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RESUMO

A Ameérica do Sul, abriga uma das ictiofaunas mais ricas do mundo, com mais de 6.000 espécies
de peixes descritas, das quais cerca de 2.400 ocorrem na bacia Amazonica, considerada a regido
de maior biodiversidade do planeta. A pesca, além de representar uma importante atividade
econdmica e alimentar, também evidencia a relevancia ecologica dos peixes, que atuam como
hospedeiros para uma ampla fauna parasitaria. Assim, este trabalho tem como objetivo
descrever a diversidade e ecologia parasitaria de Propimelodus eigenmanni capturado na llha
de Jutuba, Baia do Maraj0, Pard, Brasil. Foram analisados 100 espécimes de P. eigenmanni (52
4 e 48 Q) e os helmintos encontrados foram quantificados para analises dos indices ecolégicos
do parasitismo e processados para observacdo por microscopia de luz e microscopia eletrénica
de varredura. A prevaléncia de parasitismo foi de 99%, com um total de 3.239 parasitos
encontrados. Foram identificados os helmintos Dichelyne (D.) jutubensis, Spirocamallanus
delirae (adultos e larvas), Spirocamallanus rarus, larvas de Anisakis sp. e de Hysterothylacium
sp., e Cestoda (proglétides). O estudo apresenta importante contribuicdo taxonémica sobre a
biodiversidade e ecologia parasitaria dos peixes amazoénicos, incluindo a descricdo de
Dichelyne (D.) jutubensis, o que ressalta a importancia da taxonomia parasitiria como

ferramentas fundamentais para a compreenséo da relacéo parasito-hospedeiro-ambiente.

Palavras-chave: peixe; helminto; microscopia; zoonose; Amazonia.



ABSTRACT

South America is home to one of the world’s richest fish faunas, with more than 6,000 described
fish species, of which approximately 2,400 are found in the Amazon Basin, considered the
region with the greatest biodiversity on the planet. Fishing, in addition to representing an
important economic and food-related activity, also highlights the ecological relevance of fish,
which serve as hosts for a wide range of parasitic fauna. Thus, this study aims to describe the
diversity and parasitic ecology of Propimelodus eigenmanni captured on Jutuba Island, Marajo
Bay, Pard, Brazil. A total of 100 specimens of P. eigenmanni (52 & and 48 Q) were analyzed,
and the helminths found were quantified for analysis of ecological indices of parasitism and
processed for observation under light microscopy and scanning electron microscopy. The
prevalence of parasitism was 99%, with a total of 3,239 parasites found. The following
helminths were identified: Dichelyne (D.) jutubensis, Spirocamallanus delirae (adults and
larvae), Spirocamallanus rarus, larvae of Anisakis sp. and Hysterothylacium sp., and Cestoda
(proglottids). The study presents an important taxonomic contribution to the biodiversity and
parasitic ecology of Amazonian fish, including the description of Dichelyne (D.) jutubensis,
which highlights the importance of parasitic taxonomy as fundamental too for understanding
the parasite-host-environment relationship.

Keywords: fishes; helminth; microscopy; zoonoses; Amazon.
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1 CONTEXTUALIZACAO

1.1  Biodiversidade na Regido Amazoénica

A América do Sul abriga alguns dos maiores rios e bacias hidrogréaficas do mundo,
favorecendo a existéncia de uma rica e diversa ictiofauna (Silva et al., 2018; Cassemiro et al.,
2023). Estima-se que existam aproximadamente 6.080 espécies descritas de peixes de dgua doce
neotropicais, habitando diversos habitats aquaticos, ecorregides e zonas climaticas, embora essa
riqueza possa exceder 9.000 espécies, com uma média de mais de 100 novas espécies descritas
por ano (Reis et al., 2016; Albert et al., 2020).

A bacia Amazonica, em especial, destaca-se por possuir uma heterogeneidade espacial,
gue molda uma superficie topografica singular que origina multiplos habitats aquaticos (Silva
et al., 2018). Esse cenario sustenta a maior biodiversidade de peixes de dgua doce do mundo,
com cerca de 2.411 espécies descritas, das quais mais da metade sdo endémicas desse bioma
(Reis et al., 2016).

Os ecossistemas brasileiros sofrem grandes impactos ambientais causados por diversas
atividades humanas, como desvios fluviais, poluicdo da &gua, expansdo agricola e urbana,
mudancas climaticas e alteracfes de habitat que podem gerar perda direta da biodiversidade,
causando alteracGes na dinamica populacional da fauna autéctone (Agostinho et al., 2005;
Gomes, 2020; Albert et al., 2021). Nessas condicdes, a ictiofauna enfrenta ameacas continuas
por ser a mais afetada, influenciando a prevaléncia e tamanho das infrapopulacdes dependentes
dela (Frota et al., 2022).

Apesar disso, os peixes mantém elevada relevancia econdmica, social e nutricional n&o
s6 no Brasil como no mundo (Farias et al., 2021). De acordo com a FAO (2025), o Brasil
produziu, entre captura pesqueira e produgdo aquicola, aproximadamente cerca de 1,5 milh&o
de toneladas em 2023. Enquanto a piscicultura de peixes nativos alcangcou uma producéo de
257.070 toneladas em 2025 (Peixe BR, 2026).

Embora o crescimento da producdo de pescado esteja associado a expansdo da
aquicultura, a pesca extrativista permanece de grande relevancia comercial, social e alimentar,
especialmente no norte do pais, onde 0s peixes ainda sdo um dos principais recursos naturais
explorados (Lima et al., 2012; Farias et al., 2021). A pesca extrativista permanece até hoje
como uma das principais atividades tradicionais da Amazonia, desenvolvendo importante papel

socioecondmico para as populagdes locais, em especial a ribeirinha (Santos et al., 2009;



Carvalho et al., 2021). Além da importancia regional, os peixes representam importante fonte
nutricional, pois destacam-se sobretudo quanto ao aporte de vitaminas e qualidade proteica
(Salgado, 2010; Sartori; Amancio, 2012).

Os peixes atuam como importantes hospedeiros para uma ampla fauna parasitaria, em
especial no bioma amazonico, e associada a elevada diversidade da ictiofauna desta regido,
destaca-se também a ampla diversidade de sua fauna parasitaria (Salgado, 2010). Segundo
Malta (1984), os peixes sdo os vertebrados que apresentam o0s maiores indices de infeccdes
parasitarias devido as peculiaridades do meio aquatico, que favorecem a propagacao,
reproducéo e ciclo de vida dos parasitos.

Parasitos, de modo geral, podem causar impactos negativos na vida dos seus
hospedeiros, uma vez que os utilizam para obter alimento, nutrientes, abrigo e influenciarem na
regulacao de suas populacBes (Aguiar, 2013). Esses organismos desenvolvem um importante
papel nos ecossistemas devido a grande diversidade das formas parasitérias e sdo considerados
6timos bioindicadores tanto dos aspectos bioldgicos dos hospedeiros quanto da qualidade
ambiental, uma vez que eles estabilizam e estruturam as cadeias alimentares e comunidades de
animais (Amorim, 2018). Além disso, fornecem informacdes valiosas para a compreensao da
ecologia, ciclo de vida e evolucéo tanto dos hospedeiros quanto dos parasitos (Tavares, 2017).

Um aspecto importante nos estudos da helmintofauna de peixes refere-se as espécies
potencialmente zoonoéticas, capazes de parasitar acidentalmente humanos (Eiras; Pavanelli,
2020; Farias et al., 2021). Embora pouco documentadas, diversas zoonoses estao associadas ao
consumo de peixes crus ou malcozidos, insuficientemente salgados ou inadequadamente
armazenados e refrigerados, que podem representar um problema de satde publica, destacando-
se a eustrongilidiase, capilariase, fagicolose, clonorquiase, bem como as mais conhecidas,
difilobotriase e as anisakiases (Cardia; Bresciani, 2012; Magalhaes et al., 2012; Simdes, 2024).

Dessa forma, o conhecimento da diversidade helmintoldgica dos peixes torna-se
relevante ndo apenas do ponto de vista ecologico, mas também sanitario (Farias et al., 2021).
No entanto, estudos que caracterizam essa biodiversidade parasitaria ainda sdo escassos e
carecem de dados tanto taxondmicos quanto ecoldgicos (Gomes, 2020). Nesse contexto,
pesquisas voltadas a caracteriza¢do desses organismos, especialmente dos helmintos de peixes
de agua doce, sdo fundamentais, uma vez que o desaparecimento das espécies hospedeiras
implica em riscos a biodiversidade que dela depende (Giese, 2010). Além disso, tais estudos
dédo aporte a descobertas de novas espécies e melhoram o conhecimento da relacdo parasito-

hospedeiro-ambiente (Tavares-Dias; Neves, 2017).
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1.2 Regido insular: Ilha de Jutuba

A llha de Jutuba faz parte de um conjunto de 39 ilhas insulares adjacentes ao municipio
de Belém, que fazem parte do estuarino guajarino, Baia do Guajara que possui comunicacao
direta com a Baia de Marajo, formado por um sistema de drenagens continentais em regime de
descarga em ambiente marinho (Figura 1) (Costa et al., 2020; IBGE, 2025). Juntas, essas ilhas
constituem um ecossistema rico em produtividade ecoldgica, diversidade de espécies e recursos

naturais da Bacia Amazonica (Gregorio; Mendes, 2009).

Figura 1: Mapa de localizagdo da llha de Jutuba, municipio de Belém, Para, Brasil.
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Fonte: Alves (2025).

A ilha caracteriza-se por ser formada por um terreno de varzea, devido sua proximidade
do Oceano Atlantico, esta sujeita a influéncias das marés oceéanicas que chegam a inundar as
terras marginais (Figura 2) (Alencar et al., 2019). Possui uma area de 5,7km? e esta distante

22,30km do centro da capital paraense, cujo percurso sO pode ser feito via fluvial em uma
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viagem de barco com duragéo de 1h, saindo do Distrito Administrativo de Outeiro (DAOUT)
(Pereira, 2020; Cruz et al., 2020).

Figura 2: Vista da Ilha de Jutuba.

Fonte: Albuquerque (2025). 7

Segundo Vianna et al. (2014), as familias da llha de Jutuba praticam a pesca de forma
tradicional e artesanal ao longo do ano todo, utilizando redes para 0s peixes e 0 matapi para 0s
camardes. A extragdo do acai e, em menor escala, a criacdo de pequenos animais e 0
extrativismo vegetal, no periodo de safra dos frutos, também estdo entre as atividades de
subsisténcia na comunidade, que possui aproximadamente 120 habitantes (Veloso; Mendes,
2014).

De modo geral a comunidade retira da ilha apenas o necessario, no entanto, assim como
no restante da regido amazonica a biodiversidade também enfrenta ameagas (Vianna et al.,
2014). Entre os principais fatores de degradacéo no local estdo o desmatamento, 0 assoreamento
dos rios, a turvacado das aguas pela pecudria e a destruicdo das lagoas marginais em decorréncia

da expansdo agricola e urbana (Vianna et al., 2014).
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1.3 Propimelodus eigenmanni (Van der Stichel, 1946)

Os peixes da ordem Siluriformes sdo conhecidos como bagres ou peixes-gatos e fazem
parte de um dos grupos mais diversos e amplamente distribuidos, com mais de 3.800 espécies
descritas, distribuidas em 40 familias e 500 géneros, habitam ambientes marinhos e de dgua
doce (Cohen et al., 2021). Constituem um dos componentes mais importantes da fauna
neotropical, regido na qual encontra-se mais de 60% das espécies, s6 no Brasil, existem mais
de 1.000 espécies, cerca de 40%, atribuidas a 11 familias e mais de 200 géneros. (Acosta et al.,
2020).

Pimelodidae Swainson, 1838 ¢ a familia de siluriformes endémica da regido neotropical,
compreende 93 espécies atuais distribuidas em 29 géneros (Rocha, 2012). E a terceira em
numero de espécies na Amazonia, esses peixes caracterizam-se por possuir corpo liso e sem
escamas, nadadeiras com espinhos pungentes, nadadeira adiposa, barbilhdes sensitivos e
variagdo de tamanho de 12 mm a mais de 5 m (Alves et al., 2019; Gutiérrez-Espinosa et al.,
2019). Em geral, possuem habitos noturnos e visdo reduzida, utilizando os barbilhdes para
orientagdo, sao carnivoros, principalmente piscivoros, mas também consomem crustaceos,
estdo entre os peixes de dgua doce mais importantes na pesca, tanto na subsisténcia quanto no
comércio na América Latina (Rocha, 2012).

O género Propimelodus foi estabelecido por Ludenberg e Parisi (2002) como uma
redescri¢do para Pimelodus eigenmanni Van der Stigchel, 1946, e até o momento apresenta
quatro espécies descritas, sendo elas Propimelodus eigenmanni (Van der Stichel, 1946),
Propimelodus caesius Parisi, Ludenberg & Donascimento, 2006, Propimelodus araguayae
Rocha, Oliveira & Rapp Py-Daniel, 2007 e Propimelodus lobatos Torrico-Destre; Careaga;
Carvajal-Vallejos, 2025, como caracteristica principal o género possui as nadadeiras adiposas
muito longas. Espécies pertencentes a Propimelodus, sdo atualmente conhecidas do curso
principal do rio Amazonas, no Brasil e no Peru, e do curso inferior de seus principais tributarios
(Parisi et al., 2006; Rocha et al., 2007; Torrico-Destre et al., 2025).

Propimelodus eigenmanni (Figura 3), ¢ a espécie tipo do género, conhecida
popularmente como mandii, de hébito noturno e encontrada em aguas doces influenciadas pelas
marés, e em grandes rios afluentes em canais abertos de forte correnteza (Ludenberg; Parisi,
2002). Distribui-se pela regido do baixo Amazonas e tributarios como o Xingu, Jari, Trombetas
e o baixo Madeira, ocorre também nos rios Kourou e Oiapoque, ambos na Guiana Francesa

(Torrico-Destre et al., 2025). Caracteriza-se pelos olhos pequenos, apresenta coloragdo
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variando de azul a cinza palido e a marrom, com tamanho ultrapassando pouco mais do que 20
cm, tendo registro de serem capturados de 10-1000 m da costa, entre 2-30 m de profundidade

em sedimentos que variam de liso a ondulado, de lama a detrito (Ludenberg; Parisi, 2002).

Figura 3: Vista lateral da espécie Propimelodus eigenmanni, capturado na Ilha de Jutuba, Baia de Marajo, Para.

Fonte: Alves (2025).

1.4  Diversidade de helmintos parasitos de peixes

No Brasil, os estudos sobre helmintos em vertebrados tiveram inicio no século XIX com
pesquisadores europeus, destacando-se Rudolphi e Diesing (Vicente et al., 1993). Em peixes,
0s primeiros registros de helmintos também remontam aos trabalhos desses autores em
hospedeiros marinhos e de agua doce (Luque et al., 2011; Tavares, 2017). Contudo, foi a partir
de 1928, com as pesquisas conduzidas pela equipe de Travassos, que o0s estudos sobre a
helmintofauna de peixes de agua doce passaram a ser desenvolvidos de forma mais sistematica
(Reis et al., 2021). Desde entdo, diversos trabalhos tém ampliado o conhecimento sobre a
taxonomia, biologia, distribuigéo e diversidade desses parasitos (Luque et al., 2011).

Embora diversos estudos tenham ampliado, ao longo dos anos, o conhecimento sobre a
helmintofauna de peixes amazénicos, ainda existem importantes lacunas relacionadas a muitas
espécies hospedeiras (Pavanelli et al., 2013). Nesse contexto, até 0 momento, poucos parasitos
foram relatados para Propimelodus eigenmanni. Neves e Tavares-Dias (2019), em um estudo
realizado no Estado do Amapa, registraram o isépode Braga patogénica Schiodte & Meinert,
1881, parasitando as branquias do hospedeiro. Posteriormente, no Estado do Para, Ruffeil et al.
(2023) descreveram Spirocamallanus delirae Ruffeil, Giese & Pinheiro, 2023, em exemplares
provenientes dos municipios de Belem e Breves, parasitando o intestino dos peixes. Pinheiro et

al. (2025) registraram a ocorréncia de Anisakis sp., enquanto Spirocamallanus rarus foi descrito
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pela primeira vez em P. eigenmanni, no municipio de Breves, por Pinheiro et al., (2026). Esses

registros evidenciam a escassez sobre a fauna parasitaria associada a essa espécie.

1.4.1 Filo Nematoda Rudolph, 1819

O filo Nematoda é um dos grupos mais abundantes e diversificados, tanto em nimero
de espécies quanto de individuos, sdo 0s mais comuns parasitos de peixes (Eiras et al.; 2016).
Sdo0 organismos dioicos com acentuado dismorfismo sexual, ndo segmentados,
pseudocelomados, de simetria bilateral, com corpo cilindrico e filiforme, e apresentam uma
cuticula resistente, caracteristica essa que 0s agrupa no clado Ecdisozoa (Barros, 2015).
Possuem sistemas reprodutor, nervoso, excretor e digestério completo (Berenguer, 2006;
Schmidit; Robert, 2008).

O ciclo de vida dos nematddeos pode ser monoxénico, quando utilizam apenas um
hospedeiro, ou heteroxénico quando utilizam mais de um hospedeiro (Eiras et al., 2016). O
desenvolvimento dos individuos envolve cinco estadios, no qual quatro sdo larvais (L1 a L4),
e um adulto, usualmente o terceiro estadio larvar (L3) é o infectante para o hospedeiro
definitivo, o desenvolvimento dos jovens até a forma adulta acontece por meio de mudas
cuticulares que podem ocorrer dentro da cobertura do ovo, eclodir dele no Gtero da fémea, no
meio externo ou em um hospedeiro intermediario (Berenguer, 2006).

Em peixes, as larvas, principalmente em hospedeiros intermediarios, podem ocorrer
encistadas nos tecidos ou livres na cavidade celomatica e quando ha migracao delas através do
corpo, podem alcancar outros sitios de infeccdo (Eiras et al., 2006). Os nematodeos adultos
podem ocorrer predominantemente no trato digestivo, embora também possam ser encontrados
em outros orgdos. (Eiras et al., 2016).

As identificagdes e classificacBes dos nematddeos se baseiam em chaves taxonémicas,
que utilizam caracteristicas morfoldgicas do esdfago, a forma da regido anterior, a forma da
cauda do macho, namero e distribuicdo de papilas, além do tamanho e forma dos espiculos, e
presenca ou auséncia de gubernaculo e nas fémeas a posicao da vulva (Luque, 2011). Devido a
sua abundancia e diversidade, os nematddeos possuem grande importancia taxonémica e
ecologica, mas apenas cerca de 2 a 10% da fauna mundial foi descrita formalmente (Luque,
2011; Eiras et al., 2016).
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No Brasil, as familias Cucullanidae Cobbold, 1864, Camallanidae Railliet & Henry,
1915, Anisakidae Skrjabin & Karokhin, 1945, Raphidascarididae Hartwich, 1954 estéo entre

0S nematodeos mais representativos no parasitismo em peixes (Vicente; Pinto, 1999).

1.4.2 Familia Cucullanidae Cobbold, 1864

Os cucullanideos sdo diversos e comumente ocorrem no trato digestivo de peixes e
raramente em quel6nios, nos mais variados ambientes de dgua doce, estuarina e marinhos (Ll
et al., 2014). Cucullanus Mdller, 1777 e Dichelyne Jagerskiold, 1902, sdo os géneros mais
representativos da familia em numero de espécies validas (Pereira; Luque, 2016). Por
apresentarem na regido anterior estruturas esclerotizadas semelhantes a dentes, podem causar
danos consideraveis ao se fixarem ao hospedeiro causando infeccBes que afetam a taxa de
crescimento e a saude, tornando-os mais suscetiveis a doengas que podem resultar em
mortalidade (Eiras et al., 2016; 2014, Pinheiro et al., 2024).

1.4.3 Familia Camallanidae Railliet & Henry, 1915

A familia Camallanidae compreende nemat6deos parasitos gastrointestinais de peixes
marinhos, estuarinos e de dgua doce e, ocasionalmente, ocorrem em répteis e anfibios (Alves et
al., 2019). Yeh (1960) propods a divisdo da familia em duas subfamilias: Camallaninae, que
retine espécies com capsula bucal dividida em duas metades, e Procamallaninae composta por
aquelas com uma Unica capsula bucal em forma de copo. Os representantes dessa familia,
especialmente Procamallaninae caracterizam-se por apresentarem uma capsula bucal bem
desenvolvida e fortemente esclerotizada, as vezes armada com dentes e/ou ornamentacdes, que
favorecem tanto a fixacdo do parasito & mucosa dos 6rgaos do hospedeiro, bem como no seu
habito alimentar hematdfago, o que pode torna-los agentes patogénicos para os peixes (Yeh,
1960).

