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RESUMO

O objetivo do presente estudo foi avaliar a influéncia das variagdes sazonais e anuais nas
comunidades componentes e infracomunidades de parasitos metazoarios em Eleotris pisonis,
Colomesus asellus e Pimelodus ornatus do Rio Amazonas durante 2020 e 2021. Para E. pisonis
foi registrado pela primeira vez a ocorréncia de larvas de Contracaecum sp. e Pseudoproleptus
sp., e individuos adultos de Spirocamallanus inopinatus, Genarchella genarchella,
Neoechinorhynchus sp., Acari gen. sp. e Ergasilus sp. Larvas de Contracecum sp. foi o taxon
dominante durante todo o estudo. A riqueza de espécies de parasitos e o indice de Brillouin
foram maiores em 2021, ndo apresentando diferencas entre os periodos sazonais. Porém, G.
genarchella apresentou diferencas entre anos e entre estagdes sazonais, enquanto Ergasilus sp.
apresentou diferencas entre periodos sazonais. Para C. asellus foi feito o primeiro registro de
Contracaecum sp., G. genarchella, Clinostomum marginatum, Brasacanthus sp. e Argulus
pestifer. Ergasilus colomesus foi o taxon dominante ao longo do estudo. A riqueza de espécies
e o indice de diversidade de Brillouin foram maiores em 2021 e na estacdo de estiagem. A
infeccdo de E. colomesus e Contracaecum sp. apresentou diferencas entre estacdes sazonais,
enguanto a prevaléncia de E. colomesus apresentou diferencas intra anual. Foi também descrito
e caracterizado Brasacanthus n. sp. em C. asellus e essa descri¢do foi feita com base na
morfologia e dados de biologia molecular usando parte da regido do gene ribossomal 18S
(pequena subunidade SSU). Apesar das semelhancas entre essa nova espécie de acantocéfalo
e seu congénere Brasacanthus sphoeroides, o novo taxon difere pelo tamanho do corpo,
comprimento da probdscide, receptaculo da proboscide, lemniscos, glandulas de cemento,
testiculos, bolsa de Saefftigen, bolsa copulatéria e foliculos ovarianos, 0s quais sd&o menores
em Brasacanthus n. sp. Analises morfoldgicas, moleculares e filogenéticas apoiam a
proposicdo de Brasacanthus n. sp., que é a segunda espécie do género e a primeira espécie
descrita para peixes de agua doce. Para P. ornatus foram feitos novos relatos de parasitos como
S. inopinatus, Contracaecum sp., G. genachella e Telotha henselii. Além disso, houve
alternancia na dominéncia de parasitos entre os anos, onde em 2020, S. inopinatus foi a especie
dominante, enquanto em 2021, foram larvas de Contracaecum sp. A diversidade de Brillouin,
riqueza de espécies de parasitos e uniformidade foram maiores em 2021, para P. ornatus. A
riqueza de espécies de parasitos e a diversidade de Brillouin foram maiores na estagéo chuvosa.
Em P. ornatus, houve diferencas na infeccéo por Contracaecum sp. intra anual e na prevaléncia

de Demidospermus sp. e Cucullanus pinnai entre periodos sazonais.

Palavras-chave: Amazonia; comunidade; diversidade; infeccdo; parasitos.
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ABSTRACT

The aim of the present study was to evaluate the influence of seasonal and annual variations on
the component communities and infracommunities of metazoan parasites in Eleotris pisonis,
Colomesus asellus and Pimelodus ornatus from the Amazon River during 2020 and 2021. For
E. pisonis the occurrence of larvae of Contracaecum sp. and Pseudoproleptus sp., and adult of
Spirocamallanus inopinatus, Genarchella genarchella, Neoechinorhynchus sp., Acari gen. sp.
and Ergasilus sp. were registered for the first time. Larvae of Contracecum sp. was the
dominant taxon throughout the study. Parasite species richness and Brillouin index were higher
in 2021, showing no differences between seasonal periods. However, G. genarchella showed
differences between years and between seasonal periods, while Ergasilus sp. showed
differences between seasonal periods. For C. asellus, Contracaecum sp., G. genarchella,
Clinostomum marginatum, Brasacanthus sp. and Argulus pestifer were registered for first time.
Ergasilus colomesus was the dominant taxon throughout the study. Parasite species richness
and Brillouin diversity index were higher in 2021 and in the dry season. Infection by E.
colomesus and Contracaecum sp. showed differences between seasonal periods, while the
prevalence of E. colomesus showed differences intrannual. In C. asellus, it was also described
and characterized Brasacanthus n. sp. and this description was based on morphology and
molecular biology data using part of the 18S ribosomal gene region (SSU small subunit).
Despite the similarities between this new species of acanthocephalan and its congener
Brasacanthus sphoeroides, the new taxon differs in body size, proboscis length, proboscis
receptacle, lemnisci, cement glands, testis, Saefftigen's pouch, copulatory poucha, and ovarian
follicles, which were smaller in Brasacanthus n. sp. Morphological, molecular and
phylogenetic analyzes support the proposition of Brasacanthus n. sp., which is the second
specie of this genus and the first species described for freshwater fish. For P. ornatus, S.
inopinatus, Contracaecum sp., G. genachella and Telotha henselii were new reports. In
addition, there was a variation in the dominance of parasites between years, where in 2020, S.
inopinatus was the dominant species, while in 2021, larvae of Contracaecum sp. was the
dominant species. Brillouin diversity, parasite species richness and evenness were higher in
2021. Parasite species richness and Brillouin diversity were higher in the rainy season. There
were differences in infection by Contracaecum sp. intrannual and in the prevalence of

Demidospermus sp. and Cucullanus pinnai in seasonal periods for P. ornatus.

Key words: Amazon; community; diversity; infection; parasites.
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1. INTRODUCAO GERAL

O sistema do Rio Amazonas tem como caracteristica a variacdo sazonal nos niveis
de &gua devido as chuvas sazonais da regido andina, que influenciam a troca de matérias
entre ecossistemas terrestres e aquéticos, afetando, portanto, a propor¢do de material
suspenso e dissolvido na &gua e, consequentemente, as caracteristicas fisicas e quimicas
desse rio e seus tributarios (AFFONSO et al., 2011).

A diversidade de espécies de peixes do sistema do Rio Amazonas é de grande
importancia econémica para as populacdes ribeirinhas que vivem da pesca e a utiliza para
sua subsisténcia (SILVA et al., 2011; LYNCH et al., 2023). Essa diversidade de peixes
se deve as caracteristicas desse grande rio e seus tributarios, os quais sdo ecossistemas
ricos com teias troficas complexas e cobertura vegetal que varia de acordo com o regime
de inundacédo e clima regional (SOUSA et al., 2017). Estima-se que cerca de 200 espécies
de peixes sdo usadas para consumo do homem, mas cerca de 6 a 12 espécies representam
80% dos desembarques nas grandes cidades ao longo do sistema do Rio Amazonas
(BARTHEM; FABRE, 2004). Por exemplo, Sousa et al. (2017) estimando a produc&o
pesqueira e sua relacdo com a sazonalidade hidroldgica do desembarque no Porto de
Panairzinho em Manacapuru (estado do Amazonas), mostraram maior ocorréncia de
cinco espécies de importancia comercial como Colossoma macropomum (Cuvier 1816),
Cichla monoculus (Spix, 1831), Prochilodus nigricans (Agassiz, 1829), Astronotus
ocellatus (Cuvier, 1829) e Osteoglossum bicirrhosum (Cuvier, 1829. Porém, muitas
outras espécies de peixes também compbe a grande diversidade da ictiofauna da
Amazonia.

A regido amazonica € conhecida mundialmente pela sua grande biodiversidade
(LESSMANN et al., 2016; WINEMILLER et al., 2016; VIEIRA et al., 2018; CLERICI
et al., 2019). Porém, muitas especies que compde essa biodiversidade amazoénica e sua
biologia sdo pouco conhecidas, como é o caso das relagdes entre peixes e parasitos dessa
regido em que os peixes sao de fundamental importancia para a cadeia produtiva local
(CASTELLO; MACEDO, 2016; FREDERICO; OLDEN; ZUANON, 2016; HURD et al.,
2016; LEES et al., 2016; BREJAO et al., 2018; SIEBERT; DA SILVA, 2019).

