrosted,
weighed, measured, and examined for helminth gasafillowing classic methodology.
The ecological analyses were carried out at thepom@nt community level and at the
infracommunity level. Fifty-four helminth parasitaxa were found: 25 monogeneans,
15 digeneans, 11 nematodes, and three cestodgmoBiing new host records, new
geographical records, and putative new species ciense, the survey of the
helminthfauna of these host species has consigeratseased the knowledge on the vast

and far to be known diversity of Neotropical sifarm fish parasites.

Key-words: Neotropical region, catfishes, parasite diversgigtminthological survey.

1 Manuscript to be submitted to the journal Acta Biantogica.
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3.1. Introduction

Brazil ranks the fifth place in size with more th@&000,000 km?2, encompassing
a wide variety of landscapes and climates, andmgtR% of the freshwater in the world
(Bizerril and Primo, 2001). The heterogeneity obitets leads to an increase of species
diversity (MacArthur and MacArthur, 1961), as seethe ecosystems of South America,
in which fish species exhibit high morphologicalhypiological, ecological, and
reproductive diversity (Aguiar, 2008). The amouhth@ world’s freshwater fish species
Is estimated in 13,000 and 31% of this diversity ba found in the Neotropical region
(Crispim and Stevaux, 2003).

Biodiversity in freshwaters has been widely studied it becomes more and
more apparent that parasites are a fundamentabptuis diversity. Parasites constitute
one of the least studied groups in most biodivetiidies, even though they play a key
role in functioning of ecosystems as an integrahgonent of trophic webs. In addition,
parasites are indicators of several biological etspef their hosts, and can also be used
in the assessment of environmental quality andnask (Brooks and Hoberg, 2001;
Poulin and Morand, 2004). Adequate understandinthefrole of parasites in natural
ecosystems as well as the identification of spbtagh parasite diversity are important
to fully understand how the biosphere works (Laffet997; Luque and Poulin, 2007).
Consequently, knowledge of the diversity of paessis crucial for any ecological and
evolutionary studies because parasitism plays goofitant role in ecosystems by
regulating the abundance or density of the hostiladipns, establishing food chains, and
structuring animal communities (Lafferty and Ku26€05; Thomast al., 2005).

Fishes of the order Siluriformes, known as caffsshhave a worldwide
distribution with more 2,800 species. Approximate]y00 species (60.7%) are found in
America, mainly in the Neotropical region (Nelsd@Q06; Albert and Reis, 2011).
Despite being highly diverse, abundant, and of esova importance as food and
ornamental fishes, the knowledge about their hdimparasites is fragmentary and
insufficient (Mendoza-Palmerm al., 2012; de Chambriegt al., 2015). Ichthyofaunistic
surveys of the Aguapei River, showed a dominantkeofish orders Characiformes and
Siluriformes in 2008, and in 2011 and 2012 sucldisti showed a dominance of
siluriforms representing 45.2% of the ichthyofag8MA-SP, 2012; Vilelat al., 2013).
However, despite this considerable diversity afirsibrm fishes in this river, only two
species, Auchenipterus osteomystax (Miranda Ribeiro, 1918)and Trachelyopterus
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galeatus (Linnaeus, 1766), have had their helminth faunamtég surveyed (Yamada
al., 2017). There is not any other study on helmpdhasites for fish species of other
orders from the Aguapei River.

Among helminth parasites infecting -catfishes, mamsgans represent
economically the most important group because tepsoduce fast (they have direct life
cycles, with no intermediate host) and may causse® or even mass mortality in heavily
infected fishes (Thatcher, 2006). Most monogeneaBsectoparasites of fishes, with
majority attached to the gills of their hosts (fgntbactylogyridae) (Eirast al., 2010).
Monogeneans are rather diverse regarding the hosipg that they parasitize, their
morphology and ecology (Poulin, 2002). They areallgtinighly host specific, with most
species infecting only one or very few host spefdsxenous or stenoxenous) (Poulin,
1992; Sasaét al., 1998). Luquest al. (2016) gathered data of all records of helminth
parasites of fishes in South America and showetlinttogeneans represent the most
diverse group with 835 species recorded from défiecountries and 1,133 host-parasite
associations. Takemotet al. (2009) analyzed data of helminth parasites offig2
species sampled during seven years in the Uppem®BaRiver basin and the class
Monogenea also showed the highest number of spesiesered. From this diversity,
members of the family Dactylogyridae are the mdmtraant in freshwaters of South
America (Thatcher, 2006).

Over 350 species of 31 genera of gill monogeneatieedamily Dactylogyridae
have been reported from catfishes (Mendoza-Paleteaio, 2015) and about 75 species
in 14 genera are known from the Neotropical regidowever, this number in fact
represents only a negligible part of the actuatssediversity of dactylogyrids in the
Neotropical region, for instance, Mendoza-Palmetoal., 2012 listed about 60
morphotypes representing putative new species fmamgimelodid catfishes in the
Peruvian Amazon.

Therefore, the aim of this study is to characeetize helminth fauna of eight
siluriform dominant species collected in the AguaReer, Upper Parana River basin,
municipality of Castilho, Sdo Paulo State, BraZihese fish species have had their

helminthfauna poorly studied over the years, paldity regarding that of monogeneans.
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3.2. Materials and Methods
3.2.1. Sudy area

Refer back to section 1.4.1

3.2.2. Sampling of fishes and their helminth parasites

Four collecting trips were carried out, two durthg rainy season (Jan/Nov 2014)
and two during the dry season (Aug/2013, Jun/20E&ht species of catfishes were
collected using gill nets, multifilament cast natsl fish rods, and examined for helminth
parasites (see Table | for number of fishes catbdiy period). Fishes were placed
individually in plastic bags, frozen, and transpdrto the Department of Parasitology,
Institute of Bioscience, Sao Paulo State Univer@itMESP), municipality of Botucatu,
Sé&o Paulo State, Brazil. In the laboratory, theyewdefrosted, weighed, measured, and
examined for helminth parasites.

The body, fins, nasal cavity, eyes and inner fd¢keoperculum of the fish hosts
were examined for ectoparasites. Gills were remosed washed using 53 and 75
micrometers sieves and placed in Petri dishesr &fteernal examination, a longitudinal
incision in the ventral surface was made and akrorgans were removed and separated.
The visceral cavity and all organs were examinethgu& stereomicroscope. The
helminths collected were preserved in 70% alcohdlsome were preserved in ethanol
absolute for molecular analyses. For species ifileation, monogeneans were taken
from the gills and some specimens collected weranteal on slides with Hoyer’s or
Grey and Wess’ medium, and a mixture of glycerirramium picrate (GAP) to study
sclerotized structures while some specimens weiiaest with Gomori’'s trichrome to
study internal organs (Ergens, 1969; Humason, 1H7igky et al., 1986). Digeneans
and cestodes were stained with carmine and clegitedclove oil; and the nematodes
were diaphonized with lactophenol (Eiretsal., 2006). The parasites were identified
based mainly on identification keys and referengdes (Moravec, 1998; Gibsahal.,
2002, 2005, 2008; Kohet al., 2007; Cohermt al., 2013) and analyzed using the Qwin
Lite 3.1 (Leica) computerized system for image gsial with differential interference
contrast (DIC) and an Olympus BX51 microscope gogipwith DIC and phase contrast
optics. lllustrations were made with the aid ofrawdng tube (camera lucida) mounted

on an Olympus BX51 microscope.
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Voucher species will be deposited in the Helmimaal Collection of the
Institute Oswaldo Cruz (CHIOC), Helminthological li@ction of the Instituto de
Biociéncias de Botucatu (CHIBB), and Helmintholadi€ollection of the Institute of
Parasitology(“eské Budejovice, Czech Republic (IPCAS).

Table I. Number of fishes collected and sampling periodh@&Aguapei River, Upper

Parana River basin, municipality of Castilho, SaalB State, Brazil.

Host species Aug/13 Jan/14 Jun/14 Nov/14 Total
Siluriformes

Doradidae
Pterodoras granulosus

(Valenciennes, 1821) = 20 - 20 59

Trachydoras paraguayensis

(Eigenmann and Ward, 1007) 20 20 20 10 70

Heptapteridae

Pimel odella avanhandavae

Eigenmann, 1917 20 - - 20 40

Loricariidae

Loricariichthys platymetopon

Isbriicker and Nijssen, 1979 20 20 20 20 80

Pterygoplichthys ambrosettii

(Holmberg, 1893) 20 20 20 20 80

Rhinelepis aspera Spix and

Agassiz, 1829 3 3 S 19 30

Pimelodidae

Hemi sorubim platyr hynchos

(Valenciennes, 1840) 4 8 8 1 21

Sorubim lima (Bloch and

Schneider, 1801) v 8 4 6 25
Total 113 99 77 116 405

3.2.3. Satistical analyses
The ecological terminologies of prevalence, meantensity of
infection/infestation, and mean abundance werauh@ted following Bustet al. (1997).
The ecological analyses were carried out at thepoont community level (all
helminths in all hosts) and at the infracommunétydl (all helminths in each individual)
(Holmes and Price, 1986). The infracommunity congmis were classified according to
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Bush and Holmes (1986) in core species (prevalen&.6%), secondary species
(prevalence >33.3% and <66.6%) and satellite spggieevalence <33.3%). Species
accumulation curves were generated to demonstiateumulative number of species
recovered relative to the host sampling effort (@dland Coddington, 1994).

To determine ecological attributes of the helmiattmmunities the following
indexes were calculated: (a) Shannon-Wiener dityeisdex that was calculated at
component community level using the formulaHy (pi.In pi), in which H’ = species
diversity; pi = proportion of species i in the commmty, in which pi = (ni/N); ni =
individual numbers of i species and N = total numddendividuals (Krebs, 1989; Begon
et al., 2007); (b) Simpson index that was calculatedahponent community level
ranging from O (low diversity) to 1 (high diversjtipllowing the formula 1 — D=1 2
(Pe)? in whichPeis the proportion of speciesin the community; (c) Berger-Parker index
(d = Nmax/N) that was calculated for each helmiatta to measure the dominance of
the species, in which Nmax = number of individudlsach abundance species, N = total
number of individuals of all species (Krebs, 1988)d (d) Discrepancy index (D),
described by Poulin (1993), that was used to etailine spatial distribution of parasites
based on their abundance. This index ranges freonlQ and can be interpreted as: D =
0, all hosts harboring the same number of paraditesl, all parasites found in a single
host. This analysis was calculated using the Qtaivie Parasitology 3.0 software
(Rozsa et al., 2000). Shanon-Wiener, Simpson and Berger-Pamkdexes were

calculated using the software PAST (version 4.3).

3.2.4. Molecular analyses

For molecular identification of cestodes, a smadtp of the posterior end of the
specimens was cut and placed in molecular-grad@®6-ethanol for sequencing of the
LSU (large subunit) of the 28S rRNA gene. GenomidADwas extracted using
DNeasy® Blood and Tissue Kit (Qiagen) accordinmmufacturer’s protocolhe D1—
D3 IsrDNA region was amplified by PCR using thenpers and conditions described in
Brabecet al. (2012). Amplicons were Sanger sequenced at GAIeéh (Konstanz,
Germany) using the PCR primers and the internalmgns 900F (5'-
CCGTCTTGAAACACGGACCAAG-3') and 400R (5-GCAGCTTGAGNCACCCG-

3’) (Olsonet al., 2003). Contiguous sequences were assembled Gg&ngious version
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R8 (http://www.geneious.com/; Kearseal., 2012) and then submitted to BLAST to

confirm the species identity.

3.3. Results

A total of 405 specimens of eight siluriform fislpegies KHemisorubim
platyrhynchos, Loricariichthys platymetopon, Pimelodella avanhandavae, Pterodoras
granulosus, Pterygoplichthys ambrosettii, Rhinelepis aspera, Sorubim lima, and
Trachydoras paraguayensis) was surveyed for helminth parasites.

Table Il presents a list of the hosts and thedpeetive helminth parasite species
found in this study followed by their authors’ deptions. Table Il also indicates the
respective Figure number of each helminth speaielsvehether each helminth found
represents new host record, new geographical refcordver basin or putative new
species. Data on number of parasite specimensctadleprevalence, mean intensity of
infection, mean abundance and infection/infestasitas for all helminths found are

shown in Table IlI.

Table Il. Host and helminth parasites (indicating their eesppe Figure number) of the
eight siluriform fish species from the Aguapei Rjv&pper Parand River basin,
municipality of Castilho, S&o Paulo State, Brazilalyzed for this study. NHR — new
host record; NGR — new geographical record forrbasin; PNS — putative new species.

Siluriform hosts Helminth Figure NHR NGH PNS
Doradidae Bleeker,
1858
Pterodoras granulosus
(Valenciennes, 1821)

Monogenea

Dactylogyridae
Bychowsky, 1933
Cosmetocleithrum
bulbocirrus Kritsky,
Thatcher and Boeger,
1986

Vancleaveus januacaensis
Kritsky, Thatcher and 3
Boeger, 1986
Digenea
Paramphistomidae
Fischoeder, 1901
Dadaytrema oxycephala
(Diesing, 1836)
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Table II. Continued.

Siluriform hosts

Helminth

Figure NHR NGH

PNS

Trachydoras
paraguayensis
(Eigenmann and Ward,
1907)

Diplostomidae Poirier,
1886

Type 1 metacercariae of
Diplostomidae
Nematoda
Camallanidae Railliet
and Henry, 1915
Procamallanus
(Spirocamallanus)
inopinatus Travassos,
Artigas and Pereira, 192¢
Atractidae Railliet, 1917
Rondonia rondoni
Travassos, 1920
Cestoda
Proteocephalidae La
Rue, 1911

Cestoda gen. sp.

Monogenea

Gyrodactylidae Van
Beneden and Hesse,
1863

Gyrodactylidae gen. sp.
Dactylogyridae
Bychowsky, 1933
Ameloblastella sp. 1
Pavanelliella pavandllii
Kritsky and Boeger, 1998
*Dactylogyridae n. sp. 6
Digenea

Diplostomidae Poirier,
1886

Austrodiplostomum sp.
metacercariae

Type 1 metacercariae of
Diplostomidae

Type 2 metacercariae of
Diplostomidae

Type 3 metacercariae of
Diplostomidae
Nematoda
Pharyngodonidae
Travassos, 1919

10 X
11

12 X

13 X

12 X

12 X
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Table Il. Continued.

Siluriform hosts

Helminth

Figure NHR NGH

PNS

Heptapteridae Gill,
1861

Pimelodella
avanhandavae
Eigenmann, 1917

Ichthyouris
laterifilamenta Moravec,
Kohn and Fernandes,
1992

Quimperiidae Gendre,
1928

Neoparaseuratum
travassosi Moravec, Kohn
and Fernandes, 1992
Camallanidae Railliet
and Henry, 1915
Procamallanus
(Spirocamallanus)
inopinatus Travassos,
Artigas and Pereira, 192¢
Procamallanus
(Spirocamallanus)
inopinatus 4th stage

larvae Travassos, Artigas

and Pereira, 1928
Anisakidae Railliet and
Henry, 1912
Contracaecum sp. larvae
Railliet and Henry, 1912
Cestoda
Proteocephalidae La
Rue, 1911

Cestoda gen. sp.

Monogenea

Dactylogyridae
Bychowsky, 1933
Ameloblastella
formatrium Mendoza-
Franco, Mendoza-
Palmero an&cholz, 2016
Aphanaoblastella chagresii
Mendoza-Franco,
Mendoza-Palmero and
Vidal-Martinez, 2007
Digenea

Type 1 digenean

Type 2 digenean
Unidentified
metacercariae

14

15

18

19

20

21

X
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Table Il. Continued.

Siluriform hosts

Helminth Figure NHR NGH

PNS

Loricariidae
Rafinesque, 1815
Loricariichthys
platymetopon
Isbriicker and Nijssen,
1979

Derogenidae Nicoll, 191C
Genarchella sp. 22
Phyllodistomum sp. 23 X X
Paramphistomidae

Fischoeder, 1901

Dadaytrema sp. 24 X
Diplostomidae Poirier,
1886
Austrodiplostomum sp.
metacercariae
Nematoda
Pharyngodonidae
Travassos, 1919
Brasilnema pimellodellae
Moravec, Kohn and 26 X
Fernandes, 1992

Atractidae Railliet, 1917

Rondonia rondoni

Travassos, 1920

Cystidicolidae Skrjabin,

1946

TSpinitectus sp. 28
Anisakidae Railliet and
Henry, 1912
Contracaecum sp. larvae
Railliet and Henry, 1912

x

27 X

29 X

Monogenea

Gyrodactylidae Van

Beneden and Hesse,

1863

Gyrodactylidae gen. sp. 30 X
Dactylogyridae

Bychowsky, 1933
Demidospermus

paranaensis Ferrari-
Hoeinghaus, Bellay, 31
Takemoto and Pavanelli,

2010

Digenea

Clinostomidae Luhe,

1901
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Table Il. Continued.

Siluriform hosts

Helminth

Figure NHR NGH PNS

Pterygoplichthys
ambrosettii (Holmberg,
1893)

Clinostomum sp.
metacercariae
Diplostomidae Poirier,
1886

Austrodiplostomum sp.
metacercariae

Type 1 metacercariae of
Diplostomidae

Type 4 metacercariae of
Diplostomidae

Type 5 metacercariae of
Diplostomidae
Nematoda

Anisakidae Railliet and
Henry, 1912
Raphidascaris
(Sprentascaris) mahnerti
(Petter and Cassone,
1984)

Monogenea

Dactylogyridae
Bychowsky, 1933
Heteropriapulus

heter otylus (Jogunoori,
Kritsky and
Venkatanarasaiah, 2004)
Heteropriapulus simplex
Li and Huang, 2012
tHeteropriapulus sp. 1
tHeteropriapulus sp. 2
tHeteropriapulus sp. 4
tHeteropriapulus sp. 5
Telethecium nasalis
Kritsky, Van Every and
Boeger, 1996
Trinigyrus sp.

Unilatus brittani Mizelle,
Kritsky and Crane, 1968
Unilatus unilatus Mizelle
and Kritsky, 1967
Digenea
Diplostomidae Poirier,
1886
Austrodiplostomum sp.
metacercariae

32

33 X
34 X
35 X
35 X
36

37 X X

39 X

40 X

41 X
42 X

43 X X

44 X

47 X
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Table Il. Continued.

Siluriform hosts

Helminth

Figure

NHR NGH PNS

Rhinelepis aspera Spix
and Agassiz, 1829

Pimelodidae
Bonaparte, 1835
Hemisorubim
platyrhynchos
(Valenciennes, 1840)

Monogenea

Dactylogyridae
Bychowsky, 1933

* Demidospermus sp.
THeteropriapulus n. sp. 3
Telethecium nasalis
Kritsky, Van Every and
Boeger, 1996

Digenea

Diplostomidae Poirier,
1886

Austrodiplostomum sp.
metacercariae

Type 1 metacercariae of
Diplostomidae
Nematoda
Pharyngodonidae
Travassos, 1919
Parasynodontisia petterae
Moravec, Kohn and
Fernandes, 1992

Monogenea

Dactylogyridae
Bychowsky, 1933
Ameloblastella
formatrium Mendoza-
Franco, Mendoza-
Palmero an&cholz, 2016
Ameloblastella sp. 2
Pavanelliella pavanelli
Kritsky and Boeger, 199€
Dactylogyridae gen sp. 1
Dactylogyridae gen sp. 2
Digenea

Type 1 metacercariae
Diplostomidae Poirier,
1886

Metacercariae of
Austrodiplostomum sp.
Type 1 metacercariae of
Diplostomidae
Nematoda

Nematode larva

48
49

50

51

53

54
55

56
57

58

58

58

59

X
X
X X
X
X
X X
X
X
X
X
X
X
X
X
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Table Il. Continued.

Siluriform hosts Helminth Figure NHR NGH PNS
Sorubim lima (Bloch Monogenea
and Schneider, 1801)
Dactylogyridae
Bychowsky, 1933
Dactylogyridae gensp.5 60 X

Digenea

Derogenidae Nicoll, 191C
Genarchella sp. 61
Diplostomidae Poirier,
1886

Metacercariae of
Austrodiplostomum sp.
Type 1 metacercariae of
Diplostomidae
Nematoda

Anisakidae Railliet and
Henry, 1912
Contracaecum sp. larvae
Railliet and Henry, 1912
Cestoda
Proteocephalidae La
Rue, 1911

Manaosia bracodemoca
Woodland, 1935
Soatulifer marigaensis
Pavanelli and Rego, 1989

61 X

62 X

63 X

64

(*) See section 4. for species descriptions.
(T) See section 6. for species description.
() See section 5. for species descriptions.
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Table Ill. (NH) number of hosts analyzed, (N) number of heths collected,
Prevalence (P%), mean intensity of infection (Mifean abundance (MA), and
infestation/infection site (IS) of the helminthesihd in the eight fish species from the
Aguapei River, municipality of Castilho, Sdo Pa8tate, Brazil, sampled in Aug/13 and
Jan, Jun and Nov/14, analyzed for this study. Mt KA are showed as mean + standard

error (minimum-maximum).

Siluriform hosts and helminths NH N P (%) Ml MA IS
Doradidae
Pterodoras granulosus 59
Monogenea

: . 152+21.5 149.5+21.3
Cosmetocleithrum bulbocirrus 8,820 98 (9-862) (0-862) G

. . 180+29.7 176.8+29.4
Vancleaveus januacaensis 10,659 98 (2-1,225) (0-1,225) G
Digenea
16.346.3 10.8+4.2

Dadaytrema oxycephala 638 66 (1-246) (0-246) I
Type 1 metacercariae of 1 1 i 0.01+0.01 c
Diplostomidae (0-1)
Nematoda
Procamallanus 5 1 0.03£0.03 |
(Spirocamallanus) inopinatus (0-2)

. . 8,442.6+1,340.7 7,870.2+1,279.7
Rondonia rondoni 464,343 93 (1-42,560) (0-42,560)
Cestoda

. 1 0.05+0.02
Cestoide gen. sp. 3 5 (1-1) (0-1) I
Trachydoras paraguayensis 70
Monogenea

2+0.2 0.9+0.2

Ameloblastella sp. 1 67 48 (1-5) (0-5) G

. .. 2.1+0.5 0.2+0.09
Pavanelliella pavanellii 17 11 (1-5) (0-5) NC

. 8.4+2.8 6+2
Dactylogyridae gen. sp. 6 413 70 (1-127) (0-127) G
+
Gyrodactylidae gen. sp. 1 1 - 0.0420.04 G
(0-1)

Digenea
Austrodiplostomum sp. 3 3 1.5+0.5 0.04+0.03 E
metacercariae (1-2) (0-2)
Type 1 metacercariae of 1 1 0.0240.02 c
Diplostomidae (0-1)
Type 2 metacercariae of 29 7 4.4+1.8 0.3+0.2 Go
Diplostomidae (1-11) (0-11)
Type 3 metacercariae of 32 8 4.842.6 0.4+0.3 c
Diplostomidae (1-18) (0-18)
Nematoda

. - 31.9+6.9 15+3.8
Ichthyouris laterifilamenta 1,051 47 (1-137) (0-137) I
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Table Ill. Continued.

Siluriform hosts and helminths NH N P (%) Ml MA IS
. 2.7+0.2 1.740.2
Neoparaseuratum travassosi 122 64 (1-8) (0-8) I
Procamallanus 195 94 1.8+0.09 1.7+0.1 |
(Spirocamallanus) inopinatus (1-6) (0-6)
Procamallanus
(Spirocamallanus) inopinatus 145 27 7.6£2.9 2+0.8 I
(1-50) (0-50)
fourth stage larvae
7.9+1.7 4.2+1.04
Contracaecum sp. larvae 293 53 (1-52) (0-52) SB
Cestoda
0.01+0.01
Cestoda gen. sp. 1 1 - (0-1) I
Heptapteridae
Pimelodella avanhandavae 40
Monogenea
+
Ameloblastella formatrium 1 2 - 0'(()5__%02 G
.. 9.7+1.8 8.5+1.7
Aphanoblastella chagresii 339 87 (1-48) (0-48) G
Digenea
Austrodiplostomum sp. 18 20 2.2+0.5 0.410.2 £
metacercariae (1-5) (0-5)
3.3+0.3 0.2+0.1
Dadaytrema sp. 10 7 (3-4) (0-4) I
1.610.2 0.6+0.1
Genarchella sp. 23 35 (1-3) (0-3) S
. 2+0.7 0.2+0.1
Phyllodistomum sp. 8 10 (1-4) (0-4) Go
. 17.5£16.5 0.8+0.8
Type 1 digenean 35 5 (1-34) (0-34) I
. 0.02+0.02
Type 2 digenean 1 2 - (0-1) I
. o . 22+16.1 1.6+1.3
Unidentified metacercariae 66 7 (2-54) (0-54) C
Nematoda
. . 13+3.8 7.8+2.5
Brasilnema pimellodellae 313 57 (1-75) (0-75) I
. . 419+280 73.3£52.6
Rondonia rondoni 2,934 17 (15-2,014) (0-2,014) I
- 4.85+1 2.4+0.6
Spinitectus sp. 97 50 (1-21) (0-21) |
2+0.8 0.3+0.1
Contracaecum sp. larvae 12 15 (1-6) (0-6) SB
Loricariidae
Loricariichthys platymetopon 80
Monogenea
. . 29.315.4 22.2+4.8
Demidosper mus paranaensis 2,018 86 (1-261) (0-261) G
. 2104 0.1+0.05
Gyrodactylidae gen. sp. 8 5 (1-3) (0-3) G
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Table Ill. Continued.

Siluriform hosts and helminths  NH N P (%) Mil MA IS
Digenea
Austrodiplostomum sp. 0.01+0.01
: 1 1 - E
metacercariae (0-1)
Clinostomum sp. metacercariae 29 5 7.2£3.0 0.4£0.2 su,
P- (1-13) (0-13) F
Type 1 metacercariae of 15.2+2.3 13+2
Diplostomidae 1,034 85 (1-90) (0-90) C
Type 4 metacercariae of 27 1 ) 0.31+0.3 L
Diplostomidae (0-27)
Type 5 metacercariae of 16 4 5.3+1.8 0.240.1 c
Diplostomidae (3-9) (0-9)
Nematoda
Raphldqscar|s (Sprentascaris) 5.620 94 74.9+7 70.2+7 |
mahnerti (3-358) (0-358)
Pterygoplychthys ambr osettii 80
Monogenea
. 12.3+2.4 8.2+1.7
Heteropriapulus heterotylus 653 66 (1-83) (0-83) G
. . 11.341.9 7£1.4
Heteropriapulus simplex 566 62 (1-69) (0-69) G
Heteroprialus sp. 1 3.5+0.5 2.1+0.4
171 60 (1-20) (0-20) G
. 3.1+0.6 1+0.2
Heteropriapulus sp. 2 85 33 (1-15) (0-15) G
. 2 0.02+0.02
Heteropriapulus sp. 4 2 1 (2-2) (0-2) G
. 2.7+0.7 1.240.3
Heteropriapulus sp. 5 95 44 (1-20) (0-20) G
: . 4.1+0.7 1.8+0.4
Telethecium nasalis 144 44 (1-17) (0-17) NC
. 29.4+24 14.74£12.2
Trinigyrus sp. 294 12 (1-246) (0-246) G
. o 1.440.1 0.2+0.05
Unilatus brittani 14 12 (1-2) (0-2) G
. . 1.440.1 0.3+0.1
Unilatus unilatus 24 10 (1-9) (0-9) G
Digenea
Austrodiplostomum sp. 67 9 9.646.2 0.910.6 £
metacercariae (1-45) (0-45)
Rhinelepis aspera 30
Monogenea
. 11.743.3 11.743.3
Demidospermus sp. 332 100 (1-70) (0-70) G
. 2.9+1 0.7+0.3
Heteropriapulus sp. 3 20 23 (1-8) (0-8) G
: . 1.240.2 0.2+0.08
Telethecium nasalis 5 13 (1-2) (0-2) NC
Digenea
Austrodiplostomum sp. 11 33 1.1+0.1 0.4+0.1 £
metacercariae (1-2) (0-2)
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Table Ill. Continued.

Siluriform hosts and helminths NH N P (%) Ml MA IS

Type 1 metacercariae of 46 13 11.5+10.5 1.53+1.43 c
Diplostomidae (1-43) (0-43)
Nematoda
. 449+88.6 389.2+81.6
Parasynodontisia petterae 11,676 87 (4-1,432) (0-1,432)
Pimelodidae
Hemisorubim platyrhynchos 21
Monogenea
0.04+0.04
Ameloblastella sp. 2 1 3 - (0-1) G
. 49423 4.7+£3.6
Amel oblastella formatrium 99 10 (26-72) (0-72) G
+
Pavanelliella pavanellii 1 3 - 0.04x0.04 NC
(0-1)

. 57.3+22.3 49+19.6
Dactylogyridae gen. sp. 1 1,031 86 (1-390) (0-390) G
. 7.4+1.4 3.5+1
Dactylogyridae gen. sp. 2 74 47 (2-17) (0-17) G

Digenea
Austrodipl o§tomum sp. 16 33 2.3t1 0.8+0.4 £
metacercariae (1-8) (0-8)
Type 1 metacercariae of 3 3 i 0.1+0.1 c
Diplostomidae (0-3)
. 3.6+1.3 1.440.6
Type 1 metacercariae 29 38 (1-12) (0-12) C
Nematoda
0.04+0.04
Nematode larva 1 3 - (0-1) C
Sorubim lima 25
Monogenea
. 47.9+12.5 44+11.8
Dactylogyridae gen. sp. 5 1,102 92 (3-223) (0-223) G
Digenea
Austrodipl ogtomum sp. 27 50 2.1+0.6 1.1+0.4 E
metacercariae (1-8) (0-8)
0.08+0.08
Genarchella sp. 2 4 - (0-2) S
Type 1 mgtacercarlae of o5 20 5+2.2 1+0.6 c
Diplostomidae (1-13) (0-13)
Nematoda
74.2+33.8 44.5+21.3
Contracaecum sp. larvae 1,113 60 (2-460) (0-460) SB
Cestoda
. 4+0.8 1+0.4
Manaosia bracodemoca 24 24 (2-8) (0-8) I
: : . 29.8+9.5 26.2+8.6
Soatulifer maringaensis 655 88 (1-194) (0-194) I

Infection/infestation sites: Su — surface; NC — haaaity; G — gills; E — eyes; Go — gonads; SB -nswladder; L —
liver; S — stomach; | - Intestine; F — flesh; C vita
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From the total of host specimens analyzed, 400 j98&te infected by at least
one helminth taxon. A total of 501,484 was recodedre this study, with a mean of
1,238.23 parasite/fish. Fifty-four helminth parasiaxa were found: 25 monogeneans
(the most diverse taxa), 15 digeneans, 11 nemat@ies three cestodes. With the
exception of metacercariae of Diplostomidae, @odtracaecum sp. larvae reported by
Yamada et al. (2017) all the helminths found are texality record for the Aguapei
River, Upper Parand River basin, municipality ostiho, Sdo Paulo State, Brazil. The
species accumulation curves (SAC) showed thatdahgbng effort forP. granulosus,

P. avanhandavae, L. platymetopon, andR. aspera was enough to recover all the hemilth
parasitdaxa that these hosts can harbor. However Tfgraraguayensis, P. ambrosettii,

H. platyrhynchos, andS. lima the SACs indicated that more hosts should be sairipl
order to recover all helminth parasigxa of these hosts (Figure 1).