Para a regido amazodnica as espécies relatadas sdo: S. inopinatus Travassos, Artigas &
Pereira, 1928, S. pereirai Annereaux, 1946, S. paraensis Pinto & Noronha, 1976, S. krameri
Petter, 1974, S. belenensis Giese, Santos & Lanfredi, 2009, S. delirae Ruffeil, Giese & Pinheiro,
2023 e S. rarus Travassos, Artigas & Pereira, 1928 (Pinheiro et al., 2026). O ciclo de vida dos
individuos dessa familia é o heteroxénico, envolvendo pelo menos dois hospedeiros, sendo 0s

crustaceos hospedeiros intermediérios e vertebrados hospedeiros definitivos, a infeccdo em
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peixes acontecem quando estes ingerem os crustaceos infectados com larvas L1 (Pinheiro et
al., 2018; 2020; Ruffeil, 2022).

1.4.4 Familia Anisakidae Skrjabin & Karokhin, 1945

A familia Anisakidae tem ampla distribuicdo mundial e sdo parasitos de organismos
aquaticos como mamiferos marinhos, aves piscivoras e peixes (Bicudo et al., 2005). As larvas
sdo amplamente descritas em peixes, sendo 0s géneros Anisakis Dujardim, 1845 e
Contracaecum Railliet & Henry, 1912 os mais representativos (Luque, 2004).

Os anisakideos sdo alvos de investigacdo por todo o mundo devido seu carater
zoonotico, uma vez que os humanos podem atuar como hospedeiros acidentais ao ingerirem
larvas de terceiro estagio (L3), conhecidas como agentes etioldgicos da anisakiase humana,
tornando-se, portanto, problema de saude publica (Sardella; Luque, 2016). Os sintomas da
anisakiase variam de dor abdominal leve a intensa, niuseas e diarreia, até ocorréncia de fortes
reacOes alérgicas (Nieuwenhuizen, 2016). Em razdo desse potencial zoondtico, o Ministério da
Saude classificou, em 2022, a infeccdo por Anisakis spp. como agente bioldgico de classe de

risco 2, por apresentar risco moderado e limitado de transmisséo (Brasil, 2022).

1.45 Familia Raphidascarididae Hartwich, 1954

A familia Raphidascarididae sdo nematdides cosmopolitas em vérias espécies de peixes,
inclui o género Hysterothylacium Ward & Magath, 1917, considerado um dos maiores géneros
de ascaroides que parasitam hospedeiros marinhos, estuarinos e de dgua doce (Abdel-Gaber et
al., 2024). Os adultos podem ser encontrados parasitando o canal alimentar desses individuos,
enquanto as larvas podem ser encontradas parasitando tanto peixes como alguns pequenos
invertebrados, que atuam como hospedeiros intermediarios (Lopes et al., 2012; Alves et al.,
2024).

1.4.6 Filo Platyhelminthes Gegenbaur, 1859
Formam um amplo grupo de invertebrados, pseudocelomados, com corpo achatado

dorsoventralmente, compreende tanto formas de vida livre, caracterizados por possuirem

epitélio ciliado (subfilo Turbellaria) quanto parasitaria (subfilo Neodermata) cujo revestimento
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cuténeo ndo possui cilios em determinadas fases do ciclo de desenvolvimento (Rocha et al.,
2014). Os Platelmintos endoparasitos, pertencem a Classe Cestoda e Trematoda (Berenguer,
2006).

1.4.7 Classe Cestoda Rudolphi, 1808

Os Cestodas sdo Platyelminthes, comumente conhecidos como “ténias” e
frequentemente associados ao homem (Eiras et al., 2016). Todas as espécies sdo endoparasitas
e desprovidas de sistema digestdrio, obtendo nutrientes através de um tegumento sincicial
altamente especializado adaptado a absorcao direta de substancias do hospedeiro, por isso a
fase adulta é quase sempre encontrada no intestino (Berenguer, 2006). Possuem caracteristicas
bem marcantes, como a presenca de um 6rgédo de fixacao diferenciado, o escélex, e por uma
regido denominada de estrobilo constituido por uma sequéncia de segmentos chamados
proglétides, cada uma dotada de 6rgdos genitais masculinos e femininos, a repeticdo dessas
proglétides confere aos Cestodas a condicao polizdica (Rocha et al., 2014; Thatcher, 1981).

O ciclo de vida dos Cestodas ¢ complexo e heteroxénico, envolvendo de dois a quatro
hospedeiros (Berenguer, 2006). O desenvolvimento larval ocorre em hospedeiros
intermediarios, vertebrados ou invertebrados, podendo ser encontradas na musculatura,
cavidade visceral e 6rgdos internos, em enquanto as fases adultas ocorrem nos hospedeiros
definitivos (Pavanelli et al., 2013). Em ambientes aquaticos, os peixes 6sseos abrigam as formas
larvais e os cartilaginosos a fase adulta (Eiras et al., 2016; Rocha et al., 2014). Entre as familias
de Cestoda, Proteocephalidae, é a mais representativa no parasitismo em peixes, em especial 0s
de agua doce, com vasta ocorréncia entre os siluriformes, sobretudo na familia Pimelodidae
(Pavanelli; Santos, 1991; Rego, 1984; Alves et al., 2019).

Ainda sdo escassos 0s estudos sobre a patologia causada por este grupo em peixes
(Cardia; Bresciani, 2012; Eiras et al., 2016;). No entanto, existem espécies com potencial
zoonotico transmitida pela ingestdo do consumo de peixes cru ou malcozidos, o género
Diphyllobothrium é o de maior interesse em saude publica por causar difilobotriose considerada
uma das zoonoses mais importantes por possuir muitos casos em todo o mundo (Magalhées et
al., 2012; Rocha et al., 2014).



18

1.5 Objetivos

1.5.1 Objetivo geral

Descrever a diversidade e ecologia parasitaria de Propimelodus eigenmanni (Van der
Stichel, 1946) capturado na Ilha de Jutuba, Baia do Maraj0, Pard, Brasil.

1.5.2 Objetivos especificos

e Caracterizar morfologicamente e morfometricamente os helmintos encontrados
parasitando Propimelodus eigenmanni;

e Descrever e revisar o status taxonémico e a distribuicdo geografica dos parasitos
encontrados;

e Determinar os indices ecoldgicos do parasitismo dos helmintos encontrados em

Propimelodus eigenmanni.
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1.6 Material e Métodos

1.6.1 Aspectos éticos da pesquisa

Este estudo foi desenvolvido no Laboratério de Histologia e Embriologia Animal
(LHEA) do Instituto de Saude e Produgdo Animal (ISPA) da Universidade Federal Rural da
Amazonia (UFRA). Todas as diretrizes institucionais, nacionais e internacionais aplicaveis para
0 cuidado e uso de animais foram seguidas sob autorizacdo para atividades com finalidades
cientificas do ICMBIo/SISBIO n° 68028-6 (Anexo A) e em conformidade com a Comissao de
Etica no Uso de Animais (CEUA/UFRA) sob protocolo de n° 7809140122 (Anexo B).

1.6.2 Procedéncia dos hospedeiros

Foram analisados 100 espécimes de Propimelodus eigenmanni (52 & e 48 Q) coletados
entre marco de 2025 (91 espécimes) e maio de 2026 (9 espécimes) capturados por pescadores
artesanais da ilha de Jutuba (0°47°54.7” S 48°24°10.7” W), municipio de Belém, Estado do
Para. Os peixes apresentaram comprimento e peso médio de 25 cm (7-34) cm e 699 (12-142) g
respectivamente e transportados mortos em caixas isotérmicas contendo gelo artificial

reutilizavel (Gelox) e levados ao laboratdrio para necropsia e investigacdo de helmintos.

1.6.3 Analise dos hospedeiros

As necropsias dos hospedeiros foram efetuadas por meio de uma inciséo longitudinal
seguindo a linha média ventral, desde a abertura oral até a abertura cloacal de modo a expor a
cavidade celomética de modo que cada 6rgdo pudesse ser cuidadosamente examinado, in situ.
Os orgaos foram retirados e individualizados em placas de Petri contendo solucéo fisiologica
0,9% e analisados utilizando estereomicroscopio para investigacdo da presenca de helmintos.
Todos o0s espécimes encontrados foram limpos em solugdo fisiologica, quantificados e
guardados em solugéo fixadora de A.F.A (&lcool 70% - 85ml; formol 40% - 10ml; &cido acético
- 5ml), e processados para analise por microscopia de luz e microscopia eletrénica de varredura.

Todos os dados foram registrados em uma ficha de necropsia (Anexo C).
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1.6.4 Microscopia de luz

Para microscopia de luz os nematoides fixados, foram clarificados em lactofenol de
Aman 20% e levados a microscopia de campo claro entre lamina e laminula. As analises
morfométricas foram efetuadas com auxilio de desenhos realizados com auxilio de camara
clara, sendo medidos pelo menos 20 exemplares de todos os organismos estudados, quando
possivel.

Os dados morfométricos sao apresentados no formato telegrafico seguindo os padrées
usados em estudos taxondémicos. Assim, 0s dados obtidos sdo compostos por: média aritmética
seguida de desvio padréo e, entre parénteses, o0s intervalos entre as menores medidas, separado
por hifen da maior medida, exemplificada na férmula + & (< - >), ou modificados de acordo
com as normas da revista onde serdo submetidos os artigos. Todas as medidas serdo

apresentadas em micrémetros, caso contrério, sera indicado.

1.6.5 Microscopia Eletronica de Varredura (MEV)

Alguns espécimes fixados em A.F.A foram selecionados para analise em MEV, e foram
submetidos a lavagem em agua destilada por 2 horas e pds-fixados em tetroxido de 6smio
(OS04) a 1% por 2 horas, sendo submetidos a desidratacdo em série crescente de Etanol a partir
do Etanol 50% até 100%, e secos em aparelho de Ponto Critico de CO2 conforme Pinheiro et
al. (2018). Os nematoides foram montados em suporte metalicos de aluminio (stubs) e
metalizados com Ouro+Paladium, e analisados em microscépio eletrénico de varredura VEGA
3, TESCAN instalado no Laboratério de Microscépio Eletronica de Varredura, anexo do

Laboratorio de Histologia e Embriologia Animal.

1.6.6 Indices ecoldgicos do parasitismo

Apos coleta e fixacdo, os helmintos foram quantificados com auxilio de
estereomicroscopio (Leica ES2) para determinagdo dos indices ecoldgicos do parasitismo:
prevaléncia (P%), intensidade media de infeccdo (IMI) e abundancia média (AM), conforme
equac0es abaixo, segundo Bush et al. (1997); Bautista-Hernandez et al. (2015).
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P% = Numero total de peixes parasitados x100
Numero de peixes examinados

IMI = Numero total de parasitos
Numero de peixes infectados

AM = Numero total de parasitos
NUmero de peixes examinados

1.6.7 Identificacdo morfoldgica

Para a identificagdo dos nematddeos encontrados foram utilizadas chaves taxonémicas
de acordo com Moravec (1998), Anderson (2000; 2009), Thatcher (2006), Gibbson (2010),
Lugue et al. (2011), Rigby & Rigby (2014). Além do uso de artigos cientificos correlatos

disponiveis na literatura para cada Filo/género de helminto.

1.6.8 Destinacdo dos helmintos ap6s identificacéo

Espécimes representativos (espécimes voucher) de espécies encontradas e possiveis
espécies novas (espécimes hol6tipo, alétipo e paratipo) foram depositadas na Colecao de Outros
Invertebrados do Museu Paraense Emilio Goeldi (MPEG), Belém, Par4, Brasil, devidamente

etiquetados e numerados.

1.6.9 Destinacdo das carcacas e visceras dos hospedeiros apos necropsia

Apos cada necropsia realizada, as carcacas dos peixes foram devidamente armazenadas
em sacos para lixo bioldgico e mantidas congeladas até a coleta do material, realizada por
empresa prestadora de servico de coleta de lixo bioldgico da Universidade Federal Rural da

Amazonia.
1.7  Resultados
Do total de 100 peixes analisados, 99% foram encontrados infectados por uma ou mais

espéecies de helmintos e apenas um exemplar ndo apresentou parasitismo. No total, foram

coletados 3.239 espécimes de parasitos (2.939 formas larvais e 300 adultas), e foram
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identificados como pertencentes aos filos Nematoda e Platyhelminthes. Os taxons encontrados
estdo distribuidos em 4 familias de nematoides (Anisakidae, Cucullanidae, Camallanidae e
Raphidascarididae) e uma de cestoda.

Entre os parasitos recuperados, 2.899 espécimes encontrados na cavidade celomatica
foram identificados como larvas de terceiro estagio de Anisakis sp., por apresentarem estruturas
compativeis com o género, incluindo extremidade cefélica arredondada com um pequeno dente
cuticular ventral, trés labios pouco desenvolvidos, poro excretor situado abaixo do dente
cefélico ventral, ventriculo bastante longo, apéndice ventricular e ceco intestinal ausentes,
cauda conica afilada com estrias transversas acentuadas e presenga de mucro.

Os exemplares da familia Camallanidae, coletados do intestino dos peixes, foram
identificados como pertencentes ao género Spirocamallanus, pois compartilham a superficie
interna da céapsula bucal com espiral em ambos 0s sexos, estrutura caracteristica do género.
Sendo 182 classificados como S. delirae (177 adultos e 5 larvas) e 33 como S. rarus. Os
espécimes foram diferenciados pela morfologia da capsula bucal. Enquanto S. delirae apresenta
capsula bucal dotada de 15 a 19 espirais, S. rarus apresenta apenas 4.

Noventa espécimes adultos de cucullanideos, encontrados parasitando o intestino dos
hospedeiros, apresentavam caracteristicas compativeis ao género Dichelyne e subgénero
Dichelyne, por ndo apresentarem ventosa ventral e o padrdo de distribuicdo e nimero de papilas
nos machos. Contudo, os exemplares ndo puderam ser atribuidos a nenhuma espécie conhecida.
Com base em analises morfoldgicas detalhadas por microscopia Optica e eletrdnica de
varredura, os espécimes foram reconhecidos como pertencentes a uma nova espécie, a qual
denominou-se Dichelyne (Dichelyne) jutubensis n. sp.

Quanto aos representantes da familia Raphidascarididae, foram encontradas vinte e
cinco larvas na cavidade celomatica, os espécimes apresentavam cuticula com asas laterais
estendendo-se ao longo do corpo. Na extremidade anterior observou-se a presenca de labio
dorsal, com dois pares de papilas cefalicas e uma papila maior, além de dois labios
ventrolaterais, cada um contendo um par de papilas cefélicas. Adicionalmente, auséncia de
dente larval, abertura do poro excretor abaixo do anel nervoso, com ventriculo quase esférico,
apéndice ventricular duas vezes mais longo que o esdfago e presenca de ceco intestinal. Na
extremidade posterior, observou-se a presenca de trés glandulas retais subesféricas, cauda
conica com ponta arredondada e auséncia de mucro. Essas caracteristicas permitiram que 0s

espécimes fossem alocados ao género Hysterothylacium.
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Embora tenham sido encontrados dez proglotides jovens de Cestoda na cavidade
celomética do hospedeiro, ndo foi possivel identificar a espécie em razdo da auséncia do
escolex. No entanto, é provavel que esses espécimes pertencam a familia Proteocephalidae,
uma vez que peixes da ordem Siluriformes, especialmente os pimelodideos, atuam como
hospedeiros definitivos e paraténicos de diversas espécies de proteocefalideos, padrdo que

aparentemente também se aplica a P. eigenmanni.

1.8  Artigos Cientificos

A presente dissertacdo esté estruturada no formato de agregacdo de artigos cientificos.
Os dados obtidos nesta pesquisa possibilitaram a producao de artigos aceitos para publicacgéo,
manuscritos submetidos e em elaboracdo conforme apresentado no Quadro 1. Na sequéncia sao

apresentados os artigos cientificos resultantes deste estudo.

Quadro 1: Status de producdo cientifica dos dados obtidos da pesquisa de Diversidade e ecologia parasitaria de
Propimelodus eigenmanni, capturados na Baia do Marajo, Para.

Taxa/Parasito Status Titulo Revista FI* %*
A new species of Dichelyne (Nematoda: Revista
. . . . Cucullanidae) parasitizing fish of the Brasileira de 0
Dichelyne jutubensis n. sp. Publicado family Pimelodidae in the Amazon Parasitologia 12 61%
estuary, northern Brazilian coast Veterinaria
Morpho-biometric characterisation and
. _ ecology of .Hysterothylac[um sp._le_trvae Journal of Fish
Hysterothylacium sp. Submetido | (Nematoda: Raphidascarididae) Di 2.2 80%
NP o ’ iseases
parasites in fish in Marajé Bay, Pard
State, Brazil
Anisakis . . .
- . Helminthofauna of  Propimelodus Revista
Spirocamallanus delirae Em eigenmanni (Siluriformes: | Brasileira de
- x . ' . L . . 1.2 61%
Spirocamallanus rarus elaboracdo | Pimelodidae) Captured in Marajé Bay, parasitologia
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Abstract

A new cucullanid, Dichelyne (Dichelyne) jutubensis n. sp., collected from the intestine of Propimelodus eigenmanni
(Van der Stigchel, 1946), from the Amazon estuary on the northern coast of Brazil, is described based on light
and scanning electron microscopy. The prevalence of infection was 39.6% (36 infected fish/ 91 examined).
Morphologically, the nematodes lacked a ventral sucker, and the number of caudal papillae in males identifies
them as members of the nominotypical subgenus Dichelyne of the genus Dichelyne. The new species differs fromits
congeners by the presence of a conical, spiny appendage at the tip of the tail and in the number and distribution
of its 10 pairs of caudal papillae: six pre-cloacal, one adcloacal, and three post-cloacal. This new species represents
the fourth record of the genus in Brazilian territory and the first record for estuarine waters in northern Brazil,
with Propimelodus eigenmanni registered as a new host for the genus.

Keywords: Morphology, Nematoda, Cucullanidae, parasite, fish, Amazon.

Resumo

Um novo cucullanideo, Dichelyne (Dichelyne) jutubensis n. sp., coletado do intestino de Propimelodus eigenmanni
(Van der Stigchel, 1946), do estudrio amazdnico, da costa norte do Brasil, é descrito com base em microscopia
de luz eeletrénica devarredura. A prevaléncia de infeccao foi de 39,6% (36 peixes infectados/ 91 examinados).
Morfologicamente, os nematédeos apresentaram auséncia de ventosa ventral e o nUmero de papilas caudais
nos machos os alocam ao subgénero nominotipico Dichelyne, do género Dichelyne. A nova espécie difere
de seus congéneres por apresentar na ponta da cauda um apéndice cdnico com espinhos e pelo nimero e
distribuicdo das 10 papilas caudais: seis pares pré-cloacais, um par adcloacal e trés pares pds-cloacais. Esta
nova espécie representa o quarto registro do género para o territorio brasileiro e o primeiro registro para
aguas estuarinas do norte do Brasil, sendo Propimelodus eigenmanni registrado como um novo hospedeiro
para o género.
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Introduction

Nematodes of the family Cucullanidae Cobbold, 1864 are diverse and commonly occur in the digestive tract
of marine, estuarine, and freshwater fish (Timi et al., 1997; Caspeta-Mandujano et al., 2000; Moravec et al., 1997,
2001; Gonzalez-Solis et al., 2002; Moravec & Justine, 2011). Cucullanus Mdller, 1777 and Dichelyne Jagerskidld,
1902 are the most representative genera, considering the number of valid species, and are pose taxonomic
challenges (Pereira & Luque, 2016; Pinheiro et al., 2024). Although the genera contain numerous species, the
high number of inadequate descriptions and the rather uniform morphology of cucullanids make detailed
comparisons among all of them impossible and represent a real challenge for taxonomists who deal with these
parasites (Moravec et al., 1993; Vieira et al., 2015).

Dichelyne comprises the 3 subgenera Dichelyne Jagerskiold, 1902, Cucullanellus Térnquist, 1930, and
Neocucullanellus Yamaguti, 1941 (Anderson et al., 2009). The subgenus Dichelyne comprises approximately 30
species (Worms, 2025), of which only three have been recorded for Brazil, parasitizing freshwater and marine
fish: Dichelyne (Dichelyne) leporini Petter, 1989, parasites of Anostomidae fish (Leporinus friderici Bloch, 1794;
Leporinus lacustris Amaral Campos, 1945, and Schizodon fasciatus Spix & Agassiz, 1829), Dichelyne (Dichelyne)
pimelodi Moravec, Kohn & Fernandes, 1997, a parasite of Pimelodidae fish (Pimelodus maculatus Lacepéde, 1803,
and Pimelodus sp.), both described in the state of Parand, and Dichelyne (Dichelyne) bonacii Gonzalis-Solis, Arqaez-
Garcia & Guilen-Hernandez, 2002, parasite of Lutjanidae fish (Lutjanus griseus Linnaeus, 1758, in Lutjanus analis
Cuvier, 1828 and Rhomboplites aurorubens Cuvier, 1829, in the state of Sergipe (Luque et al.,, 2011).

When compiling their checklist of nematodes parasitizing fish in the Brazilian Amazon (Santos Reis et al.,
2021), did not record the presence of the genus Dichelyne in the region. During a parasitological examination of
Pimelodidae fishes from the Amazon River estuary (state of Para), several nematodes were recovered. A detailed
morphological study of these specimens, based on light and scanning electron microscopy, revealed that they
represent a new species of Dichelyne (Dichelyne).