Paralelamente, a diversidade de peixes da Amazo6nia tem sido ameacada por
diferentes impactos tais como mudangas no uso da terra que afetam processos
biogeoquimicos relacionados a hidrologia e distribuicdo de sedimentos (WARD et al.,

2013); construcdo de usinas hidrelétricas que modificam os sedimentos, fluxo de agua,
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fauna aquatica e a perda de vastas areas de florestas de varzea causada pelo desmatamento
(FEARNSIDE, 2016; CASTELLO et al., 2018; BREJAO et al., 2018; SILVA el al.,
2020), além do garimpo e intensificagdo da contaminagdo por mercdrio (JUNIOR et al.,
2023; MESQUITA et al., 2023). Essas sdo acOes antropicas que levam a perda de
ambientes importantes para as espécies de peixes nativos e, consequentemente, afetam as
populacdes ribeirinhas locais. Além disso, ha a dependéncia dos peixes de pequeno porte
em relagcdo aos insumos fornecidos pela floresta ciliar, os quais acabam tendo a sua
dispersdo limitada devido ao aumento do desmatamento nos sistemas da bacia do Rio
Amazonas. Esses sdo impactos ambientais que podem afetar também as interacbes
parasito-hospedeiro, por isso tais interagdes sdo bons indicadores desses impactos
(BREJAO et al., 2018). Porém, pouco se conhece sobre a fauna de parasitos em peixes
do Rio Amazonas, considerando a grande diversidade de sua ictiofauna e sua importancia
para a cadeia produtiva da pesca local (CASTELLO; MACEDO, 2016; LEES et al., 2016;
BREJAO et al., 2018). Varios estudos tém mostrado a importancia acerca da diversidade
e 0s aspectos ecoldgicos dos parasitos em espécies de peixes da Amazénia (TAVARES-
DIAS et al., 2014; CARVALHO; TAVARES-DIAS, 2017; TAVARES-DIAS;
OLIVEIRA, 2017; OLIVEIRA etal., 2017a; NEVES; SILVA; TAVARES- DIAS, 2021,
OLIVEIRA et al., 2022; MULLER et al., 2023), pois sdo informag@es importantes para
auxiliar nas estratégias de manejo para a conservacdo das espécies. Além disso, 0s
parasitos sdo reconhecidos, atualmente, como parte importante da biodiversidade do
planeta (CARLSON et al., 2020).

Fatores biodticos (exemplos: hospedeiros, parasitos, entre outros) e abioticos
(exemplos: pH, temperatura, sazonalidade, oxigénio, entre outros) sdo comumente
responsaveis pela diversidade, prevaléncia e abundancia de infec¢do dos parasitos em
populagdes naturais de peixes (TAVARES-DIAS et al.,, 2014; BLASCO-COSTA;
ROUCO; POULIN, 2015; OLIVEIRA et al., 2017b; GIARI; CASTALDELLI; TIMI,
2022). Além disso, sabe-se que entre 0s processos responsaveis pela distribuicao espacial
dos parasitos, podem estar 0s constantes cenarios de mudangas no ambiente e as invasdes
bioldgicas, os quais podem levar a doencas emergentes (POULIN et al., 2011). Diante
deste cenério, sdo necessarios estudos sobre a diversidade das comunidades e
infracomunidades de parasitos e seus padrdes sazonal e temporal em peixes nativos da
Amazonia como Eleotris pisonis (Gmelin, 1789); Colomesus asellus (Mdiller & Troschel,
1849) e Pimelodus ornatus (Kner, 1857), os quais tém sido negligenciados até o presente

momento.


http://en.wikipedia.org/wiki/Johannes_Peter_M%C3%BCller
http://en.wikipedia.org/wiki/Franz_Hermann_Troschel
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=3072
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1.1. O sistema do Rio Amazonas

O Rio Amazonas tem sua origem datada de 9,0-9,4 milhdes de anos, atingindo a
forma e tamanho atual no final do plioceno (FIGUEIREDO et al., 2009; HOORN et al.,
2017). E um dos maiores rios do mundo com 6,400 km de sua nascente na regido Andina
(no Peru), até a sua foz no estado do Amapa. Tem a maior vazao fluvial do mundo (até
6,6 x 10° km® (KOROSOV et al., 2015), transporta aproximadamente 1,2 x 10° de
toneladas de sedimento e 50% da agua doce que vai para 0 Oceano Atlantico (DAI;
TRENBERTH, 2002; HOORN; WESSELINGH, 2010; CONTOS; TRIPCEVICH, 2014;
KOROSOV; COUNILLON; JOHANNESSEN, 2015). Porém, alterac6es na qualidade da
agua podem estar relacionadas as mudancas no padrdo de vazdo do Rio Amazonas
(SANTOS et al., 2018). E o maior responsavel pela transferéncia de massa continental
para o oceano, com 10% da carga dissolvida (GAILLARDET et al., 1997) e 3% da carga
suspensa (MILLIMAN; SYVITSKI, 1992), numeros superados apenas pelos rios
localizados no sul e sudeste asidtico como rios Huanghe e Ganges-Brahmaputra,
respectivamente (CALVES et al., 2019).

Na foz do Rio Amazonas ha uma pluma que exerce influéncia no fluxo de calor,
formacdo de camada de barreira e sequestro de carbono pela producéo primaria (FOLTZ,
MCPHADEN, 2008; SUBRAMANIAM et al., 2008; BALAGURU et al.,, 2012,
STUKEL et al., 2014; MEDEIROS et al., 2015; GOUVEIA et al., 2019; VALERIO et
al., 2021) (Figura 1). A camada de barreira é formada por dgua de baixa salinidade (<35
ppm) que aumenta a estratificacdo do oceano, criando uma camada de barreira espessa
que inibe a mistura de &gua termoclina fria com aguas superficiais (LUKAS;
LINDSTROM, 1991). Possui altas concentraces de material em suspensao e nutrientes
que se espalham por milhares de quildmetros sobre a plataforma Continental Norte
Brasileira e dguas abertas adjacentes no Oceano Atlantico Equatorial carregadas pelas
fortes correntes na area (NITTROUER; DEMASTER, 1996). O servigo de sequestro de
carbono realizado na regido ndo é regra, ja que areas do Rio Amazonas que sofrem
influéncia de maré contribuem com 5% de toda emissdo de CO- da bacia (SAWAKUCHI
etal., 2017).
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Ventos alisios

Umidade de
saturacao por
conveccgado

Camada de barreira

Fluxo de agua friz
inversdo térmicad

Figura 1. Representacdo da pluma do Rio Amazonas e sua influéncia no fluxo de calor, formacdo de
camada de barreira. Fonte: Gouveia et al. (2019).

A variabilidade de agua doce da Amazdnia associada as mudancas de salinidade
do oceano podem afetar interacbes como ar-mar do Atlantico tropical, variabilidade da
zona de convergéncia intertropical do Atlantico e altura do nivel do mar, exercendo assim
influéncia sob as propriedades fisicas dos oceanos costeiros vizinhos (LUKAS;
LINDSTROM, 1991; SMITH JR; DEMASTER, 1996; MASSON; DELECLUSE, 2001;
COLES et al., 2013; OLIVEIRA et al., 2018; MOUYEN et al., 2018; RUDZIN et al.,
2019; DURAND et al., 2019; GIFFARD et al., 2019; GOUVEIA et al., 2019; JAHFER
et al., 2020; LIANG et al., 2020; PIECUCH; WADEHRA, 2020). Tosetto et al. (2022)
compararam a diversidade dos filos do Reino Animalia das ecorregides (Figura 2) ao
longo da plataforma continental do Atlantico Ocidental Tropical para testar a hipotese de
que a pluma do Rio Amazonas estruturava espacialmente a diversidade de espécies de
animais, e os resultados mostraram que a descarga do Rio Amazonas (Pluma do Rio
Amazonas) atua como barreira biogeografica para a dispersdo animal das ecorregifes do
Mar do Caribe e do Brasil Tropical (Figura 3).

A bacia Amazoénica possui uma expressiva diversidade de peixes reconhecida
mundialmente (TISSEUIL et al., 2013), com cerca de 2.700 espécies descritas,
representando cerca de 15% de todas as espécies de agua doce (JEZEQUEL et al., 2020;
TENCATT et al., 2020) e, aproximadamente 1.000 ainda estdo por ser descritas.
Processos de diversificacdo de espécies ainda estdo ocorrendo (ALBERT; VAL;
HOORN, 2018; DUTRA et al., 2020; LEITAO et al., 2021). Outros grupos aquéticos
estdo em processo de especiacdo semelhante, salientando a importéncia da Amazénia
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como foco de biodiversidade neotropical. Essa riqueza de espécies supera outras grandes

bacias hidrogréficas tais como a do Rio Mekong (1.200-1.700 espécies), Rio Zaire (cerca

de 700 espécies), Rio Parana/Paraguai/La Plata (591 espécies), Rio Mississippi (375

espeécies), Rio Yangtze Kiang (322 espécies), Rio Nilo (129 espécies), Rio Danubio (103
especies) e Rio Volga (88 espécies) (WATER RESOURCES EATLA, 2006;
OBERDOREFF et al., 2019). A grande diversidade e padrdes de distribuicdo podem estar
relacionados a heterogeneidade ambiental, clima, contingéncia historica da regido,

tamanho, localizacdo equatorial e alta precipitacdo pluviométrica (JUNK et al., 2007,

OBERDOREFF et al., 2019).
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Figura 2. Ecorregides do Oceano Atlantico Tropical Ocidental. Area sombreada representa

aproximadamente as influéncias da area pela Pluma do Rio Amazonas (ARP) ao longo do ano. As setas

indicam a diregdo geral das correntes de superficie. Fonte: Tosetto et. al. (2022).
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Figura 3. Dendrograma de analise de cluster indicando padrfes na estrutura de composi¢do de espécies

para o todo reino animal e os filos mais ricos entre as seis ecorregides do Oceano Atlantico Tropical
Ocidental. Fonte: Tosetto et al. (2022).