Metacercariae oAustrodiplostomum sp. were the most widely distributeakon,
occurring in seven fish species. Type 1 metacexeari Diplostomidae also showed wide
distribution, occurring in six host species. Thesmprevalent helmintihaxon was the
monogenean Demidospermus sp. (100%), followed by the monogeneans
Cosmetocleithrum bulbocirrus and V. januacaensis (98%). The helminthtaxon that
showed the highest values of mean intensity otcirda (8,442.6) and mean abundance
(7,870.2) was the nematodRondonia rondoni from P. granulosus, followed by the
nematodeParasynodontisia petterae from R. aspera (mean intensity of infection 449;
mean abundance 389.2). The helmitdkon with the greatest number of specimens
recovered wask. rondoni from P. granulosus (n=464,343) followed byP. petterae
(n=11,676). Table IV shows the values of Shannoesdi index calculated at
component community level for each host specie® hbst specie®. ambrosettii
showed the highest diversity of helminth communityle R. aspera showed the lowest,

interestingly both host species belong to the lasiidae family.
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Pterodoras granulosus Trachydoras paraguayensis
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Figure 1. Species accumulation curves of the parasitesveeed from the eigth

siluriform species surveyed for this study from Aguapei River, Upper Parana River
basin, municipality of Castilho, Sdo Paulo, StBi@zil.
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Table IV. Shannon-Wiener index for the eight host speciegegted for this study from

the Aguapei River, Upper Parana River basin, mpaiity of Castilho, Sado Paulo State,

Brazil.

Siluriform host Shannon-Wiener index
Pterygoplichthys ambrosettii 1.84
Trachydoras paraguayensis 1.68
Sorubim lima 1.20
Pimel odella avanhandavae 0.94
Loricariichthys platymetopon 0.93
Hemisorubim platyrhynchos 0.70
Pterodoras granulosus 0.21
Rhinelepis aspera 0.17

From the 54 helmintkaxa recovered in this study, only nine occurred in enor
than one host: the monogeneahsformatrium, P. pavanellii, and T. nasalis, the
digeneans Austrodiplostomum sp. metacercariaeGenarchella sp., and Type 1
metacercariae of Diplostomidae, and the nematBdéSpirocamallanus) inopinatus, R.
rondoni, andContracaecum sp. larvae.

ForP. granulosus (n=59), 100% were parasitized by at least one piarsgecies.

In total 484,466 parasites were found, with a nefa8)211.28 parasite/fish, representing
the highest values among all host species analye#ds study. Six helminth parasite
taxa were found (Table IIl), representing the host wvilie lowest number of helminth
taxa recovered, with richness varying from 1 to 4 paessand the mean richness was
3.67 parasite/host. The helminths foundAngranulosus have all been previously
recorded in the literature (see Table Xll). Theyamgw host record is one Diplostomidae
metacercaria (Type 1). The nematdglerondoni showed the highest values of mean
intensity of infection (MIl) and mean abundance (MAvhile the monogenearts.
bulbocirrus and V. januacaensis showed the highest levels of prevalence, and
considerable high values MIl and MA (Table Ill).n§ison index was 0.08 and
demonstrated that the diversity of the componemhranity of P. granulosus is
considerably low. Berger-Parker indexes for eadmimeh taxa (Table V) showed that
R. rondoni was the dominant species while all the other sgesl®wed low values. It
was not possible to calculate the discrepancy irfdexhis host species because the

maximum intensity was too high.
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Table V. Berger-Parker index for the helminth specie®taf odoras granulosus from

the Aguapei River, Upper Parana River basin, mpaiity of Castilho, Sdo Paulo State,

Brazil.
Helminths Berger-Parker
Cosmetocleithrum bulbocirrus 0.018
Vancleaveus januacaensis 0.022
Dadaytrema oxycephala 0.001

Type 1 metacercariae of Diplostomidae -
Procamallanus (Spirocamallanus) inopinatus -
Rondonia rondoni 0.958
Cestode gen. sp. -

The host specimens dtrachydoras paraguayensis (n=70) were all parasitized
(100%) by at least one parasite species. A tota)283 parasites was found, with a mean
of 32.75 parasite/fish. Fourteen helminth parati@ were recovered, which is the
highest number dfaxa per host species found in this study. The richves®d from 1
to 8 parasites and the mean richness was 4.4 fdhast. All nematode species found in
this study were previously recorded ih paraguayensis (see Table XIl). The
monogeneans Gyrodactylidae gen. sp. d@dpavanellii, Austrodiplostomum sp.
metacercariae, an@€ontracaecum sp. larvae are recorded for the first time Tin
paraguayensis (Table I1). The nematode. (Spirocamallanus) inopinatus had the highest
prevalence, while Dactylogyridae gen. sp. 6 shothedhighest values of MIl and MA.
Simpson index was 0.73 demonstrating that the slityeof the component community
of T. paraguayensis is high. Berger-Parker indexes for each helmiatta (Table VI)
showed thak. laterifilamenta was the dominant species. The discrepancy inde)XOviia.
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Table VI. Berger-Parker index for the helminth specie3raichydoras paraguayensis

from the Aguapei River, Upper Parana River basimioipality of Castilho, S&o Paulo

State, Brazil.

Helminths Berger-Parker
Ameloblastella sp. 1 0.029
Pavanelliella pavandllii 0.007
Dact. gen. sp. 6 0.180
Gyrodactylidae gen. sp. -
Austrodiplostomum sp. metacercariae 0.001
Type 1 metacercariae of Diplostomidae -
Type 2 metacercariae of Diplostomidae 0.010
Type 3 metacercariae of Diplostomidae 0.014
Ichthyouris laterifilamenta 0.458
Neoparaseur atum travassosi 0.053
Procamallanus (Spirocamallanus) inopinatus 0.055

Procamallanus (Spirocamallanus) inopinatus
4th stage larvae

Contracaecum sp. larvae 0.128
Cestoda gen. sp. -

0.063

For P. avanhandavae (n=40), 100% were parasitized by at least one pfiaras
species. A total of 3,857 parasites was found, withean of 96.4 parasite/fish. Thirteen
helminth parasitéaxa were recovered, accounting for the second highasier of taxa
per host species found in this study. The richmased from 1 to 5 parasites and the
mean richness was 3.2 parasite/host. All helmimhB. avanhandavae found in this
study are new host record, since there is not &amyson helminthfauna for this host
species thus far. The monogeneanchagresii had the highest prevalence, and the
nematoddr. rondoni showed the highest values of MIl and MA. Simpsatexwas 0.41
demonstrating that the component community? odvanhandavae is not very diverse.
Berger-Parker indexes for each helmitaka (Table VII) showed thaR. rondoni was
the dominant species. The discrepancy index wa® iddicating that the component

community ofP. avanhandavae showed aggregated pattern.
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Table VII. Berger-Parker index for the helminth specie®iofielodella avanhandavae

from the Aguapei River, Upper Parana River basimioipality of Castilho, S&o Paulo

State, Brazil.
Helminths Berger-Parker

Ameloblastella formatrium -

Aphanaoblastella chagresii 0.088
Austrodiplostomum sp. metacercariae 0.005
Dadaytrema sp. 0.003
Genarchella sp. 0.006
Phyllodistomum sp. 0.002
Type 1 digenean 0.009
Type 2 digenean -

Unidentified metacercariae 0.017
Brasilnema pimellodellae 0.081
Rondonia rondoni 0.761
Spinitectus sp. 0.025
Contracaecum sp. larvae 0.003

The host specimens bf platymetopon (n=80) were all parasitized (100%) by at
least one parasite species. A total of 8,753 pasasvas found, with a mean of 109.4
parasite/fish. Eight parasitaxa were recovered, with richness varying from 1 to 4
parasites and mean richness of 2.8 parasite/hadt.. platymetopon, this study is a new
host record foAustrodiplostomum sp. metacercariae, Type 1, 4 and 5 metacercariae of
Diplostomidae and a gyrodactylid monogenean. ThaagenearD. paranaensis and
the nematod®&. (Sprentascaris) mahnerti were previously described in this host (Table
XII). The helminthtaxa R. (Sprentascaris) mahnerti was the most prevalent and had the
highest values of MIl and AM. Simpson index was 20.&emonstrating that the
component community df. platymetopon is not very diverse. Berger-Parker indexes for
each helminth taxa (Table VIII) showed that (Sprentascaris) mahnerti was the

dominant species. The discrepancy index was 0.41.
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Table VIII. Berger-Parker index for the helminth species lairicariichthys
platymetopon from the Aguapei River, Upper Parana River basimnioipality of

Castilho, Sao Paulo State, Brazil.

Helminths Berger-Parker
Demidosper mus paranaensis 0.231
Gyrodactylidae gen sp. 0.001
Austrodiplostomum sp. metacercariae -
Clinostomum sp. metacercariae 0.003
Diploptomidae metacercariae Type 1 0.118
Diploptomidae metacercariae Type 4 0.003
Diploptomidae metacercariae Type 5 0.002
Raphidascaris (Sorentascaris) mahnerti 0.642

For P. ambrosettii, 96% of the hosts were parasitized by at leastparasite
species. A total of 2,115 parasites was found, withean of 26.4 parasite/fish. Eleven
taxa were recovered, from which 10 are monogenean epatiakindg?. ambrosettii the
host with the most diverse monogenean communityisg study. The richness varied
from 1 to 8 parasites and the mean richness w&sgatasite/host. All helminths .
ambrosettii foundin this study are new host record, since to dateetlare no studies on
helminthfauna for this host species. The monogehkdnater otylus showed the highest
prevalence, while the monogenekmnigyrus sp. showed the highest values of MIl and
MA. Simpson index was 0.8 demonstrating that thenganent community of.
ambrosettii is considerably diverse. Berger-Parker indexegéaoh helminth taxa (Table
IX) showed that. heterotylus was the dominant species. The discrepancy indexOvéa
indicating that the component community ”af ambrosetii tends to show aggregated

pattern.
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Table IX. Berger-Parker index for the helminth speciekavfcariichthys platymetopon

from the Aguapei River, Upper Parana River basimioipality of Castilho, S&o Paulo

State, Brazil.
Helminths Berger-Parker
Heteropriapulus heterotylus 0.309
Heteropriapulus simplex 0.268
Heteropriapulus sp. 1 0.081
Heteropriapulus sp. 2 0.040
Heteropriapulus sp. 4 0.001
Heteropriapulus sp. 5 0.045
Telethecium nasalis 0.068
Trinigyrus sp. 0.139
Unilatus brittani 0.007
Unilatus unilatus 0.011
Austrodiplostomum sp. metacercariae 0.032

The host specimens Bf aspera (n=30) had all representatives parasitized by at
least two helminthaxa (100%). A total of 12,090 parasites was foundhveitmean of
403 parasite/fish. Six helmintaxa were recovered, which also represents the hobkt wit
the lowest number of helmintiaxa found, with richness varying from 2 to 4 parasites
and mean richness of 2.53 parasite/host. With xicepion ofP. petterae, whose type
host isR. aspera (see Table XllI), all the other helminths foundhiststudy are new host
record. The monogenedemidospermus sp. showed the highest prevalence while
petterae showed the highest values of MIl and AM. Simpsomei was 0.07
demonstrating that the diversity of the compon@mmunity ofR. aspera is very low.
Berger-Parker indexes for each helmitaka (Table X) showed th&. petterae was the
dominant species while all the other species shdewd/alues. The discrepancy index

was 0.5.
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Table X. Berger-Parker index for the helminth specieRlainelepis aspera from the

Aguapei River, Upper Parana River basin, munidipailf Castilho, Sdo Paulo State,

Brazil.
Helminths Berger-Parker

Demidospermus sp. 0.027
Heteropriapulus sp. 3 0.002
Telethecium nasalis -
Austrodiplostomum sp. metacercariae 0.001
Type 1 metacercariae of Diplostomidae 0.004
Parasynodontisia petterae 0.966

For H. platyrhynchos (n=21), 95% of the host specimens were parasitzest
least one helminth species. A total of 1,255 pteasivas found, with a mean of 59.7
parasite/fish. Nine helminttexa were recovered, with richness varying from 1 to 4
parasites and mean richness of 2.34 parasite/ldistaelminth taxa found in H.
platyrhynchos in this study are new host records. Dactylogyridae. sp. 1 had the
highest values of prevalence, MIl and MA. Simpsaaex was 0.31 demonstrating that
the diversity of the component community téf platyrhynchos is low. Berger-Parker
indexes for each helmintbaxa (Table XI) showed that Dactylogyridae gen. spak the
dominant species. The discrepancy index was O0.€catidg that the component
community ofP. ambrosetii tends to show aggregated pattern.

Table XI. Berger-Parker index for the helminth speciesiedisorubim platyrhynchos

from the Aguapei River, Upper Parana River basumigipality of Castilho, Sdo Paulo

State, Brazil.
Helminths Berger-Parker
Ameloblastella sp. 2 0.001
Ameloblastella formatrium 0.079
Pavanelliella pavanedllii 0.001
Dactylogyridae gen. sp. 1 0.822
Dactylogyridae gen. sp. 2 0.059
Austrodiplostomum sp. metacercariae 0.013
Type 1 metacercariae of Diplostomidae 0.002
Type 1 metacercariae 0.023
Nematode larva 0.001
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All host specimens d& lima (n=25) were parasitized by at least one helminth
taxa (100%). A total of 2,948 parasites was found, veitmean of 117.9 parasite/fish.
Seven helminthiaxa were recovered, with richness varying from 1 tpafasites, and
mean richness of 3.3 parasite/host. This studyesgmts new host record for
Dactylogyridae gen. sp. Bustrodiplostomum sp. metacercariae, af@bntracaecum sp.
larvae. For the remaining endoparasites, the reairthis study are in accordance with
previous records for this host (see Table Xll). Dgyridae gen. sp. 5 showed the
highest values of prevalence, MIl and AM. Simpsaaex was 0.67 demonstrating that
the component community 8flima can be considered as diverse. Berger-Parker indexes
for each helminth taxa (Table XIlI) showed thadntracaecum sp. larvae was the
dominant species, however, Dactylogyridae gen.5sghowed similar value. The
discrepancy index was 0.52.

Table XI. Berger-Parker index for the helminth speciesiedisorubim platyrhynchos
from the Aguapei River, Upper Parana River basimigipality of Castilho, S&o Paulo,

State, Brazil.

Sorubim lima Berger-Parker
Dactylogyridae gen. sp. 5 0.374
Austrodiplostomum sp. metacercariae 0.009
Genarchella sp. 0.001
Type 1 metacercariae of Diplostomidae 0.008
Contracaecum sp. larvae 0.378
Manaosia bracodemoca 0.008
Spatulifer maringaensis 0.222
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Figure 2. Monogenean found on the gills of Pterodoras granulosus from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Cosmetocleithrum bulbocirrus; (B) copulatory complex of Cosmetocleithrum

bulbocirrus; (C) haptor of Cosmetocleithrum bulbocirrus.
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Figure 3. Monogenean found on the gills of Pterodoras granulosus from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Vancleaveus januacaensis; (B) complexo copulatério de Vancleaveus januacaensis; (C)
haptor de Vancleaveus januacaensis.
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Figure 4. Digenean from Pterodoras granulosus from the Aguapei River, Upper Parana
River basin, municipality of Castilno, Sdo Paulo State, Brazil: (A-D) Dadaytrema
oxycephala — (A) total view; (B) detail of the profoundly lobed testes; (C) anterior

extremity; (D) acetabulum.

A

500 pm

Figure 5. Digenean from Pterodoras granulosus from the Aguapei River, Upper Parana
River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A) Type 1 metacercaria

of Diplostomidae found in the cavity.
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Figure 6. Nematode from the intestine of Pterodoras granulosus from the Aguapei River,
Upper Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-C)
Procamallanus (Spirocamallanus) inopinatus — (A) anterior extremity; (B) female
posterior extremity; (C) male posterior extremity.
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Figure 7. Nematode from the intestine of Pterodoras granulosus from the Aguapei River,
Upper Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-C)
Rondonia rondoni — (A) anterior extremity; (B) female posterior extremity; (C) male

posterior extremity.
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Figure 8. Monogenean from the gills of Trachydoras paraguayensis from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—

B) Gyrodactylidae gen. sp.
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Figure 9. Monogenean from the gills of Trachydoras paraguayensis from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Ameloblastella sp. 1; (B) copulatory complex of Ameloblastella sp. 1; (C) haptor of
Ameloblastella sp. 1.
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Figure 10. Monogenean from the nasal cavity of Trachydoras paraguayensis from the
Aguapei River, Upper Parand River basin, municipality of Castilho, Sdo Paulo State,
Brazil: (A) Pavanelliella pavanellii; (B) Copulatory complex of Pavanelliella pavanellii;

(C) haptor of Pavanelliella pavanellii.
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Figure 11. Monogenean from the gills of Trachydoras paraguayensis from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Dactylogyridae gen. sp. 6; (B) copulatory complex of Dactylogyridae gen. sp. 6; (C)

haptor of Dactylogyridae gen. sp. 6.
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Figure 12. Digenean from Trachydoras paraguayensis from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Austrodiplostomum sp. metacercaria infecting the eyes; (B) Type 2 metacercariae of
Diplostomidae; (C, D) Type 3 metacercariae of Diplostomidae. B, C, and D were

recovered from the cavity.

A

500 um

Figure 13. Digenean from Trachydoras paraguayensis from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—C) Type 1
metacercariae of Diplostomidae in the cavity — (A) total view; (B) anterior extremity; (C)

posterior extremity.
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Figure 14. Nematode from the intestine of Trachydoras paraguayensis from the Aguapei

River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
D) Ichthyouris laterifilamenta — (A) female anterior extremity; (B) female posterior
extremity; (C) male anterior extremity; (D) male posterior extremity.
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Figure 15. Nematode from the intestine of Trachydoras paraguayensis from the Aguapei
River, Upper Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-
C) Neoparaseuratum travassosi — (A) anterior extremity; (B) female posterior extremity;

(C) male posterior extremity.
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Figura 16. Nematode from the intestine of Trachydoras paraguayensis from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
C) Procamallanus (Spirocamallanus) inopinatus — (A) anterior extremity; (B) female

anterior extremity; (C) male posterior extremity.
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Figure 17. Nematode from the intestine of Trachydoras paraguayensis from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
anterior extremity of 4"" stage larva of Procamallanus (Spirocamallanus) inopinatus; (B)
posterior extremity of 4™ stage larva of Procamallanus (Spirocamallanus) inopinatus.

Figure 18. Nematode from the swim bladder of Trachydoras paraguayensis from the
Aguapei River, Upper Parand River basin, municipality of Castilho, Sdo Paulo State,
Brazil: (A—B) Contracecum sp. larva — (A) anterior extremity; (B) posterior extremity.
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Figure 19. Monogenean from the gills of Pimelodella avanhandavae from the Aguapei
River, Upper Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
C) Ameloblastella formatrium — (A) copulatory complex and vagina of Ameloblastella
formatrium; (B) haptor of Ameloblastella formatrium showing some hooks and ventral

anchors; (C) haptor of Ameloblastella formatrium showing dorsal anchors and bar.
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Figure 20. Monogenean from the gills of Pimelodella avanhandavae from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Aphanoblastella chagresii (B) copulatoriy complex of Aphanaoblastella chagresii; (C)
haptor of Aphanoblastella chagresii.
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Figure 21. Digenean from Pimelodella avanhandavae from the Aguapei River, Upper
Parana River basin, municipality of Castilho, S&o Paulo State, Brazil: (A-C) Type 1
digenean from the intestine — (A) total view; (B) anterior extremity; (C) detail of spines.
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Figure 22. Digenean from Pimelodella avanhandavae from the Aguapei River, Upper
Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-C) Genarchella
sp. from the stomach — (A) total view; (B) detail of ventral and oral suckers; (C) detail of

the vitellaria concentrated in the posterior extremity.
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Figure 23. Digenean from Pimelodella avanhandavae from the Aguapei River, Upper

Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-D)
Phyllodistomum sp. from the gonads — (A) total view; (B) anterior extremity; (C) vagina;
(D) cirrus pouch.
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Figure 24. Digenean from Pimelodella avanhandavae from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-E) Dadaytrema
sp. from the intestine — (A) total view; (B) anterior extremity; (C) male reproductive

organs; (D) female reproductive organs; (E) sucker.
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Figure 25. Digeneans from Pimelodella avanhandavae from the Aguapei River, Upper

Parand River basin, municipality of Castilho, Sdo Paulo State,

Brazil:

(A)

Austrodiplostomum sp. metacercaria from the eyes; (B) Austrodiplostomum sp.

metacercaria from the cavity.
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Figure 26. Nematode from the intestine Pimelodella avanhandavae from the Aguapei

River, Upper Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
D) Brasilnema pimellodellae — (A) total view; (B) anterior extremity; (C) female

posterior extremity; (D) male posterior extremity.
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Figure 27. Nematode from the intestine of Pimelodella avanhandavae from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
C) Rondonia rondoni — (A) anterior extremity; (B) female posterior extremity; (C) male
posterior extremity.
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Figure 28. Nematode from the intestine of Pimelodella avanhandavae, from the Aguapei

River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
F) Spinitectus sp. — (A—C) anterior extremity with details of cuticular spines; (D) posterior

extremity of female; (E) female with eggs; (F) male posterior extremity spirally coiled.
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Figure 29. Nematode from Pimelodella avanhandavae from the Aguapei River, Upper
Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-C)
Contracecum sp. larva from the swim bladder — (A) total view; (B) anterior extremity;

(C) posterior extremity.
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Figure 30. Monogenean from the gills of Loricariichthys platymetopon, from the
Aguapei River, Upper Parana River basin, municipality of Castilho, S&o Paulo State,
Brazil: (A—B) Gyrodactylidae gen. sp.
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Figure 31. Monogenean from the gills of Loricariichthys platymetopon from the Aguapei
River, Upper Parand River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)
Demidospermus paranaensis; (B) copulatory complex of Demidospermus paranaensis;
(C) haptor of Demidospermus paranaensis.
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Figure 32. Digenean from Loricariichthys platymetopon from the Aguapei River, Upper
Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—D) metacercaria
of Clinostomum sp. found in the cavity and flesh — (A) oral and ventral suckers; (B)

uterus; (C) cirrus pouch; (D) testes and ovary.

A

500 um

Figure 33. Digenean from Loricariichthys platymetopon from the Aguapei River, Upper
Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Austrodiplostomum sp. metacercaria found in the eyes.
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Figure 34. Digeneans from Loricariichthys platymetopon from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—F) Type 1
metacercarie of Diplostomidae found in the cavity — (A and B) total view; (C) anterior
extremity; (D) ventral sucker; (E) copulatory organs; (F) posterior extremity with detail
of the eggs.
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Figure 35. Digenean from Loricariichthys platymetopon from the Aguapei River, Upper
Parana River basin, municipality of Castilno, Sdo Paulo State, Brazil: (A) Type 4
metacercaria of Diplostomidae found on the liver; (B) Type 5 metacercaria of

Diplostomidae found in the cavity.

79



Figure 36. Nematode from the intestine of Loricariichthys platymetopon from the

Aguapei River, Upper Paranad River basin, municipality of Castilho, Sdo Paulo State,
Brazil: (A-l) Raphidascaris (Sprentascaris) mahnerti — (A-D) anterior extremity of
Raphidascaris (Sprentascaris) mahnerti with details of the cuticular elevations at level
of base of lips; (E) es6fago de Raphisdacaris (Sprentascaris) mahnerti with detail of the
posteriorly directed ventricular appendix; (F) female posterior extremity; (G-I1) male

posterior extremity with details of caudal alae and papillae.
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Figure 37. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parana River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)
Heteropriapulus heterotylus; (B) copulatory complex of Heteropriapulus heterotylus;
(C) haptor of Heteropriapulus heterotylus.
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Figure 38. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parana River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)
Heteropriapulus simplex; (B) copulatory complex of Heteropriapulus simplex; (C)
haptor of Heteropriapulus simplex.
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Figure 39. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parand River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)

Heteropriapulus sp. 1; (B) copulatory complex of Heteropriapulus sp. 1; (C) haptor of
Heteropriapulus sp. 1.
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Figure 40. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Heteropriapulus sp. 2; (B) copulatory complex of Heteropriapulus sp. 2; (C) haptor of
Heteropriapulus sp. 2.
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Figure 41. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parand River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)

Heteropriapulus sp. 4; (B) copulatory complex of Heteropriapulus sp. 4; (C) haptor of
Heteropriapulus sp. 4.
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Figure 42. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parana River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)
Heteropriapulus sp. 5; (B) copulatory complex of Heteropriapulus sp. 5 with egg; (C)
vagina of Heteropriapulus sp. 5; (D) haptor of Heteropriapulus sp. 5.
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Figure 43. Monogenean from the nasal cavity of Pterygoplichthys ambrosettii from the
Aguapei River, Upper Parana River basin, municipality of Castilho, S&o Paulo State,
Brazil: (A) Telethecium nasalis; (B) Copulatory complex of Telethecium nasalis; (C)

haptor of Telethecium nasalis.
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Figure 44. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parana River basin, municipality of Castilho, S&o Paulo State, Brazil: (A)
Trinigyrus sp.; (B) Copulatory complex of Trinigyrus sp.; (C) haptor of Trinigyrus sp.
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Figure 45. Monogenean from the gills of Pterygoplichthys ambrosettii from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Unilatus brittani; (B) copulatory complex of Unilatus brittani; (C) haptor of Unilatus
brittani.
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River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Copulatory complex of Unilatus unilatus; (B) haptor of Unilatus unilatus.

Figure 47. Digenean from Pterygoplichthys anisitsi from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Austrodiplostomum sp. metacercaria found in the eyes.
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Figure 48. Monogenea from the gills of Rhinelepis aspera from the Aguapei River,
Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Demidospermus sp.; (B) Copulatory complex of Demidospermus sp.; (C) haptor of

Demidospermus sp.
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Figura 49. Monogenean from the gills of Rhinelepis aspera from the Aguapei River,
Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Heteropriapulus sp. 3; (B) copulatory complex of Heteropriapulus sp. 3; (C) haptor of

Heteropriapulus sp. 3.
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Figure 50. Monogenea from the nasal cavity of Rhinelepis aspera from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)

Telethecium nasalis; (B) Copulatory complex of Telethecium nasalis; (C) haptor of
Telethecium nasalis.
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Figure 51. Digeneans from Rhinelepis aspera from the Aguapei River, Upper Parana
River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A) Austrodiplostomum

sp. metacercaria found in the eyes; (B) Type 1 metacercariae of Diplostomidae found in

the cavity.
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Figure 52. Nematode from the intestine of Rhinelepis aspera from the Aguapei River,
Upper Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-D)
Parasynodontisia petterae — (A) female anterior extremity; (B) female posterior

extremity; (C) male total view; (D) male posterior extremity.
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Figure 53. Monogenean from the gills of Hemisorubim platyrhynchos from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Ameloblastella formatrium; (B) copulatory complex of Ameloblastella formatrium; (C)
haptor of Ameloblastella formatrium.
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Figure 54. Monogenean from the gills of Hemisorubim platyrhynchos from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A)
Ameloblastella sp. 2; (B) complexo copulatério de Ameloblastella sp. 2; (C) haptor de
Ameloblastella sp. 2.
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Figure 55. Monogenean from the nasal cavity of Hemisorubim platyrhynchos from the
Aguapei River, Upper Parana River basin, municipality of Castilho, S&o Paulo State,
Brazil: (A) Pavanelliella pavanellii; (B) Copulatory complex of Pavanelliella pavanellii;

(C) haptor of Pavanelliella pavanellii.
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Figure 56. Monogenean from the gills of Hemisorubim platyrhynchos from the Aguapei

River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
D) Dactylogyridae gen. sp. 1 — (A) total view; (B) copulatory complex; (C) haptor; (D)
line drawing — (a) dorsal anchor; (b) ventral anchor; (c) hook pairs I and 1l; (d) remaining
hook pairs; (e) dorsal bar; (f) vagina; (g) ventral bar; (h) male copulatory complex. Scale
bars = 10 pm.
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Figure 57. Monogenean from the gills of Hemisorubim platyrhynchos from the Aguapei
River, Upper Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—
D) Dactylogyridae gen. sp. 2 — (A) total view; (B) copulatory complex; (C) haptor; (D)
line drawing — (a) ventral anchor; (b) dorsal anchor; (c) male copulatory complex; (d)
vagina; (e) hook pair I and VII; (f) remaining hook pairs; (g) ventral bar; (h) dorsal bar.
Scale bars = 10 pum.
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Figure 58. Digeneans from Hemisorubim platyrhynchos from the Aguapei River, Upper
Parand River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A) Type 1
metacercariae found in the cavity of Hemisorubim platyrhynchos; (B)
Austrodiplostomum sp. metacercaria found in the eyes; (C) Type 1 metacercariae of

Diplostomidae found in the cavity of Hemisorubim platyrhynchos.
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Figure 59. Nematode from Hemisorubim platyrhynchos from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—C) nematode
larvae found in the cavity of Hemisorubim platyrhynchos — (A) anterior extremity; (B,C)

posterior extremity.
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Figure 60. Monogenean from the gills of Sorubim lima from the Aguapei River, Upper

Parand River basin, municipality of Castilho, Sd8o Paulo State, Brazil: (A)
Dactylogyridade gen. sp. 5; (B) Copulatory complex of Dactylogyridade gen. sp. 5; (C)
vagina of Dactylogyridade gen. sp. 5; (D) haptor of Dactylogyridade gen. sp. 5.
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Figure 61. Digenean from Sorubim lima from the Aguapei River, Upper Parana River
basin, municipality of Castilho, Sdo Paulo State, Brazil: (A) Genarchella sp. found in the
stomach; (B) Austrodiplostomum sp. metacercaria found in the eyes.
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Figura 62. Digenean from Sorubim lima from the Aguapei River, Upper Parana River
basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-D) Type 1 metacercariae of
Diplostomidae found in the cavity — (A) total view; (B) anterior extremity; (C) tribocitic

organ; (D) posterior extremity with eggs.
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Figure 63. Nematode from Sorubim lima from the Aguapei River, Upper Parana River
basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-C) Contracecum sp. larva
found on the swim bladder — (A) total view; (B) anterior extremity; (C) posterior

extremity.
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Figure 64. Cestode from the intestine of Sorubim lima from the Aguapei River, Upper
Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A—C) Spatulifer
maringaensis (A) scolex; (B) reproductive organs with mature proglottids with vitellaria

concentrated in the edges; (C) eggs.

Figure 65. Cestode from the intestine Sorubim lima from the Aguapei River, Upper

Parana River basin, municipality of Castilho, Sdo Paulo State, Brazil: (A-B) Manaosia

bracodemoca (A) scolex; (B) proglottids.
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3.4. Discussion

From the 405 specimens belonging to the eight host species analyzed for this
study, a total of 54 helminth parasite taxa were found: 25 monogeneans, 15 digeneans,
11 nematodes, and three cestodes. Monogenea was the most diverse group, followed by
the class Digenea. Mendoza-Palmero et al. (2012) listed 56 Dactylogyridae species found
in siluriform fishes from the Peruvian Amazon and Mendoza-Franco et al. (2016)
described six of them. The dactylogyrids found in this study that have not been identified
to the species level were compared with those 50 undescribed species from the Peruvian
Amazon, and none of them could be considered as cospecific. Takemoto et al. (2009)
analyzed data of helminth parasites of 72 fish species sampled during seven years in the
Upper Parana river basin, and the class Monogenea showed the highest number of species
also followed by the class Digenea. Very recently, Luque et al. (2016) analyzed data of
all records of helminth parasites of fishes in South America and found out that
monogeneans represent the most diverse group with 835 species recorded from different
countries and 1,133 host-parasite associations, also followed by trematodes with 662
species recorded with 1,127 host-parasite association.