Material and Methods

Ninety-one specimens of Propimelodus eigenmanni (Siluriformes: Pimelodidae) were captured by artisanal
fishers from the island of Jutuba (Marajé Bay 0°47'54.7"S 48°24'10.7"W), State of Par4, Brazil. Fish were collected
from March to May 2025 and transported dead on ice to the Laboratério de Histologia e Embriologia Animal,
Instituto da Saude e Producdo, Universidade Federal Rural da Amazénia, City of Belém, state of Para. All applicable
institutional, national, and international guidelines for animal care and use were followed (permission number
CEUA: 9243170321; SISBIO: 68028-4). In the laboratory, the digestive tract of each specimen was separated and
placed in Petri dishes with saline and examined using a stereomicroscope. Live nematodes were recovered
from the intestine of Propimelodus eigenmanni specimens, washed in saline solution and then fixed in a hot
ethanol-formaldehyde-acetic acid solution (930 mL of 70% ethanol, 50 mL of commercial formaldehyde, and
20 mL of acetic acid) and preserved in 70% ethanol. They were then examined using light microscopy and
scanning electron microscopy following procedures described by Pinheiro et al. (2018). All measurements are
presented in millimeters, unless otherwise indicated. The system adopted for describing male caudal papillae is
according to Moravec et al. (1993), Timi et al. (1997), Moravec et al. (1997) and Gonzalez-Solis et al. (2002). The
fish nomenclature adopted was according to FishBase (Froese & Pauly, 2025). The type material was deposited
in the Cole¢do de Invertebrados ndo Arthropoda of the Museu Paraense Emilio Goeldi (MPEG), municipality of
Belém, State of Para, Brazil: Holotype male (MPEG 000428), allotype female (MPEG 000429) and 8 paratypes
(4 males: MPEG 000430; 4 females: MPEG 000431).

Results

A total of 80 nematodes were recovered from the intestine of Propimelodus eigenmanni, with a prevalence
of 39.6%, (36 infected fish/91 examined) mean intensity of infection 2.5, mean abundance of 0.88, and range
of infection of from 1 to 15 nematodes adults per host. All specimens collected showed characteristics
compatible with the genus Dichelyne but could not be attributed to a known species, meaning that a new
species is described here. The morphological and morphometric characteristics of this new species are
presented below and in Table 1.
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Table 1. Morphometric characteristics of Dichelyne (Dichelyne) jutubensis n. sp. parasite of Propimelodus eigenmanni in Brazil.

Dichelyne (D.)

. jutubensis n. sp. Dichelyne (D.) leporini Dichelyne (D.) pimelodi Dichelyne (D.) bonacii
Male Female Male Female Male Female Male Female
Host Propimelodus eigenmanni Leporinus friderici Pimelodus sp. Lutjanus analis
Group of hosts (Siluriformes) (Siluriformes) (Siluriformes) (Perciformes)

Locality Par4, Brazil Paran4, Brazil Parand, Brazil Sergipe, Brazil
Environment Brackish water Freshwater Freshwater Marine
Length 2-5 4-8 9.72 17.71-23.87 6.90 Unknow 142 134
Nervering 0.167-0.293 0.168-0.293 0.272 0.340-0.367 0.340 = 0.386-0.455 0.495-0.552
Deirids 0.303-0.677 0.373-0.733 0.911 1.16-1.35 0.979 = 0.584-0.986 0.425-0.552
Excretory pore 0.343-0.837 0.600-0.967 = 1.05-1.28 1.14 = 0.693-1.096 0.861-1.198
Esophastome 0.170-0.277 0.202-0.313 0.218 0.272-0.313 0.218 = 0.297-0.396 0.336-0.467
Esophagus 0.477-0.670 0.557-0.790 1.14 1.41-1.65 0.911 = 0.87-1.049 0.930-1.292
Caecum 0.117-0.333 0.267-0.463 0.925 1.20-1.27 0.286 0.396-523 0.495-0.688
Vulva (Position) Postequatorial Postequatorial = Postequatorial
Vulva 1-4 12.88-15.01 e 3.689-5.380
Precloacal papillae 6 (4sv+1L+1dL)+1u 5 4sv+1u 6 (3sv+1sv+1SL+1L)+1u
Addoacal papillae lad 1 2 (1sv-1L) 2sv
Postcloacal papillae 3 (2sv+1dL)+1ph 4 4 (2sv-2L) 2 (1sv+1SL)+1ph
Right spicule 0.587-1.093 0.660 146 0.45
Left spicule 0.547-1.027 = - 0.65
Gubernaculum 0.050-0.088 0.090 0.128 0.11
Tail 0.100-0.148 0.137-0.208 0.218 0.367-0.422 0.231 o 0.19 0.19-0.30
Reference Present study Moravec et al. (1993) Moravec et al. (1997) Alves et al. (2019)

Abbreviations: sv=subventral papillae; L= lateral papillae; dL= dorsolateral papillae; SL= sublateral papillae; ph=phasmids; ad= adcloacal papillae
and u= unipared papillae.

Description

General. Medium-sized nematode, opaque white when alive. Cuticle finely striated transversally. Cephalic
region slightly asymmetrical in lateral view; without alae (Figures 1a; 2a). Cephalic end rounded, oral aperture
dorsoventrally elongate, slit-like, surrounded by raised narrow collarette, bearing row of small denticles on inner
surface with row of ¢. 50 (Figure 2b). Cephalic end with four submedian papillae and pair of lateral amphids
(Figures 1b; 2b). Nerve ring surrounds esophagus in the final portion of the esophastome (Figure 1b). Deirids
are small and pointed (Figures 1b; 2a, c). Excretory pore below the esophagus (Figures 1b; 2a, c). The esophagus
muscular, expanded at anterior end forming well-developed pseudobuccal capsule (the esophastome) (Figure 1b).
Single ventral intestinal caecum (Figure 1b) of variable length present. Posterior end of the esophagus expanded;
esophageal valve well-developed, nonsclerotized, opening into intestine.

Male (based on 20 specimens, holotype measurements in parentheses): The body length4 mm + 1 (2-5mm)
[3.65 mm], maximum width at the junction between esophagus and intestine 0.224 mm * 66 (0.143-0.314 mm)
[0.200 mm]. Nerve ring, deirids, and excretory pore 0.196 mm * 16 (0.167-0.293 mm) [0.193 mm], 0.483 mm +
92 (0.303-0.677 mm) [0.450 mm], and 0.597 mm +* 154 (0.343-0.837 mm) [0.570 mm], respectively, from anterior
end of body. Esophastome 0.227 mm + 31 (0.170-0.277 mm) [0.240 mm] long and 0.091Tmm # 19 (0.063-0.123 mm)
[0.096 mm] wide. Esophagus 0.551 mm + 57 (0.447-0.670 mm) [0.536 mm] long and 0.088 mm + 20 (0.063-0.140 mm)
[0.086 mm] wide, representing 16% (11-20%) [14%] of total the body length. Intestinal caecum of variable length
0.222 mm £ 117 (0.117-0.333 mm) [0.256 mm] long, 0.059 mm + 16 (0.033-0.090 mm) [0.056 mm] wide, representing
40% (26-54%) [47%] of esophageal length. Posterior end of body notably curved ventrally. Cloacal opening without
protruding lips (Figures 2f, g). Postdeirids 1 mm £ 0 (0.700-2 mm) [1 mm]. Ten pairs of caudal papillae: six precloacal
pairs (1st, 2nd, 3rd, 4th pairs subventral, 5th pair lateral, 6th pair dorsolateral), 7th pair adcloacal papillae and three
postcloacal pairs (pairs 8th and 9th subventral, 10th pair dorsolateral); a pair of lateral papilla-like phasmids located
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Figure 1. Dichelyne (Dichelyne) jutubensis n. sp., from Propimelodus eigenmanni, eastern Amazon: (a) female ventral view;
(b) Anterior end of female, ventral view; (c) Region of vulva, lateral view; (d) Posterior end of female, lateral view; (e, f) Posterior

end of male, lateral view, respectively. Scale bars: (a, b, c, d, e, f) = 20 pm.

-— 10d!

- 10dl

Figure 2. Dichelyne (Dichelyne) jutubensis n. sp., from Propimelodus eigenmanni, eastern Amazon, scanning electron micrographs:
(a,b) Cephalic region, lateral and apical views, respectively: deirids (de), excretory pore (ep), papillae (arrowheads), amphids (ap),

oral opening (*); (c) Deirid and excretory pore, lateral view; (d) Vulva, ventral view; (e) Tail of female, ventral view: anus (*) and

phasmids (arrow); (f, g) Posterior extremity of male, lateral and ventral view; (h) Tail tip, apical view (detail of spines). Scale bars:
(@)=100 pm; (c, e) = 50 pm; (d, f, g) =20 pm; (h) = 10 um. Abbreviations: papillae (p1-p10), phasmid (ph), and unpaired papilla (un).
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between pairs 8th and 9th (Figures 1e; 2f, g). Unpaired ventral papilla located slightly anterior to cloaca (Figures 2f, g).
Spicules filiform, long, subequal and weakly sclerotized, right spicule 0.883 mm + 137 (0.587-1.093 mm) [0.793 mm]
long, leftspicule 0.819 mm+ 121 (0.547-1.027 mm) [0.773 mm] long, representing 25% (17-33%) [21%] of body length
(Figure 1e); ventral sucker absent. Gubernaculumweakly sclerotized and Y-shaped, narrowin lateral view, 0.070 mm +
7 (0.050-0.088 mm) [0.068 mm] long (Figure 1f). Tail 0.124 mm + 15 (0.100-0.148 mm) [0.123 mm] long, with the
presence of a crown adorned with approximately 15 small spines (Figure 2h). Caudal alae absent (Figures 2f, g).

Female (based on 15 gravid females with immature eggs, allotype measurements in parentheses): Body
length 5 mm + 1 (4-8 mm) [4.89 mm], maximum width atthe junction between esophagus and intestine 0.367 mm +
64 (0.243-0.486 mm) [0.357 mm]. Nerve ring, deirids, and excretory pore at 0.225 mm * 29 (0.168-0.293 mm)
[0.216 mm], 0.559 mm + 86 (0.373-0.733 mm) [0.566 mm], and 0.762 mm + 90 (0.600-0.967 mm) [0.600 mm],
respectively, from anterior end of body. Esophastome 0.269 mm + 29 (0.202-0.313 mm) [0.276 mm] long and
0.087 mm 21 (0.060-0.127 mm) [0.060 mm]wide. Esophagus 0.704 mm + 55 (0.557-0.790 mm) [0.686 mm] long and
0.117 mm + 26 (0.067-0.153 mm) [0.123 mm] wide, representing 13% (10-17%) [14%] of total body length. Intestinal
caecum of variable length 0.360 mm * 56 (0.267-0.463 mm) [0.343 mm] long, 0.072 mm + 17 (0.040-0.100 mm)
[0.100 mm] wide, representing 51% (39-60%) [50%] of esophageal length. Vulva postequatorial, 2mm+ 1 (1-4 mm)
[2.19 mm] from anterior extremity, representing 43% (29-53%) [44%] of body length (Figures 1a, ¢; 2d); vulvar lips
elevated. Vagina directed anteriorly from vulva. Uterus filled with numerous oval eggs with uncleaved contents
0.057 mm % 5 (0.050-0.066 mm) long and 0.049 mm + 3 (0.045-0.056 mm) wide. Rectum a short hyaline tube,
0.124 mm + 26 (0.070-0.175 mm)[0.100 mm] long. Postdeirids not observed. Papilla-like phasmids laterally located
in second half of tail (Figure 2e). Tail conical, 0.184 mm + 18 (0.137-0.208 mm) [0.136 mm] long, with the presence
of a crown adorned with approximately 15 small spines (Figures 1d, e; Figures 3a, b).

Etymology: The specific epithet jutubensis derives from the collecting locality of the host specimens, i.e., Jutuba
Island in the municipality of Belém, Para, northern Brazil.

ZooBank Life Science Identifier (LSID): urn:Isid:zoobank.org:pub:F1F8D162-2D79-4E5F-BFAF-1A86DBF6EF5F
Type host: Propimelodus eigenmanni (Van der Stigchel, 1946) (Siluriformes: Pimelodidae).

Site of infection: Intestine.

Biome: Amazon - Environment: Brackish water.

Type locality: Maraj6 Bay, state of Para, Amazon, Brazil.

Prevalence: 39.6% (36 infected fish/91 examined).

Mean intensity of infection: 2.5 nematodes per infected host (range 1-15).

Figure 3. Dichelyne (Dichelyne) jutubensis n. sp., from Propimelodus eijgenmanni, eastern Amazon. (a) Posterior extremity of female
detail of spines; (b) Scanning electron micrographs of female detail of spines. Scale bars: (a) = 50 pm; (b) = 20 pm.
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Discussion

The specimens recovered from the intestine of Propimelodus eigenmanni presented characteristics that are
compatible with the genus Dichelyne, such as an elongated oral opening with a dorsoventral opening, a laterally
narrowed pseudobuccal capsule (esophastome), a cephalic end equipped with four submedian papillae and a
pair of lateral amphidia, as well as simple and undivided esophagus and well-developed anterior intestinal cecum
(Moravec, 1998). The absence of a ventral sucker and the number of caudal papillae in males allow the present
material to be allocated to the nominotypical subgenus Dichelyne of the cucullanid genus Dichelyne (Li et al., 2014).

There are currently approximately thirty species described for the subgenus Dichelyne (Worms, 2024), of which
only five are reported for the Neotropical region: Dichelyne (Dichelyne) spinicaudatus Petter, 1974 (French Guiana and
Argentina), Dichelyne (Dichelyne) leporine Petter, 1989 (Paraguay and Brazil), Dichelyne (Dichelyne) moraveci Petter,
1995 (Paraguay), Dichelyne (Dichelyne) pimelodi Moravec, Khon & Fernandes, 1997 (Brazil), and Dichelyne (Dichelyne)
bonacii Gonzalez-Solis, Arqaez-Garcia & Guillen-Hernandez, 2002 (Mexico and Brazil), with only three recorded for Brazil.

The new species has a crown of approximately 15 small spines on its tail, which resembles Dichelyne (D.)
spinicaudatus, a parasite of two species of perciform fish (Centropomus undecimalis and Cynoscion striatus). but this
species differs from Dichelyne (D.) jutubensis n. sp. in the final portion of the tail, which has a conical appendage
divided into 4-5 points. Additionally, the new species differs in the number of intestinal ceca (one in the new species
vs. two in Dichelyne (D.) spinicaudatus) and in the distribution of caudal papillae present in males, especially the
adcloacal papillae (one pair in the new species vs. four pairs in Dichelyne (D.) spinicaudatus).

Another species described for South American waters, Dichelyne (D.) moraveci was described parasitizing
Pseudoplastystoma fasciatum, Luciopimelodus pati, and Megalonema platano (all Pimelodidae, Siluriformes) in Paraguay
(Parana River near Puerto El Dorado, Itapua Province), and differs in the larger size of the spicules, which reach
twice the size of Dichelyne (Dichelyne) jutubensis n. sp. (0.547-1.093 mm long in the new species vs. 0.700-2.050 mm
in Dichelyne (D.) moraveci).

Dichelyne (D.) jutubensis n. sp. differs from the three species found in Brazil in the morphology of the tail tip,
which is adorned with spines. Morphologically, females of the new species are small (4-8 mm long), which differs
from Dichelyne (D.) leporini (17.71-23.87 mm long), in which females are three times larger. In addition, there is a
differencein the location of the deirids and excretory pore, which are located below the esophagus in the new taxon,
whereas in Dichelyne (D.) leporini these structures are located at the same height in the middle of the esophagus.
Furthermore, Dichelyne (Dichelyne) jutubensis n. sp. has an unpaired ventral papilla located slightly anterior to cloaca,
which is absent in Dichelyne (D.) leporini.

The new species has ten pairs of papillae distributed in six precloacal pairs, one adcloacal pair, and three
postcloacal pairs. This differs from Dichelyne (D.) pimelodi, which has four precloacal pairs, two adcloacal pairs,
and four postcloacal pairs. In addition, Dichelyne (D.) pimelodi has a larger spicule and numerous ventral oblique
precloacal muscle bands, a morphological characteristic absent in Dichelyne (Dichelyne) jutubensis n. sp.

The new species differs from Dichelyne (D.) bonacii in having a smaller body size in both sexes, the presence of
a single intestinal cecum (two ceca are present in Dichelyne (D.) bonacii), and the distribution of papillae, with one
pair being adcloacal and three pairs being postcloacal, while Dichelyne (D.) bonacii has two adcloacal pairs and two
postcloacal pairs. In addition to belonging to the new taxon, it has larger spicules (0.547-1.093 mm in length in the
new species versus 0.45-0.65 mm in length in Dichelyne (D.) bonacii). The new species is described in fish of the family
Pimelodidae, in brackish waters off the northern coast of Brazil, while Dichelyne (D.) bonacii is recorded parasitizing
two species of Lutjanidae (Lutjanus analis and Rhomboplites aurorubens) in marine waters off the northeast coast
of Brazil by Alves et al. (2019). Other morphometric comparisons between the new species and other species of
Dichelyne (Dichelyne) are presented in Table 1.

The Amazon Estuary comprises sections of the Amazon River subject to tidal influence, the Marajé Archipelago, and
the basins flowing directly into this region from the Para and Amapa coasts. It also encompasses an extensive coastal
area strongly influenced by the Amazon River discharge (Barthem et al., 2024). Poulin (2021) describes functional
biogeography as the study of the spatial patterns of biodiversity and the processes that generate them, noting that
geographical patternsin parasite characteristics likely emerged in parallel with patterns in their hosts, while bioclimatic
factors play a secondary role. Furthermore, Santos Reis etal. (2021) argue that fluctuating river levels, driven by rainfall
intensity, and seasonal flooding of some areas likely affect host-parasite interactions and distributions. Accordingly,
we propose Dichelyne (Dichelyne) jutubensis n. sp. as the first species of the genus identified in estuarine waters along
the coast of Para, northern Brazil. We also report Propimelodus eigenmanni as a new host for the genus. Our findings
extend the known geographic distribution of these parasites to northern Brazil (the Brazilian Amazon).
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1 Brazil has long conducted research on parasitology in aquatic organisms,
2particularly because it has the longest coastline in South America (Cantatore & Timi,
32015). With that in mind, various studies are being conducted with the aim of cataloging
4the parasitic fauna of fish, particularly those used as food by the population. There is a
5significant focus on studies related to taxonomy, population ecology, or the dynamics of

6parasitic communities (Luque et al., 2016).

7 The genus Hysterothylacium comprises approximately 70 species and is

8considered one of the largest within the superfamily Ascaridoidea (Deardorff &

90verstreet, 1981; Li et al., 2007; Rossin et al., 2011). Only three species have been
10reported in Brazil: H. fortalezae, H. eurycheilum, and H. deardorffoverstreetorum (Luque
11et al., 2011). The larvae and adults of Hysterothylacium parasitize fish in a wide variety
120f aquatic environments around the world, using these organisms as intermediate and
13definitive hosts (KQie et al., 1993; Klimpel et al., 2005; Guo et al., 2014).

14 Despite previously being included in the family Anisakidae, Hysterothylacium is
15now placed in the family Raphidascarididae Hartwich, 1954, although data on its
16systematics and biology are still limited (Shamsi et al., 2013). Species of this genus
17exhibit considerable variation in tail morphology, the excretory system, and the lateral
18wings, which may be present or absent (Bruce & Cannon, 1990). Larvae are identified
19based on distinguishing characteristics, such as an excretory pore located near the nerve
20ring, a poorly developed ventricle, the presence of a ventricular appendage, an intestinal

21cecum, and a tail with a mucron (Tavares & Luque, 2006).

22 Hpysterothylacium larvae are often confused with Contracaecum larvae, and the
23location of the excretory pore is one of the characteristics used for morphological
24differentiation between the genera (Lopes et al., 2011). The presence of Anisakidae and
25Raphidascarididae nematode larvae poses a significant risk to the food safety of fish
26products and can have adverse effects on human health. Therefore, studies on migration,
27population structure, and other biological aspects of marine organisms, including fish,

28have used the presence of these parasites as biological markers (Mackenzie, 2002).

29 Human infections caused by Hysterothylacium larvae are rare, with only one
30reported case in Japan in which an immature female H. aducum was expelled in the stool
310f a patient who had been experiencing abdominal pain and diarrhea for one month (Eiras
32et al. 2015). Based on the few records of Hysterothylacium larvae in the Amazon, this
33study sought to document the occurrence, morphology, and prevalence of third-stage

34larvae of Hysterothylacium sp. in two fish species caught in Maraj6 Bay, in the state of

3
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1Par4, Brazil, and to present examples of the diversity of fish species that serve as hosts

2for the genus.