Impactos ecoldgicos causados pelas mudancgas climaticas previstas, mostram
que a Amazonia € muito vulneravel (CASTELO; MACEDO, 2016; OLIVEIRA et al.,

2021) e enfrentard menos chuvas, periodos mais quentes e secos e mais eventos extremos,

incluindo secas e inundacdes (REBOITA et al., 2022), podendo causar o desaparecimento

da floresta no leste, sul e centro da Amazonia. Situacdo agravada pelo desmatamento

direto de 12% da floresta tropical até 2017, causada principalmente pela exploragédo
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madeireira e agricultura (STROPP et al., 2020) e incéndios florestais (OLIVEIRA et al.,
2023).

Estudos indicam que macrofitas aquaticas e matéria orgénica particulada fina
sdo importantes fontes basais que contribuem com a biomassa de peixes em planicies de
inundacdo da Amazonia (ARANTES et al., 2018), além das variagbes nas paisagens,
condicBes ambientais e fatores abidticos que podem alterar as caracteristicas da
variabilidade e complexidade das estruturas das teias alimentares existentes (WARREN,
1989; WINEMILLER, 1989, 1996; FINLAY; POWER; CABANA, 1999; AMUNDSON
etal., 2003; ISHIKAWA; DOI; FINLAY, 2012).

A seguranca alimentar de muitas populacdes tradicionais de paises tropicais e
subtropicais depende da pesca (LYNCH et al., 2016; MYERS et al., 2022). Porém, as
principais ameacas nao climaticas para esse recurso natural sdo represas, desvios,
poluicdo, invas@es bioldgicas, luz, ruido e desenvolvimento urbano (FREDERICO et al.,
2016; REID et al., 2019). Além disso, a diminuicdo das areas de varzeas do baixo Rio
Amazonas pode também ter relacdo direta com a diminui¢do da producdo pesqueira na
regido amazénica (CASTELLO; MACEDO, 2016; ROPKE et al., 2022; PEREIRA et al.,
2023). Quando os niveis da agua estdo altos, muitas espécies de peixes de varzeas
dependem de matéria organica produzida in situ constituida de frutas e insetos que
compde uma parcela consideravel de suas dietas (GOULDING, 1980; SOARES;
ALMEIDA; JUNK, 1986; OLIVEIRA et al., 2006; FLEISCHMANN et al., 2023).

As mudancas climéaticas podem causar impactos ecoldgicos na bacia do Rio
Amazonas onde modelos apontam que mais de um terco das espécies de peixes de agua
poderdo ser perdidas devido as mudancas climaticas, podendo também alterar a
reproducdo, migracao e persisténcia das espécies (XENOPOULOS et al., 2005; LEIGH
etal., 2015; PACIFIClI et al., 2015; CASTELLO; MACEDO, 2016).

As temperaturas elevadas associadas a vazao reduzida do rio podem promover a
reducdo dos niveis de oxigénio dissolvido, afetando assim a produtividade primaria,
tolerancia fisiologica, desempenho e padrdes de ocupacao espacial de muitas espécies de
peixes do Rio Amazonas (POFF et al., 2002; BARLETTA et al., 2010; LEIGH et al.,
2015). Em 2005 e 2010 a bacia do Rio Amazonas passou por duas severas secas sazonais
e uma enchente recorde em 2009 (MARENGO et al., 2012). Freitas et al. (2013)
estimaram que os impactos ambientais associados as mudancas climaticas podem levar a
perda de 7 a 12% das espécies de peixes do Rio Amazonas até 2070. Porém, esses

nameros podem ser ainda maiores, uma vez que 90% das espécies de peixes dessa bacia
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sdo sensiveis as mudancas ocasionadas pelo clima nos periodos de estiagem
(FREDERICO et al., 2016). O aumento da frequéncia desses periodos extremos pode ter
implicacdes sob a biodiversidade de agua doce, podendo extinguir tdxons antes mesmo
que se possa conhecé-los (JAEGER et al., 2014; SEGADELLLI et al., 2020). Horn &
Wesselingh (2010) destacaram que ndo ha ndmeros exatos que expressam essa
diversidade, uma vez que varias areas e grupos ainda ndo foram estudados ou foram
espacadamente amostrados. Assim, é necessario estudar a variacdo sazonal de parasitos

em E. pisonis, C. asellus e P. ornatus do Rio Amazonas.

2.2. Interagdes parasito-hospedeiro-ambiente

As interacOes parasito-hospedeiro sdo resultados de co-evolugdes que levaram a
adaptac0es reciprocas, permitindo que os parasitos pudessem explorar aspectos de seus
hospedeiros, assim garantindo a sua sobrevivéncia, transmissdo e manutencdo de
populacdes viadveis (TIMI; POULIN, 2020). Em populacgdes de peixes, a composi¢do da
fauna de parasitos pode estar relacionada a distribuicdo geografica, mudanga de habitat,
modo de vida, idade, posicdo na cadeia trofica, quantidade de alimentos ingeridos,
longevidade e probabilidade de contato dos peixes com hospedeiros intermediarios, além
da densidade populacional dos hospedeiros intermediarios e definitivos no ambiente
(TAVARES-DIAS et al, 2014; BLASCO-COSTA; ROUCO; POULIN, 2015;
OLIVEIRA et al., 2017b; TAVARES-DIAS; OLIVEIRA, 2017; CRACCO; LEHUN;
TAKEMOTO, 2022), além de fatores ambientais como a sazonalidade.

Varios estudos vém sendo realizados para investigar possiveis danos que 0s
parasitos podem causar em seus hospedeiros. As respostas dos peixes e parasitos aos
impactos antropogénicos tem mostrado que esses podem ser afetados pelos niveis de
poluicdo nos habitats aquéaticos, os quais podem afetar a estrutura de ambos as
comunidades, e os efeitos sao refletidos em ectoparasitos adultos ou estagios larvais que
estdo em contato direto com o ambiente (Figura 4). Porém, endoparasitos também podem
ser afetados. Wood et al. (2018) testaram a influéncia da pressdo da pesca na diversidade
de peixes e seus parasitos em recife de coral em trés ilhas no Pacifico. Os resultados
mostraram que a diversidade de parasitos aumentou na auséncia da pesca e a comunidade
de parasitos em pequenos peixes apresentou maior diversidade. 1sso pode ter ocorrido
porque peixes maiores Sd0 mais propensos a passar pela pressdo da pesca e
consequentemente diminuicdo da comunidade de parasitos, enquanto peixes menores séo

menos suscetiveis a sofrer impactos da pesca.



28

Meio Ambiente
Propriedades
Fisico-quimicas

Efeitos de ectoparasitas e T 0. oH etais, comp. Efeitos nos hospedeiros
estagios larvais de vida PR B organicos finais ou intermedidrio(s) ;i
livre condutividade comp. organometais R

bsorgao de poluentes
fitness

comportamento
Fisiologia X i L
Resposta imune ( Efeitos {;3

Efeitos
diretos

indiretos

Dinamica populacional

\ Estrutura da comunida
L, > =
7} 7 [
= ¥

Estrutura da comuidade/composigéao
Parasitas

Figura 4. Poluicéo dos habitats aquaticos podem afetar direta ou indiretamente a estrutura e composicao
das comunidades de parasitos de peixes de ambientes naturais. O modo de acéo direta inclui principalmente
efeitos em ectoparasitos adultos ou estagios larvais que estdo em contato direto com o meio ambiente.
Fonte: Sures; Nachev (2022).

Gilbert; Avenant-Oldewage (2021) relataram gue a contaminacdo do ambiente
afeta os parasitos de forma variavel, resultando em alteracbes de populacdo e de
organismo. Esses mostraram que 0s monogenéticos, em sua maioria, sdo influenciados
pela exposicdo a eutrofizacdo, efluentes de fabricas de celulose e metais. A comparacgédo
dos monogenéticos mostrou forte efeitos negativos para metais e forte efeito positivo para

a eutrofizacdo (Figura 5).
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Figura 5. Registros de contaminantes e monogenéticos em relacéo as familias desses parasitos. A legenda
na imagem indica a cor da barra correspondente as familias de monogenéticos. Fonte: Adapatado de Gilbert;

Avenant-Oldewage (2021).

Timi; Poulin (2020) afirmaram que vieses e conclusdes erréneas sobre padrdes e
processos em nivel de individuo e comunidade podem ocorrer se estudos de ecologia de
peixes ndo levarem em consideracdo os parasitos, fortalecendo a importancia de

incorporéa-los nas analises de estudos ecoldgicos de peixes de ambientes naturais (Figura

6).
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Figura 6. Alguns erros de interpretacdo em algumas analises de ecologia de peixes de ambiente natural.
Fonte: Timi; Poulin (2020).