Monogenea and Digenea have long associations of coevolution, host switching
and adaptation with fishes, which account for their high success in their respective
habitats. The high level diversity of these two groups is interpreted as the result of site
specialization, life-cycle adaptation, and dietary specialization (Cribb et al., 2002). The
fact that monogeneans are still more diverse than digeneans may be due to the generation
time: gyrodactylids and dactylogyrids have generation times of less than a month, while
the life cycle of all digeneans is prolonged by the multiple generations that they undergo
(Cribb et al., 2002 and references therein). Monogeneans present diversity for three main
reasons: they are diverse regarding morphology and number of species, they have a
phylogeny well resolved at least to the family level, and they tend to be host specific with
most species infecting only one or very few host species (Poulin, 1992; Sasal et al., 1998;
Poulin, 2002). This specificity can be understood as the result of strict coespeciation
between host and parasite and also from other adaptive and non-adaptive process, like
speciation by host switching (Boeger and Kritsky, 1997). Diversity of monogeneans at
least at the family-level is mainly associated to morphological adaptation, specially the
attachment organ that is directly related to the colonization of new hosts (Cribb et al.,

2002; Bueno-Silva et al., 2011). The morphology of the attachment organ (haptor)
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supposedly play an important role in parasite specialization and adaptation to host species
(Simkova et al., 2006).

The helminths found in P. granulosus have all been previously recorded in the
literature for this host (see Table XII). The only new host record is for metacercariae of
Diplostomidae type 1. The helminth component community of P. granulosus presented
low diversity, which was showed by the diversity indexes values. The monogeneans C.
bulbocirrus and V. januacaensis showed the highest levels of prevalence and were found
in very high quantity (see Table IlI). These two dactylogyrids were not found in other
hosts in this study. Pterodoras granulosus is the type host for both C. bulbocirrus and V.
januacaensis (see Kritsky et al., 1986) and since their descriptions these two
dactylogyrids have been recorded only in P. granulosus by Mendoza-Palmero et al.
(2012) and Mendoza-Palmero et al. (2015) in Peru, but the two studies are the results of
the same sampling efforts. Even though these two dactylogyrids are specific to the same
host and share the same habitat, the study of Mendoza-Palmero et al. (2015) showed that
they are not phylogenetically close. They might share the same history of coevolution
with P. granulosus even belonging to separately distant genera. The amphistome D.
oxycephala was first described for a characiform, however it is a generalist parasite being
reported in several different host species and it is widely distributed in Brazil, but also
with records in Argentina and Venezuela (Thatcher, 1999; Kohn et al., 2007). In
Amazonia, is a common parasite of Piaractus brachypomus (Cuvier, 1818) and some
catfishes, but especially P. granulosus (Thatcher, 1999). The nematode R. rondoni
showed high rates of infection, with a range of 1-42,560 parasites. Dias et al. (2004) also
reported this high rate of infection, and such study also investigated the effect of parasitic
loads of R. rondoni upon the condition factor of P. granulosus, however no influence was
detected, and they suggest that this parasite-host association is not recent and apparently
there is a balanced relationship between them. Rondonia rondoni is a generalist species,
being reported in hosts of different orders and families (Moravec, 1998; Eiras et al.,
2010). The nematode P. (S.) inopinatus was also recovered from P. granulosus and it is
also a generalist species (Moravec, 1998; Eiras et al., 2010; Luque et al., 2011). The
cestode found could not be identified at the species level.

The helminth component community of T. paraguayensis was the second most
diverse in this study, which was showed by the diversity indexes values. There is only

one record of monogenean in the literature for T. paraguayensis (Table XII), however,
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this study recovered three dactylogyrid taxa and one gyrodactylid. The species that is
regarded as belonging to Ameloblastella (namely Ameloblastella sp. 1) underwent only
morphological analyses, but it would be interesting to perform molecular analysis of this
species to confirm its genus identity, since phylogenetic data of the type species of the
genus is available in the literature by Mendoza-Palmero et al. (2015). The other species
is named as Dactylogyridae gen. sp. 6 and it does not show any resemblance with any
dactylogyrid described thus far (data on the morphology and molecular phylogenetic
relationships of this species are investigated in section 4.). The monogenean P. pavanellii
is specific to the nasal cavity described for a siluriform fish (Kritsky and Boeger, 1998)
and it has been recorded in other siluriforms (Cohen et al., 2013). Four taxa of digeneans
were recovered, however, all at the metacercariae level. There is only one report of
digenean infecting T. paraguayensis (Table XII) but it is also at the metacercariae level.
Thus, it can be suggested that T. paraguayensis plays an important role as intermediate
host of these digeneans and it is used as food resource by their final host. All nematode
species found in this study were previously recorded (see Table XII). Nematodes are
generally transmitted by feeding and since T. paraguayensis uses a wide variety of food
resources found at the bottom, they get exposed to a considerable variety of these
parasites (Lucas et al., 2011). Trachydoras paraguayensis is the type host of I.
laterifilamenta and this nematode has not been recorded in any other host since,
indicating that this nematode may present specificity with T. paraguayensis.
Neoparaseuratum travassosi was described from P. granulosus (Moravec et al., 1992a)
that is also a doradid fish. This nematode has been recorded only in these two hosts
(Moravec, 1998; Eiras et al., 2010; Luque et al., 2011), which may indicate some
specificity at family level. The cestode found could not be identified at the species level.
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Table XII. Parasites already recorded in the Neotropical region for six of the siluriform

species sampled for this study.

Host Parasite Reference Locality
Doradidae
Pterodoras granulosus Monogenea
(Valenciennes, 1821)
Cosmetocleithrum Kritsky et al. Brazil
bulbocirrus Kritsky, (1986)
Thatcher and Boeger, 1986
Mendoza-Palmero Peru
etal. (2012)
Vancleaveus januacaensis Kritsky et al. Brazil
Kritsky, Thatcher and (1986)
Boeger, 1986
Mendoza-Palmero Peru
etal. (2012)
Mendoza-Palmero Peru
et al. (2015)
Suriano and Argentina
Incorvia (1995)
Digenea
Dadaytrema oxycephala Thatcher (1999) Peru
(Diesing, 1836) Thatcher,
1931
Travassos et al. Brazil
(1928)
Nematoda
Cucullanus (Cucullanus) Moravec et al. Brazil
pinnai pterodorasi Moravec, (1997a)
Kohn and Fernandes, 1997
Hysterothylacium sp. Moravec (1998) Brazil
Moravec, Kohn and
Fernandes, 1993 larvae
Klossinemela iheringi Moravec (1998) Brazil
(Travassos, Artigas and
Pereira, 1928)
Neoparaseuratum travassosi  Moravec et al. Brazil
Moravec, Kohn and (1992a)
Fernandes, 1992
Procamallanus Moravec et al. Brazil
(Spirocamallanus) (1993)
inopinatus Travassos,
Avrtigas and Pereira, 1928
Raphidascaroides Moravec and Brazil

brasiliensis Moravec and
Thatcher, 1997

Thatcher (1997)
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Table XII. Continued.

Host Parasite Reference Locality
Rondonia rondoni Travassos, Dias et al. (2004) Brazil
1920
Moravec (1998) Brazil
Spectatus spectatus Moravec (1998) Brazil
Travassos, 1923
Cestoda
Monticellia belavistensis de Chambrier and Paraguay
Pavanelli, Machado, Vaucher (1999)
Takemoto and dos Santos,
1994
de Chambrier et Peru
al. (2015)
Gil de Pertierra Argentina
(2005)
Proteocephalus kuyukuyu de Chambrier et Peru
Woodland, 1935 al. (2015)
Proteocephalus sp. de Chambrier et Peru
al. (2006), (2015)
Trachydoras Monogenea
paraguayensis
(Eigenmann and Ward,
1907)
Vancleaveus sp. Takemoto et al. Brazil
(2009)
Digenea
Strigeoidea (metacercaria) Takemoto et al. Brazil
(2009)
Nematoda
Cosmoxynemoides sp. Takemoto et al. Brazil
(2009)
Ichthyouris laterifilamenta Moravec et al. Brazil
Moravec, Kohn and (1992hb)
Fernandes, 1992
Neoparaseuratum travassosi ~ Moravec (1998) Brazil
Moravec, Kohn and
Fernandes, 1992
Procamallanus Moravec (1998) Brazil
(Spirocamallanus)
inopinatus
Rondonia rondoni Kohn et al. (2011) Brazil
Loricariidae Procamallanus sp. Takemoto et al. Brazil

(2009)
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Table XII. Continued.

Host Parasite Reference Locality
Loricariichthys Monogenea
platymetopon Isbricker
and Nijssen, 1979
Demidospermus anus Cohen and Kohn Brazil
Suriano, 1983 (2008)
Demidospermus paranaensis  Ferrari- Brazil
Ferrari-Hoeinghaus, Bellay, = Hoeinghaus et al.
Takemoto and Pavanelli, (2010)
2010
Digenea
Clinostomum marginatum Eiras et al. (1999) Brazil
Rudolphi, 1819
Clinostomum complanatum Dias et al. (2006) Brazil
Rudolphi, 1814
Ferrari- Brazil
Hoeinghaus et al.
(2007)
Crocodilicola pseudostoma Ferrari- Brazil
(Willemoes-Suhm, 1870) Hoeinghaus et al.
(2007)
Diplostomidae gen. sp. Kohn et al. (2011) Brazil
Nematoda
Raphidascaris Fortes et al. Brazil
(Sprentascaris) mahnerti (1999)
(Petter and Cassone, 1984)
Petter and Cassone  Paraguay
(1984)
Cestoda
Proteocephalidae gen. sp. Schaeffer et al. Brazil
(metacestode) (1992)
Rhinelepis aspera Spix Monogenea
and Agassiz, 1829
Paranaella luguei Kohn, Kohn et al. (2000) Brazil
Baptista-Faria and Cohen,
2000
Nematoda
Parasynodontisia petterae Moravec et al. Brazil

Pimelodidae

Moravec, Kohn and
Fernandes, 1992

(1992a)
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Table XII. Continued.

Host Parasite Reference Locality
Hemisorubim Monogenea
platyrhynchos
(Valenciennes, 1840)
Vancleaveus platyrhynchi Kritsky et al. Brazil
Kritsky, Thatcher and (1986)
Boeger, 1986
Digenea
Crocodilicola pseudostoma Guidelli et al. Brazil
(2003)
Sanguinicola platyrhynchi Guidelli et al. Brazil
Guidelli, Isaac and Pavanelli, (2002)
2002
Guidelli et al. Brazil
(2003)
Sanguinicola sp. Fernandes and Brazil
Kohn (2001)
Sphincterodiplostomum sp. Guidelli et al. Brazil
(2003)
Nematoda
Brevimulticaecum sp. Luque et al. Brazil
(2011)
Contracaecum larvae Guidelli et al. Brazil
(2003)
Cucullanus (Cucullanus) Guidelli et al. Brazil
zungaro Vaz and Pereira, (2003)
1934
Eustrongylides ignotus Guidelli et al. Brazil
Jagerkidld, 1909 (2003)
Goezia sp. Guidelli et al. Brazil
(2003)
Cestoda
Chambriella paranaensis de Chambrier and Paraguay
(Pavanelli and Rego, 1989) Vaucher (1999)
de Chambrier et Peru
al. (2006)
de Chambrier et Peru
al. (2015)
Guidelli et al. Brazil
(2003)
Pavanelli and Brazil
Machado (1991)
Pavanelli and Brazil
Rego (1989)
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Table XII. Continued.

Host Parasite Reference Locality

Rego et al. (1999) Brazil

Manaosia bracodemoca Pavanelli and Brazil

Woodland, 1935 Machado (1991)
Rego et al. Brazil
(1999a)

Mariauxiella piscatorum de  de Chambrier and Paraguay

Chambrier and Vaucher, Vaucher (1999)

1999
de Chambrier et Peru
al. (2006a)
de Chambrier et Peru
al. (2015a)
Guidelli et al. Brazil
(2003)

Spatulifer maringaensis de Chambrier and Paraguay

Pavanelli and Rego, 1989 Vaucher (1999)
de Chambrier et Peru
al. (2006)
de Chambrier et Peru
al. (2015)
Guidelli et al. Brazil
(2003)
Pavanelli and Brazil
Machado (1991)
Pavanelli and Brazil
Rego (1989)

Acanthocephala

Quadrigyrus machadoi Guidelli et al. Brazil

Fabio, 1983 (2003)

Sorubim lima (Blochand =~ Monogenea
Schneider, 1801)

Ameloblastella unapioides Mendoza-Franco Peru

Mendoza-Franco, Mendoza- et al. (2016)

Palmero and Scholz, 2016

Urocleidoides megorchis Mizelle and Argentina

Mizelle and Kritsky, 1969 Kritsky (1969)

Dact. gen. sp. 12 Mendoza-Palmero Peru
et al. (2015)

Digenea

Genarchella genarchella Hamann (1989) Argentina

Travassos, Artigas and
Pereira, 1928

Cestoda
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Table XII. Continued.

Host Parasite Reference Locality
Manaosia bracodemoca de Chambrier and Brazil
Vaucher (1999)
de Chambrier et Peru
al. (2015a,b)
Kohn et al. (2011) Brazil
Pavanelli and Brazil
Machado (1991)
Pavanelli and Brazil
Takemoto (2000)
Pavanelli and Brazil
Rego (1991)
Takemoto and Brazil
Pavanelli (2000)
Woodland (1935) Brazil
Nupelia portoriguensis de Chambrier and Paraguay
Pavanelli and Rego, 1991 Vaucher (1999)
de Chambrier et Peru
al. (2015)
Pavanelli and Brazil
Machado (1991)
Pavanelli and Brazil
Rego (1991)
Pavanelli and Brazil
Takemoto (2000)
Takemoto and Brazil
Pavanelli (2000)
Spasskyellina spinulifera Pavanelli and Brazil
(Woodland, 1935) Takemoto (2000)
Takemoto and Brazil
Pavanelli (2000)
Spatulifer maringaensis Arrendondo and Argentina
Gil de Pertierra
(2008)
de Chambrier and Paraguay
Vaucher (1999)
de Chambrier et Peru
al. (2015)
Hypsa et al. Paraguay
(2005)
Mariaux, 1998 Brazil
Pavanelli and Brazil
Machado (1991)
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Table XII. Continued.

Host Parasite Reference Locality
Pavanelli and Brazil
Rego (1989)
Pavanelli and Brazil
Takemoto (2000)
Takemoto and Brazil
Pavanelli (2000)
Zehnder and Paraguay
Mariaux (1999)

For P. avanhandavae, the diversity indexes showed that helminth component
community is not very diverse, and the discrepancy index indicated that the component
community of P. avanhandavae showed aggregated pattern. All helminths of this study
are new host record, since there is not any study on helminthfauna for this host thus far.
However, several other fish species of Pimelodella have had their helminthfauna
surveyed and this study have recorded similar findings. Table XIII provides a list of the
parasites recorded for Pimelodella spp. in the Neotropical region. For monogeneans, the
species Ameloblastella formatrium is recorded for the first time in a member of
Heptapteridae, since it is only known record in the literature is in the type-host
Hypophthalmus edentatus Spix and Agassiz, 1829 (Mendoza-Franco et al., 2016) and
also in this study in H. platyrhynchos but both belong to Pimelodidae, however, only one
specimen of A. formatrium was found in P. avanhandavae in this study, which might be
the case of an accidental infection. Aphanoblastella chagresii, described in Pimelodella
chagresii (Steindachner, 1876) (Mendoza-Franco et al., 2007), showed high prevalence
in this study (see Table IIlI). Dadaytrema gracilis, Genarchella parva, and
Phyllodistomum spatula (see Table XIII for parasites descriptors) were recorded in
Pimelodella gracilis (Valenciennes, 1835), Pimelodella howesi Fowler, 1940, and
Pimelodella laticeps Eigenmann, 1917, showing similarity with the findings of this study
in which Dadaytrema sp., Genarchella sp., and Phyllodistomum sp. was recorded
(Lunaschi, 1989; Hamman, 1989; Lunaschi and Martorelli, 1990). Likewise, it was
possible to observe similarity among the nematode fauna of this study and the other
records for Pimelodella species. Brasilnema pimelodellae, Spinitectus rodolphiheringi,
Spinitectus yorkei, Spinitectus multipapilatus, and R. rondoni (see Table XIII for

parasites descriptors) were recorded in Pimelodella lateristriga (Lichtenstein, 1823),
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Pimelodella hasemanni Eigenmann, 1917, and Pimelodella gracilis, respectively
(Travassos et al., 1928; Petter, 1984, 1987; Moravec et al., 1992b; Kohn et al., 2011) and
in this study B. pimelodellae, R. rondoni, and Spinitectus sp. were recorded. Brasilnema
pimelodellae has only been reported in Pimelodella lateristriga, which may suggest host-
specifity of this parasite with the genus Pimelodella. The species Spinitectus sp. found in

this study is regarded as a new species to science (see section 6. for description).

Table XIII. Parasites recorded for Pimelodella spp. (Siluriformes: Heptapteridae) in the

Neotropical region.

Parasite Host Reference Locality
Monogenea Heptapteridae
Gyrodactylidae
Gyrodactylus pimelodellus Pimelodella yuncensis An et al. (1991) Peru
An, Jara and Cone, 1991 Steindachner, 1902
Scleroductus yuncensi Jara, Pimelodella yuncensis Jara and Cone Peru
An and Cone, 1989 (1989)
Dactylogyridae
Aphanoblastella travassosi Pimelodella laticeps Kritsky et al. Argentina
(Price, 1938) Eigenmann, 1917 (2000)
Aphanaoblastella chagresii Pimelodella chagresii Mendoza-Franco et Panama
Mendoza-Franco, Aguirre- (Steindachner, 1876) al. (2007)
Macedo and Vidal-Martinez,
2007
Demidospermus cornicinus Pimelodella sp. Cohen and Kohn Brazil
Kritsky and Gutiérrez, 1998 (2008)
Demidospermus Pimelodella sp. Cohen and Kohn Brazil
leptosynophallus Kritsky and (2008)
Gutiérrez, 1998
Digenea
Dadaytrema gracilis Pimelodella gracilis Lunaschi (1989) Argentina
Lunaschi, 1989 (Valenciennes, 1835)
Genarchella parva Pimelodella gracilis Hamann (1989) Argentina
Travassos, Artigas and
Pereira, 1928
Genarchella parva Pimelodella howesi Hamann (1989) Argentina

Fowler, 1940
Parspina argentinensis Pimelodella lateristriga Fernandes and Brazil
(Szidat, 1954) (Lichtenstein, 1823) Kohn (2001)
Pimelodella gracilis Ostrowski de Argentina
Nufez et al. (2011)

Acanthostomum gnerii Pimelodella laticeps Lunaschi (1986) Argentina

Szidat, 1954
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Table XI11. Continued.

Parasite Host Reference Locality
Ostrowski de Argentina
Ndfiez and de
Pertierra (1991)
Parspina bagre Pearse, 1920 Pimelodella metae Pearse (1920) Venezuela
Eigenmann, 1917
Parspina pimelodellae Pimelodella gracilis Arredondo and de Argentina
Arredondo and de Nufez, Nufez (2013)
2013
Phyllodistomum spatula Pimelodella laticeps Lunaschi and Argentina
Odhner, 1902 Martorelli (1990)
Nematoda
Spinitectus multipapillatus Pimelodella sp. Petter (1987) Equator
Petter, 1987
Pimelodella hasemanni Petter (1987) Equator
Eigenmann, 1917
Spinitectus rodolphiheringi Pimelodella lateristriga Vaz and Pereira Paraguay
Vaz and Pereira, 1934 (1934)
Spinitectus yorkei Travassos, Pimelodella lateristriga Travassos et al. Brazil
Artigas and Pereira, 1928 (1928)
Cucullanus (Cucullanus) Pimelodella lateristriga Moravec et al. Brazil
pimelodellae Moravec, Kohn (1993)
and Fernandes, 1993
Cucullanus (Cucullanus) Pimelodella gracilis Moravec et al. Brazil
pinnai pinnai Travassos, (1997a)
Artigas and Pereira, 1928
Brasilnema pimelodellae Pimelodella lateristriga Moravec et al. Brazil
Moravec, Kohn and (1992a,b)
Fernandes, 1992
Procamallanus Pimelodella lateristriga Moravec et al. Brazil
(Spirocamallanus) (1993)
pimelodus Pinto, Fabio,
Noronha and Rolas, 1974
Procamallanus Pimelodella lateristriga Travassos et al. Brazil
(Spirocamallanus) rarus (1928)
Travassos, Artigas and
Pereira, 1928
Rhabdochona Pimelodella lateristriga Vaz and Pereira Brazil
(Rhabdochona) acuminata (1934)
Molin, 1860
Cestoda
Cestoda gen. sp. Pimelodella lateristriga Kohn et al. (2011) Brazil
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The helminth component community of L. platymetopon is not diverse, which
was showed by the diversity indexes values. This study is a new host record for
Austrodiplostomum sp. metacercariae and a gyrodactylid monogenean. The other
helminths were previously described in this host (see Table XII). Demidospermus
paranaensis and R. (Sprentascaris) mahnerti occurred in high prevalence (see Table 11)
and they were both described in L. platymetopon (Ferrari-Hoeinghaus et al., 2010; Petter
and Cassone, 1984). This study recorded five taxa of digeneans, but all at the
metacercariae level, suggesting that this host plays an important role as intermediate host
of these trematodes and it is used as food resource by their final host. Some studies also
reported metacercariae of Clinostomum sp. in L. platymetopon and they discuss about the
important role of this fish species as intermediate host of these parasites (Eiras et al.,
1999; Dias et al., 2006; Ferrari-Hoeinghaus et al., 2007). Raphidascaris (Sprentascaris)
mahnerti has been reported in other hosts, but the majority belong to Loricariidae family,
with only one record in a serrasalmid (Luque et al., 2011).

The host species P. ambrosettii presented the most diverse helminth component
community of this study, which was showed by the diversity indexes values, besides, the
helminth component community of P. ambrosettii tends to show aggregated pattern. All
helminths found in this study are new host record given that there are no studies on
helminthfauna for this fish host (see Table Il). However, there are several studies on
helminth parasites of other Pterygoplichthys spp., which are present in Table XIV. For
dactylogyrids, the host species P. ambrosettii presented an unexpected diversity
harboring 10 different species on the gills and one in the nasal cavity (see Table III).
Furthermore, a remarkable diversity of Heteropriapulus spp. were found in this host: two
of the already described species H. heterotylus and H. simplex and four other
morphotypes regarded as putative new species in this study. Data on the morphology and
molecular phylogenetic relationships of Heteropriapulus spp. are presented in section 5.
Congeneric monogeneans exploring the same host can be a case of intrahost (or
sympatric) speciation (Poulin, 2002). Kennedy and Bush (1992) also suggest that the
existence of multiple congeneric parasite species in a host population may be the case of
species flocks, resulting from small-scale radiation event. Heteropriapulus spp.,
Trinigyrus spp., and Unilatus spp. are restricted to loricariid fishes, however, Telethecium
nasalis was described from the nasal cavity of Osteoglossum bicirrhosum (Cuvier, 1829)

from the Amazon in Brazil (Kritsky et al., 1996) and was reported only once more by
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Lemos et al. (2012) in the same host in the Brazilian Amazon. As for digeneans, only

metacercariae of Austrodiplostomum sp. were found, thus this host might be important as

intermediate host for this trematode and it might be used as food resource by their final

host.

Table XIV. Parasites recorded for Pterygoplychthys spp. (Siluriformes: Loricariidae) in

the Neotropical region.

Parasite Host Reference Locality
Monogenea Loricariidae
Heteropriapulus Pterygoplichthys disjunctivus ~ Nitta and Japan
heterotylus (Jogunoori,  (Weber, 1991) Nagasawa (2013)
Kritsky and
Venkatanarasaiah, 2004)
Rodriguez-Santiago Mexico
et al. (2015),
(2016)
Pterygoplichthys pardalis Rodriguez-Santiago Mexico
(Castelnau, 1855) et al. (2015),
(2016)
Rodriguez-Santiago Mexico
et al. (2016)
Heteropriapulus sp. Pterygoplichthys pardalis Porto et al. (2012) Brazil
Unilatus brittani Pterygoplichthys anisitsi Mendoza-Palmero Peru
Mizelle, Kritsky and Eigenmann and Kennedy, et al. (2012)
Crane, 1968 1903
Pterygoplichthys multiradiatus  Suriano (1985) Brazil
(Hancock, 1828)
Unilatus unilatus Pterygoplichthys anisitsi Mendoza-Palmero Peru
Mizelle and Kritsky, etal. (2012)
1967
Pterygoplichthys multiradiatus  Suriano (1985) Brazil
Unilatus sp. Pterygoplichthys pardalis Porto et al. (2012) Brazil
Digenea
Austrodiplostomum Pterygoplichthys pardalis Porto et al. (2012) Brazil
compactum (Lutz, 1928)
Dadaytrema sp. Pterygoplichthys aculeatus Kohn et al. (2011) Brazil
(Perugia, 1891)
Dendrorchis sp. Pterygoplichthys sp. Kohn et al. (2011) Brazil
Genarchella tropica Pterygoplichthys aculeatus Kohn et al. (2011) Brazil

(Manter, 1936)
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Table XIV. Continued.

Parasite Host Reference Locality
Megacoelium Pterygoplichthys pardalis Thatcher and Brazil
spinicavum Thatcher Varella (1981)
and Varella, 1981

Pterygoplichthys pardalis Porto et al. (2012) Brazil
Megacoelium Pterygoplichthys sp. Thatcher and Brazil
spinispecum Thatcher Varella (1981)
and Varella, 1981
Saccocoelioides magnus  Pterygoplichthys aculeatus Kohn et al. (2011) Brazil
Szidat, 1954
Nematoda
Ichthyouris brasiliensis  Pterygoplichthys aculeatus Moravec et al. Brazil
Moravec, Kohn and (1992)
Fernandes, 1992
Guyanema sp. Pterygoplichthys multiradiatus Moravec et al. Venezuela

(1997b)

Procamallanus Pterygoplichthys aculeatus Kohn et al. (2011) Brazil
(Procamallanus)
annipetterae Kohn and
Fernandes, 1988
Acanthocephala
Gorytocephalus sp. Pterygoplichthys pardalis Porto et al. (2012) Brazil
Gracilisentis variabilis ~ Pterygoplichthys lituratus Santos et al. (2008) Brazil
(Diesing, 1856) (Kner, 1854)

The diversity of the helminth component community of R. aspera was the lowest
among all host species analyzed in this study, which was showed by the diversity indexes
values. The only species already recorded for R. aspera are the monogenean Paranaella
luquei (a microcotylid) (Kohn et al., 2000) and the nematode P. petterae (Moravec et al.,
1992a) (Table XII) and both were described in this host. This study recovered one
dactylogyrid species in the nasal cavity and two in the gills of R. aspera. The dactylogyrid
T. nasalis was recovered from the nasal cavity and it was also found in this study in P.
ambrosettii that is also a loricariid. The type host of T. nasalis is an osteoglossid fish
from the Amazon, this fish and those two loricariids might be providing similar habitat
conditions for this parasite. Some monogenean genera may have a wider host range
including distantly related host species (Braga et al., 2014). A putative new species of
Demidospermus was found in this host, and data on the morphology and molecular
phylogenetic relationships of this dactylogyrid is provided in section 4. Another
morphotype of Heteropriapulus sp. was found in R. aspera and is regarded as a new
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species — data on its morphology is presented in section 5. This study is a new host record
for Austrodiplostomum sp. metacercariae in R. aspera and it can be suggested that this
parasite uses this fish as intermediate host that will be ingested by the final host of the
trematode so that it can complete its life cycle. Rhinelepis aspera showed in this study
high rates of infection by the nematode P. petterae. This nematode was described in R.
aspera (Moravec et al., 1992a) and ever since there are no reports of this nematode in
other host species, thus indicating host-specificity.

The helminth component community of H. platyrhynchos is not very diverse, as
showed by the diversity indexes values, but it tends to show aggregated pattern. The
monogeneans P. pavanellii, Ameloblastella sp. 2, A. formatrium are new host record.
Two other monogeneans species (namely Dactylogyridae gen. sp. 1 and 2) do not show
any resemblance with none of the dactylogyrids species described in the literature, being
considered in this study as new species, or even new genus, to science. Section 4. provides
data on molecular phylogenetic relationships of these two dactylogyrids, however these
will be formally described in a separated publication. There is only one monogenean
species recorded for H. platyrhynchos, which is Vancleaveus platyrhynchi (Kritsky et al.,
1986; Mendoza-Palmero et al., 2012). This way, this study shows that the monogenean
fauna of H. platyrhynchos has been neglected considering that only this survey was able
to find four different species (one already described and three putative new species).
Metacercariae of Austrodiplostomum sp. is a new host record in H. platyrhynchos, which
suggest that this parasite uses this fish as intermediate host that will be consumed by the
final host of the parasite so it can complete its life cycle. For endoparasites, there are
several records of digeneans, nematodes, cestodes, and acanthocephalans, however any
of these species were observed in this study (see Table XII for all heminths previously
recorded in H. platyrhynchos).

For S. lima, the helminth component community can be considered as diverse,
which was showed by the diversity indexes. There are three records of dactylogyrids in
S. lima (Table XII): Urocleidoides megorchis that was described in S. lima by Mizelle
and Kritsky (1969), however there is not any other record of that monogenean even since;
Ameloblastella unapioides (Mendoza-Franco et al., 2016) that was recently described in
S. lima from the Peruvian Amazon; and a morphotype named Dactylogyridae gen. sp. 12
by Mendoza-Palmero et al. (2015), in which only molecular data is provided. As for this

study, only one monogean species was recorded (Dactylogyridae gen. sp. 5) that does not
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present any resemblance with dactylogyrids described thus far, therefore regarded as a
putative new species or even new genus. Section 4. provides data on molecular
phylogenetic relationships of this parasite but its formal description will be part of a
separated publication. For endoparasites, this study represents new host record for
Austrodiplostomum sp. metacercariae, suggesting that this parasite uses this fish as
intermediate host that will be ingested by the final host of and the parasite can complete
its life cycle. The endoparasites found in this study are in accordance with previous
records for S. lima, as showed in Table XII. This study is also a new host record for
Contracaecum sp. larvae in S. lima. The presence of these larvae indicate that this host is
acting as intermediate host for this parasite. Larvae of Contracaecum sp. has been largely
reported in several fish host species belonging to distinct families and genera (Moravec,
1998; Luque et al., 2011). Larvae of anisakid nematodes are a problem of human health
due to their zoonotic potential as causative agents anisakiasis and food-borne allergens
(Daschner and Pascual, 2005). Sorubim lima is used for human consumption, this way
the population that consumes this fish should be aware of proper cooking of this fish
flesh, since larvae of Contracaecum sp. can be encysted in the musculature of the fish.