3Materials and methods
4Survey data
5 Ninety-one specimens of Propimelodus eigenmanni (female and male) and
6twenty-five specimens of Hoplias malabaricus (female and male) were caught by fishers
7from the Maraj6 Bay (Island of Jutuba, municipality Belém and municipality of Soure)
8respectively, in the Para River estuary, Brazil. Fish were refrigerated and transported to
9the laboratory where they were weighed and measured (total length in cm). After the
10biometric analysis, the animals were necropsied. The organs were removed, placed in
11Petri dishes with saline solution 0.9%, and examined using a LEICA ES2
12stereomicroscope and the nematodes were collected. The recovered nematodes were fixed
13in a solution of AFA (93 parts 70% ethyl alcohol, 5 parts formaldehyde, and 2 parts glacial
14acetic acid). They were then examined using light microscopy and scanning electron
15microscopy following procedures described by Pinheiro et al. (2018). All measurements
16are presented in millimeters, unless otherwise indicated. The taxonomic classification of
17nematodes is according to Bicudo et al., 2005b, Eiras et al., 2016, Felizardo et al., 2009a,
18Knoff etal., 2012, Menezes et al., 2023, Pinheiro et al., 2023 and Serrano et al. 2023. The
19fish nomenclature adopted was according to FishBase (Froese & Pauly, 2026)
20
21Review of parasite in fish and deposit of specimens
22 This is a descriptive systematic review of scientific literature. We searched for
23relevant publications using internet search engines such as Medline, PubMed, Science
24Direct, Redalyc, Google, and Google Scholar and other databases (Web of Science,
25Biological Abstracts, Helminthological Abstracts, and Aquatic Science and Fisheries
26Abstracts). Additionally, we examined the reference lists of identified articles and also
27checked all available published lists of species (Vicente et al., 1985; Moravec, 1998;
28Vicente & Pinto, 1999; Eiras et al., 2010, 2016; Luque et al., 2011, Reis et al., 2021) to
29locate fish reported as infected by Hysterothylacium spp. in Brazil.
30 Deposit of specimens: Five specimens (MPEG.NEM 000434) of Propimelodus
31eigenmanni e five specimens (MPEG.NEM 000435) of Hoplias malabaricus, were
32deposited in the Cole¢do de Invertebrados of the Museu Paraense Emilio Goeldi (MPEG),
33Belém, Para, Brazil.
34
35Results
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1 Propimelodus eigenmanni and Hoplias malabaricus had average lengths and
2weights of 25 cm (7-34 cm) and 68 g (12142 g), and 26 cm (16-41 cm) and 287 g (63—
3853 g), respectively. A total of 25 Hysterothylacium sp. larvae were recovered
4parasitizing the abdominal cavity of Propimelodus eigenmanni and 102 of Hoplias
Smalabaricus, with prevalence rates of 13% and 12%, respectively. Morphological and
6morphometric data for the Hysterothylacium sp. larvae obtained from the two species are
7presented below and in Table 01.
8
9Hysterothylacium Ward & Magath, 1917.
10Hysterothylacium sp. (third-stage larvae) (Figures 1, 2 and 3)
11
12Description based on thirty third-stage larvae: Cuticle with lateral alae extending
13along the body. Lateral alae present. Anterior extremity with a dorsal and two poorly
14developed ventro-lateral lips. Nine cephalic papillae, two pairs in the dorsal lip together
15with a large papilla and a pair in each ventro-lateral lip. Boring tooth absent. Excretory
16pore opening below the nerve ring. Ventricule nearly spherical. Ventricular appendix
17twice than the esophagus. Intestinal cecum present. Three sub-spherical rectal glands.

18Tail conical with rounded tip without mucron.

19 After compiling the bibliographic data on the occurrence of third-stage larvae of
20Hysterothylacium spp. parasitizing fish in various Brazilian aquatic environments, the
21presence of this parasite was confirmed in 15 of the 27 states (Figure 4), representing 52%
220f the studies in this field conducted nationwide (Table 02). Although the number of states
23conducting research is biogeographically small, 90 fish species were identified as
24intermediate hosts of third-stage larvae of Hysterothylacium; of this total, 73 were
25carnivorous, 13 omnivorous, and 4 detritivorous (Figure 5). These fish were distributed
26across 19 orders, 52 families, and 82 genera, with 90 species recorded in articles published
27in Brazil between 1985 and 2025. Marine fish account for 40% of the hosts of third-stage
28Hysterothylacium larvae, followed by 33% in freshwater fish, 2% in estuaries, and 16%

290f fish that can move between freshwater, marine, and brackish environments.

30 Perciformes were the most representative order in number of families (18) and
31species richness (34), notably in the family Sciaenidae with seven species (Cynoscion
32guatucupa, Ctenosciaena gracilicirrhus, Macrodon ancylodon, Menticirrhus
33americanus, Micropogonias furnieri, Plagioscion squamosissimus and Umbrina

34canosai), of which M. ancylodon and P. squamosissimus are commercially importance in

5
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1the Para state fishing industry. There were 22 infection sites (abdominal cavity,
2abdominal muscles, body cavity, coelom, gills, gonads, heart, intestine, intestinal cecum,
3stomach lumen, intestine, liver, mesenteries, ovary, pyloric caeca, swim bladder, spleen,
4stomach serosa, stomach, and kidney) for Hysterothylacium larvae (Figure 6). The
Sintestine and mesentery were the most prevalent sites for infection with 44% and 40%,

6respectively.

7 Among the species of fish with the largest number of data available in scientific
8literature in Brazil, Paralichthys isosceles has the highest number of records by infected
9organs (abdominal cavity; abdominal muscles; heart; intestine; liver; mesenteries; ovary;
10spleen; stomach and kidney). Pagrus pagrus is the species with the highest number of
11scientific records of parasitism by Hysterothylacium larvae in the country. The State of
12Rio de Janeiro accounted for 50% of the information available in scientific articles for

13fish parasitized by this genus, while Para State accounted for only 5% of the records.
14Discussion

15 All nematodes were measured and morphologically characterized, and the data
16confirmed the identification of these parasites as third-stage Hysterothylacium larvae
17parasitizing of Propimelodus eigenmanni and Hoplias malabaricus caught in Marajo
18bay. In Brazil, different studies with Hysterothylacium have shown divergences regarding
19the morphology of the larvae of the genus. Among these characteristics, the presence
20(Moravec et al., 1993; Martins et al., 2000; Bicudo et al., 2005b; Saad et al., 2012;
21Andrade-Porto et al., 2015) and absence (Felizardo et al., 2009; Ribeiro et al., 2014;
22Pantoja et al., 2016; Di Azevedo & Iiiguez 2018) of the larval tooth is one of the most
23striking. In this study, the third-stage larvae of Hysterothylacium do not have a larval
24tooth. What can be observed under light microscopy are two projections of the cuticle, as
25was also observed for third-stage larvae H. cenotae (Pearse, 1936) (see Moravec, 1998).
26For Lopes et al. (2011) the third-stage larvae Hysterothylacium are often confused with
27the third-stage larvae of Contracaecum sp. However, in these larvae the excretory pore is
28located on the ventral lip, while in Hysterothylacium larvae the pore is located close to
29the nervous ring. Moravec (1998) states identifying Hysterothylacium larvae based only

300n morphological characteristics is problematic.

31 Previously, researchers from different countries have tried to classify
32morphological and morphometric larvae of Hysterothylacium sp., either according to the

33type of host with Hysterothylacium type I and II (Cannon, 1977) or type MA, MB, MC,
6
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1MD (Deardorff & Overstreet, 1981). However, with the advent of molecular biology, new
2morphotypes have appeared in the literature: type IIL, IV, V, VI, VIL, VIIL, X, XI, XII in
3Australia (Shamsi et al., 2013), type. XIII and XIV in New Caledonia (Shamsi et al.,
42015), type IV, V, X, XV in Brazil (Pantoja et al., 2016). Pantoja et al. (2016) supported
5by molecular studies characterized larvae of Hysterothylacium recovered from different
6fish species in the states of Rio de Janeiro and Sergipe into three clades: A, B and C with
7distinct morphological characteristics: Clade A (boring tooth absent on the anterior end,
8and presence of a single spine-like appendix [mucron] on the tail tip), clade B (all third
9stage larvae possess a group of spines on tail tip [more than one] and no boring tooth at
10anterior end) and clade C (all third stage larvae possess a single spine-like appendix
11[mucron] on the tail tip and a boring tooth at the anterior end, and the presence of
12numerous small spines throughout the body), the Hysterothylacium larvae in this work do

13not fit into any of the clades.

14 This study will not include the larvae of Hysterothylacium a parasite of
15Propimelodus eigenmanni and Hoplias malabaricus as one of the morphotypes present
161n the literature available for the genus. Moravec (1998) and Moravec et al. (2016) claim
17that the systematics of most fish parasitic nematodes have been based on adult
18morphology; the larvae system is poorly developed, which makes it impossible to
19attribute more specific taxonomic levels to the larval forms. Shamsi et al. (2013) claim
20that taxonomy is difficult with Hysterothylacium larvae, especially because there are
21other genera with intestinal cecum, ventricular appendix, and an excretory pore at the
22level of the nerve ring, such as Paraheterotyphlum, Heterotyphlum, Iheringascaris and
23Lappetascaris. However, they differ from Hysterothylacium larvae in other
24characteristics, meaning that the location of the pore is the only a generic character. Thus,
25the presence of the adult nematode would be necessary for adequate identification at a

26specific level.

27 The species Hysterothylacium deardorffoverstreetorum Knoff, Felizardo, Iiiguez,
28Maldonado Jr, Torres, Pinto & Gomes, 2012, was proposed based on molecular data from
29third stage larvae. It differs in morphology and morphometry in presenting respectively a
30smaller size of the ventricular appendix and intestinal cecum (0.35-1.37mm vs. 2-4 and
312-6mm and 50-320pum vs. 371-700 and 500-957mm), when compared to the data
32present in this work, in addition to H. deardorffoverstreetorum presenting the small
33process (mucron) on the tip of the tail. As a means for better understanding the

34morphological and morphometric differences present between the larvae of

7
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1Hysterothylacium parasites of fish in Brazil, in Table 03 we present: Morphological and
2morphometric data on the third-stage larvae Hysterothylacium a parasite of Propimelodus
3eigenmanni and Hoplias malabaricus captured in Marajo bay, State of Para, compared to

4the morphometric data of larvae harvested from different hosts in Brazil.

5 For the northern region of the country, there are few quantitative data referring to
6the occurrence of Hysterothylacium larvae, especially in fish consumed in the State of
7Para, although in different studies have been developed in Brazil in order to learn about
8the diversity of Anisakidae larvae and Raphidascarididae, especially in order to focus on
9the sanitary hygienic and zoonotic potential of some of these larvae (see Luque & Alves
102001; Bicudo et al., 2005b; Cordeiro & Luque, 2005b; Knoff et al., 2007). Lopes et al.
11(2011) record the first report of Hysterothylacium larvae parasitizing Diplodon suavidicus
12(Mollusca: Hyriidae) to the Brazilian Amazon, thus describing the first case of a

13freshwater mussel as an intermediate host for Hysterothylacium.

14 The occurrence of Hysterothylacium larvae parasitizing Propimelodus
15eigenmanni and Hoplias malabaricus in the Para estuary, may be related to the biology
16and ecology of the host. Barro et al. (201 1) affirm that most of the fish species that inhabit
17the estuary are not residents of that region but instead use this environment only at certain
18times, especially for reproduction, early growth and feeding. Thus, this study presents
19Propimelodus eigenmanni and Hoplias malabaricus as an intermediate host for
20Hjysterothylacium larvae in the Para estuary, although the occurrence of larvae of this
21genus is well registered in marine fish (Rego et al., 1985; Sabas & Luque, 2003; Tavares
22et al., 2004, 2005; Pantoja et al., 2016) and freshwater fish (Moravec et al., 1993; Guidelli
23et al., 2006, 2011; Takemoto et al., 2009; Casali & Takemoto, 2016; Fernandes et al.,
242019).

25 In this work, we analyzed articles published in Brazil between 1985 and 2025,
26referring to the occurrence of third-stage larvae of Hysterothylacium and only 15 states
27presented studies involving this nematode, notably Rio de Janeiro State, which
28represented 50% of the scientific data for the study. Altogether, 19 orders, 52 families
29and 90 species of fish were reported as intermediate and paratenic hosts (see Table 02),
30with marine fish being the most prevalent at 40%. Authors such as Vicente et al. (1985),
31Vicente & Pinto (1999), Luque & Poulin (2004), Luque et al. (2011), Eiras et al. (2016),
32Pinheiro et al. (2019) demonstrated the diversity of fish that can act as intermediate or
33paratenic hosts for larvae of the families Anisakidae Skrjabin & Karokhin, 1945 and
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1Raphidascarididae Hartwich, 1954. Takemoto & Lizama (2010) emphasize that nematode
2larvae have low specificity per host, and a high intensity of infection can cause discomfort

3as a likely consequence of penetration into the host's tissue.

4 The fish of the order Perciformes showed greater representativeness in number of
5families and species richness, notably the Sciaenidae family, with seven species. The
6intestine (45%) and mesentery (41%) were the most prevalent infection sites. Pinheiro et
7al. (2019) demonstrated similar results for the orders and site of infection, with the orders
8Perciformes and Characiformes were the ones most cited as intermediate hosts of
9Contracaecum larvae. They also warned of the importance of knowing which fish harbor
10nematode larvae with zoonotic potential, especially fish often consumed in the northern
11region such as South American silver croaker (Plagioscion squamosissimus) and King
12weakfish (Macrodon ancylodon) and others which, even if not consumed are important

13elements in the ecological flow of Amazonian aquatic environments.

14 The prevalence of Hysterothylacium larvae in Propimelodus eigenmanni and
15Hoplias malabaricus in Marajo bay may be favored by the high biodiversity of
16invertebrate organisms that can act as 1st intermediate hosts for these larvae, in addition
17to the ichthyofauna present in the region. Pavanelli et al. (2015), state that the life cycle
180f the genus Hysterothylacium has only two groups of hosts: Ist host (copepods,
19amphipods, isopods or misidaceae), and the 2nd host, fish that act as intermediate,
20paratenic or definitive hosts. For Lizama et al. (2008) trophic ecology, sex, social and
21reproductive behavior, type of spawning, trophic category, eating habits and preference
22for certain habitats are important in this characterization. Additional data on parasite

23prevalence for Hysterothylacium larvae in Brazilian fish are presented in Table 4.

24 Like Hoplias malabaricus, one of the species used in this study, Paralichthys
25isosceles and Pagrus pagrus are important hosts when we relate fish to parasitism by
26 Hysterothylacium larvae in Brazil. Froese & Pauly (2020) characterize these three species
27as being generalist carnivores, whose diet includes fish, crustaceans, mollusks and
28cephalopods. For Campbell et al. (1980) and Marcogliese (2002), predatory fish are more
29exposed to helminth larvae, when compared to planktivorous fish. Furthermore, they note
30that benthic fish such as Propimelodus eigenmanni and P. isosceles may have a broader
31diet, thus leading to a greater wealth of species and an abundance of helminth larvae,

32unlike pelagic fish that have a more specialized diet.
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1 Although Cruz et al. (2010) described a case of anisakidosis in Brazil, for Yagi et
2al (1996) accidental ingestion of Hysterothylacium spp. rarely causes anisakidosis and
3hypersensitivity in humans. Fontenelle et al. (2013) reaffirm the importance of the records
4of nematode larvae in fish consumed by the Brazilian population, especially those that
5present a potential risk to public health, given the growing consumption of fish in the
6country. Thus, studies using taxonomic and systematic approaches are the key to
7understanding how biotic and abiotic factors affect species, since there is no way to
8understand the effects on a population without learning about them at a specific level

9(Takemoto et al. 2009).
10Conclusion

11 In this work, we present the taxonomic and ecological record of the presence of
12 Hysterothylacium parasitizing two commercial species captured in Marajo Bay, an
13estuarine environment in northern Brazil, as well as adding biogeographical data on the
14occurrence of larvae in fish in Brazilian territory. Although the occurrence in fish used as
15food is on a local scale, we emphasize the importance of studies that address the parasitic
16ecology of the ichthyofauna in the Amazonian environment, especially since most of the

17fish in the region are used as food.
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1Figure 1. Drawings of L3 of Hysterothylacium sp. parasite in Propimelodus eigenmanni,
2Brazilian fish: The scale bars in a and b = 100pum.
3
4Figure 2. Photomicrographs of L3 Hysterothylacium sp. parasite in Propimelodus eigenmanni,
5Brazilian fish: (a) Lateral view of the cephalic region showing evidence of ventricular appendix
6(va); (b) Detail of lips, muscular esophagus (me), nerve ring (nr), excretory pore (ep) and cuticle
7with delicate transversal striations; (c) Detail of muscular esophagus (me), ventricule (ve) and
8intestinal cecum (ic); (¢) Posterior portion, portion of the intestine (in), rectum (re) and anus (an).
9The scale bars in a = 100um, b = 200pum, ¢ = 200um and d = 100pm.
10
11Figure 3. Scanning electron micrographs of L3 Hysterothylacium sp. parasite in Propimelodus
12eigenmanni, Brazilian fish: (a) Cephalic region showing evidence cuticle with transversal
13striations, lateral alae, three lips, four papillae (arrowhead), mouth opening; (b) Posterior portion,
14anus (*). The scale bars in a, b, ¢ =20pm.
15
16Figure 4. Distribution by state and Brazilian coast of third-stage larvae of Hysterothylacium
17spp. parasitic on Brazilian fishes. The gray gradient indicates the number of papers per state,
18while pie charts show the diversity of parasitized fish orders. The exclusive economic zone is
19used to represent the “Brazilian coast”.
20
21Figure 5. Distribution of Brazilian fishes species parasitized by third-stage larvae of
22 Hysterothylacium spp. according to feeding habits: (A) percentage of different feeding habits
23(carnivore, omnivore and herbivore); (B) number of species with different feeding habits grouped
24by order.
25
26Figure 6. Distribution of Brazilian fishes species parasitized by third-stage larvae of
27 Hysterothylacium spp. in different infection sites, grouped by order.
28
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Siluriformes
Scombriformes
Cichliformes
Clupeiformes
Gadiformes
Pleuronectiformes
Tetraodontiformes
Anguilliformes
Other orders



Absolute number of occurrences

40

g

8
;

-
o

Infection site

67
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Order

B Perciformes
. Characiformes
. Siluriformes
B scombriformes
. Cichliformes
B Gadiformes
. Pleuronectiformes
B Tetraocontiformes
Clupeiformes
[ Anguiliformes
B Gymnotiformes
B ophidiiformes
Other orders
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1Table 1: Morphological and morphometric comparison of third and fourth-stage larvae of Hysterothylacium sp. collected from Propimelodus

2eigenmanni and Hoplias malabaricus captureds in the Marajo bay, in the state of Para, Brazilian Amazonia.

3

4

5

6

7 Character Propimelodus eigenmanni Hoplias malabaricus
8

9 Length*? 2-11 8-14
10 Width 97-220 170-310
11 _ =

1 Larval tooth

13 Nerve rings 172-317 135-306
14

15 Escretory pore® 248-516 137-631
16 Esophagus*L 0.33-2.14 -1
17 Esophagus™ 27-90 3377
18 ntestinal cecum® 371-700 500-957
19 Intestinal cecum™ 23-77 43-117
20 ventriculust 25-78 3587
21 Ventriculus™ 53-108 3587
22 vVentricular appendix>L 24 26
23 Tail 67-150 87-192
24 Nucron Absent Absent
%g N° of specimens 14 16
27 Reference Present study Present study
28

2938Measurements in millimeters indicated;
30PAbbreviations: L: length, W: width.

31<Distance from anterior end to;

3290ther hosts cited by Moravec, Kohn, Fernandes 1993: Salminus brasiliensis (Syn. Salminus maxillosus), Galeocharax knerii, Hypophthalmus

33edentates, Pterodoras granulosus, Plagioscion squamosissimus, Crenicichla lepidota and Loricariichthys sp.;
34¢Measurements obtained in mm second Martins et al. (2000);

35fMartins et al. (2000) uses esophageal bulb terminology for the ventriculus;
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18Although the authors do not write the non-occurrence of mucron, the same can be observed in the scientific illustrations present in the article;

2" Prevalence presented for total parasitic hosts, L3 and L4 respectively;

3iDescription based onthird-stage larvae (L3);

4iDescription based on four-stage larvae (L4);

5% Fish produced in an aquaculture system;

6'Specimens of Cynoscion guatucupa (Cuvier, 1830), were caught off the coast of the municipality of Itajai, state of Santa Catarina, and were
7purchased in the wholesale food supply market of Rio de Janeiro, Brazil.