Os parasitos podem viver dentro (endoparasitos) ou sobre (ectoparasitos) seus
hospedeiros, e a sua presenca pode alterar o peso dos peixes hospedeiros devido aos seus
efeitos na sua fisiologia e salde, por isso 0 peso e comprimento corporal sdo
rotineiramente utilizados para calcular indices de condi¢do corporal (bem estar), com a
finalidade de avaliar a satide dos peixes parasitados (TIMI; POULIN, 2020). Esses indices
corporais sdo indicadores indiretos de sucesso no forrageamento e habilidade para lidar
com pressdes ambientais (JAKOB; MARSHALL; UETZ, 1996) e infecgdes parasitarias.

Em estudos sobre parasitos de populagdes naturais de peixes é comum a anélise
de correlacido da diversidade, abundancia e riqueza de espécies de parasitos com o
comprimento, peso e fator de condi¢do dos hospedeiros (BLASCO-COSTA et al., 2015).
Alguns estudos mostram que o tamanho do corpo de peixes amazonicos tem sido um fator
determinante na diversidade e riqueza de espécies de parasitos (TAVARES-DIAS et al.,
2014; TAVARES-DIAS; OLIVEIRA, 2017; NEVES et al., 2020). Por exemplo, em
Pseudoplatystoma fasciatum Linnaeus, 1766 do Rio Jamari, em Rond6nia, a abundancia
de Peltidocotyle sp., Nominoscolex sp. e Eustrongylides sp. apresentou correlagéo
positiva com o comprimento dos hospedeiros (CARVALHO etal., 2019). Em Calophysus


http://en.wikipedia.org/wiki/Carl_Linnaeus
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2786
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macropterus Lichtenstein, 1819 do Rio Acre, o comprimento teve correlagdo positiva
somente com a abundéncia de metacercérias de Diplostomulum Brandes, 1892, enquanto
em C. macropterus do Rio laco, correlagdo positiva ocorreu com a abundancia de
monogenea Demidospermus luckyi (Kritsky, Thatcher & Boeger, 1987), Demidospermus
macropteri (Mendoza-Franco & Scholz 2009), Demidospermus pinirampi (Kritsky,
Thatcher & Boeger, 1987) e Ameloblastella unapi (Mendoza-Franco & Scholz 2009)
(NEGREIROS; PEREIRA; TAVARES-DIAS, 2019).

O tamanho do peixe pode estar correlacionado com essas variaveis porque
geralmente a carga parasitaria aumenta com a idade ou tamanho do hospedeiro (DOGIEL;
PETRUSHEVSKII, 1958; POULIN, 2000), tendo como resultado padrdes acumulativos
de abundancia de parasitos conforme o crescimento dos peixes, no qual peixes maiores
sdo capazes de acomodar maior abundancia de parasitos, podendo também ingerir maior
quantidade de alimentos, que pode leva-los a uma maior exposicdo aos estagios
infecciosos de parasitos no ambiente (POULIN, 2000; TIMI; LUQUE; POULIN, 2010;
VALTONEN; MARCOGLIESE; JULKUNEN, 2010).

Apesar das correlacbes em algumas espeécies, varios estudos ndo encontraram
correlacdo do tamanho dos peixes com abundancia, indice de diversidade, riqueza de
espécie e fator de condicdo em algumas espécies de peixes hospedeiros (TAVARES-
DIAS; NEVES, 2017; FERREIRA; PASSADOR; TAVARES-DIAS, 2019). O
comprimento de Corydoras melanistius Regan 1912 e Corydoras spilurus Norman 1926
ndo mostrou correlacdo com a abundancia de Spirocamallanus inopinatus (Travassos,
Artigas & Pereira, 1928), Camallanus sp. Railliet & Henry, 1915) e metacercarias de
Digenea gen. sp. (FERREIRA et al., 2019). Porém, tais estudos ainda ndo foram

realizados em E. pisonis, C. asellus e P. ornatus do Rio Amazonas.

2.3. Variacao sazonal e diversidade de parasitos metazoarios em populacgdes naturais
de peixes da Amazonia

Apesar dos peixes serem considerados uma boa fonte de proteina, varias doengas
causadas por parasitos podem acometer populacGes naturais, levando a perdas
econbmicas para a pesca (TAVARES-DIAS et al., 2014; BEHRINGER et al., 2020;
ERKINHARJU et al., 2021). Para desenvolver programas de desenvolvimento pesqueiro
é importante obter informacgdes sobre a saude das espécies de peixes, pois muitos
parasitos podem influenciar o tamanho, estrutura populacional, alimentacdo, crescimento
e reproducdo dos peixes hospedeiros (MAGURRAN, 2004; OLIVEIRA et al., 2017b;


http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=17526
https://eol2.eol.org/pages/46982187

32

TAVARES-DIAS et al., 2014; TAVARES-DIAS & OLIVEIRA, 2017; TIMI; POULIN,
2020). Portanto, deve-se estudar os parasitos nas diferentes espécies de peixes de
ambientes naturais, além da influéncia sazonal nas comunidades e infracomunidades de
parasitos (AVENANT-OLDEWAGE; MILNE, 2014; ALHO et al., 2015; KONDO et al.,
2016; KUHN et al., 2016; MARTINS et al., 2017; KALOGIANNI et al., 2017; RIJIN et
al., 2018; HOSHINO; TAVARES-DIAS, 2019; NEGREIROS et al., 2019b; NEVES et
al., 2021) e as interacbes do sistema parasito-hospedeiro-ambiente (ALCANTARA;
TAVARES-DIAS, 2015).

Em geral, Monogenea, Nematoda, Trematoda, Crustacea, Acanthocephala e
Cestoda sdo os principais taxons de parasitos metazoarios encontrados em populagées de
peixes de ambiente natural na Amazonia (ALCANTARA; TAVARES-DIAS, 2015;
BAIAetal., 2018; TAVARES-DIAS et al., 2014; TAVARES-DIAS; OLIVEIRA, 2017).
Sédo taxons de parasitos com ciclos de vida distintos e que dependendo do seu estagio de
vida parasitam diferentes espécies de hospedeiros. O ciclo de vida desses taxons pode ser
direto (ex. Monogenea e Crustacea) ou indireto, usando mais de uma espécie de
hospedeiro, como € o caso das espécies de nematoides, trematoides, acantocéefalos e
cestoides (BLASCO-COSTA; POULIN, 2017).

Segundo Luque et al. (2017), em diferentes paises da América do Sul, incluindo
0 Brasil, Monogenea é o grupo mais diversificado com 835 espécies, seguido por
Trematoda com 662 espécies relatadas. Assim, 0s peixes podem ser parasitados por
diversas espécies de diferentes td&xons como ocorreu em Hoplerythrinus unitaeniatusSpix
& Agassiz, 1829 e Calophysus macropterus Lichtenstein 1819 de um afluente do Rio
Amazonas, estado do Amapéa e Rio laco, estado do Acre, respectivamente, que foram
infectados por espécies de Protozoa, Monogenea, Acanthocephala, Cestoda, Crustacea,
Digenea, Nematoda e Hirudinea (GONCALVES et al., 2015; NEGREIROS; PEREIRA,;
TAVARES-DIAS, 2019)

Na bacia amazénica, a sazonalidade é caracterizada pela ocorréncia de dois
periodos distintos: chuvoso e estiagem. Em geral, o periodo chuvoso compreende aos
meses de dezembro a maio, com precipitacéo variando de 125 a 400 mm/més, enquanto
a estiagem compreende aos meses de junho a novembro com precipitacdo variando de 50
a 150 mm/més (SOUZA et al., 2017). A Tabela 1, mostra alguns taxons de parasitos da

regido amazonica que tiveram influencia sazonal.
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Tabela 1: Influéncia da sazonalidade nas infracomunidades de parasitos em espécies de peixes da regido

amazodnica.
Local Hospedeiro Parasito Periodo Referéncia
sazonal
Igarapé  Hoplerythrinus Maior prevaléncia e Chuvoso  Gongalves et al.,
Fortaleza  unitaeniatus abundancia média de (2015)
Ichthyophthirius
multifiliis;
Whittingtonocotyle
caetei;
Whittingtonocotyle jeju;
Urocleidoides sp. e
Anacanthorus sp.
Igarapé Hoplias Maior abundanciade  Chuvoso  Gongalves et al.,
Fortaleza  malabaricus  Urocleidoides eremitus; (2015)
Igarapé Hemibrycon Maior abundancia Chuvoso Hoshino;
Fortaleza  surinamensis I. multifiliis; Tavares-Dias
(2019)
Igarapé Hemibrycon Maior abundanciade  Chuvoso Hoshino;
Fortaleza  surinamensis Trichodina sp.; Tavares-Dias
(2019)
Igarapé Metynnis Maior prevaléncia e Chuvoso Hoshino;
Fortaleza lippincottianus  abundancia média de I. Tavares-Dias
multifiliis e P. pillulare (2020)
Igarapé Cichlasoma Maior diversidade e Chuvoso Carvalho;
Fortaleza amazonarum riqueza de Tavares-Dias
Gussevia disparoides e (2017)
Posthodiplostomum sp.;
Rio Pimelodus Maior prevaléncia de Chuvoso Cavalcante et al.,
Xapuri blochii Procamallanus. (S.) (2020)

pimelodus
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Igarapé Aquidens Maior prevaléncia e Estiagem  Tavares-Dias et
Fortaleza  tetramerus abundancia média de al., (2014)
Tripartiella tetramerii,
Trichodina nobilis,
Gussevia alioides e
Gussevia disparoides
Maior prevaléncia e Estiagem Gongalves et al.,
abundancia média de (2015)