From the 25 monogeneans taxa found, only A. formatrium, P. pavanellii, and T.
nasalis occurred in more than one host. The gyrodactylids were not identified at species
level. Monogenea is considered the most host-specific group of parasites (Kearn, 1998;
Whittington et al., 2000). Some species are highly host-specific, which are restricted to
one single host or a few related host species, and some can be even niche-specific species,
which are restricted to special microhabitats within the same host species (Simkova et
al., 2006). The high host-specificity of monogeneans indicate that they probably have
coevolved closely with their hosts (Barker, 1991). However, this host-specificity may not
necessarily reflect a historical association between host and parasites, but can also be the
result of host switching, parasite adaptation, and speciation (Brooks, 1979; Brooks and
McLennan, 1993; Norton and Carpenter, 1998). Host specificity can also be a function
of host range, which is the number of host species that could be colonized by a certain
parasite species (Lymbery, 1989; Poulin, 1998; Simkova et al., 2006).

Metacercariae of Austrodiplostomum sp. were the most widely distributed taxon,
occurring in seven fish species. Type 1 metacercariae of Diplostomidae also showed wide
distribution, occurring in six host species. Metacercariae of Austrodiplostomum spp. have

been reported in a wide range of fish hosts (Eiras et al., 2010; Locke et al., 2015a), which
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allows to consider as a genus with generalist species. Dadaytrema oxycephala as well as
other members of the genera have been recorded in several host species of different
genera (Kohn et al., 2007; Eiras et al., 2010). The same occurs for member of the genera
Genarchella and Phyllodistomum (Kohn et al., 2007; Eiras et al., 2010). Metacercarie of
Clinostomum spp. have been reported in many different fish species in Brazil and all over
the world (Locke et al., 2015b; Acosta et al., 2016). Therefore, all the digenean species
found in this study can be regarded as generalist species. Parasites that have indirect life
cycles show less specificity than parasites with direct cycle (Noble et al., 1989). Notes
on host specificity for the nematodes found in this study are mentioned in the above
paragraphs. The cestodes M. bracodemoca and S. maringaensis have been recorded only
in the pimelodids H. platyrhynchos and S. lima (Alves et al., 2017 and references therein).

Brazil is considered a megadiverse country and holds the highest biodiversity of
freshwater fishes in the Neotropical region (Heywood, 1995; Luque and Poulin, 2007).
The Upper Parana river basin harbor approximately 310 species of fishes, distributed in
11 orders and 38 families and from this total, 41% belong to Siluriformes order (Langeani
et al., 2007). For the Aguapei River, siluriforms represent 45.2% of the whole
ichthyofauna (Vilela et al., 2015). Population density of different host species could be
the determinant of parasite species richness, since the number of parasite species is a
reflex of the number of host species in a certain locality and the parasites’ capacity of
transmission and infection of intermediate and definitive hosts (Kennedy, 1993;
Takemoto et al., 2009). However, it is still impossible to make an inventory of all groups
of parasites because of taxonomic constraints and the existence of cryptic species (Poulin,
2014). Therefore, it is necessary a good knowledge of species composition to better
understand the role of the parasite communities in an ecosystem, this way, continuing
efforts for taxonomic surveys and species inventories are of great importance (Takemoto
et al., 2009).

This study recorded 54 helminth taxa in eight siluriform species that have not
been thoroughly surveyed for helminth parasites, specially for monogeneans. From this
total, 25 are monogenean with 13 species that are putatively new to science and some
other represent first host and or geographical record; 15 digeneans from which some are
new host or geographical record; 11 nematodes with one species new to science, and
three cestodes. Therefore, this study has considerably contributed to increase the

knowledge on the vast and far to be known diversity of helminth parasites of Neotropical
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siluriform, specially regarding the Aguapei River. However, more studies on helminth
diversity are necessary for the Aguapei River, since this study represented only a very
small portion of the actual diversity of parasites, including putatively new species, that
this ecosystem might be holding.

3.5. References

Acosta A.A., Caffara M., Fioravanti M.L., Utsunomia R., Zago A.C., Franceschini L.,
Silva R.J. 2016. Morphological and Molecular Characterization of Clinostomum
detruncatum (Trematoda: Clinostomidae) Metacercariae Infecting Synbranchus
marmoratus. Journal of Parasitology, 102(1):151-156. DOI: 10.1645/15-773

Aguiar K.D. 2008. Influéncia de uma barragem sobre atributos ecol6gicos da comunidade
e biologia reprodutiva de peixes do rio Paraiba do Sul, UHE llha dos Pombos, Rio
de Janeiro, Brasil. Master Dissertation, Mestrado em Ecologia e Conservacgéo,
Universidade Federal do Parana (UFPR), Parana, Brazil.

Albert J.S., Reis R.E. 2011. Introduction to Neotropical Freshwater. In: (Eds. Albert, J.S.,
Reis, R. E.) Historical Biogeography of Neotropical Freshwater Fishes. California:
University of California Press. pp. 3-19.

Alves P.V., de Chambrier A., Scholz T., Luque J.L. 2017. Annotated checklist of fish
cestodes from South America. Zookeys [in press].

An L., Jara C.A., Cone D.K. 1991. Five species of Gyrodactylus Nordmann, 1832
(Monogenea) from freshwater fishes of Peru. Canadian Journal of Zoology, 69,
1199-1201.

Arredondo N.J., Gil De Pertierra A.A. 2008. The taxonomic status of Spatulifer cf.
maringaensis Pavanelli & Rego, 1989 (Eucestoda: Proteocephalidea) from
Sorubim lima (Bloch & Schneider) (Pisces: Siluriformes), and the use of the
microthrix pattern in the discrimination of Spatulifer spp. Systematic Parasitology,
70, 223-236. DOI: 10.1007/s11230-008-9142-x

Arredondo N.J., Ostrowski De Nuafiez M.C. 2013. A new species of Parspina Pearse,
1920 (Digenea: Cryptogonimidae) from Pimelodella gracilis (Valenciennes)
(Siluriformes: Heptapteridae) in the Parana River basin, Argentina, and a key to the
genus. Systematic Parasitology, 84, 81-87. DOI: 10.1007/s11230-012-9394-3

Barker S.C. 1991. Evolution of host-parasite associations among species of lice and rock-

wallabies: coevolution? International Journal for Parasitology 21, 497-501.

126



Begon M., Townsend C.R., Harper J.L. 2007. Ecologia de Individuos a Ecossistemas.
4th ed. Artmed, Porto Alegre, 750 pp.

Bizerril C.R.S.F., Primo P.B.S. (Eds.). 2001. Peixes de aguas interiores do Estado do Rio
de Janeiro. Fundacéo de Estudos do Mar, Rio de Janeiro, 417 pp.

Boeger W.A., Kritsky D.C. 1997. Coevolution of the Monogenoidea (Platyhelminthes)
based on a revised hypothesis of parasite phylogeny. International Journal for
Parasitology, 27, 1495-1511.

Braga M.P., Araljo S.B.L., Boeger W.A. 2014. Patterns of interaction between
Neotropical freshwater fishes and their gill Monogenoidea (Platyhelminthes).
Parasitology Research, 113, 481-490. DOI: 10.1007/s00436-013-3677-8

Brabec J., Scholz T., Kralova-Hromadovéa I., Bazsalovicsova E., Olson P.D. 2012.
Substitution saturation and nuclear paralogs of commonly employed phylogenetic
markers in the Caryophyllidea, an unusual group of non-segmented tapeworms
(Platyhelminthes). International Journal of Parasitology, 42, 259-267. DOI:
10.1016/j.ijpara.2012.01.005

Brooks D.R. 1979. Testing the context and extent of host-parasite coevolution.
Systematic Zoology, 26, 277-289.

Brooks D.R., McLennan D.A. 1993. Comparative study of adaptive radiations with an
example using parasitic flatworms (Platyhelminthes: Cercomeria). The American
Naturalist, 142, 755-778.

Brooks D.R., Hoberg E.P. 2001. Parasite systematics in the 21st century: opportunities
and obstacles. Trends in Parasitology, 17, 273-275.

Bueno-Silva M., Boeger W.A., Pie M.R. 2011. Choice matters: incipient speciation in
Gyrodactylus corydori (Monogenoidea: Gyrodactylidae). International Journal for
Parasitology, 41, 657-667. DOI: 10.1016/j.ijpara.2011.01.002

Bush A.O., Holmes J.C. 1986. Intestinal helminths of lesser scaup ducks: an interactive
community. Canadian Journal of Zoology, 64(1), 142-152. DOI: 10.1139/286-023

Bush A.O., Lafferty K.D., Lotz J.M., Shostak A.W. 1997. Parasitology meets ecology on
its own terms: Margolis et al. revisited. The Journal of Parasitology, 83(4), 575—
583.

Cohen S.C., Kohn A. 2008. New data on species of Demidospermus (Dactylogyridae:

Monogenea) parasitizing fishes from the reservoir of the Itaipu Hydroelectric

127



Power Station, Parana State, Brazil, with new synonymies. Revista Brasileira de
Parasitologia Veterinaria, 17, 167-170.

Cohen S.C., Justo M.C.N., Kohn A. (Eds.). 2013. South American Monogenoidea
Parasites of Fishes, Amphibians and Reptiles. Fundacdo Oswaldo Cruz —
FIOCRUZ and Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
— CNPq, Oficina de Livros, Rio de Janeiro, 663 pp.

Colwell R.K., Coddington J.A. 1994. Estimating terrestrial biodiversity through
extrapolation. Philosophical Transactions of the Royal Society B, 345, 101-118.

Cribb T.H., Chisholm L.A., Bray R.A. 2002. Diversity in the Monogenea and Digenea:
does lifestyle matter? International Journal for Parasitology, 32, 321-328. DOI:
10.1016/S0020-7519(01)00333-2

Crispim J.Q., Stevaux J.C. 2003. Altera¢des na hidrologia do canal do Rio Parana apos a
construcdo do reservatorio de Porto Primavera. In: Universidade Estadual De
Maringa. Nupélia/PELD. A planicie de inundacdo do alto rio Parana: Site 6
PELD/CNPq — Relatorio anual 2002. Maringa, 4 p.

Daschner A., Pascual, C.Y. 2005. Anisakis simplex: Sensitization and clinical allergy.
Current Opinion in Allergy and Clinical Immunology 5, 281-285.

De Chambrier A., Vaucher, C. 1999. Proteocephalidae et Monticelliidae (Eucestoda:
Proteocephalidea) parasites de poissons d'eau douce au Paraguay, avec descriptions
d'un genre nouveau et de dix especes nouvelles. Revue suisse de Zoologie, 106,
165-240.

De Chambrier A., Scholz T., Kuchta, R., Posel P., Mortenthaler M., Guardia C.C. 2006.
Tapeworms (Cestoda: Proteocephalidea) of fishes from the Amazon River in Peru.
Comparative parasitology, 73, 111-120. DOI: 10.1654/4182.1

De Chambrier A., Kuchta R., Scholz T. 2015a. Tapeworms (Cestoda: Proteocephalidea)
of teleost fishes from the Amazon River in Peru: additional records as an evidence
of unexplored species diversity. Revue Suisse de Zoologie, 122, 149-163. DOI:
10.5281/zenodo.14580

De Chambrier A., Waeschenbach A., Fisseha M., Scholz T., Mariaux J. 2015b. A large
28S rDNA-based phylogeny confirms the limitations of established morphological
characters for classification of proteocephalidean tapeworms (Platyhelminthes,
Cestoda). ZooKeys, 500, 25-59. DOI:10.3897/zookeys.500.9360

128


http://dx.doi.org/10.1016/S0020-7519(01)00333-2

Dias P.G., Furuya W.M., Pavanelli G.C., Machado M.H., Takemoto R.M. 2004. Carga
parasitaria de Rondonia rondoni, Travassos, 1920 (Nematoda, Atrictidae) e fator
de condigdo do armado, Pterodoras granulosus, Valenciennes, 1833 (Pisces,
Doradidae). Acta Scientiarum Biological Sciences, 26(2), 151-156.

Dias M.L.G.G., Minte-Vera C.V., Eiras J.C., Machado M.H., Souza G.T.R., Pavanelli,
G.C. 2006. Ecology of Clinostomum complanatum Rudolphi, 1814 (Trematoda:
Clinostomidae) infecting fish from the floodplain of the high Parana River, Brazil.
Parasitology Research, 99, 675-681. DOI: 10.1007/s00436-006-0205-0

Eiras J.C., Dias M.L.G.G., Pavanelli G.C., Machado M.H. 1999. Histological studies on
the effects of Clinostomum marginatum (Digenea: Clinostomidae) in its second
intermediate host Loricariichthys platymetopon (Osteichthyes, Loricariidae) of
upper Parand River, Brazil. Acta Scientiarum Biological Sciences, 21(2), 237-241.

Eiras J.C., Takemoto R.M., Pavanelli G.C. (Eds.). 2006. Métodos de estudo e técnicas
laboratoriais em parasitologia de peixes. 2nd ed. Eduem, Maringa, 199 pp.

Eiras J.C., Takemoto R.M., Pavanelli G.C. (Eds.). 2010. Diversidade de peixes de agua
doce do Brasil. Clichetec, Maringd, 333 pp.

Ergens R. 1969. The suitability of ammonium picrate-glycerin in preparing slides of
lower Monogenoidea. Folia Parasitologica, 16, 320.

Fernandes B.M.M., Kohn A. 2001. On some trematodes parasites of fishes from Parana
River. Brazilian Journal of Biology, 61(3), 461-466.

Ferrari-Hoeinghaus A.P., Takemoto R.M., Pavanelli G.C. 2007. Digenetic trematode
parasites of Loricariichthys platymetopon (Loricariidae: Siluriformes) of the upper
Parand river floodplain, Brazil. Acta Scientiarum Biological Sciences, 29(3), 327—
329.

Ferrari-Hoeinghaus A.P., Bellay S., Takemoto R.M., Pavanelli G.C. 2010. A new species
Demidospermus Suriano, 1983 (Monogenea, Dactylogyridae) parasitic on
Loricariichthys platymetopon Isbriicker et Nijssen (Loricariidae, Siluriformes)
from the Upper Parana River floodplain, Brazil. Acta Parasitologica, 55,16-19.
DOI: 10.2478/s11686-010-0007-5

Fortes E., Hoffmann R.P., Querol M.V.M. 1999. Presenca de Raphidascaris
(Sprentascaris) mahnerti (Petter et Cassone, 1984) Nematoda, Anisakidae em

Loricariichthys platymetopon (cascudo viola) da bacia do Rio Uruguai medio,

129



Uruguaiana, Rio Grande do Sul, Brasil. Revista Brasiliera de Medicina
Veterinaria, 21, 13-14.

Gibson D.I., Jones A., Bray R.A. 2002, 2005, 2008. Keys to the Trematoda. Vols. 1, 2,
3. CABI Publishing and The Natural History Museum, London, UK.

Gil De Pertierra, A.A. 2005. Comparative study of the microtriches of adult Cestodes
(Proteocephalidea: Monticelliidae) and some comments on their systematic value.
Zoologischer Anzeiger, 243, 295-304.

Guidelli G.M., Isaac A., Pavanelli G.C. 2002. Sanguinicola platyrhynchi n. sp. (Digenea:
Sanguinicolidae) parasite of visceral cavity of Hemisorubim platyrhynchos
(Valenciennes, 1840) (Pisces: Pimelodidae) from the floodplain of the Upper
Parana River, Brazil. Brazilian Journal of Biology, 62(4B), 801-806.

Guidelli G.M., Isaac A., Takemoto R.M., Pavanelli, G.C. 2003. Endoparasites
infracommunities of Hemisorubim platyrhyncos (Valenciennes, 1840) (Pisces:
Pimelodidae) of the Baia River, Upper Parana River Floodplain, Brazil: specific
composition and ecological aspects. Brazilian Journal of Biology, 63(2), 261-268.

Hammann M.l. 1989. Genarchella Travassos, Artigas & Pereira, 1928 (Digenea:
Hemiuridae) parasitos de peces de agua dulce del rio Parana, provincia de
Corrientes, Republica Argentina. 1: Anatomia y posicion sistematica. 2:
Contribuciones ecologicas. Physis (Buenos Aires), 47, 15-30.

Heywood V.H. 1995. Global Biodiversity Assessment. United Nations Environment
Programme. Cambridge University Press, Cambridge.

Holmes J.C., Price P.W. 1986. Communities of parasites. In: (Eds. D.J. Anderson
and J. Kikkawa) Community ecology: Patterns and process. Blackwell Scientific
Publications, Oxford, U.K, 187-213.

Humason G.L. 1979. Animal tissue techniques, W.H. Freeman Co., San
Francisco, California, 661 pp.

Hypsa V., Skerikova A., Scholz, T. 2005. Phylogeny, evolution and host—parasite
relationships of the order Proteocephalidea (Eucestoda) as revealed by combined
analysis and secondary structure characters. Parasitology, 130, 359-371. DOI:
10.1017/S0031182004006638

Jara C.A., Cone D.K. 1989. Scleroductus yuncensi gen. et sp. n. (Monogenea) from
Pimelodella yuncensis (Siluriformes: Pimelodidae) in Peru. Proceedings of the
Helminthological Society of Washington, 56: 125-127.

130


https://doi.org/10.1017/S0031182004006638

Kearn G.C. 1998. Parasitism and the Platyhelminths. Chapman and Hall, London.

Kearse M., Moir R., Wilson A., Stones-Havas S., Cheung M., Sturrock S., Buxton S.,
Cooper A., Markowitz S., Duran C., Thierer T., Ashton B., Mentjies P.,
Drummond A. 2012. Geneious Basic: an integrated and extendable desktop
software platform for the organization and analysis of sequence data.
Bioinformatics, 28, 1647-1649. DOI: 10.1093/bioinformatics/bts199

Kennedy C.R. 1993. The dynamics of intestinal helminth communities in eels Anguilla
anguilla in a small stream: long-term changes in richness and structure.
Parasitology, 10(1), 71-78.

Kennedy C.R., Bush A.O. 1992. Species richness in helminth communities: the
importance of multiple congeners. Parasitology, 104, 189-197.

Kohn A., Fernandes B.M.M., Cohen S.C. (Eds.). 2007. South American Trematodes
Parasites of Fishes. Editora Imprinta, Rio de Janeiro, 318 pp.

Kohn A., Baptista-Farias M.D., Cohen S.C. 2000. Paranaella luquei gen. et sp. n.
(Monogenea: Microcotylidae), a new parasite of Brazilian catfishes. Folia
Parasitologica, 47, 279-83. DOI: 10.14411/fp.2000.048

Kohn A., Moravec F., Cohen S.C., Canzi C., Takemoto R.M., Fernandes M.M. 2011.
Helminths of freshwater fishes in the reservoir of the Hydroelectric Power Station
of ltaipu, Parand, Brazil. Checklist, 7(5), 681-690.

Krebs C.J. 1989. Ecological methodology. Harper & Row, New York.

Kritsky D.C., Thatcher V.E., Boeger W.A. 1986. Neotropical Monogenea. 8. Revision of
Urocleidoides (Dactylogyridae, Ancyrocephalinae). Proceedings of the
Helminthological Society of Washington, 53, 1-37.

Kritsky D.C., Van Every L.R., Boeger W.A. 1996. Neotropical Monogenoidea. 27. Two
new Species of Telethecium gen. sp. from the Nasal Cavities of Central Amazonian
Fishes and a Redescription of Kritskyia moraveci Kohn, 1990 (Dactylogyridae,
Ancyrocephalinae). Journal of the Helminthological Society of Washington, 63(1),
35-41.

Kritsky D.C., Mendoza-Franco E.F., Scholz, T. 2000. Neotropical Monogenoidea. 36.

Dactylogyrids from the Gills of Rhamdia guatemalensis (Siluriformes:
Pimelodidae) from Cenotes of the Yucatan Peninsula, Mexico, with Proposal of
Ameloblastella gen. n. and Aphanoblastella gen. n. (Dactylogyridae:

Ancyrocephalinae). Comparative Parasitology, 67(1), 76-84.

131


http://dx.doi.org/10.1093/bioinformatics/bts199

Lafferty K. D. 1997. Environmental parasitology: what can parasites tell us about human
impacts on the environment? Parasitology Today, 13, 251-255.

Lafferty K. D., Kuris, A. M. 2005. Parasitism and environmental disturbances. In: (Eds.
Thomas F., Renaud F., Guégan J. F.) Parasitism & Ecosystems. Oxford University
Press, p. 113-123.

Langeani F., Castro R.M.C., Oyakawa O.T., Shibatta O.A., Pavanelli C.S., Casatti L.
2007. Diversidade da ictiofauna do Alto Rio Parand: composicdo atual e
perspectivas futuras. Biota Neotropica, 7(3), 181-197.

Locke S.A., Al-Nasiri F.S., Caffara M., Drago F., Kalbe M., Angela Rose Lapierre A.R.,
McLaughlin J.D., Nie P., Overstreet R.M., Souza G.T.R., Takemoto R.M.
Marcogliese D.J. 2015a. Diversity, specificity and speciation in larval
Diplostomidae (Platyhelminthes: Digenea) in the eyes of freshwater fish, as
revealed by DNA barcodes. International Journal for Parasitology, 45, 841-855.
DOI: 10.1016/j.ijpara.2015.07.001

Locke S.A., Caffara M., Marcogliese D.J., Fioravanti M.L. 2015b. A large-scale
molecular survey of Clinostomum (Digenea, Clinostomidae). Zoologica Scripta 44,
203-217. DOI: 10.1111/zs¢.12096

Lucas A.P.C., Fernandes E.S., Tarifa D.S., Lizama M.A.P., Takemoto, R.M. 2011.
Relacdo entre fator de condigéo relativo (Kn) e abundancia de endoparasitos de
Trachydoras paraguayensis (Eigenmann & Ward, 1907) (Osteichthyes:
Doradidae) na Planicie de inundacdo do Alto Rio Parana, Parana — Brasil. Anais
Eletrdnicos VII EPCC - Encontro Internacional de Producdo Cientifica Cesumar,
Anais Eletrénicos VII EPCC Maringa, Parand, Brasil.

Lunaschi L.I. 1986. Helmintos parasitos de peces de agua dulce de la Argentina V.
Redescription de Acanthostomum (Atrophecaecum) gnerii Szidat, 1954
(Trematoda-Acanthostomidae). Neotropica, 32, 35-42.

Lunaschi L.I. 1989. Helmintos parasitos de peces de agua dulce de la Argentina VII.
Acerca de dos nuevas especies de paranfistomidos (Trematoda-
Paramphistomidae). Neotropica, 35, 35-42.

Lunaschi L.l., Martorelli S.R. 1990. Presencia de Phyllodistomum spatula Odhner
(Trematoda-Gorgoderidae) en dos especies de pimelodidos capturados en la
provincia de Buenos Aires, Argentina. Aportes al conocimiento de su ciclo

biologico. Neotropica, 36, 55-63.

132



Lugue J. L., Poulin, R. 2007. Metazoan parasite species richness in Neotropical fishes:
hotspots and the geography of biodiversity. Parasitology, 134, 865-878. DOI:
10.1017/S0031182007002272.

Luque J.L., Aguiar J.C., Vieira F.M., Gibson D.l., Santos, C.P. 2011. Checklist of
Nematoda associated with the fishes of Brazil. Zootaxa, 3082, 1-88.

Luque J.L., Pereira F.B., Alves P.V., Oliva M.E., Timi J.T. 2016. Helminth parasites of
South American fishes: current status and characterization as a model for studies
of  Dbiodiversity. Journal of Helminthology, 1-15. DOl:
10.1017/S0022149X16000717

Lymbery A.J. 1989. Host specificity, host range and host preference. Parasitology Today,
9, 298.

Macarthur R.H., Macarthur, J.W. 1961. On bird species diversity. Ecology, 42, 594-598.

Mariaux J. 1998. A molecular phylogeny of the Eucestoda. Journal of Parasitology, 84,
114-124. DOI:10.2307/3284540

Mendoza-Franco E.F., Aguirre-Macedo M.L., Vidal-Martinez, V.M. 2007. New and
previously described species of Dactylogyridae (Monogenoida) from the gills of
Panamanian freshwater fishes (Teleostei). The Journal of Parasitology, 93(4), 761
771. DOI: 10.1645/GE-1068R.1

Mendoza-Franco E.F., Mendoza-Palmero C.A., Scholz, T. 2016. New species of
Ameloblastella Kritsky, Mendoza-Franco & Scholz, 2000 and Cosmetocleithrum
Kritsky, Thatcher & Boeger, 1986 (Monogenea: Dactylogyridae) infecting the gills
of catfishes (Siluriformes) from the Peruvian Amazonia. Systematic Parasitology,
93, 847-862. DOI: 10.1007/s11230-016-9671-7

Mendoza-Palmeiro C.A., Scholz T., Mendonza-Franco E.F., Kuchta R. 2012. New
species and geographical records of Dactylogyrids (Monogenea) of catfish
(Siluriformes) from the Peruvian Amazonia. Journal of Parasitology, 98(3), 484—
497. DOI: 10.1645/GE-2941.1

Mendoza-Palmero C. A., Blasco-Costa I., Scholz T. 2015. Molecular phylogeny of
Neotropical monogeneans (Platyhelminthes: Monogenea) from catfishes
(Siluriformes). Parasites and Vectors, 8, 164. DOI: 10.1186/s13071-015-0767-8

Mizelle J.D., Kritsky, D.C. 1969. Studies on monogenetic trematodes. XL. New species

from marine and freshwater fishes. American Midland Naturalist, 82, 417-428.

133



Moravec F. (Ed.). 1998. Nematodes of freshwater fishes of the Neotropical Region.
Academia Praha, Czech Republic, 464 pp.

Moravec F., Thatcher V.E. 1997. Raphidascaroides brasiliensis n. sp. (Nematoda:
Anisakidae), an intestinal parasite of the thorny catfish Pterodoras granulosus from
Amazonia, Brazil. Systematic Parasitology, 38, 65-71.

Moravec F., Kohn A., Fernandes, B.M.M. 1992a. Neoparaseuratum travassosi n. g. sp.
(Nematoda: Quimperiidae), a new parasite from thorny catfish Pterodoras
granulosus in Brazil. Memorias do Instituto Oswaldo Cruz, 87(1), 145-150.

Moravec F., Kohn A., Fernandes B.M.M. 1992b. Nematode parasites of fishes of the
Parana River, Brazil. Part 1. Trichuroidea, Oxyuroidea and Cosmocercoidea. Folia
Parasitologica, 39: 327-353.

Moravec F., Kohn A., Fernandes, B.M.M. 1993. Nematode parasites of fishes of the
Parand River, Brazil. Part 3. Camallanidae and Dracunculoidea. Folia
Parasitologica, 40, 211-229.

Moravec F., Kohn A., Fernandes B.M.M. 1997a. New observations on seuratoid
nematodes parasitic is fishes of Parana River, Brasil. Folia Parasitologica, 44,
209-223.

Moravec F., Prouza A., Royero R. 1997b. Some nematodes of freshwater fishes in
Venezuela. Folia Parasitologica, 44, 33-47.

Nelson J.S. (Ed.). 2006. Fishes of the world. John Wiley & Sons, Mexico, 601 pp.

Nitta M., Nagasawa K. 2013. First Japanese Record of Heteropriapulus heterotylus
(Monogenea: Dactylogyridae), from the Alien Catfish Pterygoplichthys
disjunctivus (Siluriformes: Loricariidae) in Okinawa. Species Diversity, 18, 281—
284. DOI: 10.12782/sd.18.2.281

Noble E.R., Noble G.A., Schad G.A., Maclnnes A.J. 1989. Parasitology: The Biology of
Animal Parasites, 6th Ed. Lea & Febiger, Philadelphia.

Norton D.A., Carpenter M.A. 1998. Mistletoes as parasites: host specificity and
speciation. Trends in Ecology and Evolution, 13, 101-105.

Olson P.D., Cribb T.H., Tkach V.V., Bray R.A., Littlewood D.T.J. 2003 Phylogeny and
classification of the Digenea (Platyhelminthes: Trematoda). International Journal
for Parasitology, 33, 733-755. DOI: 10.1016/S0020-7519(03)00049-3

134



Ostrowski de Nafiez M., Gil De Pertierra A. 1991. The life history of Acanthostomum
gnerii Szidat, 1954 (Trematoda: Acanthostomidae), from the catfish Rhamdia sapo
in Argentina. Zoologischer Anzeiger, 227, 58-71.

Ostrowski de Nufiez M.C., Arredondo N.J., Doma I.L., Gil De Pertierra A.A. 2011.
Redescription of Parspina  argentinensis  (Szidat, 1954) (Digenea:
Cryptogonimidae) from freshwater fishes (Pimelodidae) in the basins of the Parana
and La Plata Rivers, Argentina, with comments on P. bagre Pearse, 1920.
Systematic Parasitology, 78: 27-40. DOI: 10.1007/s11230-010-9274-7

Pavanelli G.C., Machado M.H. 1991. Proteocefalideos parasitos de peixes, em especial
pimelodideos do rio Parana, Parana. Revista Unimar, 13, 163-175.

Pavanelli G.C., Rego, A.A. 1989. Novas espécies de proteocefalideos (Cestoda) de
Hemisorubim platyrhynchos (Pisces: Pimelodidae) do Estado do Parand. Revista
Brasileira de Biologia, 49, 381-386.

Pavanelli G.C., Rego A.A. 1991. Cestdides proteocefalideos de Sorubim lima (Schneider,
1801) (Pisces: Pimelodidae) do rio Parana e reservatorio de Itaipu. Revista
Brasileira de Biologia, 51, 7-12.

PavanelliG.C., Takemoto R.M. 2000. Aspects of the ecology of proteocephalid cestodes,
parasites of Sorubim lima (Pimelodidae), of the Upper Parana River, Brazil: Il.
interspecific associations and distribution of gastrintestinal parasites. Brazilian
Journal of Biology, 60(4), 585-590.

Pearse A.S. 1920. The fishes of Lake Valencia, Venezuela. Univ. Wisconsin Stud., 12,
51.

Petter A.J. 1984. Nematodes de poissons du Paraguay Il. Habronematoidea (Spirurida).
Description de 4 especes nouvelles de la famille des Cystidicolidae. Revue Suisse
Zoologie, 91, 935-952.

Petter A.J. 1987. Nematodes de Poissons de I’Equateur. Revue Suisse Zoologie, 94, 61—
76.

Petter A.J., Cassone J. 1984. Nématodes de Poisson du Paraguay; |. Ascaridoidea:
Sprentascaris, n. gen. Revue Suisse Zoologie, 91, 617-634.

Porto D.B., Vital J.F., Santos A.K.S., Morais A.M., Varella M.B., Malta, J.C.O. 2012.
Metazoarios parasitos de Pterygoplichthys pardalis (Castelnau, 1855)
(Siluriformes: Loricariidae) da Amazonia central, Brasil. Revista Brasileira de
Zoociéncias, 14(1, 2, 3), 35-40.

135



Poulin R. 1992. Determinants of host-specificity in parasites of freshwater fishes.
International Journal for Parasitology, 22, 753-758.

Poulin R. 1993. The disparity between observed and uniform distributions — A new look
at parasite aggregation. International Journal of Parasitology, 23(7), 937-944.
DOI: 10.1016/0020-7519(93)90060-C

Poulin R. 2002. The evolution of monogenean diversity. International Journal for
Parasitology, 32, 245-254. DOI: 10.1016/S0020-7519(01)00329-0

Poulin R. 2014. Parasite biodiversity revisited: frontiers and constraits. International
Journal for Parasitology, 44, 581-589. DOI: 10.1016/j.ijpara.2014.02.003

Poulin R., Morand S. 2004. Parasite Biodiversity. Smithsonian Books, Washington, 216
Pp.