8
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1Table 2: Check list of records of third-stage larvae of Hysterothylacim spp. in fishes from Brazil.
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Order Anguilliformes
Family Muraenidae
. : Luque & Poulin (2004)¢,
AR
Gymnothorax moringa (Cuvier, 1829)™ ME NS Luque et al. (2011)¢, Eiras et al. (2016)¢
Gy horax vicinus (Castel 1855)MAR BC,IN, LI RJ Pantoja et al. (2016)
Order Batrachoidiformes
Family Batrachoididae
Batrachoides suri . 1 [ rPa Silva et al. (2025)
Order Beloniformes
Family Belonid.
Luque & Poulin (2004)¢, Tavares et al. (2004),
Tylosurus acus acus (Lacepéde, 1803)MAR ME ’ RJ Luque et al. (201", Eiras et al. (2016)°
Acestrorhynchus lacustrist™ [ AC, ST [ MG Duarte et al. (2022)
Family Anostomidae
X T 5 Guidelli et al. (2006, 2011), Takemoto et al. (2009),
Leporinus friderici (Bloch, 1794)FW ME. SB ‘ PR Eiras (2010, 2016, Luque et al. (2011)°
Family Bryconid:
Brycon orbignyanus (Valenciennes, 1850)F™ ME PR Femandes et al. (2019)
Moravec et al. (1993), Moravec (1998)¢,
; — . Vicente & Pinto (1999)¢, Eiras (2010)¢,
FW,
Salminus brasiliensis (Cuvier, 1816)FV-2 BC, IN, ME PR, SP Luque etal. (2011)%, Kohn et al. (2011)¢,
Mesquita et al. (2012), Eiras et al. (2016)°
Family Characidae
; g - AC, ST, ‘ I Eiras et al. (2016)°,
Astyanax fasciatus (Cuvier, 1819)F LLIC,IN MG Visira:M (2013)¢, Vieira-M etal. (2017)
Moravec et al. (1993),
oy s Moravec (1998)¢, Vicente & Pinto (1999)¢,
FW
Galeocharax knerii (Steindachner, 1879) BC,IN PR Eiras (2010)", Luque et al. (201 1)¢,
Kohn et al. (2011)¢, Eiras et al. (2016)¢
Hyphessobrycon eques (Steindachner, 1882)FW Cco SP Acosta & Silva (2015)*
. ;s Eiras (2010)¢,
FW
Tetragonopterus chalceus Spix & Agassiz, 1829' NS NS Luque et al. (2011)¢, Eiras et al. (2016)¢
Family Cynodontidae
Moravec et al. (1993),
. . i . Moravec (1998)¢, Vicente & Pinto (1999)¢,
Rhaphiodon vulpinus Spix & Agassiz, 18297V BC,IN PR Firas (2010)%, Luque et al. (2011)¢,
Kohn et al. (2011)¢, Eiras et al. (2016)¢
Family Serrasalmidae
Pygocentrus piraya (Cuvier, 1819)FV NS NS Eiras (2010)%, Luque et al. (2011)®
Serrasalmus Brandtii Liitken, 18757V NS NS Eiras (2010)¢, Luque et al. (2011)¢
Serrasalmus marginatus (Valenciennes, 1837)"W ME PR Casali & Takemoto (2016)
Pygocentrus pirayat™ CO, AI, ML, ST MG Santos-Clapp et al. (2022)
Family Triportheidae
Triportheus heri (Garman, 1890)F™ [ NS [ Ns ] Eiras (2010)¢, Luque et al. (2011)°
Family Curimatidae
Cyphocharax modestus (Fernandez-Yépez, 1948)FW [ IN [ sp ] Abdallah et al. (2012)¢
Family Erythrinidae
Hoplias malabaricus (Bloch, 1794)F% Bi‘é Cs{"‘S;“L i I Present study, Pinheiro et al. (2023), Pereira (2010)®
Order Cichliformes
Family Cichlidae
. A . Eiras (2010)¢, Luque et al. (2011)¢,
W
Cichla kelberi Kullander & Ferreira, 2006F CO, 1IN, ST MG Santos-Clapp & Brasil-Sato (2014), Eiras et al. (2016)¢
Cichla piguiti Kullander & Ferreira, 20067V ME, BC SP Franceschini et al. (2013)
Moravec et al. (1993), Moravec (1998)¢,
Crenicichla lepidota Heckel, 1840FW BC,IN PR Vicente & Pinto (1999)¢, Eiras (2010)¢,
Luque et al. (2011)¢, Eiras et al. (2016)¢

69
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Crenicichla niederleinii (Holmberg, 1891)FV-i [ NS [ PR Kohn et al. 2011)
Geophagus brasiliensis (Quoy & Gaimard, 1824)FV [ NS [ PR Kohn et al. 2011)¢
Order Clupeiformes
Family Engraulidae
Anchoa marinii Hildebrand, 1943MAR ME NS Luque et al. (2011)¢, Eiras et al. (2016)*
. < ” Luque & Poulin (2004)¢, Tavares et al. (2005),
Anchoa tricolor (Spix & Agassiz, 1829)MAR ME RJ Luque et al. (2011)%, Eiras et al. (2016)°
Cetengraulis edentulusMARBY ME RJ Benicio et al. (2022)
Elops saurus Li 1766 BC SE Pantoja et al. (2016)
Order Gadiformes
Family Merlucciidae
. . G Luque et al. (2011)¢,
MAR
Merluccius hubbsi Marini, 1933 | ME, BC, IN. LI | RJ Eiras et al. (2016, Pantoja et al. (2016
5 e Luque & Poulin (2004)¢, Luque et al. (2011)e,
Urophycis brasiliensis (Kaup, 1858MAR NS RJ,SC,RS %ereim etal, ((201 4))’ Eiraz al (Z(EI 6 )
Urophycis mystacea Miranda Ribeiro, 1903MAR NS NS Euque :t.ua(l]u (ezgzlll’;:ulén“goeto:);. (2016)
Order Gymnotiformes
Family Gymnotidae
: Takemoto et al. (2009)¢, Eiras (2010)¢,
Gymnotus carapo Linnaeus, 17587V NS NS Luque et al, (2 01(1 . E?l;as P al.( 01 ;),
Gymmnotus silvyus Albert & Fernandes-Matioli, 19997V IN SP Abdallah et al. (2012)*
Isaac et al. (2004), Luque et al. (2011)¢,
W
Gymnotus sp. ME Ms Eiras et al. (2016)¢, Tavares et al. (2017)¢

Lophius gastrophysus Miranda Ribeiro, 1915MAR

ME, BC,
ST, IN, AC

Luque et al. (2011)¢, Saad et al. (2012)1,
Knoff et al. (2013), Eiras et al. (2016)¢

Page 41 of 62

Mugil liza Valenciennes, 1836MAR BW.FW

Azevedo et al. (2010, 2011)¢,
Luque et al. (2011)¢, Eiras et al. (2016)¢

Mullus argentinaeMAR

Simdes et al. (2025)

Alves et al. (2002a.b),

Gemypterus brasiliensis Regan, 1903MAR ME RJ Luque & Poulin (2004)¢, Knoff et al. (2007),
Luque et al. (2011)¢, Di Azevedo & Iiiguez (2018)%
| Genypterus blacodes (Forster, 1801)M** NS NS Eiras et al. (2016)*
Order es
Arap e
Arapaima gigas (Schinz, 1822)FW IN,STPC | AM | Andrade-Porto et al. (2015)L, Silva et al. (2016)"

s Luque & Alves (2001), Luque & Poulin (2004)¢,
MAR BW. FW
Caranxlatus Agassiz, 15531 ME Luque et al. (2011)¢, Eiras et al. (2016)¢
Parona signata (Jenyns, 1841)MAR ME NS Lugque et al. (2011)¢, Eiras et al. (2016)¢
Luque & Poulin (2004)¢, Cordeiro & Luque (2004),
Selene setapinnis (Mitchill, 1815)MAR.BW ME, AB, LI RJ Luque et al. (2011)¢, Fontenelle (2013)°
Fontenelle et al. (2015)™, Eiras et al. (2016)¢

Trachinotus carolinus (Linnaeus, 1766)MAR BW LI PC, OV, AC RJ Ribeiro (2014)¢, Ribeiro et al. (2014)
Trachurus lathami Nichols, 1920MAR NS NS Eiras et al. (2016)®
Uraspis secunda (Poey, 1860)MAR ME NS Luque et al. (2011)¢, Eiras et al. (2016)¢

: s s 3 Luque & Poulin (2004)¢,
Percophis brasiliensis Quoy & Gaimard, 1825MAR ME NS Luque et al, (2011)¢, Eiras et al. (2016)°
Coryphaena hippurus Li 1758MAR BW ME RJ M & Alves (2011)
Hyporthodus niveatusM** AC,IN RJ M etal. (2023)
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Family Percophidae
Percophis brasiliensisMAR

AC, SS, ST, LI, |

>

RJ I Diniz et al. (2021)

Timi et al. (2010), Luque et al. (2011)¢,
Pinguipes brasilianus Cuvier, 1829MAR ME, IN RJ Pantoja (2015)¢, Pantoja et al. (2015),
Eiras et al. (2016)¢, Pantoja et al. (2016)
Luque et al. (2008), Luque et al. (2011)%,

Eskdopercis i MItida RIGEITo, 1903 e RY | Pantoja (2015) Pantoja et al. (2015), Eiras et al. (2016)°
; s % P Luque et al. (2008),
MAR
Pseudopercis semifasciata (Cuvier, 1829) ME RJ Lugue et al. (2011, Eiras et al. (2016)°
P saltatrix®AR IL SP Serrano et al. (2023)

y < SP, PC, ST, BC Kuraiem (2015)¢, Kuraiem et al. (2016)¥,
MAR
Priacaiiliis arenatis,Covies; 1829 LI, ME, AM. IN R~ Kuraiem et al. (2017)%, Pantoja et al. (2016)
Sabas & Luque (2003),
: o Luque & Poulin (2004)¢, Timi et al. (2005),
AR
Cynoscion guatucupa (Cuvier, 1830M ME, LI, AC, BC RJ Luque et al. (201 1)¢, Fontenelle (2013)¢ &,
F lle et al. (2013)k, Eiras et al. (2016)+k
Ctenosciaena gracilicirrhus (Metzelaar, 19 19)MAR NS NS Eiras et al. (2016)¢
Sabas & Luque (2003), Luque & Poulin (2004)¢,
Macrodon ancylodon (Bloch & Schneider, 180 1MAR FW ME RJ,PA Luque et al. (2011)%, Eiras et al. (2016)°
. . . . Luque & Poulin (2004)¢, Luque et al. (2011)¢,
MAR, FW
Menticirrhus americanus (Linnaeus, 1758) ME, BC, LI IN RJ Eiras et al. (2016)°, Pantoja et al. (2016)
IN, PC, ST, ME, RI.RS, Pereira Jr. et al. (2004), Luque & Poulin (2004)¢,
Micropogonias firnieri (Desmarest, 1823 )MARFW CO,LL SP,MU, | CE,BA, Luque et al. (2010), Luque et al. (2011)¢,
IC SC Eiras et al. (2016)¢, Di Azevedo & Iiiguez (2018))
Moravec et al. (1993), Moravec (1998)¢,
Lo oo Vicente & Pinto (1999)¢, Martins et al. (2000)®,
FW, BW
Plagioscion squamosissimus (Heckel, 1840) BC, ME, IN MG, PR Eiras (2010)®1, Luque et al. (2011,
Kohn et al. (2011)¢, Eiras et al. (2016)®
" ) Luque & Poulin (2004)¢, Luque et al. (2011),
MAR BW
Umbrina canosai Berg, 1895 ME RI,RS Eiras et al. (2016)¢, Canel et al. (2019)
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| Family Scombridae
Sarda sarda (Bloch, 1793 MAR BW BC, ST RJ Pantoja et al. (2016)
R - Luque & Poulin (2004)¢,
MAR
P Houttuyn, 1782 NS NS Lugque et al. (2011, Eiras et al. (2016)¢
Scomber scombrus Linnaeus, 1758MAR. BW ME R Luque & Poulin (2004)¢, Alves & Luque (2006),
Luque et al. (2011)¢, Eiras et al. (2016)¢
Family Sparidae
I Cordeiro & Luque (2005a),
Archosargus rhomboidalis (Linnaeus, 1758 MAR N RJ Luque et al. (2011, Eira et al. (2016)¢
Rego et al. (1985), Vicente et al. (1985)¢,
Vicente & Pinto (1999)¢, Paraguass et al. (2002),
= IN, MU, Lugque & Poulin (2004)¢, Saad & Luque (2009),
Pagrus pagrus (Linnaeus, 1758)** ME,1LcO. 1L | RFPRSP | y\finiz Percira et al. (2009, Lugue et al. (2011):,
Soares (2014)¢, Soares et al. (2014), Eiras et al. (2016)¢-
Serrano et al. (2023)

Family Stromateidae
3 3 Azevedo et al. (2007),
Peprilus paru (Linnaeus, 1758)MAR ME | RJ | L etal. (2011)", Eiras et al. (2016)¢
Family Trichiuridae
Silva et al. (2000a.b),
Trichiurus lepturus Linnaeus, 1758MAR BW ME, IN RJ Luque & Poulin (2004)¢, Luque et al. (2011)¢,
Borges et al. (2012), Eiras et al. (2016)¢
Family Mullidae
Mullus argentinae Hubbs & Marini, 19334k [ NNSTMU | RI ] Di Azevedo & Iniguez (2018)F
Family Rachycentridae
Rachycentron canadum (Linnaeus, 1766)MAR BV [ LI | RJ [ Calixto et al. (2017)&!
F: E)
Chaetodipterus faber (B 1782) MAR BW [ LLPC,AC_ | RI | Ribeiro (2014)¢, Ribeiro et al. (2014)

Hermida et al. (2014), Eiras et al. (2016)*

Lutjanus analis (Cuvier, 1328 )*%BW
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Caulolatilus chrysops (Valenciennes, 1833) MK [ BCIN.LI RJ Pantoja et al. (2016)
Order Pleuronectiformes
Family Paralichthyidae
AC, AM, IN, HE, Felizardo et al. (2009a,b), Luque et al. (2011)¢,
Paralichthys isosceles Jordan, 189 IMAR KI, LI, ME, OV, RJ Knoff et al. (2012), Alarcos et al. (2016),
ST. SP. BC Eiras et al. (2016)* ¥, Pantoja et al. (2016)
. 3 ST, IN
MAR L IN,
Paralichthys patagonicus Jordan 1889 LL AC, AM RJ Fonseca et al. (2016)%
= ST, IN,
MAR , IN,
Xvstreurys rasile (Jordan, 1891) LL AC, AM RJ Fonseca et al. (2016)%

Dactylopterus volitans (Linnaeus, 1758)MAR BW

ME, IN

Luque & Poulin (2004)¢, Cordeiro & Luque (2005b),
Luque et al. (2011)¢, Eiras et al. (2016)¢

Prionotus punctatus (Bloch, 1793)MAR.BW

LI ME, IN, BC

Luque & Poulin (2004)%,
Bicudo et al. (2005a,b), Luque et al. (2011)%,
Eiras et al. (2016)°, Pantoja et al. (2016)

; Tavares & Luque (2008),
Genidens barbus (Lacepéde, 1803MAR ME RJ Luque et al. (2011)°, Eiras et al. (2016)¢
Trachelyopterus striatulus (Steindachner, 1877y ME R Azevedo et al. (2010, 2011, Mesquita et al. (2011),

Lugque et al. (2011)¢, Eiras et al. (2016)¢

Moravec et al. (1993),
. Moravec (1998)¢, Vicente & Pinto (1999),
Pterodoras granulosus (Valenciennes, 1821)FV BC,IN PR Eiras (2010)", Luque et al. (201 1),
Kohn et al. (2011)", Eiras et al. (2016)°
Family Pimelodidae
. . W Moravec et al. (1993),
Hypophthalmus edentatus Spix & Agassiz, 1829' ] BC,IN | PR | Moravec (1998)°, Vicente & Pinto (1999)¢,
Page 45 of 62
1 Eiras (2010)%, Luque et al. (2011)",
Kohn et al. (2011)¢, Eiras et al. (2016)°

2| Megalonema platanum (Giinther, 1880)"W NS PR Kohn et al. (2011)*

Pimelodus pohli Ribeiro & Lucena, 2006"™ CcO MG Sabas & Brasil-Sato (2014)
3|__1_Pm£mdodus eigenmann AC PA Present study
4| Family Loricariidae
. Moravec et al. (1993),

- o Moravec (1998)¢, Vicente & Pinto (1999)¢,

Loricarichthys sp. BC,IN R Eiras (2010)%, Luque et al. (2011)",
6 Kohn et al. (2011)*, Eiras et al. (2016)*
7
g| Pimelodella gracilis (Valenciennes, 1835)FWV NS PR Kohn et al. (2011)*

I

9| Order Tetraodontiformes

Family Balistidae

10/ . } = Alves et al. (2005), Muniz-Pereira et al. (2009)",
. Balistes vetula Linnaeus, 1758’ ME RJ Luque et al. (2011), Eiras et al. (2016)¢

Pantoja et al. (2016)

Corréa et al. (2023)

Pantoja et al. (2016)
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13abbreviations: Host species are given followed by their predominant habitat (MAR = marine, FW = freshwater or BW = brackishwater);

2%abbreviations of site of the infection; when possible these are grouped (AC = abdominal cavity; AM = abdominal muscles; BC = body cavity; CO
3= coelom; GI = gills; GO = gonods; HE = heart; IN = intestine; IC = intestinal cecum; IL = stomach lumem, AI = Intestine Anterior, MI = Intestine
4medio; LI = liver; ME = mesenteries; MU = muscle; OV = ovary; PC = pyloric caeca; SB = swimming bladder; SP = spleen; SS = stomach serosa;
5ST = stomach; KI = Kidney; NS = not specified);

6°¢localities are given in alphabetical order of Brazilian states (AM = Amazonas, AL = Alagoas; BA = Bahia, MG = Minas Gerais, PA = Para, PR =
7Parana, RJ = Rio de Janeiro, RN = Rio Grande do Norte, RS = Rio Grande do Sul, SP = Sdo Paulo; SE = Sergipe and SC = Santa Catarina);

89%records bibliographical by host in chronological sequence;
9eReview article, books, monographs, dissertations and theses of fish parasites in Brazil
10fin the study of Paraguassu et al. (2002), the authors erroneously identified the larvae of Hysterothylacium as larvae of Contracaecum;,
118Salminus maxillosus synonym junior of Salminus brasiliensis (Cuvier, 1816);
12Minfecting the ornamental fish;
13'referred as C. lepidota by Moravec, Kohn and Fernandes, 1993;

14Provavelmente third stage larvae the Hysterothylacium deardorffoverstreetorum Knoff, Felizardo, Iiiiguez, Maldonado Jr, Torres, Pinto &
15Gomes, 2012;

16¥For third stage larvae the Hysterothylacium deardorffoverstreetorum Knoff, Felizardo, Ifiiguez, Maldonado Jr, Torres, Pinto & Gomes, 2012;

17'Para peixe em sistema de criagdo “aquicultura”;
18™For third stage larvae the Hysterothylacium fortalezae (Klein, 1973);
19%Thynnascaris sp. synonym of Hysterothylacium (Raphidascarididae Hartwich, 1954, sensu Fagerholm, 1991).

20
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1Table 3: Morphological and morphometric comparison of third and fourth-stage larvae of Hysterothylacium sp. collected from Propimelodus

2eigenmanni and Hoplias malabaricus captureds in the Marajo bay, in the state of Para, Brazilian Amazonia and compared to Hysterothylacium

3larvae reported by different authors concerning parasitism in freshwater, brackish and marine fishes in Brazil.