Piscinoodinium

pillulare
Igarapé Hemibrycon Maior prevaléncia e Estiagem Hoshino;
Fortaleza  surinamensis abundancia média de Tavares-Dias
P. pillulare (2019)
Igarapé Hemibrycon Maior abundancia Estiagem Hoshino;
Fortaleza surinamensis  média de Jainus hexops Tavares-Dias
(2019)
Igarapé Metynnis Maior abundancia Estiagem Hoshino;
da lippincottianus média de Tavares-Dias
Fortaleza Anacanthorus jegui, (2020)
Anacanthorus
strongylophalus,
Urocleidoides sp.,
Dadayus pacupeva,
Dadaytrema
oxycephalum e
Spinoxyuris oxydoras
Rio laco,  Calophysus Prevaléncia e Estiagem Negreiros;
estado macropterus Abundéancia média de Pereira; Tavares-
do Acre Anisakidae gen. sp. Dias (2019)
Rio Acre  Calophysus Maior abundancia Estiagem Negreiros;
macropterus média de Pereira; Tavares-

Alinema amazonicum Dias (2019)
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Igarapé Cichlasoma Maior abundancia Estiagem Carvalho;
Fortaleza amazonarum  média de I. multifiliis e Tavares-Dias
P. pillulare (2017)
Rio Acre Pimelodus Maior abundancia Estiagem  Negreiros et al.
blochii média de (2018).
Procamallanus (S.)
pimelodus
Rio Acre Pimelodus Maior prevalénciade  Estiagem
blochii Orientatractis moraveci
Rio laco Pimelodus Demidospermus Estiagem  Negreiros et al.
blochii peruvianus (2018).
Rio Pimelodus Maior prevaléncia de  Estiagem Cavalcante et al.,
Xapuri blochii Rondonia rondoni (2020)

Portanto, estes estudos mostraram que algumas infracomunidades de parasitos
podem sofrer influéncia da sazonalidade, enquanto outras ndo, devido as diferencas nas
respostas das espécies de parasitos relacionadas aos fatores abidticos (ambiente) e
bidticos (ecologia dos hospedeiros). Porém, ndo se conhece a influéncia da sazonalidade
na comunidade e infracomunidades dos parasitos metazoarios de E. pisonis, C. asellus e

P. ornatus do Rio Amazonas.

2.4. As espécies de peixes do presente estudo e seus parasitos
2.4.1. Eleotris pisonis

Eleotris pisonis (Figura 7) é um Perciforme da familia Eleotridae amplamente
distribuido no contienente americano de noroeste a oeste do Atlantico Central (Bermudas,
Bahamas, Carolina do Sul e norte do Golfo do México nos Estados Unidos) e ao sudeste
do Brasil (FROESE; PAULY, 2023) e no continente asiatico. E conhecido popularmente
como amoré, amoré, amoré-preto, amoré-pixuna ou macuco. Esse peixe prefere
tributarios estuarinos de agua doce com faixa de salinidade de 0 a 36,6 ppm, e 0s
individuos adultos séo encontrados em fundos rasos, lamacentos ou arenosos (DARCY,
1980; CERVIGON, 1994; RAY; ROBINS, 2016).
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Figura 7. Eleotris pisonis coletado no Rio Amazonas, estado do Amapa, Brasil.

Peixe onivoro com tendéncia a carnivoria, alimenta-se de larvas e pupas de
dipteros, pequenos crustaceos (caranguejos e camardes) e pequenos peixes. A sua dieta
varia de acordo com a maturidade sexual e estacdo do ano. O tamanho médio da primeira
maturacdo gonadal ocorre com cerca 5,7 cm para machos e 4,3 cm para fémeas, com
desova ocorrendo na estacdo de estiagem (NORDLIE, 1981; LE BAIL et al., 2000;
SANTOS et al., 2004). Para o continente americano, E. pisonis tem registro de infec¢éo
por Cucullanus caballeroi Petter, 1976 em peixes coletados nas llhas Guadalupe
(PETTER et al., 1977), enquanto na Asia, acantocéfalos Brentisentis uncinus Leotta et
al., 1982 e Gorgorhynchus satoi Morisita, 1937 (Leotta et al., 1982) foram coletados em
hospedeiros da foz do Rio Keelung, Taiwan (Leotta et al., 1982).

2.4.2. Colomesus asellus

Colomesus asellus (Figura 8) ¢ um Tetraodontidae da América do Sul conhecido
como baiacu e encontrado na bacia do Rio Amazonas, do Peru a ilha do Marajo, Rio
Tocantins, incluindo afluentes dos rios Araguaia, Guaporé, Orinoco e Essequibo
(BARTOLETTE et al.,, 2018; FROESE; PAULY, 2023). Esse peixe é encontrado
principalmente em riachos de agua doce e costeiros, podendo tolerar agua salobra
(ANDERSON JR, 2001).
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Figura 8. Colomesus asellus coletado no Rio Amazonas, estado do Amapa, Brasil.

Peixe onivoro, alimenta-se de moluscos, microcrustaceos copepodas e
cladoceras e outros invertebrados aquéaticos (Ceratopogonidae, Chironomidae,
Trichoptera, Ephemeroptera, Hemiptera, Coleoptera, Odonata, Diptera e Hymenoptera),
peixes e plantas (SANTOS et al.,, 2004; TORRENTE-VILARA et al., 2013;
BARTOLETTE et al., 2018). A sua desova total ocorre no inicio do periodo chuvoso,
porém ha relatos de individuos em atividade reprodutiva no periodo de estiagem, no més
de julho (TORRENTE-VILARA et al., 2013). Esse peixe é usado na aquariofilia.

Em C. asellus do Rio Amazonas, no estado Amazonas, e no Rio Méa, municipio
de Cruzeiro do Sul, estado do Acre, foram encontrados Ergasilus colomesus Thatcher &
Boeger, 1983 (THATCHER; BOEGER, 1983; VIRGILIO et al., 2021). Porém, nos
estudos de Neves & Tavares-Dias (2019) e Neves et al. (2020) ndo foram encontrados
parasitos nos espécimes de C. asellus coletados no Rio Matapi, um afluente do Rio
Amazonas. Em Colomesus psitacus Bloch & Schneider, 1801 do arquipélago do Marajo
e Rio Tocantins, municipio de Cameta, estado do Para, foram relatos Cucullanus
marajoara (Pinheiro et al., 2018), Gnathostoma sp. e Rohdella amazonica (Giese et al.,
2015; Pinheiro et al., 2017; Pinheiro et al., 2018). Portanto, ndo ha outros estudos sobre

a diversidade de parasitos em C. asellus.
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2.4.3. Pimelodus ornatus

Pimelodus ornatus (Figura 9) é um Pimelodidae conhecido popularmente como
mandi-guaru, mandi-prata, mandi-pinini ou mandi-pintado. Esse Siluriformes pode ser
encontrado nos rios Amazonas, Madeira, Parnaiba, Negro, Alto Parana, Orinoco, grandes
rios das Guianas e em rios de paises como Paraguai, Bolivia, Peru e Venezuela
(NOMURA, 1984; TORRENTE-VILARA et al., 2013). Pode chegar até a 38,5 cm de
comprimento, tendo uma cabeca forte e 6ssea associado a um padréo colorido conspicuo
que inclui a presenca de uma mancha na nadadeira dorsal, permitindo assim que essa
espécie seja diferenciada de outros pimelodideos (TORRENTE-VILARA et al., 2013).
Emitem sons altos e as fémeas podem preservar 0S espermatozoides com as suas
secrecBes maternas inserindo-os no epitélio do seu trato genital sendo indicativo de
fertilizacdo interna (BOUJARD, 1997; LE BAIL et al., 2000). Alimenta-se de
invertebrados aquaticos (camarbes e caranguejos) (Observacdo pessoal), mas tem
tendéncia a ser piscivoro (SA-OLIVEIRA et al., 2015) (Figura 9).

' 11 12 13 14 15 16 17

Figura 9. Pimelodus ornatus coletado no Rio Amazonas, estado do Amapa, Brasil.