Rego A.A., Chubb J.C., Pavanelli G.C. 1999. Cestodes in South American freshwater
teleost fishes: keys to genera and brief description of species. Revista Brasileira de
Zoologia, 16, 299-367.

Rodriguez-Santiago M.A., Grano-Maldonado M., Avila E., Gomez, S. 2015. Occurrence
of Heteropriapulus heterotylus (Monogenoidea: Dactylogyridae), ectoparasite of
two invasive sailfin catfishes (Siluriformes: Loricariidae) from the Southeastern
Mexico. Neotropical Helminthology, 9(1), 55-64.

Rodriguez-Santiago M.A., Garcia-Prieto L., Mendoza-Garfias B., Gonzélez-Solis D.,
Grano-Maldonado M.I. 2016. Parasites of two coexisting invasive sailfin catfishes
(Siluriformes: Loricariidae) in a tropical region of Mexico. Neotropical
Ichthyology, 14, 3, €160021. DOI: 10.1590/1982-0224-20160021

Rézsa L, Reiczigel J, Majoros G. 2000. Quantifying parasites in samples of hosts. Journal
of Parasitology, 86(2), 228-232. DOI: 10.1645/0022-
3395(2000)086[0228:QPISOH]2.0.CO;2

Santos C.P., Gibson D.l., Tavares L.E.R., Luque, J.L. 2008. Checklist of Acanthocephala
associated with the fishes of Brazil. Zootaxa, 1938: 1-22.

Sasal P., Desdevises Y., Morand, S. 1998. Host-specialization and species diversity in
fish parasites: phylogenetic conservatism? Ecography, 21, 639-643.

Schéffer G.V., Rego A.A., Pavanelli G.C. 1992. Peritoneal and visceral cestode larvae in
Brazilian freshwater fishes. Memorias do Instituto Oswaldo Cruz, 87, 257-258.

Secretaria do Meio Ambiente do Estado de S&o Paulo — Sma. Plano de Manejo — Parque

Estadual do Aguapei (Encarte 3). Disponivel em:

136


http://dx.doi.org/10.1016/S0020-7519(01)00329-0
https://dx.doi.org/10.1645/0022-3395(2000)086%5B0228:QPISOH%5D2.0.CO;2
https://dx.doi.org/10.1645/0022-3395(2000)086%5B0228:QPISOH%5D2.0.CO;2

http://observatorio.wwf.org.br/site media/upload/gestao/planoManejo/PM PEAQ
uapei parte 002.pdf. Accessed in: Dez. 2016.

Simkova A., Verneuau O., Gelnar M., Morand S. 2006. Specificity and specialization
of congeneric monogeneans parasitizing cyprinid fish. Evolution, 60(5), 1023—
1037. DOI: 10.1554/05-521.1

Suriano D.M. 1985. El genero Unilatus Mizelle y Kritsky, 1967 (Monogenea:
Ancyrocephalidae) del Rio Negro, Manaus, Brasil. Neotropica, 31, 163-175.

Suriano D.M., Incorvaia, 1.S. 1995. Ancyrocephalid (Monogenea) parasites from
siluriform fishes from the ParaneanPlatean icthyogeographical province in
Argentine. Acta Parasitologica, 40, 113-124.

Takemoto R.M., Pavanelli, G.C. 2000. Aspects of the ecology of Proteocephalid cestodes
parasites of Sorubim lima (Pimelodidae) of the Upper Parana River, Brazil. 1.
Structure and influence of host’s size and sex. Brazilian Journal of Biology, 60(4),
577-584.

Takemoto R.M., Pavanelli G.C., Lizama M.A.P., Lacerda A.C.F., Yamada F.H., Moreira
L.H.A., Ceschini T.L., Bellay S. 2009. Diversity of parasites of fish from the Upper
Parana River floodplain, Brazil. Brazilian Journal of Biology, 69(2, Suppl.), 691
705.

Thatcher V.E. 1999. Surface morphology of some amphistomes (Trematoda) of
Amazonas fishes and the description of a new genus and species. Acta Amazonica,
29, 237-240.

Thatcher V.E. 2006. Amazon fish parasites. 2nd Ed. Pensoft, Sofia-Moscow, 508 pp.

Thatcher V.E., Varella, A.B. 1981. Duas novas espécies de Megacoelium Szidat, 1954
(Trematoda: Haploporidae) parasitas estomacais de peixes da Amazonia Brasileira,
com uma redefini¢do do género. Acta Amazonica, 11, 285-289.

Thomas F., Bonsall M.B., Dobson A. 2005. Parasitism, biodiversity and conservation.
In: (Eds. Thomas, F., Renaud, F., Guégan, J. F.) Parasitism & Ecosystems. Oxford
University Press, pp. 124-139.

Travassos L., Artigas P., Pereira C. 1928. Fauna helminthologica dos peixes de dgua doce
do Brasil. Arquivos do Instituto Biologico de Séo Paulo, 1, 5-68.

Vaz Z., Pereira, C. 1934. Contribuicdo ao conhecimento dos nematoides de peixes

fluviais do Brasil. Arquivos do Instituto Biologico de Sao Paulo, 5, 87-103.

137


http://observatorio.wwf.org.br/site_media/upload/gestao/planoManejo/PM_PEAguapei_parte_002.pdf
http://observatorio.wwf.org.br/site_media/upload/gestao/planoManejo/PM_PEAguapei_parte_002.pdf

Vilela M.J., Dutra M.A., Marques H., Dias J.H.P., Langeani F., Carvalho F.R., Martins
F.O. 2013. Resultados parciais do inventario da ictiofauna do rio Aguapei, na area
da RPPN Foz do Aguapei, Sdo Paulo, Bacia do Alto Parana. XX Encontro
Brasileiro de Ictiologia, Maringa.

Whittington 1.D., Cribb B.W., Hamwood T.E., Halliday J.A. 2000. Host-specificity of
monogenean (platyhelminth) parasites: a role for anterior adhesive areas?
International Journal for Parasitology, 30, 305-320.

Woodland W.N.F. 1935. Some more remarkable cestodes from Amazon siluroid fish.
Parasitology, 27, 207-225.

Yamada P.O.F., Yamada F.H., Silva R.J., Anjos L.A. 2017. Ecological implications of
floods on the parasite communities of two freshwater catfish in a Neotropical
floodplain. Acta Parasitologica, 62(2). DOI: 10.1515/ap-2017-00

Zehnder M.P., Mariaux, J. 1999. Molecular systematic analysis of the order
Proteocephalidea (Eucestoda) based on mitochondrial and nuclear rDNA

sequences. International Journal for Parasitology, 29, 1841-1852.

138



Added resolution to circumscription of some

gill monogeneans species (Dactylogyridae) of
Neotropical catfishes including description of a new
Demidospermus species and erection of a new genus



4. Added resolution to circumscription of some gill monogeneans species
(Dactylogyridae) of Neotropical catfishes including description of a new

Demidospermus species and erection of a new genus

Abstract

The present study aims at adding resolution to abgessment of interrelations of
Neotropical dactylogyrids from catfishes by prowglinew 28S rDNA sequences of
representatives from these poorly representeddgnosps. Based on new molecular and
morphological data, a diagnosis amendment of tlogylbmyrid genudDemidospermus
(with a new species description) is proposed, a dagtylogyrid genus is erected, and
generic assignment of unidentified taxa for whioblenular data are available is briefly
discussed. Thirteen new sequences of the 28S rDagxfent were generated (1526—
1575 bp) and aligned with 74 published sequenoes Genbank. Phylogenetic analyses
were run under Maximum likelihood (ML) and Bayesiaference (BI) criteria, applying
the model of nucleotide evolution GTRI++ | for the three dataset®emidospermus
rhinelepusn. sp. is described from the gills Rhinelepis asperand the erection of the
monotypic genudParacosmetocleithrunm. gen. is proposed with the description of
Paracosmetocleithrum trachydoruas sp. from the gills ofrachydoras paraguayensis
is presented. Future studies addressing morphaogymolecular phylogeny are still

necessary to help circumscription of monophyleidces within the Dactylogyridae.

Key-words: dactylogyrids, Monogenea, taxonomy, phylogeny, A3SA.

1 Manuscript to be submitted to the journal Parasijglinternational.
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4.1. Introduction

Neotropical freshwater fishes host a rich faunagif parasites, especially
monogeneans (Dactylogyridae: Ancyrocephalinae2].1-HHowever, the true diversity of
these ectoparasites is still poorly known and Vigttg is known about their interrelations
[3, 4]. Whereas circumscription of individual speidoes not make generally serious
problems, delimitation of genera and their différ@ion remain problematic in many
cases, especially because of shortage of synapbmerghat would define unequivocally
individual genera. Some genera are defined by @enigombination of non-unique
characteristics including those of internal stroesu(e.g. mutual position of genital
organs — see [5]). Species composition of somergeneh at)rocleidoidesMizelle &
Price, 1964 has changed considerably, dependintpedigeneric concept accepted by
given authors. Whereas some genera, ¢lgteropriapulus Kritsky, 2007 and
AphanoblastellaKritsky, Mendoza-Franco and Scholz, 2000, are weflned, the
others, e.g.DemidospermusSuriano, 1983, include species with a wide range of
morphological differences that occur on differerdugps of fish hosts [3, 6]. Some of the
morphological characters that have been used ffauriscription of genera are probably
homoplastic and unsuitable for generic diagnogds.thus necessary to use molecular
tools to unravel interrelations of individual taaad to reveal possible patterns in host
use.

Unfortunately, shortage of molecular data repressanother obstacle in a better
characterization of individual taxa that shouldressgnt monophyletic lineages of closely
related species. Mendoza-Palmero et al. [4] pravfadst comprehensive molecular data
on Neotropical gill monogeneans of catfishes (8dumes) and revealed that they do
not form a monophyletic lineage. In addition, noofraphyly of some genera such as
DemidospermuandAncyrocephalu€replin, 1839 was detected. However, the study of
Mendoza-Palmero et al. [4] included mainly monogersefrom pimelodid catfishes and
taxa from other siluriform hosts, especially loricds and doradids, were under-
represented.

Therefore, the present study aims at adding resalub the assessment of
interrelations of Neotropical dactylogyrids fromtfeshes by providing new 28S rDNA
sequences of representatives from these poorlgsepted host groups. Based on new
molecular and morphological data, a diagnosis amemd of the dactylogyrid genus

DemidospermusSuriano, 1983 (with a new species descriptionprigposed, a new
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dactylogyrid genus is erected, and generic assighmieunidentified taxa for which

molecular data are available [see 4] is brieflcdssed.

4.2. Materials and Methods

4.2.1. Study area
Refer back to section 1.4.1.

4.2.2. Hosts and parasites sampling

Refer back to section 3.2.2.

4.2.3.Morphological analyses of the monogeneans

The monogeneans were taken from the gills and speeimens collected were
mounted on slides with Hoyer’s or Grey and Wesddiomas, and a mixture of glycerin-
ammonium picrate (GAP) to study sclerotized striegy7, 5, 8], while some specimens
were stained with Gomori’s trichrome to study intdr organs. The parasites were
studied using V3 Leica Application Suite computedzystem for image analysis with
differential interference contrast and an OlympX&B microscope equipped with phase
contrast optics. lllustrations were made with tieea a drawing tube (camera lucida)
mounted on a Leica DMLS microscope.

Measurements were taken according to Mizelle & K&f9] and Kritsky et al.
[10] represented by the measurement of a straiightoetween two points expressed in
micrometers as the mean followed by range and nuoflleeasurements in parentheses.
The terminology for the components of the haptdioves that of Mizelle and Kritsky
[11] and Kritsky and Mizelle [12]; hooks are numberaccording to Mizelle [13].

Type and voucher specimens will be deposited itdigleninthological Collection
of the Institute Oswaldo Cruz, Rio de Janeiro, Bré2HIOC), the Helminthological
Collection of the Instituto de Biociéncias, Univeexde Estadual Paulista, Botucatu,
Brazil (CHIBB), and the Helminthological Collectiaf the Institute of Parasitology,
Biology Centre of the Czech Academy of Scien€asské Budvice (IPCAS).

4.2.4. DNA extraction, amplification and sequencing
The specimens used for molecular analyses wereglat a slide with a drop of

water, covered with a coverslip, identified undée tmicroscope based on their
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morphology and then placed into 96% molecular-gratdeanol. Some allegedly
conspecific specimens (paragenophores — see [I4fefminology) were fixed with

glycerin ammonium picrate (GAP) and mounted as peent preparations with
Canada’s balsam following Ergens [8] and depos#etPCAS. Genomic DNA was
extracted using 200 pl of a 5% suspension of Chigledeionized water and 2 ul of
proteinase K, followed by overnight incubation &G, boiling at 90°C for 8 minutes
and centrifugation at 14,000 rpm for 10 minutes.

Polymerase chain reactions (PCR) were made inl @8brgaction mixture with 3
pl of extraction supernatant, 10 pl of 2x MyFMix (Bioline, CITY, USA), and 1.6 pul
of each PCR primer. Partial 28S rDNA (D1-D3 regisals amplified using the primers
U178 (B-GCA CCC GCT GAA YTT AAG-3) and L1642 (5CCA GCG CCA TCC
ATT TTC A-3) [15]. The thermocycling profile used was: denatian of DNA (95°C
for 3 min); 35 cycles of amplification (94°C for 30) 56°C for 30 s and 72°C for 1.5
min), and 4 min extension hold at 72°C. PCR prosluare run on 1% agarose gel using
gel red and loading buffer. PCR products were mdifprior to sequencing using
exonuclease | and shrimp alkaline phosphatase eswyi6]. Amplicons were Sanger
sequenced at GATC Biotech (Konstanz, Germany) udiegPCR primers and the
internal primers 900F (5-CCGTCTTGAAACACGGACCAAGY3[17], 300R (5'-
CAACTTTCCCTCACGGTACTTG-3) [15]; L1200R (®
GCATAGTTCACCATCTTTCGG-3 and ECD2 (5-
CCTTGGTCCGTGTTTCAAGACGGG) [18]. Contiguous sequeneeere assembled
using Geneious version R8 (http://www.geneious.¢¢nd)]).

4.2.5. Alignment and phylogenetic analyses

Thirteen new sequences of the 28S rDNA fragmenéwenerated (1526-1575
bp) and aligned with 74 published sequences fromb&ek of dactylogyrid species
belonging to the subfamilies Ancylodiscoidinae, ymcephalinae, Dactylogyrinae, and
Pseudodactylogyrinae of the Dactylogyridae (TaBlarid nine sequences of species of
the Monocotylidae, Diplectanidae, Pseudomurrayttefaa, and Tetraonchidae were
used as outgroups. The sequences were chosenifaltve results of Mendoza-Palmero
et al. [4]. Sequences were aligned using defaulirpaters of MAFFT implemented in
Guidance [20] with the extremes of the alignmeminined to match the shortest

sequence. Three datasets of partial 28S rDNA seggamere obtained for phylogenetic

143



analyses: dataset 1 — all the sequences and ndelgutsitions (823 bp); dataset 2 — a
stringent alignment (626 bp) excluding nucleotidsipons with alignment score below
0.5 [21]; dataset 3 — only long sequences of Neatad dactylogyrids infecting
siluriform and perciform fishes, and three sequenoé species belonging to the
Ancylodiscoidinae (1400 bp).

Phylogenetic analyses were run under Maximumihkeld (ML) and Bayesian
inference (BI) criteria, applying the model of nemdide evolution GTR + + | for the
three datasets. The model was selected using jNMesdeR.1.1 [22, 23]. ML analyses
were carried out using the program RAXML v. 8 [24he model parameters and
bootstrap support values (1,000 repetitions) wstienated using RAXML. Bl trees were
created using MrBayes v. 3.2 [25] running two inglegient MCMC runs of four chains
for 10’ generations and sampling tree topologies evefgédlerations. Burn-in periods
were set to the first 25,000 generations. MrBayesRAXML analyses were carried out

on the computational resource CIPRES [26].
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Table 1.List of monogeneans included in the phylogenetalyses. New sequences obtained during the presetyt are in bold.

Parasite species Host Host family Locality Genbank ID Reference
Dactylogyridae
Actinocleidus recurvatus Lepomis gibbosus Centrarchidae River Danube, Slovak AJ969951 [27]
Republic
Aliatrema cribbi Chaetodon citrinellus Chaetodontidae French Polynesia AY820612 [28]
Ameloblastella chavarriai Rhamdia quelen Heptapteridae Catemaco Lake, Mexico KP056251 [4]
Ameloblastella edentensis Hypophthalmus Pimelodidae Nanay River, Peru KP056255 [4]
edentatus
Ameloblastella unapinoides Sorubim lima Pimelodidae Iquitos, Peru KP056254 [4]
Ameloblastellasp. Hassarsp. Doradidae Aquarium Rio Momon, KP056253 [4]
Iquitos, Peru
Ameloblastellasp. 23 Hypophthalmus Pimelodidae Nanay River, Peru KP056233 [4]
edentatus
Ancyrocephalus paradoxus Sander lucioperca Percidae Morava River, Czech AJ969952 [27]
Republic
Ancyrocephalus percae Perca fluviatus Percidae Constance Lake, Germany KF499080 [29]
Ancyrocephalus morgundae Siniperca chuatsi Percichthyidae Wuhan, China AY841871 [30]
Ancyrocephalus morgundae Siniperca chuatsi  Percichthyidae Fuzhou, Fujian Province, DQ157667 [31]
China
Aphanoblastella aurorae Goeldiella eques Heptapteridae Santa Clara, Peru KP056239 [4]
Aphanoblastella chagresii Pimelodella Heptapteridae Upper Parana, River, Brazil Presigioly
avanhandavae
Aphanoblastellasp. 3 Goeldiella eques Heptapteridae Nanay River, Peru KP056238 [4]
Bravohollisia rosetta Pomadasys maculatudaemulidae Guangdong, China DQ537364 [32]
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Table 1.Continued.

Parasite species Host Host family Locality Genbank ID Reference

Bychowskyella pseudobagri Tachysurus Bagridae Shaoguan, China EF100541 [33]
fulvidraco

Chauhanellus boegeri Genidens genidens Ariidae Antonina Bay, Brazil KP056241 [4]

Cichlidogyrus sclerosus Oreochromis Cichlidae Panyu, Guangdong Province  DQ157660 [31]
niloticus China

Cichlidogyrus tilapiae Hemichromis Cichlidae Senegal, Africa HQ010029 [34]
fasciatus

Cosmetocleithrum bifurcum Hassar orestis Doradidae Aquarium Momén River, KP056216 [4]

Peru

Cosmetocleithrum bulbocirrus ~ Pterodoras Doradidae Upper Parana River basin, Present study
granulosus Brazil

Dactylogyrus nanus Rutilus rutilus Cyprinidae River Morava, Czech AJ969942 [27]

Republic

Dactylogyrus petruschewskyi Megalobrama Cyprinidae China AY548927 Ding & Liao
amblycephala (unpublished)

Demidospermus mortenthaleri Brachyplatystoma Pimelodidae Santa Clara, Peru KP056245 [4]
juruense

Demidospermus cf. paranaensis  Loricariichthys Loricariidae Upper Parana River, basin, Present study
platymetopon Brazil

Demidospermus rhinelepus n. Rhinelepis aspera Loricariidae Upper Parana River, basin, Present study

sp. Brazil

Demidospermusp. 11 Brachyplatystoma Pimelodidae Nanay River, Peru KP056235 [4]
vaillantii

Demidospermusp. 23 Brachyplatystoma Pimelodidae Nanay River, Peru KP056236 [4]

vaillantii
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Table 1.Continued.

Parasite species Host Host family Locality Genbank 1D Reference
Ergenstrema mugilis Liza ramada Mugilidae Ebro Delta, Spain JN996800 [35]
Euryhaliotrema perezponcei Lutjanus guttatus Lutjanidae Bay Cerritos, Mazatlan, HQ615996 Soler-Jiméneet

Mexico al. (unpublished)
Euryhaliotrematoides pirulum Chaetodon lunula Chaetodontidae French Polynesia AY820618 [29]
Haliotrema cromileptis Epinephelus bleekeri Serranidae Nha Trang Bay, Vietnam EU523146 [36]
E. coioides
Haliotrema platycephali Platycephalus indicuslatycephalidae Weihai, Shangdong Province, DQ157662 [31]

Haliotrematoides guttati
Haliotrematoides spinatus
Heteropriapulus anchoradiatus
Heteropriapulus heterotylus
Heteropriapulus simplex
Ligictaluridus pricei

Ligophorus vanbenedenii
Metahaliotrema mizellei

Onchocleidus similis

Lutjanus guttatus

Lutjanus guttatus

Pterygoplichthys
ambrosettii

Pterygoplichthys
ambrosettii

Pterygoplichthys
ambrosettii

Ameiurus nebulosus

Liza aurata

Scatophagus argus

Lepomis gibbosus

Lutjanidae
Lutjanidae
Loricariidae
Loricariidae
Loricariidae
Ictaluridae

Mugilidae
Scatophagidae

Centrarchidae

China

Bay Cerritos, Mazatlan,
Mexico

Pacific Coast, Mexico

Upper Parana River basin,
Brazil

Upper Parand River basin,
Brazil

Upper Parana River basin,
Brazil

River Moldau, Czech
Republic

Ebro Delta, Spain

HQ615993

KC663679

AJ969939

JN996802

Panyu, Guangdong Province, DQ157647

China

River Danube, Slovak
Republic

AJ969938

Soler-Jiméneet
al. (unpublished)

Garciijuézt
al. (unpublished)
Present study
Present study
Present study

[27]

[35]
[31]

[27]
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Table 1.Continued.

Parasite species Host Host family Locality Genbank 1D Reference
Onchocleidusp. Lepomis macrochirus Centrarchidae Guangzhou, China AY841873 [30]
Paracosmetocleithrum Trachydoras Doradidae Upper Parana river basin, present study
trachydorusn. gen., n. sp. paraguayensis Brazil
Parasciadiclethrum Rocio octofasciata  Cichlidae Creek in Ejido, Chiapas, Mendoza-Palmero
octofasciatum Mexico et al

(unpublished)
Pseudodactylogyrus anguillae  Anguilla anguilla Anguillidae River Danube, Slovak AJ969950 [27]
Republic
Pseudodactylogyrus bini Anguilla anguilla  Anguillidae Neusiedler Lake, Austria AJ969949 [27]
Pseudohaliotrema Siganus doliatus Siganidae Green Island, Australia AF382058 [37]
sphincteroporus
Protogyrodactylus alienus Gerres filamentosus Gerreidae Dayawan, Guangdong DQ157650 [31]
Privince, China
Protogyrodactylus haiananensi: Therapon jarbua Tetrapontidae Yangjiang, Guangdong DQ157653 [31]
Province, China
Quadriacanthus kobiensis Clarias batrachus Clariidae Guanzhou, China AY841874 [30]
Schilbetremasp. Pareutropius debauw Schilbeidae Aquarium from Czech KP056243 [4]

Sciadicleithrum bravolollisae

Sciadicleithrum meekii

Paraneetrophus Cichlidae
fenestratus
Thorichthys meeki Cichlidae

Republic, origin West Africa

Lago de Catemaco, VeraCruz,
Mexico

Creek in Ejido, Chiapas,
Mexico

Mendoza-Palmero
et al
(unpublished)

Mendoza-Palmero
et al
(unpublished)
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Table 1.Continued.

Parasite species Host Host family Locality Genbank 1D Reference
Sciadicleithrum splendidae Parachromis Cichlidae Las Piflas, Campeche, Mexic Mendoza-Palmero
friedrichsthalii et al
(unpublished)
Scutogyrus longicornis Oreochromis Cichlidae Panyu, Guangdong Province, DQ157659 [31]
niloticus China
Tetrancistrumsp. Siganus fuscescens Siganidae Heron Island, Queensland, AF026114 [38]
Australia
Thaparocleidus asoti Silurus asotus Siluridae Rongchang, China DQ157669 [31]
Thaparocleidus Pangasianodon Pangasidae Guangzhou, China AY841872 [30]
campylopterocirrus hypophthalmus
Thaparocleidus siluri Silurus ganis Siluridae Morava River, Czech AJ969940 [27]
Republic
Thaparocleidus vistulensis Silurus ganis Siluridae Morava River, Czech AJ969941 [27]
Republic
Thaparocleidusp. Pangasiusp. Pangasidae Aquarium from Czech KP056250 [4]
Republic, origin Asia
Unibarra paranoplatensis Aguarunichthys Pimelodidae Santa Clara, Peru KP056219 [4]
torosus
Unilatus unilatus Pterygoplichthys Loricariidae Upper Parana River basin, Present study
ambrosettii Brazil
Vancleaveus januacaensis Pterodoras Doradidae Itaya River, Peru KP056247 [4]
granulosus
Vancleaveusjanuacaensis Pterodoras Doradidae Upper Parana River basin, Present study
granulosus Brazil
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Table 1.Continued.

Parasite species Host Host family Locality Genbank 1D Reference
Dactylogyridae gen. sp. 1 Hemisorubim Pimelodidae Upper Parana River basin, Present study
platyrhynchos Brazil
Dactylogyridae gen. sp. 2 Hemisorubim Pimelodidae Upper Parana River basin, Present study
platyrhynchos Brazil
Dactylogyridae gen. sp. 4 Ageneiosus vittatus  Auchenipteridae Nanay River, Peru KP056218 [4]
Dactylogyridae gen. sp. 5 Sorubim lima Pimelodidae Upper Parana River basin, Present study
Brazil
Dactylogyridae gen. sp. 9 Platynematichthys Pimelodidae Santa Clara, Peru KP056224 [4]
notatus
Dactylogyridae gen. sp. 10 Platynematichthys Pimelodidae Santa Clara, Peru KP056227 [4]
notatus
Dactylogyridae gen. sp. 12 Sorubim lima Pimelodidae Iquitos-Belém, Peru KP056228 [4]
Dactylogyridae gen. sp. 13 Hypophtalmus Pimelodidae Nanay River, Peru KP056230 [4]
edentatus
Dactylogyridae gen. sp. 18 Pseudoplatystoma  Pimelodidae Santa Clara, Peru KP056231 [4]
fasciatum
Dactylogyridae gen. sp. 23 Platysilurus mucosus Pimelodidae Santa Clara, Peru KP056232 [4]
Dactylogyridae gen. sp. 26 Platynematichthys Pimelodidae Santa Clara, Peru KP056234 [4]
notatus
Diplectanidae
Murraytrema pricet Nibea albiflora Scianidae Panyu, Guangdong Province, DQ157672 [31]
China
Pseudorhabdosynochus Epinephelus bruneus Serranidae Huidong, China AY553622 [31]
epinephel
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Table 1.Continued.

Parasite species Host Host family Locality Genbank 1D Reference
Pseudorhabdosynochus Epinephelus bruneus Serranidae Huidong, China AY553624 [31]
lantauensis
Sinodiplectanotrema Nibea albiflorg Scianidae Panyu, Guangdong Province  DQ157673 [31]
argyromus Pennahia anea China
Pseudomurraytrematidae
Pseudomurraytremsp.* Catostomus ardens Catostomidae Snake River, Idaho, USA AF382059 [39]
Monocotylidae
Clemacotyle australis Aetobatus narinari Myliobatidae Heron Island, Australia AF348350 [39]
Decacotyle lymmae Aetobatus narinari Myliobatidae Heron Island, Australia AF348359 [39]
Dendromonocotyle octodiscus Dasyatis americana Dasyatidae Gulf of Mexico, Mexico AF348352 [39]
Tetraonchidae
Tetraonchus monenterdn Esox lucius Esocidae River Moldau, Czech AJ969953 [27]

Republic
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4.3. Results

4.3.1. Amended diagnosis bEmidospermusSuriano, 1983 based on morphological
features and phylogenetic relationships

Demidospermus (Suriano, 1983) Kritsky and Gutiérrez, 1998

Amended diagnosigody fusiform, comprising cephalic region, trunkgoincle, haptor.
Tegument thin, smooth. Two terminal, cephalic lgoblesad organs present; cephalic
glands unicellular, lateral or posterolateral tayimx. Eyes present or absent; granules
subspherical. Mouth subterminal, midventral; phargruscular, glandular; esophagous
present; intestinal caeca 2, confluent posterigotwads, lacking diverticula. Genital pore
midventral near level of intestinal bifurcation. @&mls in tandem, intercaecal, testis post
ovary. Vas deferens looping left intestinal caecweminal vesicle a dilation of vas
deferens. Copulatory complex comprising tubularemapulatory organ with one or
more counterclockwise rings, and accessory pieeginA weakly sclerotized or non-
sclerotized. Haptor subhexagonal with dorsal andraéanchor/bar complexes. Seven
pairs of hook with ancerocephalinae distributidrsimilar size and shape. Bars V shaped
presenting or not constriction at mid point. Paessof the gills of Neotropical loricariid

fishes.

Type species: Demidospermus aBusiano, 1983 fronhoricariichthys anus
(Valenciennes, 1835).

Other species: Demidospermus paranaehsisari-Hoeinghaus, Bellay, Takemoto and
Pavanelli, 2010 fronhoricariichthys platymetopofsbricker and Nijssen, 1979;

Demidospermus rhinelepuas sp. fromRhinelepis asper&pix & Agassiz, 1829.

RemarksCurrently, there are 27 dactylogyrids from thesgdf Neotropical siluriforms
assigned toDemidospermus The hosts belong to the families Auchenipteridae,
Loricariidae, and Pimelodidae [@Pemidospermuwas described by Suriano [40] for a
dactylogyrid found in the gills df. anusfrom Argentina. Suriano [40] considered as the
main diagnosis feature of the genus the preseneraaipsulated sperm within the testis.
Gutiérrez and Suriano [41] added other characiesisb the genus, as well as more
species, and named the encapsulated sperm as gpekats. Kritsky and Gutiérrez [42]

amended the diagnosis BDemidospermuso include dactylogyrids from the gills of
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siluriforms that possess: tandem gonads (testitepos to ovary), counterclockwise
coiled male copulatory organ (MCO), vagina sinistnaptoral bars U, W or V shaped,
subspherical eyes granules, and a sheatlike acggseoe serving as guide for the MCO.
Kritsky and Gutiérrez [42] also disregarded thespree of sperm packets as a
characteristic to define the genus because theyaraways present or visible. Besides,
these authors considere@motheciumKritsky, Thatcher and Boeger, 1987 and
Paramphocleithrunsuriano and Incorvaia, 1995 as junior synonyni3erhidospermus
The second species described for a loricariid.iparanaensisn L. platymetoporirom
the Upper Parana river basin [43]. Mendoza-Palnetral. [4] is the first study that
assessed phylogenetic relationships of dactylogyfrom Neotropical siluriforms, and
included Demidospermus mortenthaleendoza-Palmero, Scholz, Mendoza-Franco,
Kuchta, 2012 and two allegedBemidospermuspecies named &emidospermusp.

11 and sp. 23, however, this study included dagtyids only from pimelodid hosts.
This current study included into the phylogenetialgses all the species used by
Mendoza-Palmero et al. [4] and two sequencé&eohidopermuspecies from loricariids
(see Table 1). The phylogenetic tree (Fig. 3) slibwth good support that the
Demidosdermuspp. from loricariid fishes cluster together, wiasréheDemidospermus
spp. from pimelodid cluster together, indicatingttthis genus is not natural due to this
paraphyly. However, given that the type species aesxribed in a loricariid host, the
species sequenced for this study from loricarittsres symapomorphies with the type
species, and the fact they clustered together, lenab propose that the true
Demidospermuspecies should be restricted to dactylogyrids titasent the above
mentioned morphological characteristics (see anndiegnosis) and belong to
loricariid hosts.