4
Character Hysterothylacium spp.

| . X X X o § Rhaphiodon Plagioscion Micropogonias :
Bt gt ccomami ol DTSR sl spaeisims o Prate ptats
Locality Maraié Bay, Pars Maraié Bay. Paré s : Characiformes Perciformes Perciformes : .
\ j6 Bay, Para rajo6 Bay, Para Rio de Janeiro S s v 5 Rio de Janeiro
Habitat Hracleh Witer Brackoih water Marine Parana Minas Gerais Rio Grand_e do Sul Marine
Prevaleiice X% X% ~ Freshwater Freshwater Marine 97.5%
— 44.1% 36.89%

Length™? 2-11 8-14 13-21.6 - 2.17-2.78¢ 1.65-4.05 2.97-23.13
‘Width 97-220 170-310 320-420 - 80.6-104.8¢ 50-100 80-560
Larval tooth - - - Present Present - Present
Nerve ring® 172-317 135-306 240-360 129-147 95.7-146.8¢ - 210-400
Escretory pore® 248-516 137-631 510-570 144-171 85.1-148.9¢ — 170-460
Esophagus® L 0.33-2.14 1-1 0.79-0.91 0.246-0.270 168.1-276.6 0.17-0.36 0.40-1.25
Esophagus" 27-90 33-77 - - 19.1-23.4¢ 20-40 -
Intestinal cecum™ 371-700 500-957 180-360 24-33 21.3-42.5¢ 50-70 140-560
Intestinal cecum™ 2377 43-117 = s = - =
Ventriculust 25-78 35-87 70-100 15-18 - 30-50 40-150
Ventriculus" 53-108 57117 120 18 19.1-40.4%1 20-40 40-140
Ventricular appendix®L 2-4 2-6 0.56-0.80 0.857-0.966 564.5-1.032 0.19-0.42 0.15-1.16
Tail 67-150 87-192 130-240 51-63 63.8-82.9%¢ 70-170 120-470
Mucron Absent Absent Present Absente Present Present Present
N° of specimens 14 16 6 5 21 10 18

Reference Present study Present study Rego et al. (1985) Moravec et al. (1993) Martins et al. (2000) Pereira Jr. et al. (2004) Bicudo et al. (2005)
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1
Character Hysterothylacium spp.
: Propimelodus eigenmanni  Hoplias malabaricus ] s _— Lophius Trachinotus Chaetodipterus
Hosts larvae Siluriformes Characiformes Parahchrlns_lwsceles Trlchmrys lepturus gastrophysus carolinus faber
Order " E P e oz Pleuronectiformes Perciformes 2 X g
o Marajé Bay, Para Marajo Bay, Para < 3 5 < Lophiiformes Perciformes Perciformes
Locality Brackish water Brackish 2 Rio de Janeiro Rio de Janeiro Rio de Janei Rio de Janei Rio de Janei
Habitat rackish water rackish water Marine Nstiie 0 de Janeiro 0 de Janeiro 0 de Janeiro
Prevalence % % 100%! 51,560 Marine Marine Marine
Ao i S 25% 40% 17.1%
Length® 2-11 8-14 3.62-16.7 3.42-14.8 6.55-11.551 4.44-7.13 11.16-19.02 12.60-13.70
Width 97-220 170-310 110-400 130-400 140-350 110-220 210-430 340-350
Larval tooth - - Absent - - Present Absent Absent
Nerve ring® 172-317 135-306 120-460 - - 70-110 160-430 300-310
Excretory pore¢ 248-516 137-631 250460 - - 190-450 - -
Esophagus L-2b 0.33-2.14 1-1 0.23-1.16 0.41-0.87 0.6-0.98 0.35-0.56 0.65-2.20 0.98-1
Esophagus Wb 27-90 33-77 40-190 — - - 80-130 110-130
L
Tndestinal crcom 371-700 500-957 50-320 100460 150-400 50-60 110-450 350-600
., 2377 3117 - = - - = -
Ventriculus P 25-78 35-87 - 40-100 60-100 40-60 70-170 130-140
Ventriculus V-? 53-108 57117 50-150 - - 30-50 - -
Yentcicnlar append] 24 26 0.35-1.37 031-084  042-094 0.33-0.35 0.48-1.08 0.80-1.22
Tail 67-150 87-192 100-320 110-220 110-250 130 120-270 140-210
Mucron Absent Absent 30-80 Present Present Present 3143 254
N° of specimens 14 16 54 28 13 4 10 8
Reference Present study Present study Felizardo et al. (2009) Borges et al. (2012) Saad et al. (2012) Ribeiro et al. (2014)
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1
Character Hysterothylacium spp.
Hoplias . .« Pseudopercis  Pinguipes Pinguipes Merluccius Menticirrhus Gymnothorax
Hosts laryae Pr'a pimelodits malabaricus Arapaima gigas jde brasilianus brasili hubbsi Americanus vicimus
Order eigenmanni ) Osteoglossiformes i i . i g iy
" o Characiformes Perciformes  Perciformes Perciformes Gadiformes Perciformes  Anguilliformes
Locality Siluriformes 5 i Amazonas . . . . : . g . i . 3 X
3 iz . Marajé Bay, Para Rio de Janeiro Rio de Janeiro Riode Janeiro Rio de Janeiro Rio de Janeiro  Rio de Janeiro
Habitat Marajé Bay, Para Brackish water Freshwater Mari Nt Mari Mari Mari Mari
Prevalence % rac water 08% arine ine arine arine ine arine
% 88% 100% — — — -
Length® 2-11 8-14 2.14-2.87 7.42-794 3.504.41 =3 9.9-20.9 75-7.8 10.5
Width 97-220 170-310 90-125 240-300 100-110 365 287487 253-271 456
Larval tooth - - Present - - Absent Absent Absent Absent
Nerve ring® 172-317 135-306 100-137 - - 116 302-608 278-312 672
Excretory pore® 248-516 137-631 110-132 - - 144 396-694 391-395 723
Esophagus L 2 0.33-2.14 1-1 0.210-0.267 0.60-0.74 0.37-0.44 1.4 0.7-1.5 0.6-0.7 1.3
Esophagus V-? 27-90 33-77 - - - - - - -
Intestinal
cocim LD 371-700 500-957 50-160 140-190 80-90 271 389442 167-189 432
o= 237 43117 - - . - - - .
cecum WV
Ventriculus -? 25-78 35-87 25-50 80-100 40-60 147 112225 87-90 115
Ventriculus W:? 53-108 57-117 - - - - - - -
:;:::3;;";}'“ 24 2-6 0.625-0975 0.80-093  0.50-0.58 0.397 0541-1.1  0.715-0.887 1
Tail 67-150 87-192 62-100 190-240 130-150 205 216-557 196-218 205
Mucron Absent Absent Absent Present Present Absent Present Present Present
Spinous Absent Absent - - - Present Absent Absent Absent
structures
N° of specimens 14 16 10 20 20 1 10 4 1
Reference Present study Present study AndradcParto Pantoja et al. (2015) Pantoja et al. (2016)

et al. (2015)
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1
Hosts Iarvae Propimelodus HopBias malabaricus qualiceh’ﬂlys Zem;'pfris Prionotus Lt;gocgphalus Ca;'dolalilus Priacanthus
Order eigenmanni Characifo isosceles cone ifer punctatus aevigatus chrysops arenatus
Locait Siluriformes Maraj6 Ba 'ml,: 4 Pleuronectiformes Zeiformes Scorpaeniformes Tetraodontiformes Perciformes Perciformes
ty Marajé Bay, Pard Y Rio de Janeiro Riode Janeiro  Rio de Janeiro Rio de Janeiro Rio de Janeiro Rio de Janeiro
Habitat rajé Bay, Par Brackish water e A ; A : -
Prevalence % % e Marine Marine Marine Marine 6hg,a7rymc
- - - - - . 1%
Length® 2-11 8-14 4.8-149 6-13.5 14.9-20.3 5.9-6.1 7.6 3785
8Width 97-220 170-310 118-454 145-294 238-490 215-273 282 102-212
Larval tooth - - Absent Absent Absent Absent Absent Absent
Nerve ring® 172-317 135-306 212-701 200-431 399-898 264-357 217 219-402
Excretory pore® 248-516 137-631 284-786 276-526 446-971 331-399 302 297-489
Esophagus 1 2® 0.33-2.14 1-1 0.5-1.7 0.5-1.1 0.9-2 0.6-0.7 0.7 0.458-0.860
Esophagus Vb 27-90 33-77 - - - - - -
L
Tndesttunlsicron 371-700 500957 68-422 108-197 385-678 119-179 168 120-242
STieaiinnl cacum 2377 317 - - = = = ”
Ventriculus L.% 25-78 35-87 54-120 65-95 98-167 58-72 86 40-102
Ventriculus “-* 53-108 57-117 - - - - - -
Xf:'t"““" appendi 24 2.6 0.476-1.49 0.583-1 0.845-1.567 0.531-0.694 0.746 0.382-0.667
Tail 67-150 87-192 162-384 139-221 197-361 159-187 211 139-557
Mucron Absent Absent Present Present Present Present Present Absent
Spinous Absent Absent Absent Absent Absent Absent Absent Present
structures
N° of specimens 14 16 10 10 10 3 1 5
Reference Present study Present study Pantoja et al. (2016)
2
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1
Hosts larvae Propimelodus Hoplias malabaricus Elops A‘“y. Microp ogomas Gempr s Mullus argentinae  Selene setapinnis
saurus Jasciatus Surnieri brasiliensis : 5
Order eigenmanni Characiorines Elopiformes  Characiformes Perciformes Ophidiiformes Perciformes Perciformes
Locality Siluriformes Marajé Bay, Pard Rio de Janei Minss Geral Rio'de Tonas Rio de Janei Rio de Janeiro Rio de Janeiro
Habitat Marajé Bay, Pard Brackish water SERED s S OnELD = SANEY Marine Marine
> Marine Freshwater Marine Marine
Prevalence % % - 50.46% B o - 26.7%
Length® 2-11 8-14 - 1.568-1.833 12.3-17.7 14-15 10-18 4.50-7.0
Width 97-220 170-310 151 12-78 150-210 190-200 310-420 140-220
Larval tooth - - Absent - Absent Absent Absent Absent
Nerve ring* 172-317 135-306 183 105-125 180-260 140-200 250440 160-240
Excretory pore® 248-516 137-631 217 100-125 280-320 230-270 310-480 -
Esophagus L 2b 0.33-2.14 1-1 0.609 0.143-0.183 0.6-0.82 0.60-0.65 0.68-1.5 0.57-0.80
Esophagus W-* 27-90 33-77 - = - = - S
Intestinal cecum
b 371-700 500-957 54 25-28 80-160 86-120 180-350 150-210
e 3.7 3117 - - = = = =
Ventriculus L% 25-78 35-87 39 15-64 48-60 55-60 70-180 55-60
Ventriculus W-b 53-108 57-117 - 20-28 - - - 55-65
Venftricular
appendix L ab 2-4 2-6 0.535 0.713-0.880 0.41-0.48 0.47-0.49 0.52-0.82 0.45-0.60
Tail 67-150 87-192 135 48-55 80-130 220-230 210-340 120-200
Mucron Absent Absent Absent - Present Present Present Absent
Spinous _ _ _ _
shewctiines Absent Absent Present Present
Spines - Absent Absent = = = = = 5.0-7.5
N° of specimens 14 16 1 10 3 2 146 10
Pantoja  Vieira-Menezes y 3 Fontenelle
Reference Present study Present study etal. (2016) etal. (2017) Di Azevedo & Iiiguez (2018) etal. (2015)
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1
Hysterothylacium deardorffoverstreetorum

Character Hysterothylacium spp. Knoff, Felizardo, Ifiiguez, Maldonado Jr, Torres, Pinto & Gomes, 2012

X Hoplias Paralichthys Cynoscion ; Paralichthys ] . ; )
Locs?li ty Siil’i forinas Characiformes Ple:uronectifc')rmes ?ercifonngs Rio de Janeiro Ple}lmnectifqmles Rio'de Janeiro Rio de Janeio
Habitat Maraié Bay, Pard Marajé Bay, Pard  Rio de Janeiro Rio de J'aneu'o' Marine Rio de Janeiro Marine Marize
Prevalence J x%y, Brackish water Marine Marine 66.7% Marine 0339 6.7%

X% — 83.3% : 100% . i

Length? 2-11 8-14 3.62-16.7 9.35-13.75 6.08-18.38 245-17.32 4.50-9.17 10.6
‘Width 97-220 170-310 110-400 310-400 180-460 120-470 150-290 230
Larval tooth Absent - Absent Absent Absent Absent Absent -
Nerve ring® 172-317 135-306 120460 400460 270-600 310410 120-260 -
Excretory pore¢ 248-516 137-631 250-460 - - 350 - -
Esophagus L-ab 0.33-2.14 1-1 0.23-1.16 0.75-1 0.52-1.20 0.47-1.01 0.40-0.79 0.59
Esophagus V-? 27-90 33-77 40-109 - - 30-100 50-100 -
Intestinal cecum L 371-700 500-957 50-320 300-330 100480 50-460 130-203 180
Intestinal cecum W-? 23-77 43-117 - - - - - -
Ventriculus L-? 25-78 35-87 50-150 100-130 60-200 40-120 50-100 100
Ventriculus Vb 53-108 57-117 - 100-130 90-180 30-120 40-100 -
Ventricular appendix ™ 24 26 035-137 0.70-0.90 0421 0.14-0381 0.43-0.64 0.78
Tail 67-150 87-192 100-320 190-320 160-300 60-210 150-300 250
Mucron Absent Absent 3-8 254 14 1-4 1-2 44
N° of specimens 14 16 1.820 - 15 14 12 -
Reference Present study Present study Knoff Fontenelle Kuraiem Fonseca et al. (2016) Calixto

etal. (2012)

etal (2013)

etal. (2016)

etal. (2017)

13Measurements in millimeters indicated;

2PAbbreviations: L: length, W: width.

3<Distance from anterior end to;
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490ther hosts cited by Moravec, Kohn, Fernandes 1993: Salminus brasiliensis (Syn. Salminus maxillosus), Galeocharax knerii, Hypophthalmus
Sedentates, Pterodoras granulosus, Plagioscion squamosissimus, Crenicichla lepidota and Loricariichthys sp.;

6°Measurements obtained in mm second Martins et al. (2000);

7fMartins et al. (2000) uses esophageal bulb terminology for the ventriculus;

82Although the authors do not write the non-occurrence of mucron, the same can be observed in the scientific illustrations present in the article;

91 Prevalence presented for total parasitic hosts, L3 and L4 respectively;

10'Description based onthird-stage larvae (L3);

11iDescription based on four-stage larvae (L4);

12%Fish produced in an aquaculture system;

131Specimens of Cynoscion guatucupa (Cuvier, 1830), were caught off the coast of the municipality of Itajai, state of Santa Catarina, and were
14purchased in the wholesale food supply market of Rio de Janeiro, Brazil.

15
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2Table 4: Prevalence (P), mean intensity (MI), mean abundance (MA), range of infection (RI), or intensity (I)
sof Hysterothylacium sp. larvae in this study, compared to those recovered from different hosts in Brazil.

| Order Batrachoidiformes

Family Batrachoididae
Batrachoides surinamensis |  PA | 104 | 136 | 52 | 07 | - | Silva et al. (2025)
Order Beloniformes
Family Belonidae
Tylosurus acus acus RJ [ 31 | 645 [ 25 | 1.6 | 1-14 | Tavaresetal. (2004)
Order Characiformes
Family Acestrorhynchidae

- 44.0 3.92 1.74 -

— 14.0 3.00 0.43 =
Acestrorhynchus lacustris MG - 33.0 1.00 0.33 - Duarte et al. (2022)

— 20.0 1:33 0.27 -

- 9.0 2.50 0.22 -
Family Anostomidae
Leporinus friderici PR | 104 | 096 [ 1 | 0009 | = | Guidelli et al. (2006, 2011)
Family Bryconidae
Brycon orbignyanus PR 104 2.88 1.33 0.03 - Fernandes et al. (2019)
Salminus brasiliensis SP ~ 19.0 4 0.8 - Mesquita et al. (2012)
Family Characidae
Astyanax fasciatus MG ~ | 5946 | 416 ek 1-19 WEEiE a‘gg’;‘;ﬁes el
Hyphessobrycon eques SP 4 12.1 1 0.12 1-3 Acosta & Silva (2015)
Family Serrasalmidae
Serrasalmus marginatus PR = 357 1 0.035 - Casali & Takemoto (2016)
Pygocentrus piraya MG — 39.8 6.56 2.61 1-30 Santos—Clapp et al. (2022)
Family Curimatidae
Cyphocharax modestus sSP | - [ 10 [ 1 | o010 | — | Abdallahetal (2012)
Family Erythrinidae
Hopli alabari PA 102 12 34 4.08 Present study

PRaS maraDaricus PI 94 | 633 | 5.9 3 1-64 Pinheiro et al. (2023)
Order Cichliformes
Family Cichlidae
: ; Santos-Clapp & Brasil-

Cichla kelberi MG = 58 8.51 4.94 1-57 Sato (2014)
Cichla piquiti SP 1.400 86 32.6 28 - Franceschini et al. (2013)
Order Clupeiformes
Family Engraulidae
Anchoa tricolor RJ 103 3 1:7 <0.1 1-3 Tavares et al. (2005)
Cetengraulis edentulus RJ - 40 5.61 2.24 - Benicio et al. (2022)
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Urophycis brasiliensis RS — 30.8 - — Pereira et al. (2014)
SC - 12.5 — 0.2 -

Order Gymnotiformes

Family Gymnotidae

Gymnotus silvyus SP - 10 1 0.10 - Abdallah et al. (2012)

Gymnotus sp. MS 28 8.10 3.10 0.25 1-9 Isaac et al. (2004)

Lophius gastrophysus

Saad et al. (2012)

g|&

12.6

2.81

0.35

Knoff et al. (2013)

Mulus argentinae

Simoes et al. (2025)

Azevedo etal. (2011)

RJ 1.8 <0.1 Alves et al. (2002b)
i RJ = 2.7 0.05 14 Knoff et al. (2007)
Genypterus brasiliensis - —
2 33 1 0.03 B Di Azevedo & Iiliguez
) ) (2018)
Order Osteoglossiformes
Family Arapaimidae
Andrade—Porto et al.
AP g AM 590 98 6.02 59 1-40 (2015)
AM 383 53.13 | 11.26 5.98 - Silva et al. (2016)

Caranx latus RJ - 3.6 2.5 0.1 13 Alves & Luque (2001)
Selene setapinnis RJ — 7.8 32.5 2.5 1-127 Cordeiro? & Luque (2004)

P RJ 51 26.7 6.40 1.70 1-17 Fontenelle et al. (2015)4
Trachinotus carolinus RJ 115 40 9.6 3.83 1-28 Ribeiro et al. (2014)
Coryphaena hippurus RJ ‘ = 2.9 | 1.3 | 0.05 1-2 Marques & Alves (2011)
Hyporthodus niveatus RJ | 9 30 | 1.5 | 0.45 1-2 Menezes et al. (2023)

; T RJ 423 81.25 8.13 6.61 1-42 s

Percophis brasiliensis T 16 5187 328 072 10 Diniz et al. (2021)

Pinguipes brasilianus K/ — L — o — Jimi etal. (2010)
RJ 267 | 100 - 0-274 1-57 Pantoja et al. (2015)¢

e —— RJ - 88% — 0-78 1-19 Pantoja et al. (2015)f
RJ 77 | 436 3 0.9 - Luque et al. (2008)
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Pseudopercis semifasciata

Luque et al. (2008)

Pomatomus saltatrix

SP

| - [ 227 2.5 0.6 | — |
_ 75 14.6 10.95 _
_ 15 1.67 0.25 _

Serrano et al. (2023)

Priacanthus arenatus

RJ 1.994 66.7 66.5 99.7 - Kuraiem et al. (2016)8
Family Sciaenidae
RJ — 83.8 39.2 32.8 1-600 Sabas & Luque (2003)
— h _ —
Cynoscion guatucupa RJ - 71(())'3,1 é;é — — Timi et al. (2005)
RJ - 83.3 33.52 27.93 1-219 Fontenelle et al. (2013)g
Macrodon ancylodon RJ - 743 5:3 4.0 1-19 Sabas & Luque (2003)
RJ s 5 1 0.05 1 Azevedo & Iiliguez (2018)
BA = 32.7 - 0.8 —
CE - 27.5 - 0.4 _
) . . RJ - 14.6 . 1 _
Micropogonias furnieri RJ — 153 ~ 05 ~ Luque et al. (2010)
RS = 36.1 - 1.5 —
SC - 26 - 1.5 -
RS - 36.89 - - - Pereira Jr. et al. (2004)
Plagioscion MG g 44.1 16 e 0-13.8 Martins (2000)
SQUAMOoSsissimus
RJ - 97 - 106.22 0-624
Umbrina canosai - 1008 = 41.35 1-287 Canel et al. (2019)
RS -
= 1001 - 46.12 10-205
Family Scombridae
Scomber scombrus | RJ | - | 7 1 0.06 | — | Alves & Luque (2006)
Family Sparidae
Archosargus rhomboidalis RJ — 1.1 1 <0.1 1b Cordeiro & Luque (2005a)
PR — 93.3 12.8 11.9 1-100 Paraguassu et al. (2002)
R R RJ - 13.89 1.80 0.26 - Saad & Luque (2009)
ETIE Pogh RJ _ 90 24 22 1-156 Soares et al. (2014)
SP — 100 3.57 3.57 — Serrano et al. (2023)
Family Stromateidae
Peprilus paru | RJ | - | 37 1 0.04 | 0-1 | Azevedo etal (2007)
Family Trichiuridae
Trichiurus lepturs RJ - 3.6 1.5 <0.1 1-2 Silva et al. (2000)
P RJ - 51.56 20.5 25 1-55 Borges et al. (2012)
Family Mullidae
Mullus argentinae | R [ - | 483 5 24 | 128 | Azevedo & Ifiguez (2018)
Family Ephippidae
Chaetodipterus faber | RJ [ - [ 171 2 023 | 12 | Ribeiroetal. (2014)
Family Lutjanidae
Lutjanus analis | AL [ - | 33 3 0.10 | — | Hermidaetal. (2014)
Order Pleuronectiformes
Family Paralichthyidae
Paralichthys isosceles | RJ [ 1820 | 100 | 303 | 303 | 1-596 | Felizardo et al. (2009a)
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RJ — 100k 30.3 32 1-596 Felizardo et al. (2009b)
RJ _ 100 — 16.5 -
RI - 31 — 281 - Alarcos et al. (2016)
Paralichthys patagonicus RJ 5.552 100 154.2 154.2 1-859 Fonseca et al. (2016)g
Xystreurys rasile RJ 202 93.3 7.21 6.73 1-17 Fonseca et al. (2016)g
Order Scorpaeniformes
Family Dactylopteridae
Dactylopterus volitans | RJ [ - ] 1 [ 1 ] <0.1 [ — | Cordeiro & Luque (2005b)
Family Triglidae
Prionotus punctatus [ RJ | 80 | 975 [1124 ] 1096 | 1-59 | Bicudo etal. (2005a,b)
Ordem Siluriformes
Family Ariidae
Genidens barbus | RJ [ — 1 79 [T 62 [ 05 | — [ Tavares & Luque (2008)
Family Auchenipteridae
Trachelyopterus striatulis L) — A - a7 — Azevedo et al. (2011)
yop RJ = 1.7 4 0.07 — Mesquita et al. (2011)
Family Pimelodidae
Pimelodus pohli MG » 55 1 0.02 b S f‘zgf"‘l‘;‘l'sa“’
Propimelodus eigenmanni PA 22 13.18 1.83 0.24 1-4 Present study
Order Tetraodontiformes
Family Balistidae
Balistes capriscus RJ 30 11.36 6 0.68 1-21 Leite et al. (2021)
Balistes vetula RJ 10 10 32 1 - Alves et al. (2005)
Family Tetraodontidae
Colomesus psittacus | pA [ — | 26 | 116] 08 | — | Corréaetal (2023)

1

23abbreviations of localities are given in alphabetical order of Brazilian states (AM = Amazonas, AL
3= Alagoas; BA = Bahia, MG = Minas Gerais, PA = Para, PR =Parana, RJ = Rio de Janeiro, RN = Rio
4Grande do Norte, RS = Rio Grande do Sul, SP = Sao Paulo; SE = Sergipe and SC = Santa Catarina);

sPo autor apresenta apenas a intensidade total de infecgéo;

s‘records bibliographical by host in chronological sequence;

79for third stage larvae the Hysterothylacium fortalezae (Klein, 1973);

sthe prevalence of anisakid nematodes was 100%, included 267 Hysterothylacium sp. and 7

sRaphidascaris sp.

wfthe prevalence of anisakid nematodes was 88%, included 77 larvae of Hysterothylacium sp. and one

nof Anisakis sp.;

n8for third stage larvae the Hysterothylacium deardorffoverstreetorum Knoff, Felizardo, Ihiguez,

13sMaldonado Jr, Torres, Pinto & Gomes, 2012;

uBprevalence and mean intensity for both juvenile and adult fish, respectively;

1s'fish colhidos no Rio de Janeiro (RJ) na Pedra de Guaratiba (23° 01°S; 43° 38°W) em dois periodos:

161997 and 2003-2004 respectively;

17ifish them caught at Rio Grande do Sul (RS) in two consecutive months respectively;

1skthe fish were infected with L3 and L4 larvae of Hysterothylacium sp. the data on average intensity,
1waverage abundance and variation are shown for total number of larvae found;
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1'fish colhidos em duas localities in the coasts of Rio de Janeiro (RJ): Cabo Frio (22°52°S, 42°01°W)
2and Niteroi (22°53°S, 43°06°W); respectively.