Parasitos nematoides em fase larval e adulta sdo prevalentes em varias espécies
de peixes de agua doce (MORAVEC, 1998). Estudos mostraram que nematoides
Cuculanideos e Camallanideos (Cucullanus pinnai, Cucullanus sp., Procamallanus
pimelodus, Procamallanus sp. e Procamallanus freitasi) estdo presentes em pimelodideos
como Pimelodus maculatus, Pimelodus blochii e Pimelodus pohi (KOHN;
FERNANDES, 1987; SABAS; BRASIL-SATO, 2014; CAVALCANTE et al., 2020).
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Porém, ndo conhece os efeitos da variacdo temporal e sazonal na diversidade parasitaria

de P. ornatus.

2.5. Anélises moleculares em estudos de parasitos metazoarios

A reducdo no custo do sequenciamento de DNA possibilitou obter e comparar
sequéncias de genes como a citocromo oxidase subunidade | (COIl), regido espacadora do
transcrito interno (ITS 1 e 2), 18S rDNA e 28S rDNA ajudando assim a elucidar perguntas
de espeécies de parasitos em diferentes estagios de vida (BLASCO-COSTA; POULIN,
2017; LEVY et al., 2020; RANA; KAUR, 2021; GARCIA-VARELA; ANDRADE-
GOMEZ, 2021; MULLER et al., 2022). Técnicas moleculares também sio usadas para
evitar armadilhas associadas as espécies cripticas de parasitos os quais sdo geneticamente
distintas, mas sdo morfologicamente indistinguiveis (POULIN, 2010; NADLER; DE
LEON, 2011; PEREIRA et al., 2018; MENDOZA-PALMERO et al., 2019).

A utilizacdo de estudos ecoldgicos aliados a taxonomia integrativa, usando
analises moleculares pode ser uma ferramenta promissora na descoberta de novas
espécies. Portanto, ha a necessidade de estudos que visem ndo s os aspectos ecoldgicos
e influéncia da sazonalidade, mas também investigacdes dos ambientes onde 0s peixes e
parasitos sdo encontrados, j& que as caracteristicas ambientais sdo de fundamental
importancia para a composi¢do da estrutura das comunidades e infracomunidade de
parasitos em populac@es naturais de peixes.

Nos estudos de Pérez-Del-Olmo et al. (2023) foi aplicado uma abordagem de
taxonomia integrativa para a identificacdo de parasitos metazoarios em uma grande
amostra de espécies de peixes de profundidade do Mediterraneo Ocidental. Fragmentos
parciais do gene mitocondrial nad 1 foram amplificados para amostras representativas
por morfotipo para auxiliar na delimitagdo das espécies. Assim como também foi avaliado
a diversidade de Lepidapedon sp. (Digenea) e os padrfes de variacdo genética e
epidemioldgico das populacdes de parasitos em relacdo ao hospedeiro, proveniéncia
geogréfica e de batimetria. O censo das infrapopulages de Lepidapedon sp. foram
analisados a partir de cinco espécies de peixes de profundidade (Coelorinchus
mediterraneus, Lepidion lepidion, Phycis blennoides, Trachyrincus scabrus e Mora
moro) coletados por arrasto de fundo em profundidades de 400—200m. Concluindo que a
combinacédo de dados moleculares com analises ecoldgicas fornecem informacdes sobre
os fatores e possiveis mecanismos que determinam os padrdes de conectividade entre as

populagdes de parasitos no fundo do mar (Figura 10).


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bottom-trawling
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Alguns estudos vém utilizando diferentes marcadores moleculares na descricéo
de novas espécies de parasitos de peixes, como ocorreu nos estudos de Oliveira et al.
(2021) que descreveu uma nova espécie de Therodamas (Copepoda) em Leporinus
fasciatus do Rio Jari, utilizado fragmentos de 18S rDNA. Estudos de Yamada et al. (2018)
utilizaram o 28S rDNA para descrever uma nova espécie de Aphanoblastella
(Monogenea) das branquias de Pemelodella avanhandavai Eigenmann, 1917 da bacia do
Rio Parané.



41

6 Coelorinchus mediterr ...

@@ Lepidion lepidion <

«fligo< Mora moro «<m»- L. desclersae

«@@»- Phycis blennoides 81 ey ®

~—— Trachyrincus scabrus

~—
100 —"03' .'.... L. guevarai
~—
L. rachion 1 (AJ405274)

o0 [ L- rachion 2 (AJ405275)
_{— L. discoveryi (AJ405279)
100 L. elongatum (AJ405280)

L. villae (AJ405282)

0o [ L. arlenae (AJ405276)
L L gaevskayae (AJ405281)

24

L. beveridgei (AJ405277)
L. zubchenkoi (AJ405283)
Neolepidapedon smithl (AJ405284)

0020

Figura 10. Filograma de juncdo de vizinhos com base no conjunto de dados nad 1 para Lepidapedon sp. incluindo as sequéncias recém-geradas para isolados de cinco
hospedeiros de peixes de profundidade no Mediterraneo Ocidental, na costa da Espanha. Fonte: Pérez-Del-Oomo et al. (2023)
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3. PROBLEMAS

Como estdo compostas as comunidades e infracomunidades de parasitos
metazoarios em E. pisonis, C. asellus e P. ornatus do Rio Amazonas? Eleotris pisonis, C.
asellus e P. ornatus do Rio Amazonas sao hospedeiros de parasitos ainda ndo descritos?
A variacdo sazonal (ciclo chuvoso/estiagem) influencia a estrutura das comunidades e

infracomunidades parasitéria de E. pisonis, C. asellus e P. ornatus do Rio Amazonas?

4. HIPOTESES

1) As comunidades e infracomunidades de parasitos metazoarios em E. pisonis, C. asellus
e P. ornatus do Rio Amazonas estdo compostas por espécies de Monogenea, Crustacea,

Nematoda, Acanthocephala e Trematoda, os tdxons mais comuns em peixes da regido.

2) Eleotris pisonis, C. asellus e P. ornatus do Rio Amazonas sdo infectados por espécies
de parasitos ja descritas para outros Eleotridae, Tetraodontidae e Pimelodidae e também

por novas espécies, pois as espécies de parasitos desses peixes nao tém sido estudadas.

3) A variacdo sazonal do ciclo chuvoso/estiagem (taxas pluviométricas), influencia na
estrutura das comunidades e infracomunidades de parasitos metazoarios em E. pisonis,
C. asellus e P. ornatus do Rio Amazonas, devido a influéncia dos niveis de chuvas da

regido.
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5. OBJETIVOS
5.1 GERAL
Investigar a diversidade, variagdo temporal e sazonal de parasitos metazoarios em

E. pisonis, C. asellus e P. ornatus do Rio Amazonas, no estado do Amapa, Brasil.

5.2 Objetivos especificos

- Identificar e realizar analises morfoldgicas das espécies de parasitos metazoarios em E.
pisonis, C. asellus e P. ornatus do Rio Amazonas;

- Descrever novas espécies de parasitos metazoarios usando caracteres morfologicos, bem
como auxilio da biologia molecular para grupos com taxonomia mais complexa;

- Avaliar a estrutura das comunidades e infracomunidades de parasitos metazoarios em
E. pisonis, C. asellus e P. ornatus do Rio Amazonas;

- Avaliar se o ciclo sazonal influencia na estrutura das comunidades e infracomunidades
de parasitos metazoarios em E. pisonis, C. asellus e P. ornatus do Rio Amazonas;

- Determinar o padrdo de disperséo das espécies dos parasitos metazoarios em E. pisonis,
C. asellus e P. ornatus do Rio Amazonas;

- Avaliar se 0 peso e comprimento dos hospedeiros influenciam na abundancia,
diversidade e riqueza de espécies de parasitos metazoarios em E. pisonis, C. asellus e P.
ornatus do Rio Amazonas;

- Avaliar se o parasitismo influencia no fator de condicao (Kn) de E. pisonis, C. asellus e

P. ornatus do Rio Amazonas;
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Abstract

Our hypothesis for this study was that annual and seasonal variations do not influence the
structure of the component communities and the diversity of metazoan parasites of
spinycheek sleeper (Eleotris pisonis) in the Amazon River, state of Amapa, Brazil. A total
of 164 fish were collected between 2020 and 2021, from which 888 parasites were found.
In 2020, five species of parasites were found (one Nematoda, one Digenea, one
Acanthocephala, one Arachnida and one Crustacea); and in 2021, five species were also
found (three Nematoda, one Digenea and one Crustacea). Larvae of Contracaecum sp.
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were the dominant taxon throughout the study. The parasite species richness and Brillouin
diversity index were higher in 2021, without significant differences between seasonal
periods. Some component communities of parasites showed differences between years
and between seasonal periods. These facts do not support the hypothesis that such
variables would not influence the component communities of the parasites. Lastly, this
report provides the first records of Spirocamallanus inopinatus, Genarchella genarchella,
Acari, Ergasilus sp., Neoechinorhynchus sp., larvae of Pseudoproleptus sp. and larvae of
Contracaecum sp. in E. pisonis.

Keywords: Aggregation, freshwater fish, infection parasites, seasonality.