4.3.2. Morphological descriptions

Demidospermusrhinelepusn. sp. (Fig. 1)
Description (based on 7 specimens fixed in Hoyeegium and 8 stained with Gomori’'s
trichrome) Body fusiform 624 (443-742; n=8) long, greategitiv 117 (70-141; n=8)
at mid-length. Cephalic lobes poorly developed;ildtéral head organs; eyes absent.
Pharynx spherical, 41 (37-45; n=8) long, 42 (36-4%¥8) wide; esophagus short;
intestinal caeca confluent posterior to testis.uPetk broad; haptor subhexagonal, 66
(54-79; n=8) long, 82 (72-93; n=8) wide. Anchomikr in shape, each with poorly
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developed roots, presenting some fissures at the, Ishaft and point evenly curved at
level of superficial root; ventral anchor 28 (27:-887) long, base 19 (18-20; n=7) wide;
dorsal anchor 29 (28-30; n=7) long, base 20 (17/22) wide. Ventral bar V shaped,
constricted in the middle with a sclerotized patttached to the middle portion, becomes
broader in its extension, rounded ends, 62 (45A%0@) total length, distance between
ends 48 (32-56; n=7). Dorsal bar V shaped, artiedlan the middle in which the two
pieces are broader, tapering along its extensmmded ends, 61 (49-68; n=7) total
length, distance between ends 57 (38—62; n=7). slaokilar, 14 (13-14; n=7) long,
recurved point, erect thumb, slender shank, witindy) weakly sclerotized subunit at
base, FH loop about % of shank length. Male copojatrgan (MCO) slender, forming
about 1 ¥2 counterclockwise rings, 38 (32—47; neidy)] proximal ring diameter 26 (19—
32; n=7). Accessory piece 49 (46-52; n=7) longhviatoad ends and tapering in the
middle, flat rounded proximal end, distal end fald$¥oth sides, with folds extending to
the beginning of proximal end. Gonads in tandenagrp\retesticular. Testis 67 (n=1)
long, 40 (n=1) wide; seminal vesicle a dilationvaek deferens, with two conspicuous
dilations; prostatic reservoir not observed. Vafeams looping left intestinal caecum.
Ovary 134 (n=1) long, 43 (n=1) wide; oviduct, oatypnd uterus not observed. Vaginal
aperture sinistral, weakly sclerotized, spheribalp®d, with striations. Vitellaria densely

scattered throughout trunk, except around reprogeiorgans.

Taxonomic summary

Type host: Rhinelepis aspe®pix & Agassiz, 1829 (Siluriformes: Loricariidae)

Site of infestationGills.

Type locality:Aguapei River, municipality of Castilho (Parana &ibasin), Sdo Paulo
State, Brazil (213'36.20"S, 5345'38.58"W).

Representative DNA sequendeb42 bp long sequence of the D1-D3 region of the
IsrDNA of one specimen collected on Jan’%®2016 (Access. No. XXXX)
[paragenophore No. XXXX IPCAS].

Type specimengiolotype to be deposited at CHIOC; 8 paratypestddposited at
CHIBB; 3 to be deposited at CHIOC; 5 paratypesdaléposited at IPCAS.

Etymology:The specific name refers to the generic name didss species.
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Remarks

This species is the third species described inrigalioid, and differs from its
congeners by the presence of a sclerotized patabhat to the middle portion of the
ventral bar, whereas ID. anusandD. paranaensighis is absent, and ID. paranaensis
the ventral bar is articulated and constrictedsmiddle portion. The dorsal bar of the
species described herein is articulated (non datied inD. paranaensisand is broader
next to the articulation, whereas[n anusthe dorsal bar is constricted at the middle.
The cirrus oD. anusandD. paranaensigpresents only one coil, and the accessory piece
in both species is relatively small compared totthal length of the cirrus. The cirrus of
the species described herein presents 1% coilsharatcessory piece is bigger in length
than the cirrus and also present a very distingpsltompared to the congeners (broad
ends, and folded at sidef)emidospermus anusnd D. paranaensisdo not present
sclerotized vagina, whereas the described sperssts conspicuous, although weakly

sclerotized, sinistral vagina.

Paracosmetocleithrum n. gen.

Diagnosis Dactylogyridae, Ancyrocephalinae. Body divisiblgo cephalic region,
trunk, peduncle, and haptor. Tegument thin, smdd#iad organs, cephalic lobes present;
cephalic glands unicellular, comprising two bilalegroups, posterolateral to pharynx.
Eyes absent. Mouth subterminal, midventral; phammscular, glandular; esophagus
present; intestinal caeca 2, confluent postericesis, lacking diverticula. Gonads in
tandem, intercaecal; testis posterior to ovary.d&fsrens looping left intestinal caecum;
seminal vesicle a dilation of vas deferens; prastatservoir present. Copulatory
complex comprising non-articulated copulatory orgawl accessory piece; copulatory
organ counterclockwise coiled; accessory piecestmped with bifurcated distal end.
Common genital pore midventral, at level of inteatibifurcation. Seminal receptacle at
level of anterior margin of ovary; vagina dextrafn-sclerotized. Vitellaria present
throughout trunk, except in regions of reproductivgans. Haptor armed with two pairs
of anchors (dorsal and ventral), 14 hooks with amogphalinae distribution, ventral and
dorsal bars. Ventral bar presents a heavily scéiotornamentation in its middle
portion; dorsal presents a heavily sclerotizedtpatt surface of bar with inconspicuous
medial process and with the two submedial projestiaising from the tapered ends of

this patch. Parasite of the gills of Neotropicaladttd.
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Etymology:The generic name is a combination of the Greelosp#ra=resembling,
similar toand the Dactylogyridae genus na@esmetocleithrurKritsky, Thatcher and
Boeger, 1986, and it is due to its morphologicaéreblance and close phylogenetic
relationship with members @osmetocleithrungenus.

Type and only species: Pseudocosmetocleithrumyciriisn. sp. fromTrachydoras
paraguayensigEigemann & Ward, 1907) (Siluriformes: Doradidaelected at the
Aguapei River, municipality of Castilho (Parana &ibasin), Sdo Paulo State, Brazil
(21°3'36.20"S, 5345'38.58"W).

Remarks

Paracosmetocleithrunm. gen. resemble€osmetocleithrumregarding the internal
anatomy and the presence of two submedial projectom the dorsal bar. There are 10
dactylogyrids placed irCosmetocleithrungenus, from which eight are parasites of
doradids. Based on morphological features, it issgade to distinguish the monotypic
new genus fromCosmetocleithrumspp. by the presence of a heavily sclerotized
ornamentation in the middle portion of the venbral, and a heavily sclerotized patch on
the surface of the dorsal bar with inconspicuoudsliedeprocess and with the two
submedial projections arising from the tapered eridsis patchParacosmetocleithrum
n. gen. presents dextral vagina, which is descrésesinistral in the generic diagnosis of
Cosmetocleithrunby Kritsky et al. [5]. However, Mendoza-Franco kt[44] reported
the presence of a dextral vagina in the spe€@esmetocleithrum tortunMendoza-
Franco, Mendoza-Palmero, Scholz, 2016 from the didr&emadoras hemipeltis
(Eigenmann, 1925) from Peru. The results of thdqggnetic analyses gave support to
the erection of this new genus (Fig. 3) becausespleeies sequenced regarded herein as
Paracosmetocleithrum trachydorus sp. from the doradi@irachydoras paraguayensis
did not cluster together with any of the generalueghe analyses. This new genus still
presents an unclear relationship with the ge@ametocleithrunfrom doradids and
Demidospermus from loricariids. The  morphological resemblance  of
Paracosmetocleithrum. gen. with members @osmetocleithrunspp. can be the case
of a convergent evolution. Therefore, the preseidbe two submedial projection on

the dorsal bar is no longer a sole characteri$tiasmetocleithrum
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10 pm

10 ym

Fig. 1. (A—H) Demidospermus rhinelepuas sp. fromRhinelepis aspetaA — whole
mount (dorsal view). B — male copulatory organ (vanview). C — hook. D — ventral

anchor. E — vagina. F — dorsal anchor. G — vebaalH — dorsal bar.
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Paracosmetocleithrum trachydorus n. sp. (Fig. 2)

Description (based on 3 specimens fixed in GARegisens fixed in Hoyer's medium
and 8 stained with Gomori’'s trichromePBody fusiform 322 (209-399; n=6) long,
greatest width 78 (44-99; n=6) at mid-length. Céphlmbes poorly developed; 4
bilateral head organs; eyes absent. Pharynx sphe2i® (19-26; n=5) long, 22 (17-26;
n=5) wide; esophagus short; intestinal caeca cenflyposterior to testis. Peduncle
inconspicuous; haptor subhexagonal, 45 (29-63; nedy, 56 (44-65; n=4) wide.
Anchors similar in shape, shaft and point evenlywed extending beyond anchor base,
base with groove; ventral anchor 26 (25-28; n=8y)dase 18 (17-19; n=8) wide; dorsal
anchor 27 (25-28; n=8) long, base 17 (16-17; n=8ewwith superficial root more
developed than ventral anchor. Ventral bar boweshdbat ends, with heavily sclerotized
ornamentation in its middle portion (Fig. 2G), 81€48; n=8) long. Dorsal bar bowed,
broad at ends, with a heavily sclerotized patchsoriace of bar with inconspicuous
medial process and the two submedial projectiorse drom the tapered ends of this
patch (Fig. 2F), 40 (33-45; n=8) long. Hooks similEL (10-11; n=5) long, recurved
point, erect thumb, slender shank, FH loop abosg than 3% of shank length. MCO
slender, forming 1 incomplete counterclockwise rimgpad base, 63 (58—67; n=9) long,
proximal ring diameter 28 (22-32; n=9). Accessomcp 53 (47-61; n=8) long, rod
shaped with bifurcated distal end. Gonads in tanamary pretesticular. Testis 32 (n=1)
long, 18 (n=1) wide; seminal vesicle a dilatiorva$ deferens; prostatic reservoir present.
Vas deferens looping left intestinal caecum. O&&yn=1) long, 23 (n=1) wide; oviduct,
ootype, and uterus not observed. Seminal recepahtd®el of anterior margin of ovary;
vagina dextral, non-sclerotized. Vitellaria presgmbughout trunk, except in regions of

reproductive organs.

Taxonomic summary

Type host: Trachydoras paraguayen&syemann & Ward, 1907) (Siluriformes:
Doradidae)

Site of infestationGills.

Type locality:Aguapei River, municipality of Castilho (Parana &ibasin), Sado Paulo
State, Brazil (213'36.20"S, 5345'38.58"W).
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Representative DNA sequendeb47 bp long sequence of the D1-D3 region of the
IsrDNA of one specimen collected on Jan'23016 (Access. No. XXXX)
[paragenophore No. XXXX IPCAS].

Type specimengiolotype to be deposited at CHIOC; 7 paratypestddposited at
CHIBB; 3 to be deposited at CHIOC; 4 paratypesdaléposited at IPCAS.

Etymology:The specific name refers to the generic name didass species.
Remarks

Paracosmetocleithrum trachydoras sp. is the type and only known species of

Paracosmetocleithrum. gen.
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10 um

10 pm

Fig. 2. (A—G) Paracosmetocleithrum trachydoras sp. fromTrachydoras
paraguayensisA — whole mount (dorsal view). B — ventral anchor- male
copulatory organ (ventral view). D — dorsal anclior hook. F — dorsal bar. G —

ventral bar.

10 pm
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4.3.3. Phylogenetic relationships

Thirteen new sequences of the 28S rDNA fragmentl®fspecies of qill
monogeneans from Neotropical catfishes were gesrét526—-1575 bp) (Table 1).
Analyses of datasets 1 and 2 (see Materials anchddst above) yielded similar
topologies and for each of the dataset the Bl amhdaMalyses produced phylogenetic
trees with mostly congruent branching topology anpport values. Figure 3 shows the
phylogenetic tree obtained using dataset 1. Théogknetic trees depicted three main
clades (A, B and C) with strong support, comprisgpgcies of the Dactylogyridae.

Clade A (Fig. 3) includes species of Neotropicattgllogyrids of the genera
Ameloblastell&Kritsky, Mendoza-Franco, Scholz, 200@eteropriapuluritsky, 2007,
Unibarra Suriano and Incorvaia, 1999)nilatus Mizelle & Kritsky, 1967, and
VancleaveusKritsky, Thatcher and Boeger, 1986, species of Meartic genera
ActinocleidusMueller, 1937 Ligictaluridus Beverly-Burton, 1984, an@®nchocleidus
Mueller, 1936and two species @&ncyrocephalufrom the Palaearctic Region. Clade B
comprises only monogeneans from siluriform fishath species of the genera of the
Ancylodiscoidinae, namelgychowskyelldichmerow, 1952ChauhanelluB8ychowsky
and Nagibina, 1969 QuadriacanthusPaperna, 1961SchilbetremaPaperna and
Thurston, 1968Thaparocleiduslain, 1952 and the unidentified species Dactyloiggi
gen. sp. 4, and Neotropical dactylogyrids Aphanoblastella Cosmetocleithrum
DemidospermysParacosmetocleithrunm. gen., unidentified species Dactylogyridae
gen. sp. 9, 10, 12, 13, 18, and 26 of Mendoza-Ralmieal. [4], and newly sequenced
specimens of Dactylogyridae gen. sp. 1, 2, andl&deCC contains monogeneans of
marine and freshwater anguilliform, cypriniform, giiform, scorpaeniform, and
perciform fishes with cosmopolitan distribution dreging toAliatrema Plaisance and
Kritsky, 2004, Ancyrocephalus Bravohollisia Bychowsky and Nagibina, 1970,
CichidogyrusPaperna, 196@actylogyrusDiesing, 1850Ergenstremaaperna, 1964,
EuryhaliotremaKritsky and Boeger, 200Euryhaliotrematoide®laisance and Kritsky,
2004,HaliotremaJohnston and Tiegs, 192BaliotrematoideKritsky, Yang and Sun,
2009, Ligophorus Euzet and Suriano, 1977Metahaliotrema Yamaguti, 1953,
ParasciadicleithrumProtogyrodactyluslohnston and Tiegs, 1922seudodactylogyrus
Gusev, 1965Pseudohaliotrem&amaguti, 1953SciadicleithrunKritsky, Thatcher and
Boeger, 1989,ScutogyrusPariselle and Euzet, 1995, afd@trancistrumGoto and
Kikuchi, 1917.
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4.3.4. Phylogenetic relationships among dactyladg/from Neotropical siluriforms

The phylogenetic tree resulting from the analy$ihe most inclusive dataset (3,
not shown) was congruent with that inferred fromalgses of dataset 1 and 2, revealing
the relationships described above. The datasetlaniter sequences (1400 bp) did not
improve the number of resolved nodes in the tree.

The newly sequenced species from Neotropical fum fishes appeared in
clades A and B (Fig. 3). Clade A is composed frarm subclades, one exclusively with
Neotropical species in which species Ameloblastellaare sister toVancleaveus
januacaensiKritsky, Thatcher and Boeger, 1986 ddibarra paranoplatensiSuriano
and Incorvaia, 1995. These dactylogyrids occur amadid, heptapterid, and pimelodid
catfishes. The other subclade within clade A cosgmriNeotropical monogeneans from
siluriforms and Neartic and Palaearctic specieslaiftylogyrids from siluriform and
perciform fishesUnilatus unilatusMizelle and Kritsky, 196 Appeared as a sister taxon
to all three species of monophyletieteropriapulusall species parasitizing Neotropical
loricariids. Within Clade B, Aphanoblastella(3 species, 1 newly sequenced),
Cosmetocleithrun2/1), andThaparocleidug5/0) appeared monophyletic. Two species
of Demidospermy®emidospermusortenthaleriandDemidospermusf. paranaensis
did not cluster together, the latter species bsigtgr taxa tddemidospermuspp. (both
found on loricariid fishes) in a large clade inchglParacosmetocleitrhum. gen., n. sp.
from a doradid catfish an@osmetocleithrunspp. also from doradids. In contraBt,
mortenthaleriappears within a clade formed by Dactylogyridae gep., sister group to
a clade of unidentifiedemidospermuspp., all from pimelodid catfishes. The species
identified adDemidospermusp. 11 and 23 by Mendoza-Palmero et al. [4] froensidlime
host —Brachyplatystoma vaillanti{Valenciennes, 1840), appeared as sister speuiks a
clustered together with Dactylogyridae gen. sm®26 (sister species) that are also from
the same host Platynematichthys notatu@lardine, 1841), all with strong support.
Demidospermus mortenthaleand Dactylogyridae gen. sp. 23 appear as sisteiesye
but with low support. The following pairs of uniddéied taxa for well supported lineages
are: Dactylogyridae gen. sp. 10 froflatynematichthys notatusind 13 from
Hypophthalmus edentat&pix and Agassiz, 1829, Dactylogyridae gen. spcbl2® from
Sorubim lima(Bloch and Schneider, 1801), and Dactylogyridae genl and 2 from
Hemisorubim platyrhynchg¥alenciennes, 1840) (all Pimelodidae).
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Fig. 3. Molecular phylogeny of the Dactylogyridae usingt@drsequences of the 28S
rDNA gene. Species newly sequenced for this studyirablue. Species belonging to
Monocotylidae, Tetraonchidae, Pseudomurraytrematidad Diplectanidae were used
as outgroups. GenBank sequence ID precedes species Posterior probabilities and
Maximum Likelihood bootstrap supports are given \abdhe branches (posterior
probability <0.90 and bootstrap values <60 areshotvn).
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4.3.5. Genetic divergence

Genetic divergence between species ranged fromtd.80.7%, whereas
intergeneric divergence was 13.6—34.9. Geneticrderece at the intergeneric level was
23.3-23.5% betweebnibarra and Vancleaveus24.1-26.8% betweeAmeloblastella
and Unibarra and 22.5-27.5% betweeAimeloblastellaand Vancleaveus Between
Unilatus andHeteropriapulusthe divergence was from 13.6 to 14.2%. The divergen
between the two species ©@bsmetocleithrurandParacosmetocleithrum. gen. ranged
from 33.7to 34.9%.DemidospermuandParacosmetocleithrum. gen. ranged from to
27.2 to 29.3%.Demidospermusnd Cosmetocleithrunranged from 27.9 to 33.9%.
Interspecific divergence iAmeloblastellaanged from 6.1 to 22.3%, the lowest between
Ameloblastellasp. 23 andA. edentensiswhile the highest betweekmeloblastellasp.
and A. chavarriai Among species ofeteropriapulusgenetic divergence was 1.4 to
2.9%. Thaparocleidusspp. showed a wide divergence range from 1.6 t@%80the
lowest betweenThaparocleidus siluri(Zandt, 1924) andrhaparocleidus vistulensis
(Siwak, 1932) whileThaparocleidus asot(Yamaguti, 1937) andlhaparocleidus
campylopterocirrugZeng, 1988) showed the highest. Amdngsoti T. vistulensisand
T. siluri divergence ranged between 6.1 to 6.5%, typicairfearspecific level, while
Thaparocleidusp. andT. campylopterocirrusvere most divergent (20.4-30.2%), these
values are comparable to the differences found grgenera. Such range of divergence
values can be noticed in the length of their brasan the phylogenetic trees (Fig. 3).
Aphanoblastellaspp. showed genetic divergence among them fronmd8¥6.9%, the
lowest value betweeA. aurorae and Aphanoblastellasp. 3, while the highest was
betweenA. chagresiiand Aphanoblastellasp. 3.Demidospermusf. paranaensisand
Demidospermus rhinelepus sp. diverged 12.1% whil@emidospermusp. 11 and 23
showed a divergence of 3.2#emidospermus mortenthalemd Dactyogyridae gen. sp.
23 diverged 13.5%. However, the allededmidospermuspecies that did not cluster
together (Fig. 3), as if they belonged to differgahera, showed divergence ranging from
19.8 to 28.2%, the lowest divergence was found éetwD. mortenthaleri and
Demidospermusp. 23, while the highest was betwd&samidospermusp. 11 and. cf.
paranaensisThe other pairs of sister taxa in the same cihdeved genetic distances of:
Dactylogyridae gen. sp. 10 and 13 of 16.1%; Dagiyialae gen. sp. 5 and 12 of 3.5%
and Dactylogyridae 1 and 2 of 8.3%. Genetic divecgebetween the sequencesvof
januacaensigrom the Peruvian Amazon and from the Upper PaRimar was 0.1%, a

transition from T to C in one out of 823 bp comphre
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4.4. Discussion

Mendoza-Palmero et al. [4] showed that monogenegasasitizing
phylogenetically closely related catfishes wereoveced as phylogenetically distant in
their analyses. The same could be observed istinily, in which two other genera from
Neotropical catfishes,Unilatus and Heteropriapulus (exclusively to loricariids),
clustered in clade A (Fig. 3) with dactylogyriderin percifoms with Holartic distribution.

This study also recovered members of Ancylodiso@idiamong members of
Ancyrocephalinae (clade B, Fig. 3), and showeceardeparation between monogeneans
infecting siluriforms and monogeneans from angaitifs, cypriniforms, mugiliforms,
scorpaeniforms, and perciforms (clade C, Fig. 8)jmmMendoza-Palmero et al. [4].
However, this current study could recover supparthie two clades (B and C, Fig. 3),
which did not occur in Mendoza-Palmero et al. [dhas been suggested in the past by
Gussev [45] and Lim et al. [46] that parasitesaifishes could represent an independent
group within the Dactylogyridae, but the fact thaire genera of Neotropical siluriforms
grouped with dactylogyrids from percifoms with Haia distribution raises the need of
more studies to better explore that suggestion.

As mentioned above, delimitation of genera and rtrdfferentiation is
problematic, especially because of shortage of mymarphies that would define
unequivocally individual genera and lack of molecullata to characterize individual
taxa that should represent monophyletic lineagesclosely related species. The
phylogenetic analyses of this study showed thatd€l8 (Fig. 3) separated the
dactylogyrids belonging to the Ancylodiscoidinaed atactylogyrids from Neotropical
siluriforms. For this last clade, the monophylyAghanoblastelldrom heptapterids is
confirmed, as evidenced by Mendoza-Palmero etthlClosmetocleithruns recovered
as monophyletic, however, more species of the gehaosld be sequenced to give more
support to its monophyly.

The phylogenetic position &faracosmetocleithrum. gen., n. sp. shows a close
relationship withCosmetocleithrunand DemidospermusKritsky and Gutiérrez [42]
address the morphological similarity betwegasmetocleithrunand Demidospermus
pointing that the only difference is the lack o tivo submedial projections of the dorsal
bar in Demidospermus The morphological synapomorphies shared by
CosmetocleithrupDemidospermusand Paracosmetocleithrum. gen. might represent

a case of convergent evolution. The presence ofvibesubmedial projections of the
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dorsal bar inCosmetocleithrunand Paracosmetocleithrum. gen. can be considered a
homoplastic character. Morphological evolution dfe t haptor should exhibit a
homoplastic pattern, suggesting that monogeneatls the same haptor type are
phylogenetically related and tend to use phylogeaky and ecologically related hosts
[47].

A diagnosis amendment of the dactylogyrid geDesnidospermugwith a new
species description) is proposed based on thdam$aof its members showed by the
phylogenetic analyses (Fig. 3). Wide host range dogenus is not common for
monogeneans [48]. Species Démidospermusave been recorded in auchenipterids,
loricariids, and pimelodids [6] and former phylogén analyses of species of this genus
have already showed that its classification ismagtral [4]. Therefore, we propose in
this study thaDemidospermushall be limited to the species infecting lorighfishes
based on analogy with type species and phylogeregidts (refer back to the remarks
of the genus above).

The last subclade of clade B clustered only dagtyids from pimelodid hosts
(Fig. 3). Based on this result, on the phylogeneiationships among these species, and
on the fact that this subclade includedmortenthaleriand Demidospermusp. 11 and
23 (the three of them not clustering togethery, itecessary further studies to investigate
the generic assignment of these unidentified tdXactylogyridae gen. spp.) and a
morphological revision (and phylogenetic, if possjbof Demidospermuspp. from
pimelodid hosts.

The addition of 13 new 28S rDNA sequences of dagtyids from poorly
represented host groups of Neotropical siluriform® a big phylogeny of many
members of dactylogyrids with wide distributionpdained with morphological analyses
of the putatively new species, enabled to add s@®s@ution to the assessment of their
interrelationships, to amend the diagnosi®emidospermuygo describe a new species
of Demidospermysand to erect a new dactylogyrid genus from a didrzatfish.
However, future studies addressing morphology armdecnlar phylogeny are still

necessary to help circumscription of monophyleiaces within the Dactylogyridae.
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A synoptic review of Heteropriapulus spp.
(Monogenea: Dactylogyridae) from loricariid
catfishes in South America including description
of five new species and first molecular phylogeny



5. A synoptic review ofHeteropriapulus spp. (Monogenea: Dactylogyridae) from
loricariid catfishes in South America including desription of five new species and

first molecular phylogeny!

Abstract

The genudieteropriapuluKritsky, 2007 which originally included only two sgies of
gill parasites of loricariid catfishes, is reviewadd five newly described species from
loricariids in the Parana River basin in Brazil added. Diagnosis of the genus is
amended and a key to the species identificationpnsvided. Heteropriapulus
anchoradiatusn. sp. from Pterygoplichthys ambrosettiHolmberg) differs from its
congeners by having a long sclerotized vagina, raerinchors with short shaft and
conspicuous superficial root, and a conspicuousraibdst medial process on the dorsal
bar; H. bitomusn. sp.from the same fish host differs by the presencewof pairs of
sclerotized basal patch associated with the veminahors;H. microcleithrusn. sp.
from P. ambrosettiidiffers by the absence of a sclerotized patch cawm with the
ventral anchor and small length of the dorsal barpterygoplichthyin. sp. from the
same host presents a unique shape of the longanisul the accessory piece of the
male copulatory organ, which is represented by ‘siokles’ jointed by the base; and
H. semitortus. sp.from Rhinelepis asper&pix & Agassiz can be distinguished by the
accessory piece composed of a single straightamdta cirrus tube with the highest
number of spiral rings at the proximal end (2¥z)stEmolecular data (partial sequences
of the 28S rRNA gene) are provided for three taxeluiding the type specied.
heterotylus(Jogunoori, Kritsky & Venkatanarasaiah, 2004pilatus unilatusMizelle

& Kritsky, 1967 from loricariid catfishes in the Bigopical Region is a sister taxon to
the clade with all 3 species dfleteropriapulus thus indicating relatedness of
monogeneans of these 2 genera specific to thedrodae.

Key-words: Heteropriapulus heterotylydHeteropriapulus simplexHeteropriapulus
anchoradiatusn. sp, Heteropriapulus bitomus. sp, Heteropriapulus microcleithrus
n. sp, Heteropriapulus pterygoplichthym. sp, Heteropriapulus semitortus. sp,

Upper Parana River, Neotropical region

! Manuscript submitted to the journal Zootaxa.
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5.1. Introduction

Suckermouth armored catfishes are the most diepggroximately 800 known
species) and widespread members of siluriform $ishkstributed throughout South
America, with the northernmost reach up to CostaRiLujanet al, 2015). Most of the
species are freshwater, with only a few marine estdarine taxa. Even though some
loricariids are largely distributed in South Amexiamany species are endemic with
restricted geographic ranges, being known only ftbe original site in which they
were discovered (Burguess, 1989). The limited kedgé of the biological aspects and
biogeographic patterns of distribution, and highrphological variability of loricariid
catfishes make their studies difficult (Reisal, 1990; Zawadzket al, 2002), which
concerns also their parasites such as gill mon@ayenéDactylogyridae) (Cohen &
Kohn, 2008).

To date, only 16 species of four dactylogyrid ganeave been reported from
loricariid catfishes in the Neotropical region, relynDemidospermuSuriano, 1983 (2
spp.), Unilatus Mizelle & Kritsky, 1967 (7 spp.),Trinigyrus Hanek, Molnar &
Fernando, 1974 (4 spp.), akteteropriapulusKritsky, 2007 (2 spp.) (Table 1). The
latter genus was erected by Kritsky (2007) to repheterotylusJogunoori, Kritsky &
Venkatanarasaiah, 2004, which appeared to be amomaof HeterotylusKirsch in
Reitter, 1913 (Coleoptera: Curculionidae). In addit to the type species,
Heteropriapulus heterotylu€logunoori, Kritsky & Venkatanarasaiah, 2004), frtm
gills of Hypostomusp. from aquaria in Hyderabad and Secunderaba (ddgunoori
et al, 2004), the genus contains omgteropriapulus simpleki & Huang, 2012from
Hypostomus plecostomijsinnaeus)introduced to China from South America (Li &
Huang, 2012).

As part of a long-term study on the fish parastésiluriform fishes in the
Aguapei River, Upper Parana River in southern Braactylogyrid monogeneans
resembling those dfleteropriapuluswvere found on the gills of two loricariid catfishes
These specimens are described as five new spdctas @enus in the present paper
and the diagnosis dfleteropriapulusis amended. In addition, first molecular data on
species ofHeteropriapulusare provided and a key to the identification of sdven

nominal species of the genus is presented.
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TABLE 1. List of monogeneans found on loricariid catfishestihe Neotropical

Region.
Species Host Reference Country
Dactylogyridae Bychowsky,
1933

Demidospermus anusSuriano,
1983

Demidospermus
Ferrari-Hoeinghaus,
Takemoto & Pavanelli, 2010

Heteropriapulus
(Jogunoori, Kritsky
Venkatanarasaiah, 2004)

Heteropriapulus simplexti &
Huang, 2012

Heteropriapulussp.

Trinigyrus acuminatusKritsky,
Boeger & Thatcher, 1986

Trinigyrus hypostomatisianek,
Molnar & Fernando, 1974

Trinigyrus mourei Boeger &
Belmont-Jégu, 1994

Trinigyrus tentaculoideKritsky,
Boeger & Thatcher, 1986

*Loricariichthys anus
(Valenciennes)

Loricariichthys platymetopon
Isbriicker & Nijssen

paranaensig Loricariichthys platymetopon
Bellay,Isbricker & Nijssen

heterotylusPterygoplichthys disjunctivus
& (Weber)

Pterygoplichthys pardalis
(Castelnau)

Hypostomus plecostomus
(Linnaeus)

*Hypostomusp.

*Hypostomus plecostomus
(Linnaeus)

Pterygoplichthys pardalis
* Acanthicus hystriXAgassiz

Hypostomus affinis
(Steindachner)

*Hypostomus robinii
Valenciennes

*Squaliforma emarginata
(Valenciennes)

*Hypoptopoma thoracathum
Gulnther

Unilatus annoculugPrice, 1968) Hypostomus bolivianus

Unilatus brittani Mizelle,

Kritsky & Crane, 1968

Unilatus
1985

dissimilis Suriano,

(Pearson)
Hypostomusp.

*Plecostomusp.

Pterygoplichthys anisitsi
Eigmann & Kennedy

Pterygoplichthys multiradiatus
(Hancock)

*Hemiancistrusp.