3
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1Figure 1. Drawings of L3 of Hysterothylacium sp. parasite in Propimelodus eigenmanni, Brazilian
2fish: The scale bars in a and b= 100pum.
3
4Figure 2. Photomicrographs of L3 Hysterothylacium sp. parasite in Propimelodus eigenmanni,
5Brazilian fish: (a) Lateral view of the cephalic region showing evidence of ventricular appendix (va);
6(b) Detail of lips, muscular esophagus (me), nerve ring (nr), excretory pore (ep) and cuticle with
7 delicate transversal striations; (c¢) Detail of muscular esophagus (me), ventricule (ve) and intestinal
8cecum (ic); (c¢) Posterior portion, portion of the intestine (in), rectum (re) and anus (an). The scale bars
9in a =100um, b =200pum, ¢ =200pum and d = 100um.
10
11Figure 3. Scanning electron micrographs of L3 Hysterothylacium sp. parasite in Propimelodus
12 eigenmanni, Brazilian fish: (a) Cephalic region showing evidence cuticle with transversal striations,
13lateral alae, three lips, four papillae (arrowhead), mouth opening; (b) Posterior portion, anus (*). The
14scale bars in a, b, ¢ = 20um.
15
16 Figure 4. Distribution by state and Brazilian coast of third-stage larvae of Hysterothylacium spp.
17 parasitic on Brazilian fishes. The gray gradient indicates the number of papers per state, while pie
18charts show the diversity of parasitized fish orders. The exclusive economic zone is used to represent
19the “Brazilian coast”.
20
21Figure 5. Distribution of Brazilian fishes species parasitized by third-stage larvae of
22 Hysterothylacium spp. according to feeding habits: (A) percentage of different feeding habits
23(carnivore, omnivore and herbivore); (B) number of species with different feeding habits grouped by
24 order.
25
26Figure 6. Distribution of Brazilian fishes species parasitized by third-stage larvae of Hysterothylacium
27spp. in different infection sites, grouped by order.
28
29
30
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Endoparasite community of Propimelodus eigenmanni (Siluriformes: Pimelodidae), an

Amazon endemic catfish captured in Marajo Bay (PA), in northern Brazil
Running title: Endoparasites of Propimelodus eigenmanni
Abstract

This study investigated the endoparasite community in Propimelodus eigenmanni, an endemic
catfish from Amazon captured in Marajé Bay, state of Para, northern Brazil. Of 100 fish
examined, 99% were infected by Spirocamallanus rarus (adults), Spirocamallanus delirae
(adults and larvae), Dichelyne jutubensis (adults), Anisakis sp. (larvae), Hysterothylacium sp.
(larvae) and Cestoda gen. sp. The endoparasite community was composed of low values
Brillouin diversity (0.46 £ 1.06), low richness of parasites (2.22 + 1.05) and low evenness (0.20
+ 0.20), and high Berger-Parker dominance index (0.93 £ 0.12), predominance of nematode
species, particularly Anisakis sp., with high prevalence, low intensity, abundance,
overdispersion, and predominance of hosts parasitized by 2 to 4 species. Parasite diversity and
richness of species, prevalence and abundance of D. jutubensis were higher in females than
males, while prevalence of S. rarus was higher in males than females. The prevalence of
Hysterothylacium sp., mean intensity of S. delirae and mean abundance of Anisakis sp. were
higher in female hosts than in males. Despite size of female host had been higher than of males,
body size and condition of fish have not correlation with parasite richness, diversity and
abundance of parasites. Rich diet in invertebrates and small fish, and sex were the main factors
structuring the endoparasite community of P. eigenmanni. Lastly, except for S. delirae, S. rarus,

Anisakis sp. and D. jutubensis, this is the first report of these parasites for P. eigenmanni.

Keywords: Diversity, Freshwater fish, Parasite, Nematoda, Amazon

Introduction

The Neotropical region supports the richest and most distinct biodiversity of freshwater
fish in the world, with over 6,000 known species (Albert et al., 2020). More than 2,400 of these
fish species are in Amazon River basin (Furtado et al., 2023), and Siluriformes (catfishes)
represent an important fraction of this diversity. The Amazon River system is composed of
endless rivers, channels, streams, flooded forests and floodplain areas with varying water types
and strikingly different productivities (Lima et al., 2022; Furtado et al., 2023) that has a vast

diversity of fish assemblages of with different ecological characteristics (Zuanon & Ferreira,
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2008; Furtado et al., 2023). Hence, associated with this great ichthyofauna, there is also a high
diversity of parasites, which is yet few known, because fish act as links in life cycle of diverse
parasites species, which spread through different hosts due to the facilitation of the aquatic
environment (Klimpel & Ruckert, 2005; Brito-Junior & Tavares-Dias, 2021; Scholz et al.,
2021; Santos-Clapp et al., 2022; Lima et al., 2022; Pinheiro et al., 2025; Bao et al., 2025).

The parasites have been increasingly recognized as important components of
biodiversity into ecosystems, since they regulate the abundance and population density of their
hosts, contributing to the stabilization and structuring of food web and its communities,
therefore influencing their different biological, ecological, and evolutionary features (Neves &
Tavares-Dias, 2019; Brito-Junior & Tavares-Dias, 2021; Scholz et al., 202; Santos-Clapp et al.,
2022; Lima et al., 2022; Sures & Nachev, 2022). Furthermore, parasites can also provide
relevant information understanding of the ecological flows of host-parasite-environment
interactions. Many species of parasites also can be used as bioindicators of the environmental
quality of ecosystems (Sures & Nachev, 2022).

Fishery has been responsible for a great part of seafood sold regionally, nationally, and
even for export, and is also main source of subsistence for many Amazonian traditional
riverside populations, whose per capita consumption of fish is among the world’s highest
(Furtado et al., 2023). This extractive activity plays an important role in nutrition and economy
across Amazon, contributing therefore with the demand by food and income. Propimelodus
eigenmanni (Van der Stichel, 1946) is a catfish of Pimelodidae family, popularly known as the
white catfish, with nocturnal and carnivorous habits. This catfish inhabits large rivers
influenced by tides, living permanently in the river channels where it feeds on invertebrates and
small fishes (Ludenberg & Parisi, 2002; Zuanon & Ferreira 2008). This pimelodid has a wide
distribution across Amazon basin, occurring in the lower Amazon River and its tributaries such
as the Xingu, Jari, Trombetas, and lower Madeira rivers, as well as the Kourou and Oiapoque
rivers, both in French Guiana (Torrico-Destre et al., 2025; Froese & Pauly, 2026). Despite this
wide range, the specific breeding season and reproductive habits of the P. eigenmanni are
unknown. Thus, riverside populations throughout the Amazon consume this catfish.

Studies on communities of its parasites, however, have not been carried out, despite
their interest related to the complexity of the life cycle and distribution of this Amazonian
catfish. Few parasites reported for P. eigenmanni have been the isopod Braga patagonica
Schiodte and Meinert, 1881 (Neves & Tavares-Dias, 2019) and nematodes Spirocamallanus

delirae Ruffeil, Giese & Pinheiro 2023 (Ruffeil et al., 2023), Spirocamallanus rarus Travassos,
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Artigas & Pereira, 1928, (Pinheiro et al., 2026), Anisakis sp. (Pinheiro et al., 2025) and
Dichelyne jutubensis Alves, Santana, Ruffeil, Giese & Pinheiro, 2026 (Alves et al., 2026). Thus,
this study aimed to investigate the endoparasite community in P. eigenmanni from Marajé Bay,

in Para state, Brazilian Amazon.

Materials and methods

One hundred specimens of females and males P. eigenmanni (68.7 £ 28.9 g and 24.9 +
3.4. cm) were captured by artisanal fishers from the island of Jutuba (Maraj6 Bay 0°47'54.7"S
48°24'10.7"W), State of Pard, Brazil. Fish were collected from March to May 2025 and 2026
and were dead on ice and then transported to the Laboratorio de Histologia e Embriologia
Animal of Universidade Federal Rural da Amaz6nia (Para, Brazil). The fish were weighed (g),
measured in total length (cm), and necropsied for parasitological analysis. In the laboratory, the
digestive tract of each specimen was separated and placed in Petri dishes with saline and
examined using a stereomicroscope. Live nematodes were recovered from the intestine of P.
eigenmanni specimens, washed in saline solution and then fixed in a hot ethanol-
formaldehyde-acetic acid solution and preserved in 70% ethanol. They were then examined
using light microscopy following procedures described by Pinheiro et al. (2018). All applicable
institutional, national, and international guidelines for animal care and use were followed
(permission number CEUA: 9243170321, SISBIO: 68028-4).

Data and statistical analysis procedures

The ecological parameters (prevalence, intensity and abundance) calculated for the
parasite infracommunities (Bush et al., 1997), as well as the dominance frequency (percentage
of the infracommunities in which a parasite species is numerically dominant) (Rohde et al.
1995; Magurran 2004). We used the Diversity software (Pisces Conservation Ltd., UK) to
calculate the following descriptors for the parasite community: species richness of parasites,
the Brillouin diversity index (HB), evenness (E) in association with the diversity index, the
Berger-Parker dominance index (d). The variance/mean ratio or dispersion index (DI), and
Poulin discrepancy index (D) were calculated using the Quantitative Parasitology 4.0 software
(web version), to detect the distribution pattern of the endoparasite infracommunities (Reiczigel
et al., 2019) for species of parasites with prevalence >10%. The significance of the DI was

calculated for each infracommunity using the d-statistical test (Ludwig and Reynolds, 1988).
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Weight and total length data of fish examined were used to calculate the relative condition
factor (Kn) according to Le-Cren (1951) method.

Data of the weight, length, Kn, mean intensity and mean abundance were previously
evaluated for normality and homoscedasticity using the Shapiro-Wilk and Bartlett tests,
respectively. A statistical difference was accepted at p<0.05. To compare prevalence between
male and female hosts, the chi-square test (yx?) was used, followed by the Yates correction. To
compare the weight, length, Kn, mean intensity and mean abundance between male and female
hosts was used the Mann-Whitney test (U). Spearman correlation coefficient (rs) was used to
determine possible correlations of abundance of parasites with length, weight, species richness
and the Brillouin diversity index (Zar, 2010) using IBM SPSS Statistics 24.0 software.

Results

Of 100 P. eigenmanni examined, a total of 3,239 parasites were recovered, and 99% of
the fish were infected by one or more species of endoparasites including Spirocamallanus rarus
(Travassos, Artigas & Pereira, 1928), S. delirae, D. jutubensis, Anisakis Dujardin, 1845
(larvae), Hysterothylacium Ward & Magath, 1917 (larvae) and cestodes non-identified (likely
adults). Although most S. delirae specimens recovered were adults, five specimens in larval
stage were also found. However, larvae of Anisakis sp. dominated the endoparasite community
(Table 1). The parasites of P. eigenmanni presented an aggregate dispersion pattern, except S.
rarus that had random pattern of dispersion (Table 2).

Diversity and richness of parasites and evenness were low, while the Berger-Parker
dominance index was high, and indicated a high dominance of Anisakis sp. accounting for 93%
of all species found (Table 3). There was a predominance of hosts parasitized by 2 to 4 species
(Figure 1). Correlation of parasite abundance with weight (rs = 0.007, p> 0.05), length (rs =
0.015, p>0.05), and Kn (rs = 0.007, p>0.05) of hosts, Brillouin diversity index (rs =-0.094,
p>0.05) and species richness of parasite (rs = 0.001) was not significant.

The mean values of Brillouin diversity (U=1550.5, p = 0.02) and evenness (U=2124.5,
p = 0.02) of females were higher than of males (Figure 2), whereas females had parasites
richness 2.42 + 1.12 (1-5 species) and males shown parasites richness 2.00 £ 0.95 (1-4 species),
difference that was not significant (U= 2208.5, p= 0.08). Females P. eigenmanni had larger
body length and weight than males, and the Kn of both males and females was similar, the

prevalence of S. rarus was higher in males than females. The prevalence and abundance of D.
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jutubensis, prevalence of Hysterothylacium sp., mean intensity of S. delirae and mean
abundance of Anisakis sp. were higher in females than in males (Table 4).

Discussion

In adult P. eigenmanni, we found a high prevalence (99%) of endoparasites, and parasite
community was constituted by five Nematoda and one Cestoda. The species of endoparasites
found had moderate prevalence, low mean intensity and abundance and overdispersion, while
only S. rarus had random dispersion. However, larvae of Anisakis dominated the parasitic
community, because had higher prevalence, mean intensity, and mean abundance. Although the
prevalence of ectoparasites and endoparasites (80.6%) of juveniles Brachyplatystoma vaillantii
Valenciennes, 1840 (Pimelodidae) of tributary from Amazon basin was also high and
overdispersed, while the endoparasite community was lower than in catfish of present study,
because it was constituted only by one Digenea, one Nematoda and one Cestoda. This low
endoparasite species richness and diversity was attributed to low availability of invertebrates
that act as intermediate hosts for the endoparasites of B. vaillantii (Brito-Junior & Tavares-
Dias, 2021). In contrast, in juveniles Pimelodus ornatus Kner, 1858 (Pimelodidae) from
Amazon River, the ectoparasite and endoparasite community was characterized by low
prevalence and low abundance, low parasite diversity and richness of species (one Monogenea,
three Nematoda, one Digenea, one Cestoda and one Crustacea), but with dominance of
Spirocamallanus inopinatus (Travassos, Artigas & Pereira, 1928); and this these variations
were attributed mainly to seasonally that influenced parasites recruitment (Lima et al., 2022).

Although the life cycle of S. rarus, S. delirae, D. jutubensis, Anisakis sp.,
Hysterothylacium sp. and cestodes of P. eigenmanni at Maraj6 Bay are unknown; the presence
of these nematodes and cestodes indicates that this carnivorous catfish is feeding on
invertebrates and small fishes, acting as an intermediate/paratenic or definitive host such
endoparasites. Invertebrates and fish are food items that constitute the diet P. eigenmanni
(Zuanon & Ferreira 2008). In general, species of Hysterothylacium use crustaceans (e.g.,
copepods, decapods, and isopods), amphipods and euphausiids as first intermediate hosts, while
fishes act both as transport and as definitive hosts (Klimpel & Rickert, 2005; Bao et al., 2025).
Species of Anisakis use planktonic crustaceans as first intermediate hosts, while fish and
cephalopods as paratenic hosts, and aquatic mammals as definitive hosts (Pinheiro et al., 2025;
Bao et al., 2025). Spirocamallanus species use generally copepod crustaceans as first

intermediate hosts while fish can act as both paratenic hosts as definite hosts (De, 1995) like
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occur with P. eigenmanni from Marajo Bay. Life cycle of cestodes involves intermediate hosts
that are planktonic copepods, oligochaetes and amphipods. Fish serve as second intermediate
or paratenic hosts and can harbor up to two stages of cestodes, once adult stage can occur in
their intestinal tract, and metacestodes are usually in the body cavity, in the internal organs or
muscles of these hosts (Scholz et al., 2021). In present study, metacestodes of cestodes were
found in coelomic cavity of P. eigenmanni.

For females P. eigenmanni, the diversity of parasites was higher than in males, while
the parasite richness was similar. In contrast, for both females and males Pygocentrus piraya
(Cuvier, 1819) the parasite diversity and richness of species were similar (Santos-Clapp et al.,
2022). Although females of P. eigenmanni were larger and heavier than males, there was not
differences in condition factor (Kn) between the sexes. However, the prevalence of S. rarus
was higher in males than females, while the prevalence and abundance of D. jutubensis, the
prevalence of Hysterothylacium sp., and the mean intensity of S. delirae and mean abundance
of Anisakis sp. were higher in females than in males. While the specific reproduction season of
P. eigenmanni are unknown, it is likely that diverse specimens examined were reproductive
period. During fish reproduction season the stress can make them susceptible to parasitic
infections by parasites as reported by Santos-Clapp et al. (2022) who found also more
susceptibility of females P. piraya to endoparasites during the reproduction season.

This is the first report of Hysterothylacium sp. and cestodes, infecting of P. eigenmanni.
However, larvae of Hysterothylacium (Bannai et al., 2023) and Anisakis sp. (Pinheiro et al.,
2025; Bao et al., 2025) been reported in several freshwater and marine fishes, and usually some
species of both nematodes present zoonotic potential for humans (Pinheiro et al., 2025; Bao et
al., 2025). Therefore, both Hysterothylacium and Anisakis larvae are generalist nematodes
because they parasitize several taxonomically unrelated fish species, which act as their
paratenic or intermediate hosts. However, zoonotic diseased caused by consumption of fishes
have been often neglected in Brazil; particularly due to severity of symptoms varying of mild
to moderate, and lack of known among doctors, health inspectors and consumers. Additionally,
these anisakids have potential quality concern for both industry and consumers when worms of
highly infected fish migrate from digestory tract to mouth, gills or body surface of fish during
freezing or transportation (Bao et al., 2025), causing a great repugnance. Although our sampling
procedures did not allow us to find the escolex of the cestodes in abdominal cavity of P.

eigenmanni, these parasites are likely a Proteocephalidae. Siluriformes catfish from South
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American, particularly large pimelodids are usually definitive hosts for diverse cestodes species
of Proteocephalidae family (Alves et al., 2021), which including seem also P. eigenmanni.

Body size of wild fish populations, a factor particularly related to age of hosts, has been
a determinant factor on parasite abundance and species richness, explaining often apart the
variation of parasitic infracommunities. Usually, larger fish and, therefore older, in addiction
eat greater amounts and diversity of food items containing infective stages, they also provide
more diverse niches and larger colonization areas for parasites, harboring thus a higher species
richness and load parasites (Brito-Junior & Tavares-Dias, 2021; Santos-Clapp et al., 2022; Lima
et al., 2022). However, we found no correlation of endoparasite abundance with the body size
of P. eigenmanni, and diversity and species richness in contrast to reported for B. vaillantii
(Brito-Junior & Tavares-Dias, 2021), for P. piraya (Santos-Clapp et al., 2022) and for P.
ornatus (Lima et al., 2022).