Resumo

Nossa hipltese é que variacGes anuais e sazonais nao influenciam a estrutura das
comunidades componentes e a diversidade dos parasitos metazoarios de amoré Eleotris
pisonis do Rio Amazonas, estado do Amapéa (Brasil). Um total de 164 peixes foram
coletados de 2020 e 2021; e 888 parasitos foram encontrados nos peixes estudados. Em
2020, foram encontradas cinco espécies de parasitos (um Nematoda, um Digenea, um
Acanthocephala, um Arachnida e um Crustacea); e em 2021, também foram encontradas
cinco espécies trés Nematoda, um Digenea e um Crustacea). Larvas de Contracaecum sp.
foram o tdxon dominante ao longo do estudo. A riqueza de espécies de parasitos e o indice
de diversidade de Brillouin foram maiores em 2021, engquanto entre as estagcdes sazonais
ndo houve diferencas significativas. Algumas comunidades componentes de parasitos
apresentaram diferencas entre 0s anos e entre os periodos sazonais. Esses fatos nao
corroboram a hipdtese de que tais variaveis ndo influenciariam as comunidades
componentes dos parasitos. Por fim, este € o primeiro registro de Spirocamallanus
inopinatus, Genarchella genarchella, Acari, Ergasilus sp., Neoechinorhynchus sp., larvas
de Pseudoproleptus sp. e larvas de Contracaecum sp. para E. pisonis.

Palavras-chave: Agregacéo, peixe de dgua doce, infecgdo por parasitos, sazonalidade.

Introduction

The spinycheek sleeper Eleotris pisonis (Gmelin, 1789) (Gobiiformes: Eleotridae)
is widely distributed along the western margin of the central Atlantic Ocean, from
Bermuda, Bahamas, South Carolina and the northern Gulf of Mexico in the United States
at the northern end of its range to Brazil at the southern end of its range (Froese & Pauly,
2023). Spinycheek sleepers prefer freshwater estuarine tributaries with a salinity range
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from 0 to 36.6 psu (Darcy, 1980; Ray & Robins, 2016), and adult individuals are found
in shallow water with a muddy or sandy bottom (Cervigdn, 1994). They are carnivorous
fish that feed on dipteran larvae and pupae, small crustaceans such as crabs and shrimps,
and small fish. In addition, cannibalism has also been reported, but with low frequency
(Perrone & Vieira, 1991). Their diet varies according to their state of sexual maturity and
with the seasons. They are small-sized fish that reach sexual maturity at lengths of 5.7 cm
for males and 4.3 cm for females. Spawning occurs in the dry season (Nordlie, 1981,
Planquette et al., 2000; Santos et al., 2004). However, studies on the communities and
infracommunities of metazoan parasites in this fish species are scarce.

The parasite communities of freshwater fish are important components of
biodiversity, as they provide information about their environments such as water quality.
In addition, they influence the productivity and food web of ecosystems (Negreiros et al.,
2019a; Lehun et al., 2022). Therefore, studies on wild fish parasite communities can
generate information on how these parasite-host-environment relationships can respond
to ecological actions such as host diet, environmental characteristics, existence of
infective stages in the ecosystem and annual and seasonal variations (Negreiros et al.,
2019a; Hoshino & Tavares-Dias, 2019; Hoshino & Tavares-Dias, 2020; Limaet al., 2021,
2022, 2023; Lehun et al., 2022), and also the strategies used by different taxa of parasites
in relation to these variables.

In temperate climate regions, it is known that water temperature and the behavior
of wild fish populations play important roles in the dynamics of infection caused by
parasites (Schade et al., 2016; Yang et al., 2016). Many aquatic invertebrates in these
regions are potential intermediate, paratenic or definitive hosts for fish. These
characteristics contrast with those of tropical regions, where aquatic ecosystems do not
have extreme temperatures, which can fluctuate during the year.

Fish can harbor ectoparasites and endoparasites of different species with different
life cycles. The species of parasites harbored are often related to the behavior and diet of
the host. In this way, species occupying different niches are exposed to different parasites,
thus potentially resulting in different patterns of infection (Tavares-Dias et al., 2014;
Tavares-Dias & Oliveira, 2017; Baia et al., 2018; Cavalcante et al., 2020; Lima et al.,
2022). Studies have shown that the rainy and dry seasons can influence the behavior of
host fish, as well as the diversity of parasites and invertebrates in ecosystems. Thus,
identifying the factors that can influence the structure of parasite communities is
important for better understanding of the parasite ecology of host fish.
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Abiotic and biotic factors in the environment may be related to temporal and
seasonal variations in the structure of parasite communities in wild fish populations.
Studies have shown that wild fish in the Amazon basin may present variations in their
parasite communities according to temporal and seasonal periods (Hoshino & Tavares-
Dias, 2019; Negreiros et al., 2019a; Hoshino & Tavares-Dias, 2020; Lima et al., 2023).

The tropical climate of the eastern Amazon region is mainly influenced by the
Amazon rainforest, where the rainy season occurs from December to May and the dry
season from June to November (Souza & Cunha, 2010). Rainfall levels influence the
physicochemical characteristics of aquatic ecosystems during seasonal periods,
consequently influencing fish populations and parasite communities. However,
information on the effects of seasonality on the dynamics of infections in wild fish
populations in the Amazon is scarce (Negreiros et al., 2019a; Hoshino & Tavares-Dias,
2020; Lima et al., 2022, 2023). For example, there are no studies on annual and seasonal
variations in the communities of metazoan parasites in E. pisonis.

Organisms can respond similarly to abiotic and biotic factors, resulting in parallel
patterns in community structures across taxonomic groups, called community
concordance (Jackson & Harvey, 1993). However, temperature is an example of a
variable that can influence both the immune system of host fish populations and the
reproduction rate of parasites: innate immunity is more active at low temperatures, while
adaptive immunity is suppressed at low temperatures (Ondrackova et al., 2015). Thus, in
temperate climate regions, seasonal variations in temperature can alter not only fish
metabolism but also parasite communities (Ondrac¢kova et al., 2015; Rohlenova et al.,
2011). In tropical climate regions, communities are expected to have a stable structure
throughout the year (Dias & Tavares-Dias, 2015). Thus, the hypothesis of the present
study was that annual and seasonal variations do not influence the parasite communities
of E. pisonis. The aim of this study was to characterize the community of metazoan
parasites in E. pisonis in the Amazon River and to study the effects of annual and seasonal
variations on the structure of their parasite communities.

Materials and methods
Study area and fish collection

In bimonthly collections from January 2020 to November 2021, a total of 164

specimens of E. pisonis [7.77 £ 1.77 cm (4.1-12.2 cm) and 7.98 + 6.10 g (0.8-38.9 g)]

were collected from the Amazon River, near to Santana Island, municipality of Santana,
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state of Amap4, Brazil (Figure 1). These fish were collected using gillnets of different
sizes and meshes (15, 20, 25, 30 and 35 mm between knots), cast nets (20 mm mesh
between knots) and hand lines. The fish were then sacrificed using the medullary
transection method, preserved in 10% formalin and transported to the Aquaculture and
Fisheries Laboratory of Embrapa Amapa, Macapa, state of Amapa, Brazil, in order to

analyze their parasites.
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Figure 1. Collection site of Eleotris pisonis in the Amazon River, state of Amapa,
northern Brazil.

The water quality parameters of electrical conductivity, pH and total dissolved
solids were measured at the fish sampling sites using a multiparameter device (AKSO,
model COMBO5-02-1016). Dissolved oxygen levels and water temperature were
measured using an oximeter (Instrutherm, model MO-900). Rainfall data from the fish
collection region were obtained from the Center for Hydrometeorology and Renewable
Energy (NHMET) of the Institute of Scientific and Technological Research of the State
of Amapa (IEPA).

Parasite analysis procedures
In the laboratory, the total length (cm) and weight (g) of the fish were measured,

and necropsies were performed to collect metazoan parasites. The mouth, opercular
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cavity, gills and fins were examined with the aid of a stereomicroscope to collect
ectoparasites, while internal organs such as the gastrointestinal tract and viscera were
examined for endoparasites. The parasites found were preserved in 70% ethyl alcohol in
order to subsequently make permanent slides, following previous recommendations
(Eiras et al., 2006).
Data analysis

The parasite indices of prevalence, mean intensity and mean abundance of
infracommunities were calculated (Bush et al., 1997). The dispersion index (DI) was
determined and the DI significance was calculated using d-statistics (Ludwig et al., 1988).
The Poulin discrepancy index (D) was calculated using the Quantitative Parasitology 3.0
software. To describe the parasite community, the species richness, Brillouin diversity
index (HB), evenness (E) and Berger-Parker dominance index (d) were calculated using
the Diversity software. The alternation of parametric and non-parametric tests was done
in accordance with the normality tests for each set of data analyzed here. Spearman's
correlation coefficient (rs) was used to evaluate possible correlations of host body length
and weight with parasite abundance, species richness and Brillouin diversity index (Zar,
2010).