[1]
[2]
[3]

[41, [5],
[6]

5], [6]
[7]

[8]
[7]

[9, 10]
[11]

[12]
[13]
[14], [15]
[11]
[16]
[17]

[17]
[18]

[19]

[19]

Argentina
Brazil

Brazil

Japan,
Mexico

Mexico
China

India
China

Brazil
Brazil

Brazil
Trinidad
Brazil
Brazil
Bolivia

Brazil

Brazil
Peru

Brazil

Brazil
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TABLE 1. Continued.

Species Host Reference Country
Unilatus irae Branches & *Leporacanthicus galaxias [20] Brazil
Domingues, 2014 Isbriicker & Nijssen
Unilatus scaphirhynchae * Dekeyseria scaphirhyncha [21] Brazil
Suriano, 1985 (Kner)
Unilatus unilatus Mizelle & Hypostomus iheringiiRegan) [21] Brazil
Kritsky, 1967
Hypostomus regarglhering) [21] Brazil
Hypostomus robinii [22] Trinidad
Valenciennes
Hypostomus strigaticeps [21] Brazil
(Regan)
*Plecostomusp. [23] Brazil
Pterygoplichthys anisitsi [18] Peru
Pterygoplichthys multiradiatus [19] Brazil
Unilatussp. Pterygoplichthys pardalis [9] Brazil

(*) type host. [1] Suriano (1983); [2] Cohen & KoliR008); [3] Ferrari-Hoeinghaust al. (2010); [4]
Nitta & Nagasawa (2013); [5] Rodriguez-Santiag@l (2015); [6] Rodriguez-Santiagd al (2016); [7]
Li & Huang (2012); [8] Jogunoorét al (2004); [9] Portoet al. (2012); [10] Mendoza-Francet al

(2012); [11] Kritskyet al (1986a); [12] Azevedet al. (2010); [13] Hanelet al (1974); [14] Boeger &
Belmont-Jégu (1994); [15] Gongalves al (2014); [16] Price (1968); [17] Mizellet al (1968); [18]
Mendoza-Palmeret al (2012); [19] Suriano (1985); [20] Branches andhidmgues (2014); [21] Zicat

al. (2012); [22] Molnaret al. (1974); [23] Mizelle and Kritsky (1967b).

5.2. Materials and Methods

5.2.1. Sampling

Pterygoplichthys ambroset{iHolmberg)andRhinelepis asper&pix & Agassiz
were collected in the mouth of the Aguapei Riverjtautary of the Paran& River, from
August 2013 to November 2014. Fishes were captusad) gill nets and multifilament
cast nets, frozen after capture and taken to therddory to perform parasitological
survey. The gills were removed and checked for geneans under stereomicroscope.
Monogeneans were isolated from the gills and sgmeeisiens found were mounted on
slides with Hoyer's and Grey and Wess’ medium (Hsoma 1979; Kritskyet al.,
1986b) to study sclerotized structures; some spawnwere stained with Gomori’s

trichrome to study internal organs. The parasitesrewstudied using V3 Leica
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Application Suite computerized system for imagelysia with differential interference
contrast and an Olympus BX51 microscope equippeith whase contrast optics.
lllustrations were made with the aid of a drawinfe (camera lucida) mounted on a
Leica DMLS microscope.

Measurements were taken according to Gussev (188$Rehulkovaet al
(2013) for descriptions (see Fig. 1), and MizelleK&icka (1953) and Kritskyet al
(1985) for comparisons (see Table 2); they areicrameters as the range followed by
mean and number of measurements in parentheses. térh@nology for the
components of the haptor follows that of Mizellek&itsky (1967a) and Kritsky &
Mizelle (1968); hooks are numbered according todiiéz(1936).

Type and voucher specimens are deposited in theiHiglological Collection
of the Institute Oswaldo Cruz, Rio de Janeiro, Bré2HIOC), the Helminthological
Collection of the Instituto de Biociéncias, Unividexde Estadual Paulista, Botucatu,
Brazil (CHIBB), and the Helminthological Collectiaf the Institute of Parasitology,
Biology Centre of the Czech Academy of Sciendésské Budpvice (IPCAS), as
indicated in the following descriptions. The holstydeposited in the U. S. National
Parasite Collection (USNPC 93651; currently atSh@thsonian’s National Museum of
Natural History, Washington, D.C., USA) and fourrgigpes ofH. heterotylus
deposited at the Natural History Museum, London, (BKINH 2003.9.4.4-12: 19, 23,
24 and 26) were examined. Scientific names of tdsdifollow Froese & Pauly (2016).

5.2.2. DNA extraction, amplification and sequencing

The specimens used for molecular analyses wereglac a slide with a drop
of water, covered with a coverslip, identified undbe microscope based on their
morphology and then placed into 96% molecular-gratdeanol. Some allegedly
conspecific specimens (paragenophores — see Rieigt] 2008 for terminology) were
fixed with glycerin ammonium picrate (GAP) and mtedthas permanent preparations
with Canada’s balsam following Ergens (1969) angodded at IPCAS. Genomic
DNA was extracted using 200 ul of a 5% suspensfddhelex in deionized water and
2 ul of proteinase K, followed by overnight incubatat 56°C, boiling at 90°C for 8
minutes and centrifugation at 14,000 rpm for 10utes.

Polymerase chain reactions (PCR) were made inl 2@ ggaction mixture with
3 ul of extraction supernatant, 10 pl of 2x MyFMix (Bioline, CITY, USA), and 1.6
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ul of each PCR primer. Partial 28S rDNA (D1-D3 o#gi was amplified using the
primers U178 (5GCA CCC GCT GAA YTT AAG-3) and L1642 (5CCA GCG CCA
TCC ATT TTC A-3) (Lockyer et al, 2003). The thermocycling profile used was:
denaturation of DNA (95°C for 3 min); 35 cyclesashplification (94°C for 30 s, 56°C
for 30 s and 72°C for 1.5 min) and 4 min extendioid at 72°C. PCR products were
run on 1% agarose gel using gel red and loadineebuPCR products were purified
prior to sequencing using exonuclease | and shratkpline phosphatase enzymes
(Werle et al, 1994). Amplicons were Sanger sequenced at GAieéh (Konstanz,
Germany) using the PCR primers and the internalmgns 900F (5'-
CCGTCTTGAAACACGGACCAAG-3) (Olson et al, 2003), 300R (5-
CAACTTTCCCTCACGGTACTTG-3’) (Lockyer et al, 2003); L1200R (5
GCATAGTTCACCATCTTTCGG-3 and ECD2 (5-
CCTTGGTCCGTGTTTCAAGACGGG) (Littlewoodet al, 2000). Contiguous
sequences were assembled using Geneious versiothtp&/www.geneious.com/;
Kearseet al, 2012).

5.2.3. Alignment and phylogenetic analyses

Four newly generated sequences of partial 28S rNA-D3 region) were
aligned with eight sequences of species belongintheé family Dactylogyridae (six
from the Neotropical region and two from the Palega region), and sequences of
three species of the families Pseudomurraytrematahal Diplectanidae retrieved from
Genbank, which served as outgroups based on tlaéotppof the phylogenetic tree of
Neotropical dactylogyrids from catfishes in Menddézaimeroet al. (2015) (see Table
3 for accession numbers, host species and origiseglienced taxa); the E-INS-i
algorithm of the program MAFFT (Katoh & Standle¥)13) implemented in Geneious
was used. A preliminary analysis of new sequendés tvose of the three clades of
Mendoza-Palmeroet al (2015) showed that the sequences of the spedes o
Heteropriapulusand U. unilatus clustered together with those of taxa belonging to
Clade A, which includes freshwater ancyrocephalofesiluriform and perciform hosts
with Holartic and Neotropical distribution (analysh). Thereafter, a more specific
phylogenetic analysis was performed only with s@pecies belonging to that clade
(analysis B). The alignment was trimmed and refitigdeye prior to phylogenetic

analyses, resulting in 1,181 nucleotide positions.
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Phylogenetic reconstructions were performed witlgeB&n inference (Bl) and
Maximum likelihood (ML) criteria, based on GTR+G de of sequence evolution,
using MrBayes ver. 3.2.6 (Huelsenbeck & Ronqui®i1d and PhyML (Guindon &
Gascuel, 2003) plugins in Geneious. The model a@iuon was chosen using the
Akaike Information Criterion (AIC) in PAUP* ver.44Y (Swofford, 2002). ML nodes
were estimated by 100 bootstrap replicates. Bl ysmalwas run for 5,000,000
generations and sampled every 1,000 generatioresbiiin-in was defined as the point
at which the average standard deviation of spditjfiencies was < 0.01. Phylogenetic

trees were edited in FigTree v1.3.1 (Rambaut 2009).

FIGURE 1. Scheme of measurements for the sclerotized stagctof the haptor and
reproductive organs d¢ieteropriapulusspp.: 1 — anchor total length; 2 — anchor length
to notch; 3 — superficial root length (in ventrakthors ofHeteropriapulusspp. without
basal roots; this measurement represents the Vamichor base width); 4 — deep root
length; 5 — point length; 6 — hook length; 7 — vahbar length; 8 — ventral bar width; 9
— ventral bar height; 10 — dorsal bar length; 1dorsal bar width; 12 — dorsal bar
height; 13 — width of medial process of dorsal Ha¥;— accessory piece length; 15 —
total curve length of MCO; 16 — vagina length; 1¥agina total curve length; 18 —
vagina opening length; 19 — vagina opening width:-2gg length; 21 — egg width.
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5.3. Results

5.3.1. A synoptic review of speciestdéteropriapulusKritsky, 2007

Heteropriapulus heterotylus (Jogunoori, Kritsky & Venkatanarasaiah, 2004) Keyts

2007
Syn.Heterotylus heterotylu¥ogunoori, Kritsky & Venkatanarasaiah, 2004
(Fig. 2)

Material studied: holotype (USNPC 93651) and 4 paratypes (BMNH
2003.9.4.4-12, 19, 23, 24 and 26); 10 specimens frverygoplichthys ambrosettii
from the Aguapei River (hosts numbers 9, 11, anddllgcted in August 2013; 3, 7, 8,
11, and 15 collected in January 2014 and 11 celtect November 2014): 6 vouchers
in CHIBB (Coll. No. XXXX) and 4 vouchers in IPCASIEXXXX).

Type host:Hypostomusp. (Siluriformes: Loricariidae).

Type locality: Aquaria in Hyderabad and Secunderabad, India (fests were
imported via the aquarium trade).

Additional hosts: Hypostomus plecostomuterygoplichthys ambrosetiinew
host record),P. disjunctivus(Weber) andP. pardalis (Castelnau) (all Siluriformes:
Loricariidae).

Site of infection: Gills.

Distribution: India (introduced), Brazil (new geographical reconthost
probably the original distribution area), Chinatr@uced), Mexico (introduced).

Representative DNA sequencel,575 bp long sequence of the D1-D3 region
of the IsrDNA of specimen fromP. ambrosettiicollected on 23 November 2015
(GenBank Accession No. XXXX).

Remarks.  Heteropriapulus heterotylus (Jogunoori, Kritsky &
Venkatanarasaiah, 2004) was described@srotylus heterotylus see Kritsky, 2007)
from the gills of Hypostomussp. imported to the aquaria in India (Jogunaairial,
2004). The species was also foundHarplecostomusmported to China (Li & Huang,
2012), P. disjunctivusimported to Japan (Nitta & Nagasawa, 2013), anvasiveP.
pardalis and P. disjunctivusin Mexico (Rodriguez-Santiaget al, 2015, 2016).
Specimens found oR. ambrosettifrom Brazil were identified abl. heterotylusand

their identification was confirmed by comparisonttwholotype and paratypes of.
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heterotylus Nevertheless, slight difference was found betwessme of the
measurements of the new material from Brazil arasehin the original description,
especially in greater size of the present specinfses Table 2). The cirrus of the
Brazilian specimens present 1% counterclockwiseakpngs next to the rounded base,
whereas the male copulatory organ of specimens fype host present inconspicuous
proximal bend, according to Jogunoertial (2004).

In the present study, the first molecular datadoheterotylusare provided (Fig.
9), a new fish host is added (third specie®wrygoplichthysGill and the distribution
area ofH. heterotyluss enlarged to include the original distributioearof the species

(all previous records were from introduced fishteps

10 um

10 um

FIGURE 2. (A—H) Sclerotized structures ddeteropriapulus heterotylugJogunoori,
Kritsky & Venkatanarasaiah, 2004) frofterygoplichthys ambrosettiHolmberg)
from the Upper Parana River, Brazil. A — ventratl@r. B — dorsal anchor. C — male

copulatory complex. D — vagina. E — hook. F — &gg- dorsal bar. H — ventral bar.
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Heteropriapulus simplex Li & Huang, 2012
(Fig. 3)

Specimens studied10 specimens frorPterygoplichthys ambrosettifom the
Aguapei River (hosts numbers 3, 8, and 7 colleatedanuary 2014 and 17 and 20
collected in November 2014): 5 vouchers in CHIBB(§X) and 5 vouchers in IPCAS
(M- XXXX).

Type host: Hypostomus plecostom(isnnaeus) (Siluriformes: Loricariidae).

Additional host: Pterygoplichthys ambrosetti(Holmberg) (Siluriformes:
Loricariidae) (new host record).

Site of infection: Gills.

Type locality: Guangzhou, China.

Distribution: China (imported), Brazil (new geographical recoptpbably
original distribution area).

Representative DNA sequencel,575 bp long sequence of the D1-D3 region
of the IsrDNA of specimen fromP. ambrosettii collected on 22 January 2016
(GenBank Accession No. XXXX).

Remarks. Heteropriapulus simplexwas described fromH. plecostomus
introduced to China from South America (Li & Huarg§12). Specimens found
ambrosettiidiffer only slightly, especially in their somewhgtteater size and a thicker
dorsal connecting bar, from specimens described B/Huang (2012) from type host
(Table 2). The present study provides a new host geographical record faH.
simplex which is reported from the probable original digition area, i.e. Neotropical

Region, for the first time.
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FIGURE 3. (A—F) Sclerotized structures bleteropriapulus simpleki & Huang, 2012
from Pterygoplichthys ambroset{iHolmberg) from the Upper Parana River, Brazil. A
— ventral anchor. B — dorsal anchor. C — male apwy complex. D — hook. E — dorsal

bar. F — ventral bar.

183



TABLE 2. Measurements (in micrometers; expressed as ratigeved by mean and
number of specimens in parentheses) of the alreddgcribed species of
Heteropriapulusfrom this study and from Jogunoaet al (2004) and Li & Huang
(2012).

Parasite H. heterotylus H. heterotylus* H. simplex H. simplex¥
Host P. ambrosettii Hypostomusp. P. ambrosettii H plecostomus

Body length 302-416 143-230 178584 132221
(355; n=12) (181; n=13) (344; n=10)

Body width 47106 43-77 60-128 29-103
(67; n=12) (58; n=17) (79; n=10)

Haptor length 3868 4769 32-85 -
(52; n=12) (57; n=9) (57; n=10)

Haptor width 88-111 58-71 54-118 -
(99; n=12) (64; n=12) (91; n=10)

Ventral anchor 25-34 3441 24-31 27-37

length (29; n=12) (39; n=11) (26; n=10)

Ventral anchor 11-14 9-12 12-15 -

width (12; n=12) (10; n=11) (13; n=10)

Dorsal anchor 21-28 18-21 21-25 15-20

length (23; n=12) (20; n=9) (23; n=10)

Dorsal anchor 8-12 6-9 12-16 12-16

width (10; n=12) (8; n=9) (13; n=10)

Ventral bar 68-84 4047 50-74 48-58

length (74; n=11) (44; n=10) (63; n=10)

Dorsal bar length 2735 18-23 2326 17-23
(30; n=11) (21; n=7) (25; n=10)

Hook length 1314 13-15 13-14 10-13
(13; n=12) (14; n=11) (13; n=10)

MCO length 36-50 32-38 41-51 31-39
(41; n=12) (35; n=4) (45; n=10)

Accessory piece 35-66 26-32 3758 32-39

length (45; n=12) (29; n=6) (52; n=10)

Vagina length 1619 - - -

(18; n=3)
Vagina width 1613 - - -
(12; n=3)
Egg length 138 (n=1) - - -
Egg width 49 (n=1) - - -

Numbers in bold indicate differences in the presa@asurements and those in the original description
(*) Data from from Jogunoogt al (2004).
(1) Data from from Li & Huang (2012).
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Heteropriapulus anchoradiatus n. sp.
(Fig. 4)

Type and only known host: Pterygoplichthys ambrosetti{Holmberg)
(Siluriformes: Loricariidae).

Site of infection: Gills.

Type locality: Aguapei River, municipality of Castilho (Parana/éti basin),
Sao Paulo State, Brazil (2236.20"S, 53145'38.58"W).

Representative DNA sequencel,575 bp long sequence of the D1-D3 region
of the IsrDNA of one specimen collected on Jun 12014 (Access. No. XXXX)
[paragenophore No. XXXX IPCAS].

Type specimens:holotype — 1 whole-mounted stained specimen frBm
ambrosettiifrom the Aguapei River (host number 11 collectedune 2014) examined
on 20 April 2015 (CHIOC XXX); 14 paratypes frofh ambrosettifrom the Aguapei
River (hosts numbers 5, 8, 9 and 14 collected igusti 2013; 15 and 18 collected in
January 2014; 5, 11, 16 collected in June 2014 pdtatypes in CHIBB (XXXX) and 3
paratypes in IPCAS (M- XXXX).

Etymology: The name is from Latin and refers to the presericgeats in the
base of the ventral anchoengthor= anchor +adiatus= roots).

Description [based on 14 specimens mounted in Hoyer's mediBmgly 388—
592 (493; n = 12) long, greatest width 75-174 (13:212), usually near mid-length.
Accessory granules extending from level of gonamlscéphalic lobes. Copulatory
complex comprising non-articulated copulatory orgawl accessory piece. Copulatory
tube delicate, total length 86-141 (123; n=13gight in anterior portion, showing 1%
counterclockwise spiral rings next to the roundedeb Accessory piece 51-71 (61;
n=13) long, composed by 2 subunits strongly saeedt 1 small and another long.
Vagina long tube, sclerotized, 35-60 (50; n=13g|BB-95 (82; n=13) curved length;
vaginal aperture 13-19 (16; n=13) long, 12-18 (4313) wide, sigmoid, with
thickened margin near vaginal aperture. Eggs 648383 n=3) long, 41-51 (47; n=3)
wide, operculate, short polar filament opposed ggeroular end. Haptor 51-108 (76;
n=12) long, 80-147 (106; n=12) wide, globose tadly subtrapezoidal. Ventral
anchors 28-33 (31) long, length to notch 23-27,(&4aft short, superficial root 12—-14
(14) long, deep root 6-8 (7) long, point 14-16 (Ik&)g with discrete recurved tip;
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anchor patch absent, anchor filament double ancerately developed. Dorsal anchors
28-34 (32) long, length to notch 22-27 (24), supeifroot 13—-17 (16) long, deep root
3-5 (4) long, straight point 14-16 (15) long. Vahtbar 62—77 (69) long, 7-11 (8)
wide, 14-22 (18) high, bent, rounded ends. Dorsal3®-37 (33) long, 3-5 (4) wide,
21-27 (23) high, with robust medial process 12-14) (vide. Seven pairs of similar
hooks 15-17 (16) long, with round, weakly sclertizubunit at base, FH loop about
Y of shank length.

Remarks. Heteropriapulusanchoradiatus. sp.differs from H. heterotylusand
H. simplex(and also all other species of the genus descabetew in the present paper
— see below) in the possession of a long, scledtizagina, sigmoid in shape.
FurthermoreH. anchoradiatus. sp.possesses ventral anchors with a short shaft and a
conspicuous superficial root, whereas all otheciggeofHeteropriapulushave ventral
anchors with an elongate shaft and a flattened .b@be new species is also
characterized by having a conspicuous and robusliainprocess on the dorsal bar,
which is inconspicuous, short or even absent ingeomrs, and a round, weakly

sclerotized subunit at the base of the hooks.

Heteropriapulus bitomus n. sp.
(Fig. 5)

Type and only known host: Pterygoplichthys ambrosetti{Holmberg)
(Siluriformes: Loricariidae).

Site of infection: Gills.

Type locality: Aguapei River, municipality of Castilho (Parana/éti basin),
Séo Paulo State, Brazil (Z236.20"S, 5145'38.58"W).

Type specimensholotype — 1 specimen mounted in Hoyer's mediunmfi
ambrosettiifrom the Aguapei River (host number 18 collectedNiovember 2014)
examined on 3 May 2016 (CHIOC XXX); 1 paratype thnamber 18 collected in
November 2014) in CHIBB (XXXX).

Etymology: The name is from Latin and refers to the prese&fde/o pairs of

sclerotized patchb{ = two +tomus= patch, piece).
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FIGURE 4. (A—F) Sclerotized structures bfeteropriapulus anchoradiatus. sp.from

Pterygoplichthys ambrosett{Holmberg) from the Upper Parana River, Brazil. A —
ventral anchor. B — dorsal anchor. C — hook. D 4emsapulatory complex. E — ventral
bar. F — dorsal bar. G — egg. H — vagina.

Description [based on two specimens mounted in Hoyer’'s mediBmdly 258—
453 (356) long, greatest width 54, usually near -lerdyjth. Accessory granules
extending from level of gonads to cephalic lobesp@atory complex comprising non-
articulated copulatory organ and accessory pieopufatory tube delicate, total curved
length 41-52 (47), straight in anterior portionwing 2 counterclockwise spiral rings
next to the rounded base. Accessory piece 42-4bl¢thg, composed of single unit,
robust, conspicuous and strongly sclerotized. Vaagihort and sclerotized, shaped as
goblet, 8-12 (10) long, 6-9 (8) curved length, 4eyihaving thickened posterior
margins. Haptor 45-53 (49) long, 89-101 (95) wiléhtrapezoidal. Ventral anchors
with flattened base, 26-28 (27) long, length tocho81-35 (33), base 9-11 (10),
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elongate shaft and point 28—-32 (30) long, recutyee@xtending posteroventrally from
haptor, anchor filament double and well-develop2dpairs of sclerotized anchor
patches present: one relatively small and anotbesmicuous, robust and rounded
shape. Dorsal anchors 16-17 (16) long, length tomt3-15 (14), superficial root 5
long, deep root 1 long, straight point 7-9 (8) lovigntral bar bowed, rounded ends, 91
long, 8 wide, 19-22 (22) high. Dorsal bar smalinth7 long, 4 wide, 5-6 (5) high.
Seven pairs of similar hooks, 12 long, FH loop @Bawf shank length.
Remarks. This species can be easily distinguished from coege by the

following characteristics: two pairs of sclerotizedtch associated with the ventral
anchors, a sclerotized, short, goblet-shaped vagméa long, robust, conspicuous and

strongly sclerotized accessory piece composedsofgie unit.

10 um

FIGURE 5. (A—F) Sclerotized structures dfleteropriapulus bitomus. sp. from
Pterygoplichthys ambrosett{Holmberg) from the Upper Parana River, Brazil. A —
ventral anchor. B — dorsal anchor. C — male copayatomplex. D — vagina. E — dorsal

bar. F — hook. G — ventral bar.
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Heteropriapulus microcleithrusn. sp.
(Fig. 6)

Type and only known host: Pterygoplichthys ambrosetti{Holmberg)
(Siluriformes: Loricariidae).

Site of infection: Gills.

Type locality: Aguapei River, Castilho (Parana River basin), Baolo State,
Brazil (21°3'36.20"S, 5145'38.58"W).

Type specimens:holotype — 1 whole-mounted stained specimen frBm
ambrosettii from the Aguapei River (host number 4 collected Jemuary 2014)
examined on 26 April 2016 (CHIOC XXX); 13 paratydesm P. ambrosettifrom the
Aguapei River (hosts numbers 9, 17, 18, 19 andoli6ated in August 2013; 3 and 5
collected in January 2014; 8 collected in Novemb@t4): 8 paratypes in CHIBB
(XXXX) and 5 paratypes in IPCAS (XXXX).

Etymology: The name is from Greek and refers to the smadiestof the dorsal
bar compared to other congenarsdro = small +cleithrum= bar).

Description [based on 10 specimens mounted in Hoyer's medigodly 322—
590 (412) long, greatest width 57-217 (105), uguakar mid-length. Accessory
granules extending from level of gonads to cephd&dices. Copulatory complex
comprising non-articulated copulatory organ andeasory piece. Copulatory tube
delicate, 45-54 (49) long, straight in anteriortjor, forming 1% counterclockwise
spiral rings next to the rounded base. AccessayepB2—-46 (39) long, composed of 2
subunits, one long, robust, conspicuous and styosglerotized, another small and
weakly sclerotized. Vagina short and sclerotize®16 (15; n=7) long, 14-17 (16;
n=7) curved length, 7-8 (8; n=7) wide, with thickdnanterior and posterior margins.
Eggs operculate, 45 long, 18 (n=1) wide, short pilment opposite to opercular end.
Haptor 39-67 (50) long, 65-109 (88) wide, subtrapkd. Ventral anchors with
flattened base, 16—-17 (17) long, length to notch28224), base 10-12 (11) long, shaft
moderately elongate, point 15-17 (17) long, withcurged tip extending
posteroventrally from haptor, anchor filament dejbiell-developed, anchor patch
absent. Dorsal anchors 16-18 (17) long, lengtlotom15-17 (16), short deep root 1-2
(2) long, elongate superficial root 5-6 (5) longraght point 8-9 (9) long, anchor
filament double, less conspicuous. Ventral bar daghends, 51-62 (56) long, 3—6 (5)
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wide, 6-13 (9) high. Dorsal bar small, 15-17 (1&)d, 2-4 (3) wide, 3—7 (5) high,
slightly thicker in middle. Seven pairs of simitawoks, 11-13 (12) long, FH loop about
¥ of shank length.

Remarks. Heteropriapulus microcleithrus. sp.can be differentiated from its
congeners by combination of the following charastms: a sclerotized patch
associated with the ventral anchor is absent, iedlest dorsal bar (other species have
the bar longer than 17 um), and an accessory pmogposed of two subunits with one
subunit small and weakly sclerotized, and anotbesiclerably longer, robust, strongly
sclerotized.Heteropriapulus anchoradiatug. sp. also possess an accessory piece
composed of two subunits, but it is strongly sdieenl and differ in shape from that of

the new species.

§
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FIGURE 6. (A—H) Sclerotized structures dfleteropriapulus microcleithrus. sp.
from Pterygoplichthys ambrosetiiHolmberg) from the Upper Parana River, Braail.
— ventral anchor. B — dorsal anchor. C — dorsal Bar— ventral bar. E — male

copulatory complex. F — egg. G — hook. H — vagina.
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Heteropriapulus pterygoplichthyi n. sp.
(Fig. 7)

Type and only known host: Pterygoplichthys ambrosetti{Holmberg)
(Siluriformes: Loricariidae).

Site of infection: Gills.

Type locality: Aguapei River, Castilho (Parana River basin), Baolo State,
Brazil (21°3'36.20"S, 5145'38.58"W).

Type specimens: holotype — 1 whole-mounted stained specimen from
Pterygoplichthys ambrosettirom the Aguapei River (host number 15 collected in
Jan/2014) examined on 28 April 2016 (CHIOC XXX); Ildaratypes from
Pterygoplichthys ambrosettirom the Aguapei River (host number 20 collected in
August 2013; 4 collected in January 2014; 1, 3 8nd 11 collected in June 2014): 10
paratypes in CHIBB (CHIBB) and 1 paratype in IPCA&XXX).

Etymology: The specific name refers to the generic name didss species.

Description [based on 10 specimens mounted in Hoyer's mediBadly 286—
550 (390; n=9) long, greatest width 60-160 (83; )na®ually near mid-length.
Accessory granules extending from level of gonamlscéphalic lobes. Copulatory
complex comprising non-articulated copulatory orgawl accessory piece. Copulatory
tube delicate, 43-50 (47) long, straight in anteportion showing 2 counterclockwise
spiral rings next to rounded base. Accessory p&tel7 (45) long, composed of 2
subunits: one long, robust, conspicuous and styosijerotized and another small and
weakly sclerotized subunit. Vaginal tube short ankbrotized, 17-19 (18; n=5) long,
18-20 (19; n=5) curved length, 10-11 (10; n=5) wided thickened anterior and
posterior margins. Haptor 39-62 (52; n=9) long, 13- (86; n=9) wide,
subtrapezoidal. Ventral anchors with flattened b&sl length 21-23 (22), length to
notch 29-34 (31), base 14-16 (15) long, elongaaét simd point 25-31 (27) long with
recurved tip extending posteroventrally, anchanfient double, well-developed, small
sclerotized anchor patch present. Dorsal ancho¥8B835) long, length to notch 27—
31 (28), superficial root 10-12 (11) long, deeptr®e3 (3) long, straight point 17-19
(18) long. Ventral bar 65-81 (73) long, 7-11 (9¥W&yi11-20 (15) high, bent, rounded
ends and inconspicuous median process. Dorsal dratr B6—-32 (30) long, 5-6 (5)

191



wide, 8-12 (9) high, with small median process.edepairs of similar hooks 12-13
(13) long, FH loop about %2 of shank length.

Remarks. Heteropriapulus pterygoplichthyi. sp.resembledd. microcleithrus
n. sp. in the possession of an accessory piece compdsam subunits with one small
and weakly sclerotized and another longer, moraushbconspicuous and strongly
sclerotized. HoweverH. pterygoplichthyin. sp. differs in the shape of the longer,
subunit of the accessory piece, which is more rothen that ofP. microcleithrus
being represented by ‘two sickles’ jointed by tlesd (compare Fig. 6E and Fig. 7G).
Heteropriapulus pterygoplichthyn. sp. is also typified by having an inconspicuous

medial process on the ventral and dorsal bars.
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FIGURE 7. (A-l) Sclerotized structures dfleteropriapulus pterygoplichthyn. sp.
from Pterygoplichthys ambrosetiiHolmberg) from the Upper Parana River, Brazil. A

— ventral anchor. B — dorsal anchor. C, D — doosal E and F — ventral bar. G — male

copulatory complex. H — hook. | — vagina.
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Heteropriapulus semitortus n. sp.
(Fig. 8)

Type and only known host:Rhinelepis asper&pix & Agassiz (Siluriformes:
Loricariidae).

Site of infection: Gills.

Type locality: Aguapei River, Castilho (Parana River basin), Saold®State,
Brazil (21°3'36.20"S, 5145'38.58"W).

Type specimens:holotype — 1 specimen mounted in Hoyer's mediunmfro
Rhinelepis asperdrom the Aguapei River (host number 19 collectedNiovember
2014) examined on 4 May 2015 (CHIOC XXX); 4 para&ydromRhinelepis aspera
from the Aguapei River (host number 2 collectedanuary 2014; 16 and 19 collected
in November 2014): 3 paratypes in CHIBB (XXXX) addparatype in IPCAS (M-
XXXX).

Etymology: The name is from Latin and refers to the shapefirrus that is
half twisted §emi= half +tortus= twisted).