In conclusion, this first study on the community and infracommunities of parasites in P.
eigenmanni showed a low species richness and low diversity, with dominance of Anisakis larvae
and overdispersion of parasites. Considering that P. eigenmanni is a web top predator fish that
has invertebrates and forage fish maintaining the life cycle of nematodes and cestodes in Marajo
Bay; consequently, this diet and sex of hosts were the main factors structuring their
communities and infracommunities of parasites. This was the first record, Hysterothylacium for
P. eigenmanni. Lastly, regarding the Amazon River system is influenced by the season
fluctuations that may influence the infection rates of parasites communities and
infracommunities, as well as diversity and species richness, our suggested further studies on

this issue in P. eigenmanni at Marajo Bay.
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Table 1. Endoparasites in Propimelodus eigenmanni from Marajo Bay, state of Pard, in eastern Amazon (Brazil).
Parasite species SI P (%) MI + SD MA+SD FD (%) TNP Ranges

Filo Nematoda

Dichelyne jutubensis Intestine 42.0 21+26 0919 2.7 90 1-15
Spirocamallanus rarus Intestine 33.0 1.3+£0.6 0.3£0.6 1.0 33 1-6
Spirocamallanus delirae (adults and larvae) Intestine 51.0 36+26 18124 4.7 182 1-13
Anisakis sp. (larvae) Coelomic cavity 90.0 32.2+37.2 29.0+36.6 90.5 2,899  2-247
Hysterothylacium sp. (larvae) Coelomic cavity 14.0 1.8+£1.0 0.3£0.7 0.8 25 1-4

Filo Platyhelminthes

Cestoda gen. sp. (proglottids) Coelomic cavity 6.0 1.7+£15 0.1+05 0.3 10 1-5

Sl: Site of infection, P (%): Prevalence, MI: Mean intensity, MA: Mean abundance, TNP: Total number of recovered parasites
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Table 2. Dispersion index (DI) or variance/mean ratio, d-statistic and discrepancy index (D)
for the endoparasite infracommunities in Propimelodus eigenmanni from Marajo Bay, state of
Pard, in eastern Amazon (Brazil).

Species of parasites DI D d Dispersion type
Dichelyne jutubensis 1.94 0.734 5.56 Aggregate
Spirocamallanus rarus 1.13 0.773 0.22 Random
Spirocamallanus delirae (adults and larvae) 2.10 0.677 6.36 Aggregate
Anisakis sp. (larvae) 320 0376 11.14 Aggregate
Hysterothylacium sp. (larvae) 195 0.888 5.56 Aggregate

Table 3. Diversity descriptors for the endoparasites community in Propimelodus eigenmanni
from Marajo Bay, state of Par4, in eastern Amazon (Brazil).

Diversity indices Mean £ SD Ranges
Species richness 2.22 +1.05 1-5
Brillouin diversity index (HB) 0.46 +1.06 0.07-1.04
Berger-Parker dominance index (d) 0.93+0.12 0.53-0.99
Evenness (E) 0.20£0.20 0.04-0.75

Table 4. Endoparasites in males and females Propimelodus eigenmanni from Marajé Bay, state
of Par4, in eastern Amazon (Brazil).

Sex of hosts Males (n= 49) Females (n=51)

Body parameters Mean + SD Mean + SD

Weight (g) 51.0 + 18.72 86.9 + 26.0°

Total length (cm) 22.7+3.7% 27.0+2.8°

Kn 1.00 + 0.082 1.00 + 0.062

Parasite species P (%) MI + SD MA<+ SD P (%) MI + SD MA £ SD
Dichelyne jutubensis 16.32 1.0+082 0.2+0.4° 58.8° 2.8+25% 25+15°
Spirocamallanus rarus 36.72 1.3+£0.78 0.5+0.8° 15.7° 1.1+£0° 04+1.1°
Spirocamallanus delirae 49.0° 2.3%2.0° 1.2+£2.0° 47.18 3.8+2.8° 2.7+3.8°
Anisakis sp. (larvae) 87.82 29.3+£294% 28412942 94.1° 31.4+43.1%* 423+314°
Hysterothylacium sp. 6.12 1.0+0? 0.06 £ 0.2% 21.6° 20+1.0 1.0+2.0
Cestoda gen. sp. 412 1.0+02 0.04 £0.22 7.8° 20+1.78 0.7 £2.0°

Different letters, in the same line, indicate significant differences between male and female hosts (P= 0.01). P
(%): Prevalence, MI: Mean intensity, MA: Mean abundance.
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Figure 1. Species richness of endoparasites in Propimelodus eigenmanni from Maraj6é Bay,
state of Pard, in eastern Amazon (Brazil).

a
[}
o

%

2

§

_

\

eeeeeeeeeeee

Figure 2. Diversity index and evenness for the endoparasites community in females and males
Propimelodus eigenmanni from Marajo Bay, state of Par4, in eastern Amazon (Brazil).
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Além dos artigos produzidos com os dados obtidos nesta pesquisa, durante o periodo do

mestrado, houve colaboracgéo na elaboracdo de manuscritos ndo diretamente relacionados a esta

dissertacdo, incluindo trabalhos aceitos para a publicacdo, submetidos e em elaboracdo (Quadro

2).

Quadro 2: Status de colaborag®es cientificas produzidas ao longo do periodo do mestrado.

Titulo Status Revista Fator de Impacto | Percentil*
Anais da
Morpholqu ar)d morphometry of Aceito para Academia
Cystidicolidae nematode o L 11 67 %
| L S publicacéo Brasileira de
arvae parasitic on Amazonian fish .
Ciéncias
Detection of nematode parasite larvae Journal of Eish
with zoonotic potential in comercial fish Submetido . 2.2 80%
. Diseases
in the amazon
Detection of anisakidae larvae (nematode) Em
infection in five commercially important x - - -
elaboragdo

fish species from the eastern amazon

*Percentil dos periddicos, conforme a métrica adotada pelo Programa de P6s-Graduagéo, sendo considerado

como critério de atendimento a exigéncia o percentil > 50%.
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Abstract

Nematodes of the family Cystidicolidae Skryabin, 1946 represent a complex group of
parasites of aquatic organisms. They are present in freshwater, estuarine, and marine
environments, with fish as intermediate, paratenic, and definitive hosts. This study adds
relevant data on the morphology, morphometry, and parasitic ecology of third-stage
larvae of Pseudoproleptus Khera, 1953 in fish consumed by riverside populations in the
Amazon. A total of 92 fish specimens were acquired between March 2024 and January
2025 from artisanal fishing, distributed among five species: Astronotus ocellatus; Cichla
ocellaris; Cynoscion microlepidotus; Gymnotus carapo; and Hoplerythrinus
unitaeniatus. Nematodes were recovered free and encysted in the visceral peritoneum,
coelomic cavity, and lumen. The parasites collected had morphological characteristics
compatible with the genus Pseudoproleptus. This is the first record of Pseudoproleptus
infection in Gymnotus carapo and has provided new data on the biodiversity of larvae
that parasitize fish in the Marajo region, Para, Brazilian Amazon.

Key words: Parasitology, Parasitic biodiversity, Fish parasites, Marajo Bay.
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1
2

3Abstract

4Several studies in Brazil have documented the occurrence of fish infected by nematodes
5with zoonotic potential, representing a significant risk to public health. This study
6examines the morphology, morphometry, and epidemiological indices of parasitism by
7 Anisakidae and Dioctophymidae nematode larvae in fish consumed by riverside
8communities in the Amazon. The fish were captured by artisanal fishers in Maraj6 Bay,
9and the recovered nematodes were fixed in A.F.A. and processed for light and scanning
10electron microscopy. Of the total fish analysed, 80% (n=165) were parasitised by at least
110ne nematode species, with a total of 5.690 larvae recovered. Co-infection by the genera
12 Contracaecum and Eustrongylides occurred in three fish species (peacock bass, jejus, and
13trahiras). Anisakis showed the highest parasitic intensity, with 4,845 larvae distributed
14across five of the ten fish species analysed, followed by Contracaecum. This study
15provides the first record of the occurrence of Anisakis larvae in Cichla temensis,
16 Hypophthalmus edentatus, Plagioscion auratus, and Pellona castelnaeana, and
17 contributes significant information on the epidemiology of these parasites with zoonotic
18potential in widely consumed fish. Identifying the fish species involved is crucial for
19developing more effective and targeted sanitary measures, strengthening epidemiological
20surveillance and reducing the risks associated with fish consumption in the region.
21Keywords: Fish hygiene; zoonotic nematodes; parasitism in fish; public health; Brazilian
22 Amazon.
23
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DETECTION OF ANISAKIDAE LARVAE (NEMATODA) INFECTION IN FIVE
COMMERCIALLY IMPORTANT FISH SPECIES FROM THE EASTERN AMAZON

RUNNING TITLE: Anisakidae in freshwater fish from Amazon
Abstract:

Third-stage larvae (L3) of Anisakidae nematodes were investigated in five commercially
important fish species captured in rivers connected to Marajé Bay in the eastern Amazon, Para
State, Brazil. Fish specimens obtained from artisanal fisheries were necropsied and examined
for helminths using stereomicroscopy, followed by morphological, morphometric, and
scanning electron microscopy analyses of the recovered larvae. Ecological descriptors of
parasitism were also determined. A total of 150 anisakid larvae were recovered from the
intestinal serosa, mesentery, and skeletal musculature of the hosts. The larvae exhibited
morphological characteristics consistent with the genus Anisakis, including a transversely
striated cuticle, poorly developed lips, larval tooth, elongated ventricle, absence of ventricular
appendix and intestinal caecum, and conical tail with terminal mucron. All examined fish
specimens were infected by Anisakis spp. larvae, demonstrating the occurrence of anisakid
nematodes with zoonotic potential in fish widely consumed by riverside populations in the
Brazilian Amazon. The infection sites observed are of particular sanitary relevance because
larval migration into edible tissues may increase the risk of human anisakiasis through the
consumption of raw or undercooked fish. This study expands the knowledge of the distribution
of anisakid nematodes in Amazonian ichthyofauna and highlights the importance of
parasitological monitoring and fish inspection in northern Brazil. Integrative taxonomic
approaches combining morphology and molecular tools are recommended to improve species
delimitation and epidemiological surveillance of these parasites in Amazonian aquatic
ecosystems.

Keywords: Anisakidae; Amazon estuary; fish parasites; foodborne zoonosis; freshwater fish;
public health.
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5 CONSIDERACOES FINAIS

O presente estudo permitiu ampliar o conhecimento sobre a ecologia e diversidade
parasitaria de Propimelodus eigenmanni, na Baia do Marajo. Apesar da comunidade de
helmintos ter se revelado baixa em riqueza e diversidade de espécies, a dominéncia de larvas
de Anisakis sp. ressalta a importancia de conhecer e compreender as espécies com potencial
zoonotico associados aos peixes amazonicos, em especial aqueles consumidos pela populagéo
amazonida.

A pesquisa apresenta importante contribuicdo taxonémica ao descrever uma nova
espécie, Dichelyne jutubensis, e registrar pela primeira vez a ocorréncia de Hysterothylacium
sp. e Cestoda gen. sp. em P. eigenmanni, demonstrando que muito ainda tem a ser descoberto
sobre a biodiversidade parasitaria da Regido Amazonica e ressaltando que a taxonomia e a
ecologia sdo fundamentais para compreender a relacdo parasito-hospedeiro-ambiente. Além de
reforcar o papel importante que 0s parasitos exercem nos ecossistemas e como eles sdo
ferramentas que fornecem informacdes valiosas sobre os processos ecoldgicos e evolutivos que

atuam nos ecossistemas aquaticos.
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ou plano de manejo de unidade de conservago federal. A restricdo prevista no item d no se aplica as categorias Reserva Particular do Patriménio Natural e Area de Protecio
Ambiental consttuidas por terras privadas.

5 Os titulares da licenga permanente para a coleta de material zooldgico devem declarar, por meio do Sisbio, o Registro de Expedica do-1he i
comprovante.

6 Este documento NAO exime o titular de cumprir as obrigagdes previstas em outros instrumentos legais, bem como do consentimento do responsével pela area, publica ou privada, onde
serdo realizadas as atividades

7 | Estalicenga permanente ndo podera ser utilizada para fi 5 portivos ou para reali de ati a0 processo de licenciamento ambiental de
empreendimentos

8 Este NAO exime o i titular da i de atender ao disposto na | o1 iva n° 7/2021 MBIO, que normas para a atividade de
marcagao de aves silvestres na natureza no territério nacional e para utilizagao do Sistema Nacional de Anihamento de Aves Silvestres - SNA

9 | O pesquisador titular da licenca perm: pode ser P pelas condutas e lesivas ao meio ambiente dos bros da equipe

10 | Ofitular de licenca ou auterizagéio e os membros da sua equipe deverdo optar por métodos de coleta e i de captura direci sempre que possivel, ao grupo
taxonomico de interesse, evitando a morte ou dano significativo a outros grupos; e empregar esforgo de coleta ou captura que na avabili de populages do grupo
taxondmico de interesse em condi¢ao in situ.

11 | Otitular da licenca devera relatorio de ativi a ser enviado por meio do Sisbio no prazo de até 30 dias apés o aniversario de emissdo da
licenga permanente.

12 | Oftitular de autorizagdo ou de licenca assimcomo 0s bros de sua equipe, quando da violagdo do disposto nesta portaria ou em legislagdo vigente, ou quando da
inadequacdo, omissdo ou falsa descricdo de que i a dicdo do ato, pode, mediante decis3o motivada, ter a autorzacdo ou licenga
suspensa ou cassada pelo Instituto Chico Mendes, por meio da Coordenagdo Gestora do Sisbio, e esta sujeito as sangdes previstas na legislacdo vigente

13 | Alicenca p: sera valida eng; durar o vinculo ico efetivo do dor com a i 30 cientifica nacional que tenha por lei a atribuicao de coletar
material zoolégico.

14 | Caso seja identificada a ocoréncia de espécie exdtica dentro ou no entorno de UNIDADE DE CONSERVAGAO FEDERAL, além de no relatério de

deve informar a equipe gestora com maior brevidade possivel

Este documento foi expedido com base na Instrugdo Normativa n° Portaria ICMBio n°® 748/2022. Através do cédigo de autenticagdo
abaixo, qualquer cidaddo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Internet
(www.icmbio.gov.br/sisbio).

Codigo de autenticacdo: 0680280620240430 Pagina 1/3
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Numero: 68028-6 I Data da Emisséo: 30/04/2024 11:43:05

Data da Revalidagao*: 01/04/2025

De acordo com o art. 11 da Portaria ICMBio n° 748/2022, a validade desta licenca permanente corresponde ao periodo de vinculo
efetivo do(a) pesquisador(a) com a instituicao, desde que seja revalidada anualmente mediante apresentacao do relatorio de
atividades.

Dados do titular

Nome: Elane Guerreiro Giese

CPF: 151.411.602-20

Nome da Instituigao: Universidade Federal Rural da Amazonia

CNPJ: 05.200.001/0001-01

Ou

tras ressalvas

1

1) UMA LP NAO E VALIDA NAS SEGUINTES SITUAGOES:

A) Coleta/Transporte de espécies que constem nas listas oficiais de espécies ameagadas;

B) M ¢a poraria de espécies da fauna silvestre em cativeiro;

C) Recebimento ou envio de material biolégico ao exterior;

2)Uma LP nao visa os grupos taxonomicos de Orientandos do Titular da mesma;

3) Orientandos de Titular de uma LP poderdo solicitar izagdo para as atividades pertinentes aos seus proprios projetos;

4) Uma LP tem carater pessoal e i ferivel, e pla os grupos dmicos para os quais o Titular possui experiéncias
na captura e coleta, devidamente comprovada no curriculo do Tituar, na Plataforma Lattes.

D) Realizagdo de pesquisa em UC Federal ou em Caverno (exceto nas UCs Federais enquadradas nas categonas RPPN e APA);

RAN Goiania-GO

Taxons autorizados

# | Nivel taxonémico Taxon(s)

1 | Ordem Animalia > Chordata > Reptilia > Squamata

2 |Classe Animalia > Chordata > Actinopterygii

3 |Classe Animalia > Chordata > Amphibia

4 |Filo Animalia > Acanthocephala

Destino do material biolégico coletado

# |Nome local destino Tipo destino
Universidade Federal Rural da Amazonia Laboratorio

Este documento foi expedido com base na Instrugdo Normativa n° Portaria ICMBio n° 748/2022. Através do codigo de autenticagdo

abaixo, qualquer cidaddo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Internet

(www.icmbio.gov.br/sisbio).

Cadigo de autenticacdo: 0680280620240430

Pagina 2/3
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Numero: 68028-6 ’ Data da Emisséo: 30/04/2024 11:43:05 Data da Revalidagédo™: 01/04/2025

De acordo com o art. 11 da Portaria ICMBio n° 748/2022, a validade desta licenca permanente corresponde ao periodo de vinculo
efetivo do(a) pesquisador(a) com a instituicdo, desde que seja revalidada anualmente mediante apresentacdo do relatério de
atividades.

Dados do titular

Nome: Elane Guerreiro Giese CPF: 151.411.602-20

Nome da Instituigdo: Universidade Federal Rural da Amazonia CNPJ: 05.200.001/0001-01

Registro de coleta imprevista de material biolégico

De acordo com Portaria ICMBIO N° 748, Art. 24. A coleta imprevista de amostras bioldgicas, espécimes ou de material abidtico
em unidades de conservagdo e cavernas, nao contemplados na autorizagdo ou na licenga permanente, deve ser
imediatamente anotada em campo especifico do documento.

Taxon* Qtde. Tipo de Amostra Qtde. Data

* Identificar o espécime do nivel taxonémico possivel.

Este documento foi expedido com base na Instrugdo Normativa n° Portaria ICMBio n° 748/2022. Através do codigo de autenticacdo

abaixo, qualquer cidaddo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Internet

(www.icmbio.gov.br/sisbio).

Codigo de autenticacdo: 0680280620240430 Pégina 3/3
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B. Parecer Consubstanciado da Comissdo de Etica no Uso de Animais UFRA.

lj, Comissdo de Etica no l""

o Uso de Animais CEUA/UFRA \ \&
T

IVERSEROE FEIERRL ML DN ALK

WP ol e G

A e

Belém, 14 de maio de 2025
CEUA N 7809140122

limo(a). Sr(a).
Responsavel: Elane Guerreiro Giese
Area: Parasitologia

Titulo da proposta: "PESQUISA, EXTENSIONISMO E SUSTENTABILIDADE PARA COMUNIDADES RURAIS NO MARAJO, PARA: Satde na
Producao de Mamiferos, Aves e Peixes na Microrregido do Arari".

Parecer Consubstanciado da Comissdo de Etica no Uso de Animais UFRA (p 000366)
A Comisséo de Etica no Uso de Animais da Universidade Federal Rural da Amazédnia, no cumprimento das suas atribuicdes, analisou
e APROVOU o Relatério Parcial (versdo de 17/margo/2025) da proposta acima referenciada.
Resumo apresentado pelo pesquisador: "1. Qual o estdgio do estudo no momento? Resp: em andamento 2. Por quanto tempo mais
o0 estudo se estenderd? Resp: por 4 anos 3. Resultados parciais ou totais apresentados em congresso? Resp: sim em congressos

nacionais e regionais 4. Resultados parciais ou totais ja publicados? Resp: sim, artigos cientificos".

Comentério da CEUA: "Prezado pesquisador, o protocolo em tela foi aprovado. Att, a comissdo.".

‘*%mmm’ﬁ- swzoza e o mﬁ/émf@e-wéoza REMTORIA
UFRA
Profa. Dra. Agatha Rossanni Alves Damasceno Profa. Dra. Alanna do Socorro Lima da Silva
Coordenadora da Comisséo de Etica no Uso de Animais Vice-Coordenadora da Comissao de Etica no Uso de Animais
Universidade Federal Rural da Amazonia Universidade Federal Rural da Amazonia

Av. Tancredo Neves, 2501, Bairro Montese - CEP: 66077-901 - Belém/PA - tel: 55 (91) 3210-5165
Hordrio de atendimento: 2¢ a 62 das 8 as 16h : e-mail: ceuaufra@gmail.com
CEUA N 7809140122
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C. Registro de Necropsia e Coleta de Peixes Padrdo do Laboratorio de Histologia e Embriologia
Animal — LHEA/UFRA.

UNIVERSIDADE FEDERAL RURAL DA AMAZONIA
INSTITUTO DE SAUDE E PRODUCAO ANIMAL DA AMAZONIA
wo ¥ "y LABORATARIO DE HISTOLOGIA E EMBRIOLOGIA ANIMAL

REGISTRO DE NECROPSIA E COLETAS DE PEIXES

Espécie/Hospedeiro: Peso:
N° registro: | N° Licenca/CEUA: Comprimento total:
Procedeéncia: Comprimento até a
cauda:
Data de necropsia: | Data da coleta:
Responsavel pela necropsia:
Responsavel pela coleta:
Sexo: 9 () 3 ( )IIdade: juvenil () Subadulto ( ) Adulto ( )
]
-
1]
|
|
8
: :
Filo/Classe z E ‘g g
z : o g 2 @2
S 12| P8 = | = el 2
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Observacoes:
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