Description [based on 5 specimens mounted in Hoyer's medidofly 295—
412 (336) long, greatest width 69-127 (99) usuadigr mid-length. Accessory granules
extending from level of gonads to cephalic lobesp@atory complex comprising non-
articulated copulatory organ and accessory piecgufatory tube 34-44 (40) long,
straight in anterior portion, forming 2% countesiwise spiral rings next to rounded
base. Accessory piece 23-25 (24) long, composedinigye straight unit functioning as
cirrus guide. Vaginal tube non-sclerotized. Hapto+66 (55) long, 46-111 (79) wide,
subtrapezoidal. Ventral anchors with flattened pd2e-16 (14) long, length to notch
18-22 (21), base 6-8 (7), point 13—-16 (14) londhwécurved tip, anchor filament
double, well-developed, anchor patch absent. Dasehors 12—14 (13) long, length to
notch 11-12 (12), superficial root 4-5 (4) longorsideep root 1-2 (2) long, straight
point 5—7 (6) long, double anchor filament. Ventsat bent, 40-45 (42; n=4) long, 3-4
(4; n=4) wide, 6-13 (11; n=4) high. Dorsal bar shbent, 17-19 (19; n=4) long, 2-3
(2; n=4) wide, 4-7 (6; n=4) high. Seven pairs afifar hooks, 9-10 (9) long, FH loop
about % of shank length.

Remarks. This new species is easily differentiated fromadtsmgeners by the

morphology of its copulatory complex. The accesgugce is composed of a single,
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straight unit resembling that &f. simplexbut differs by the shape of the cirrus which is
sigmoid inH. simplexand without coils next to the base (compare Figs.aBd 8E),
whereas the accessory piece of other species is numspicuous and robust, sickle-
shaped K. microcleithrusn. sp.andH. pterygoplichthyn. sp), or comprising oneH.
bitomusn. sp) or more subunitsH. heterotylusand H. anchoradiatusn. sp). The
cirrus of H. semitortusn. sp. forms 2% counterclockwise spiral rings next to the
rounded base, whereas that of other species cofeaiar spiral rings: 1% irH.
anchoradiatusn. sp, H. microcleithrusn. sp., H. heterotylus andH. bitomusn. sp,

and 2in H. pterygoplichthyn. sp.

(
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FIGURE 8. (A—F) Sclerotized structures d¢feteropriapulus semitortus. sp. from
Rhinelepis asper&pix & Agassiz from the Upper Parana River, Braail— ventral
anchor. B — dorsal anchor. C — dorsal bar. D — hoBk- male copulatory complex. F —

ventral bar.

Based on addition of five new species to only tvwonmal taxa recognized
before, generic diagnosis Beteropriapuluss amended by adding new features for the
diagnosis and placement of species in the genukeyAfor identification of all the

species of the genus is also provided.
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Amended diagnosisCopulatory complex comprising non-articulated dapary organ
and accessory piece; copulatory organ tubularrscted; accessory piece composed
of simple tubular single unit or variable numbersabunits of variable size and shape.
Vagina tubular, sclerotized or not. Eggs oval, opkate, short polar filament opposed
to opercular end. Haptor globose to subtrapeizadh, pair of dorsal anchors, pair of
ventral anchors, dorsal bar, ventral bar and 7 spaf similar hooks with
ancyrocephaline distribution; hook with upright scathumb and slender shank with
absence or presence of round, weakly sclerotizedrsuin the base; ventral anchor
lacking roots or not, with elongate shaft imperddptjoining point, well-developed
anchor filament; small sclerotized basal patchgme¢l or 2 pairs) or absent. Median
process on dorsal bar present (slight or conspsumuabsent.

Type species:Heteropriapulus heterotylugJogunoori, Kritsky & Venkatanarasaiah,
2004) Kritsky, 2007.

Other species: Heteropriapulus simplexLi & Huang, 2012, Heteropriapulus
anchoradiatusn. sp, Heteropriapulus bitomus. sp, Heteropriapulus microcleithrus
n. sp, Heteropriapulus pterygoplichthyi. sp, Heteropriapulus semitortus. sp.

Key to species oHeteropriapulus

1 Vagina NON-SCIEIOLIZEA .........ccoiiiiiieieeeeeee e e e e e e e e e e e e e eeeneeeeaneeannnes 2
Y416 11 F= STod =] ] 174 > o 3
2 Cirrus formed by robust, sigmoid tube ....................H. simplexLi & Huang, 2012

- Cirrus formed by a narrow tube with 2%z spirabsrat the proximal end ......................
................................................................................... H. semitortus. sp.
3 Vaginal tube long and robust, sigmoid in shape...............H. anchoradiatus. sp.
- Vaginal tube short, not sigmoid iN SNAPE ..cceeeemiiiiiiiiiiii e 4
4 Two pairs of patches associated with the veatmahor present ...,

..................................................................................................... H. bitomusn. sp.

- None or single pair of patches associated wighvdmtral anchor present ............ 5
5 No patches associated with the ventral anchor................ H. microcleithrus. sp.
- One pair of patches associated with the ventrethar present ........................ 6

6 Accessory piece divided into two subunits, ormusit strongly sclerotized composed

of ‘two sickles’ jointed by the base, the otheruib weakly sclerotized ........................



........................................................................ H. pterygoplichthyn. sp.

- Accessory piece with all subunits strongly sdiged ...............cooevvviiiiiiiiiennnnn. 7..

7 Accessory piece divided into four SUDUNIES e ooveeeeeeiiiice e,
...................................... H. heteroty{dogunoori, Kritsky & Venkatanarasaiah, 2004)

5.3.2. Molecular data

The ML and Bl analyses yielded the same branchlogyo(Fig. 9). The
monophyly of the genusleteropriapulusis confirmed by the phylogenetic analyses
with the presence of its type species. The relahign betweerH. simplexand H.
anchoradiatus. sp.is unclear, at least based on a single moleculakenaThe clade
with species oHeteropriapulusforms a monophyletic clade sisterWo unilatus The
species ofHeteropriapulusand U. unilatusclustered with Neotropical dactylogyrids,
and the Holartic monogenearsicyrocephalus percaand A. paradoxusformed a

sister group to the species from the Neotropics.
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FIGURE 9. Bayesian topology based on partial 28S rDNA segeeraf selected
monogenean species. Newly sequenced species fiensttllly are in bold. Asterisk
indicates type-species. Maximum likelihood followds; posterior probabilities
bootstrap support values are given above the besndhseudorhabdosynochus
epinepheli P. lantauensisand Pseudomurraytremap. were used as outgroups and had
their branch shortened 4 times. Branch length dzalendicates number of substitution

per site.
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TABLE 3. List of monogeneans included in the phylogenetalygses.

Parasite species Host Host family Locality Genbank ID Reference
Dactylogyridae
Ancyrocephalus paradoxus Sander lucioperca Percidae Morava Rlver,_ AJ969952 Simkovét al, 2006
Czech Republic
Ancyrocephalus percae Perca fluviatilis Percidae gg?r?]tsr?;e Lake, KF499080 Behrmann-Godet al,, 2013
Ameloblastella chavarrai Rhamdia quelen Heptapteridae Cate_maco Lake, KP056251 Mendoza-Palmeret al,
Mexico 2015
. : . Nanay River,
Ameloblastelleedentensis Hypophthalmus edendatusPimelodidae Peru KP056255 Mendoza-Frane al,, 2016
Ameloblastellaunapinoides  Sorubim lima Pimelodidae Iquitos, Peru KP056254 Mendoza-Fratad, 2016
Ameloblastellesp. 23 Hypophthalmus edendatus Pimelodidae Egrnuay River, KP056233 g/loelnSdoza-Palmeret al,
. , Upper Parana
Heteroprlgpulus Pterygopllghthys Loricariidae River basin, Present study
anchoradiatus ambrosettii .
Brazil
. Upper Parana
Heteropriapulus heterotylus Pterygophghthys Loricariidae River basin, Present study
ambrosettii :
Brazil
. Upper Parana
Heteropriapulus simplex Pterygopllghthys Loricariidae River basin, Present study
ambrosettii .
Brazil
Unibarra paranoplatensis ~ Aguarunichthys torosus Pimelodidae Santa Clara, PergP056219 Mendoza-Palmeret al,

2015
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TABLE 3. Continued.

Parasite species Host Host family Locality Genbank ID Reference
. Upper Parana
Unilatus unilatus Pterygopllghthys Loricariidae River basin, Present study
ambrosettii .
Brazil
Vancleavus januacaensis  Pterodoras granulosus Doradidae Itaya River, Peru KP056247 g/loelnsdoza-Palmeret al,
Diplectanidae
Ps_eudorhabdosynochus Epinephelus bruneus Serranidae Huidong, China  AY553622 \®ual, 2006
epinephef
Pseudorhgbdosynochus Epinephelus bruneus Serranidae Huidong, China  AY553624 \®ual, 2006
lantauensi$
Pseudomurraytrematidae
Pseudomurraytremap.* Catostomus ardens Catostomidae Snake River, AF382059 Chisholnet al., 2001
Idaho, USA

Species sequenced in this study are in bold.

(*) Species used as outgroups.
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5.4. Discussion

Prior to this study, the genudeteropriapuluswas composed of only two
speciesH. heterotylusandH. simplex(see Jogunooet al, 2004; Li & Huang, 2012).
However, the present study provides evidence thiat denus contains much more
species as 5 new taxa have been added. Howeigglihost certain that other species
will be discovered if more loricariid catfishes aeamined for monogeneans. Despite
the high diversity of this catfish family in Soustmerica, only 4% of nominal species
have been examined for monogeneans (Branches &mypm@s, 2014). Jogunoaat al.
(2004) assumed that the gertisteropriapulusoriginated in the Neotropics given that
both of its species known before the present stuele described from hosts imported
from South America as ornamental fishes. Recemliesuon the monogenean fauna in
the Neotropical region reveal that its current klealge is fragmentary and many more
species and genera remain to be discovered (Mesfelmlmaeroet al, 2012 and
references therein).

The genusHeteropriapulusis well circumscribed and its species are well
characterized by the possession of several typeedlires absent in other Neotropical
genera of dactylogyrids. For this reason, genesgigament of as many as 5 new
species to this genus was straightforward, unlikenes monogeneans of other
Neotropical genera from catfishes, such GesmetocleithrunKritsky, Thatcher &
Boeger, 1986DemidospermuandUrocleidoidesMizelle & Price, 1964 (Kritskyet al,
1986; Kritsky & Gutiérrez, 1998). Species compaositof these and some other genera
requires revision because molecular data indidae possible polyphyly (Mendoza-
Palmerocet al, 2015).

Phylogenetic relationships of dactylogyrids frontfisaes was assessed in the
Neotropical region, but their study was focusedtaxa from pimelodids and did not
include any species from loricariid catfishes (MeratPalmeroet al, 2015).
Therefore, this is one of the first studies thataoted molecular data for monogenean
species parasitizing Neotropical loricariids. Ewbough sequences of only three of
eight recognized species ofeteropriapuluswere obtained, the sequence of type
speciesH. heterotylusmakes it possible to fix position of the genughim Neotropical
dactylogyrids. In many other Neotropical generalattylogyrids including those that
appeared polyphyletic in a study by Mendoza-Palnetral. (2015), the absence of

sequences of their type species represents a sgnioblem in their circumscription.
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Species oHeteropriapulusare restricted to loricariids in the Neotropicajion,
but their actual host associations are not yetrcMdereas two specield, heterotylus
and H. simplex have been found in fishes of two different gen@gtgpostomusand
Pterygoplichthy} thus exhibiting stenoxenous host specifisggnsuEuzet & Combes
(1980), the remaining, newly described speciesrastricted to a single fish host.
Interestingly, one species of fish hosts, nanklrygoplichthys ambrosettimay host
as many as six congeneric species, which is na@ra @ommon phenomenon among
dactylogyrids parasitizing Neotropical catfisheshdicher, 2006). The natural
distribution area of species Biteropriapulusncludes the Neotropics as evidenced by
the present study; records from India, Japan andiddeare from introduced or
invasive hosts of South America origin.

From the parasitological point of view, loricariiti®long to the least studied
Neotropical freshwater fish groups (Thatcher, 2006)wever, these fishes host an
interesting fauna of dactylogyrid monogeneans #natusually strictly specific to these
hosts. They thus may serve as an interesting naddéleir coevolution, provided that
they are studied using methods of phylogeneticsyatics.
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Spinitectus aguapeiensis n. sp. (Nematoda:
Cystidicolidae) from Pimelodella avanhandavae
(Siluriformes: Heptapteridae) in the Aguapei River,
Upper Parana River basin, Brazil



6. Spinitectus aguapeiensis n. sp. (Nematoda: Cystidicolidae) fromPimelodella
avanhandavae (Siluriformes: Heptapteridae) in the Aguapei River,Upper Parana

River basin, Brazil*

Abstract

Spinitectus aguapeiengis sp. differs from its congeners by the patterspihose rings
arrangement; structure of mouth; vestibule longthwroximal end forming small
prostom, distal end reaching between second amd thivs of spines; oesophagus
divided in muscular and glandular, the latter mlehger and broader; nerve ring
encircles muscular oesophagus betwé®antl 3" rows of spines; excretory pore situated
between B and 7" rows of spines deirids small, pit-like with cemtanerging structure,
located between first and second rows of spinestepor end of body remarkably
spirally coiled, supported by 21 caudal peduncupstpillae: precloacal papillae - 16
subventral pairs; postcloacal papillae - 5 subwapiairs; area rugosa absent; large (left)
spicule slender with slightly broaded proximal pantl pointed distal end. Small (right)
spicule shorter and broader than large spiculeepte®y unique shape that resembles a
small shovel in its proximal extremity, with undiitans and internal supports in mid-
length, and hook-like shape of the distal eédpinitectus aguapeiensis sp. is the first
record of a nematode speciesHimelodella avanhandava¢he fourth record of this

genus in the Parana River basin, and the sixthepet€this genus in South America.

Key-words: nematode, new species, fish parasite, Neotropegabn, biodiversity.

1 Manuscript to be submitted to the journal SystetrRtirasitology.
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6.1. Introduction

Spinitectug~ourment, 1883 includes parasitic nematode spétédsare mainly
found in freshwater and marine fishes (Moraved.e@02). In America, 15 species of
Spinitectuhave been described from freshwater fishes, nar8edgipenserChoudhury
& Dick, 1992,S. carolini Holl, 1928,S. gracilis Ward & Magath, 1917S. humbertoi
Caspeta-Mandujano & Moravec, 20 mariaisabelaeCaspeta-Mandujano, Cabafas-
Carranza & Salgado-Maldonado, 20&7 mexicanusCaspeta-Mandujano, Moravec &
Salgado-Maldonado, 200& micracanthusChristian, 1972S osorioi Choudhury &
Pérez-Ponce de Leon, 2001, &thbascoensibloravec, Salgado-Maldonado, Caspeta-
Mandujano & Gonzalez-Solis, 2009 (syh.macrospinosu€houdhurry & Perryman,
2003) in North AmericaS agonostomMoravec & Barus, 1971 in Central America,;
asperusTravassos, Artigas & Pereira, 1928 (s$jamudensisThatcher & Padilha,
1977),S multipapillatusPetter, 1987S. pachyuriPetter, 1984S. rodolphiheringiVaz
& Pereira, 1934 (synS sternopygiPetter, 1984), an&. yorkei Travassos, Artigas &
Pereira, 1928, in South America (Moravec, 1998g&@#b-Maldonado et al., 2005;
Salgado-Maldonado, 2006; Caspeta-Mandujano ét@; Moravec et al., 2009, 2010).
Of these S. multipapillatus S. rodolphiheringi andS yorkeiwere recorded in species of
Pimelodellain South America (Travassos et al., 1928; Vaz &PRa, 1934, Petter, 1987;
Luque et al., 2011, and references therein).

PimelodellaEigenmann & Eigenmann is the species-richest gentisn the
family Heptapteridae, with 71 valid species largeligtributed in South America
(Bockman & Guazzelli, 2003; Froese & Pauly, 201&).representatives are small to
medium-sized catfishes (less than 15 to 20 mmrnigtle, dwelling in several habitats,
like streams, large rivers, surface, and even céagzani et al., 2012Rimelodella
avanhandavadcigenmanns an endemic species to South America, mostly rewiB
distributed along the Upper Parana River, and gadpularly known as “mandizinho”
and/or “mandi-chordo”. This species is non-mignatavith external fertilization, no
parental care, and most likely with carnivorousdfeg habit (Duke Energy, 2008).
During a parasitological survey of specimen® aivanhandavasampled in a Brazilian

river, a new species &pinitectusvas found in the intestine which is described Imerei
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6.2. Materials and Methods

A total of 40 specimens &. avanhandavaéstandard length 9-17.5 cm; weight
7.8-58.5 g) were collected by fish hooks in Aug2@13 and November 2014 in the
Aguapei River (213'36.20"S, 5245'38.58"0), Upper Parana River basin, locatednin a
preserved area in the municipality of Castilho, $aolo State, Brazil. The nematodes
were recovered from intestine, fixed in 70% ethamal cleared with glycerine for light
examination. Drawings were made with the aid ofranihg tube. Measurements are
given in micrometres unless otherwise stated. Eamnrsing electron microscopy (SEM),
specimens were postfixed in 1% osmium tetroxidepfwosphate buffer), dehydrated
through a graded acetone series, critical poirgedand sputter-coated with gold; they
were examined using a JEOL JSM-7401F scanning refecticroscope at an
accelerating voltage of 4 kV (GB low mode). Scigathame of the host is in accordance
with FishBase (Froese & Pauly, 2016).

6.3. Results

Spinitectus aguapeiensisn. sp.
(Figs. 1 and 2)

Type-hostPimelodella avanhandavdggenmann (Siluriformes: Heptapteridae).
Type-locality Aguapei River (273'36.20”S, 5£45’38.5870), municipality of Castilho,
Séo Paulo State, Brazil.

Site of infectionintestine.

Prevalence and mean intensig0% (20 infected fish/40 examined fish) and #.9.0
(range 1-21) nematodes per infected host.

Deposition of specimensiolotype and allotype in the Helminthological Calien of
the Institute Oswaldo Cruz, Rio de Janeiro, BréZiHIOC XXX), paratypes in the
Helminthological Collection of the Instituto de Biéncias, Universidade Estadual
Paulista, Botucatu, Brazil (CHIBB XXX), and the IdHehthological Collection of the
Institute of Parasitology, Biology Centre of thee€l Academy of Science€geské
Budgjovice (IPCAS XXX).

Etymology The specific name relates to the river where host® collected.
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Description (Figs. 1 and 2)

General Whitish small-sized nematodes. Cuticle with tramsge striations and
longitudinal wrinkles between spinose rings. Ceghahd rounded. Mouth oval to
rectangular, surrounded by 2 large lateral psebitl® subdorsal, and 2 subventral
sublabia, 4 single submedian papillae and 2 lasrghids. Inner base of pseudolabia
widening inside oral cavity and attach to innerlvedlprostom (Fig. 1C; 2A b, s, p, a).
Surface of body with transverse rows of spinespdpéiterrupted by 2 lateral, 1 dorsal
and 1 ventral longitudinal empty lines, thus forgih distinct sectors. First spiny row
situated between first and second thirds of veliffig. 1B, D). Rows 1-9 with 16 well
developed spines (4 per sector), rows 10-15 witls#0es (5 per sector), row 15 and
posterior most with 24—-32 spines (6—8 per sec&wjne rings incomplete, assymetrical
and not forming a circle (Fig. 1B); some missingnep in the rings from the most
posterior part of body (Fig. 2F, G). Spination wigaksible in the posterior end of body
and finishing before anus/cloaca opening. Vestilboitgy, with proximal end forming
small prostom, distal end reaching between secoddhard rows of spines. Oesophagus
divided in muscular and glandular, the latter mlostger and broader (Fig. 1A). Nerve
ring encircles muscular oesophagus betwekradd §' rows of spines (Fig. 1A, B).
Excretory pore situated betweeha@nd 7" rows of spines (Fig. 1B; 2D, E). Deirids small,
pit-like with central emerging structure (Fig. 1B, D; 2B, C,), located between first and

second rows of spines.

Male (Based on 6 specimens, measurements of holotyparantheses). Body
length 7.12-9.21 (8.03) mm, maximum width 82-118) (®istance of first spinose ring
41-74 (57) from anterior end. Spines 12—-17 (134drfy and distance between rows 14—
33 (15-21) both in the anterior body part; spinek37(8—10) long and distance between
rows 26—43 (31-35) in the mid body length. Lendthestibule, including prostom 116—
135 (126); of muscular oesophagus 245-337 (2879 mmd 17-21 (20) wide, and
glandular oesophagus 1.16-2.07 (1.72) mm long, 3858) wide. Length ratio of both
oesophagus parts 1: 46 (6). Distance of deiridd. 8 (87), nerve ring 152-190 (173),
and excretory pore 209-274 (247) from anterior bedg. Posterior end of body
remarkably spirally coiled, with long caudal alé#3455 (-), supported by 21 caudal
pedunculate papillae. Precloacal papillae: 16 soibak pairs; postcloacal papillae: 5

subventral pairs. A pair of lateral papillae (prblyarepresenting phasmids) at the same
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level than last postcloacal pair of papillae. Aregosa absent (Fig. 1J). Large (left)
spicule slender 325-420 (347) long, 9-15 (15) wwd#) slightly broaded proximal part
and pointed distal end. Small (right) spicule stwoand broader than large spicule, 162—
197 (162) long, 15-28 (20) wide, with hook-liketdisend and two internal supports in
mid-length (Fig. 1I). Length ratio of spicules E21(2). Tail 178-199 (181) long, with

small dorsal and ventral rounded protuberancegpd(frig. 1J).

Female (Based on 3 gravid specimens with mature eggs, une@aents of
allotype in parentheses). Body length 11.50-1212838) mm, maximum width 132—
169 (169). Distance of first row of spines 41-68)(#om anterior end. Spines 8-18 (12—
18) long and distance between rows 16—-26 (16—-2tharanterior part; spines 8-18 (8—
14) long and distance between rows 33-40 (33-3#nioh body length. Length of
vestibule, including prostom 122-125 (125), of nuiac oesophagus 316—-489 (489)
long, 19-20 (-) wide, and glandular oesophagus-2(82 (1.07) mm long, 41-45 (-)
wide. Length ratio of muscular to glandular oesapisal: 2—7 (3). Distance of deirids
62-99 (99), nerve ring 175-181 (181), and excrepong 231-259 (239) from anterior
body end. Vulva equatorial, with non-elevated lip23—-6.53 (6.53) mm from anterior
end, at 53-55% of body length. Vagina muscular,rthalirected anteriorly and
immediately directed posteriorly (Fig. 1F). Eggsbeponated, 29-36 (29-32) x 19-21
(20-21). Egg shell thickness 2—-4 (3) (Fig. G). BMingate, 186—206 (206) long, with
small mucron on tip (Fig. 1E).

Female(gravid specimen with immature eggs, measurenwnisung female in
parentheses). Body length 9.065 (3.575) mm, maximudth 128 (72). Distance of first
row of spines 77 (29) from anterior end. SpineslB320-12) long and distance between
rows 19-25 (11-15) in the anterior part; spines€082D-13) long and distance between
rows 33—-35 (21-24) in mid body length. Length dftimule, including prostom 120 (90),
of muscular oesophagus 350 (173) long, 30 (18) wade glandular oesophagus 1.70
(1.06) mm long, 61 (36) wide. Length ratio of muscuo glandular oesophagus 1: 5 (6).
Distance of deirids 102 (61), nerve ring 182 (132)J excretory pore 265 (162) from
anterior body end. Vulva equatorial, with non-etedalips, 5.255 (2.314) mm from
anterior end, at 58 (65%) of body length. Vaginasoular, shortly directed anteriorly
and immediately directed posteriorly. Eggs undeweth 17-18 x 10-13 (-). Egg shell
thickness 2 (-). Tail 177 (125) long, with smallenon on tip (Fig. 1H).
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100 um

100 pm

Fig. 1. Spinitectus aguapeiensis sp. fromPimelodella avanhandavamllected in the

Aguapei River, Upper Parana River basin, Casti#i&m Paulo, Brazil. (A) Anterior end
of male, subventral view; (B) Anterior end femaleblateral view, higher magnification;
(C, D) Cephalic end, apical and lateral views, eetipely; (E) Posterior end of gravid
female, lateral view; (F) Region of vulva, latevadw; (G) Eggs; (H) Tail of non-gravid

female; (I) Small spicule, subventral view; (J) feo®r end of male.
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Fig. 2 Scanning electron micrographs @&pinitectus aguapeiensia. sp. from
Pimelodella avanhandavamllected in the Aguapei River, Upper Parana Rbasin,
municipality of Castilho, S&o Paulo, Brazil. (A)@®lic end: a— amphid, b — submedian
papillae, p — pseudolabia, s — sublabia. (B) amtemnd showing the deirid, (C) detail of

deirid, (D, E) anterior end showing excretory pdFe,G) spination pattern.
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6.4. Remarks

The specimens described herein belon@pmitectusdue to the presence of a
cuticle provided with spinose rings, two pseudaalkiestibule relatively long, and caudal
alae supported by pedunculate papillae (Morave®819The main morphological
characteristics used to differentia®pinitectusspp. are the pattern of spinose rings
arrangement, structure of mouth, situation of vulamber and distribution of male
caudal papillae, length of spicules and eggs, asitipn of excretory pore and deirids
(Moravec, 1979; Caspeta-Mandujano et al., 2000)d&te, there are five valid species
of Spinitectusrecorded for South America (Moravec, 1998), nam8lyasperusfrom
Prochilodus scrofa (Prochilodontidae), S multipapillatus from Pimelodella sp.
(Heptapteridae), S pachyuri from Pachyurus bonariensis (Sciaenidae), S
rodolphiheringi and S yorkei both from Pimelodella lateristriga (Heptapteridae)
(Travassos et al., 1928; Vaz & Pereira, 1934; Peit884, 1987). Of theses
multipapillatus and S. yorkei are probably conspecific, even though the lattas w
inadequately described and a redescription is requiMoravec, 1998)Spinitectus
asperusS multipapillatus andS. rodolphiheringidiffer from the new species by having
smaller body length (males: 2.42-4.60, 6.3—-7.4, &@d4.9 mm, females: 6-8.3, 6.5,
and 5.9-7 mm vs. males: 7.12-9.21 mm, females0+12%38 mm), higher number of
spines per row (60-90, 15-25, and 30—40 vs. 16d#®rent location of excretory pore,
number of precloacal papillae (4, 7-8, and 4 vspdiss), and length of spicules (left:
220-230, 220-240, and 200-210, right: 90, 50-56 120125 vs. left: 325-420, right:
162-197) Spinitectus multipapillatualso presents rows of cuticular spines divided in 4
sectors, but it differs from the new species ingheve mentioned features. Even though
S pachyuripresents similar body length for both males andeles) it differs by having
6 pairs of precloacal papillae, and smaller spijleft: 100, right 50-55)Spinitectus
yorkeihas similar number of caudal papillae, and althotigias poorly described and
many important features are missing, it is cleat the species has smaller males (4.2
mm), spicules (left: 162, right: 40), and more ggiper row (26—29 in males and 38—40
in females)Spinitectus aguapeiensissp. presents a remarkably spirally coiled paster
end in males, which is not present in any of thecss described for South America.

RegardingSpinitectusspecies reported in North and Central America,sit i
possible to find some resemblances V@fhinitectus aguapeiengis sp. as for the body

length,S. micracanthugmales: 7.6-8.2 mmX. gracilis (males: 8-10, females 10-15
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mm), andS. mariaisabelagmales: 6.56-8.28, females: 11.82-14.58 mm) areimihe
same range, although they have a considerably loureber of precloacal papillae pairs
(2—4 pairs).Spinitectus agostonomi, Bumbertoj S mariaisabelag S mexicanusS
osorioi,andS. tabascoensipresent spines disposed in four sectors as wdllthiey all
differ by the number of precloacal papillae (4 ppiBSpinitectus aguapeiensis sp. is
the second species with the highest number of gaeal papillae and that with the largest
spicules amongst its congeners in South Americaebeer, it has unique shape of the
small spicule that resembles a small shovel iprieimal extremity, with undulations
and internal supports in mid-length, and hook-gkape of the distal end.

Interestingly, fouSpinitectuspp. (including the new species) have been reghorte
in Pimelodellaspp.from South America (Travassos et al., 1928; Vazeleia, 1934,
Petter, 1987; Luque et al., 2011; present workjc&rimelodellaspp. are carnivores or
omnivores fishes that consume mainly arthropodses, free-living nematodes, algae,
and debris, they probably get infected after fegdom arthropods or small fish.
Spinitectusspp. normally use arthropods as intermediate host asidl hight act as
paratenic hosts (Anderson, 2000; Bockman & GuazZ£0D3). Therefore, members of
Pimelodellacan be considered the definitive host 8pinitectusspp. and it can be
suggested that certain degree of host specificityis between both parasite and host.

Spinitectus aguapeiensis sp. is the first record of a nematode specieB. i
avanhandavaethe first nematode record in the Aguapei Riveg, fourth record of this

genus in the Parana River basin, and the sixthepetthis genus in South America.
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Consideracoes finais



7. Consideracdes finais

Este estudo investigou os helmintos parasitos 8ecdpécimes de oito espécies
de peixes siluriformes do rio Aguapei, bacia doAlim Parana, municipio de Castilho,
Séo Paulo, Brasil. Foram identificadost&da de helmintos: 25 monogeneas — com 13
possiveis novas espécies, alguns novos registréosfgedeiros e novos registros de
localidade; 15 digenéticos — alguns novos regisieobhospedeiros e novos registros de
localidade; 11 nematoides — uma espécie nova eopaagistros de novos hospedeiros;
e trés cestoides. Ainda, dados das relacbes ecafogiestes parasitos com seus
hospedeiros foram apresentados. Foi realizado tudeslas relacdes filogenéticas de
algumas espécies de dactilogirideos com base ewsmados moleculares (13 novas
sequéncias de 28S rDNA) e morfolégicos: uma revidaodiagnose do género
Demidospermus com descricdo de uma nova espécie foi propostanawn género de
dactilogirideo com uma descricdo de espécie tamioémproposto; e foi discutido a
respeito da questdo do posicionamento de génemgdenas outras espécies. Uma
revisdo do génerbleteropriapulus foi realizado com descricdo de cinco novas espécies
encontrados nas branquiasRterygoplychthys ambrosettii e Rhinelepis aspera no qual
também foi apresentado dados preliminares dasdesadlogenéticas de algumas
espécies do género, incluindo a espécie Hpteropriapulus heterotylus. Ainda, uma
nova espécie dgpinitectus é apresentada, com base em dados morfoloédgipostectus
aguapeiensis n. sp. € o primeiro registro de uma nova espécr@a Panelodella
avanhandavae, o quarto registro desta espécie na bacia doRPdtana e a sexta espécie
do género descrita para América do Sul.

Com novos registros de hospedeiros e possiveissnespécies, este estudo
demonstrou que existe uma ampla diversidade deiritesnpara os hospedeiros
estudados do rio Aguapei. Considerando-se queifSilues representa a ordem mais
diversa deste rio, este estudo € apenas uma canstigpequena porcdo da real
diversidade de parasitas que este ecossistema gdsentar. Ainda, este estudo
utilizou-se da ferramenta molecular aliada a mogil para o grupo Monogenea, a fim
de realizar trabalhos mais detalhados nas defisidéegénero e espécies, e as relacbes
filogenéticas deste grupo de helminto. Siluriforrdesm grupo muito diverso e ainda
existem muitas espécies desconhecidas, logo espamae ha muito que se descobrir a
respeito dos helmintos destes hospedeiros, esperitd em se tratando da evolugcéo das

suas interacbes hospedeiros-parasitos. Assim, castiel biodiversidade envolvendo
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analises filogenéticas e morfologia podem contripara o conhecimento da co-

evolucéo destes hospedeiros e seus parasitos.
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