Fish weights and lengths were used to determine the relative condition factor (Kn)
(Le Cren, 1951) for each year (2020 and 2021), for both the rainy and the dry season. To
determine whether the total length (cm), weight (g), relative condition factor (Kn),
physical-chemical parameters, prevalence, abundance, species richness, uniformity,
Brillouin diversity index and Berger-Parker dominance index followed patterns of normal
distribution and homoscedasticity, the Shapiro-Wilk and Bartlett tests were used,
respectively. To ascertain whether there was any difference in the prevalence of parasites
between 2020 and 2021, and between the seasonal periods (rainy and dry), the chi-square
test (x2) with Yates correction was used. To determine any differences in the abundance
of parasites, the Mann-Whitney test (U) was used (Zar, 2010). To estimate any differences
in diversity indices (species richness, evenness, Brillouin diversity index and Berger-
Parker dominance index) among the metazoan parasites between 2020 and 2021 and
between seasonal periods, the Kruskal-Wallis test was used, followed by the Dunn test.
These analyses were carried out in the R software (R Core Team, 2021).

Permutation Analysis of Variance (PERMANOVA) was used to detect any
differences in the parasite communities between the years 2020 and 2021 and between

the rainy and dry seasons. Annual and seasonal variables were adjusted by means of



69

principal coordinate analysis (PCoA) ordering based on the Bray-Curtis distance, using
the envfit function from the vegan package (Oksanen et al., 2020), and p-values were
calculated using the permutation test (number of permutations = 999) in the R software,
version 4.2.2, using the vegan package (Oksanen et al., 2020).

To analyze how differences in sampling effort might influence the results, we
plotted species accumulation curves (observed and expected) for 2020 and 2021 and for
the rainy and dry seasons. To compare the diversity between the years studied and
between the rainy and dry seasons, diversity profiles were generated based on Hill
numbers (Hill, 1973), which on a g scale incorporates species richness (q = 0), exponential
value (g = 1) and the inverse of the Shannon-Weaver and Simpson indices (q = 2). An
increase in the q scale represents an increase in the weight given to common species in
the diversity indices (Magurran & McGill, 2011), thus making it possible to identify how
diversity is ordered and whether changes occur in relation to dominant or rare species
(Téthmérész, 1995). The diversity profile was built using the 'renyi' function from the
vegan package (Oksanen et al., 2020). These analyses were carried out in the R software
(R Core Team, 2021).

Results

Physicochemical parameters in the years 2020 and 2021 and seasonal periods

The pH and total dissolved solids measured in the years 2020 and 2021 showed
significant differences (t = 2.4242, p < 0.05; U = 2.0, p < 0.05), but the other parameters
analyzed did not show any significant differences between the years (Table 1). Between
the seasonal periods (rainy and dry), there were significant differences in precipitation
and temperature, respectively (t = 3.9908, p< 0.001; t = 6.8690, p < 0.001), but the other
parameters analyzed did not show any significant differences (Table 1).
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Table 1. Physicochemical parameters of water from the Amazon River, eastern Amazon

region, Brazil, during periods of collection of Eleotris pisonis.

Tests
Parameters 2020 2021 t U
Rainfall (mm) 1957+ 1195 231.5+153.2 -0.8197 -
Temperature (°C) 29.0+1.0 29.1+1.1 0.0284 -
Dissolved oxygen (mg/L) 58+0.2 42+18 2.2699 -
pH 7.1+£0.2 6.8+0.3 2.4242* -
Total dissolved solids (mg/L) 56.8 + 10.7 107 £ 60.7 - 2.0*
Electrical conductivity 90.4+12.2 148.1+111.4 - 10.5
(uS/cm)
Rainy season Dry season

Rainfall (mm) 311.5+106.7 131.0+116.3 3.9908** -
Temperature (°C) 28.3+0.3 30.0+£0.5 6.8690** -
Dissolved oxygen (mg/L) 52+0.38 46+212 0.4952 -
pH 6.9+0.2 6.9+0.3 -0.2389 -
Total dissolved solids (mg/L) 72.6 +34.6 91.4+£62.5 - 16.00
Electrical conductivity 98.8+61.4 139.6 £ 98.7 - 15.50

(uS/cm)

t: t test; U: Mann-Whitney test; *p < 0.05; **p < 0.001

Component communities of metazoan parasites

Eleotris pisonis was found to be parasitized by larvae of Contracaecum Railliet &
Henry, 1912; Pseudoproleptus Khera, 1953 and Spirocamallanus inopinatus Travassos,
Artigas & Pereira, 1928 (Nematoda); Genarchella genarchella Travassos, Artigas &
Pereira, 1928 (Digenea); Neoechinorhynchus Stiles & Hassall, 1905 (Acanthocephala);
Ergasilus Nordman, 1832 (Ergasilidae); and Acari Krantz, 1978 (Arachnida) (VVoucher:
171P-177P-IEPA). Contracaecum sp. was the dominant species, and no parasite was
found in the mouth or fins of the hosts (Table 2).
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Table 2. Spatial distribution of metazoan parasites of Eleotris pisonis in the Amazon River,

eastern Amazon region, Brazil

Parasite species P (%) MA+SD MI+xSD TNP FD (%) Si
Nematoda
Contracaecum sp. (larvae) 7.9 0.1+ 0.5 0611 22 2.4 Intestine
Contracaecum sp. (larvae) 48.7 2.1+48 02+6.3 354 39.8 Stomach
Contracaecum sp. (larvae) 28.0 0921 03x29 147 16.5 Abdominal cavity
Contracaecum sp. (larvae) 0.6 0.01£0.08 1+£0 1 0.1 Liver
Pseudoproleptus sp. (larvae) 0.6 0.01£0.08 1+£0 1 0.1 Intestine
Spirocamallanus inopinatus 0.6 0.01 +0.08 1+0 1 0.1 Abdominal cavity
Digenea
Genarchella genarchella 21.9 09+25 0.2+38 155 17.4 Pharynx
Genarchella genarchella 10.9 02+1.3 04+33 45 5.0 Intestine
Genarchella genarchella 16.4 05+£15 03+26 84 94 Stomach
Genarchella genarchella 1.8 0.06 £ 0.5 03+x25 10 1.1 Abdominal cavity
Genarchella genarchella 0.6 0.04+0.4 010 6 0.6 Pyloric cecum
Acanthocephala
Neoechinorhynchus sp. 0.6 0.01 +0.08 1.0+0 1 0.1 Intestine
Neoechinorhynchus sp. 1.2 0.02+0.17 0.6+0.7 3 0.3 Stomach
Crustacea
Ergasilus sp. 17.0 03+14 04+306 57 6.4 Gills
Arachnida

0.6 0.01 +0.08 1.0+0 1 0.1 Gills

Acarina gen. sp.

P: prevalence; MA: mean abundance; MI: mean intensity; TNP: total number of parasites; FD: frequency of

dominance; Sl: sites of infection; SD: standard deviation.

The parasite community showed low species richness, low HB and predominance

of endoparasites (Table 3). Only Contracaecum sp., G. genarchella and Ergasilus sp.

presented prevalence above 10%, and these were analyzed separately. The hosts were
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predominantly infected by only one species of parasite. Larvae of Contracaecum sp. (DI=
4.83,d =21.59 and D = 0.87), G. genarchella (DI = 5.03, d = 22.49 and D = 0.74) and
Ergasilus sp. (DI =2.07, d =6.77 and D = 0.87) showed highly aggregated distribution

patterns.

Table 3. Component community of metazoan parasites in Eleotris pisonis from the

Amazon River, state of Amapa, in Brazil.

Paramenters Values
Number of fish examined 164
Total number of parasites 888
Total prevalence (%) of parasites 82.3
Percentage of endoparasites (%) 93.4
Percentage of ectoparasites (%) 6.5
Percentage of larvae 59.1
Species richness of parasites 1.3£09
Brillouin diversity index 0.2+0.2
Evenness 08+04

Species richness (rs = 0.28, p = 0.0004 and rs = 0.28, p = 0.0004), Brillouin
diversity index (rs = 0.25, p = 0.0013 and rs = 0.24, p = 0.0013), abundance of
Contracaecum sp. (rs = 0.46, p < 0.0001 and rs = 0.47, p < 0.0001), abundance of
Ergasilus sp. (rs = 0.27, p = 0.0003 and rs = 0.29, p = 0.0001) showed weak but
significant positive correlations with host length and weight, respectively.

Annual variation of metazoan parasites

Host fish collected in 2020 had a mean length of 8.0 £ 1.8 cm and those collected
in 2021 had a mean length of 7.5 + 1.6 cm, which was a significant difference (t = 2.02,
p = 0.04). Fish collected in 2020 had a mean weight of 9.2 + 7.1 g and those collected in
2021 had a mean weight of 6.8 £ 4.7 g, which was also a significant difference (U =
2745.5, p = 0.04). The relative condition factor (Kn) of hosts collected in 2020 (Kn =1.02
+0.39) and 2021 (Kn =0.85 + 0.67) were significantly different (U = 2434.0, p =0.0013).
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Among all the hosts examined, a total of 368 parasites were recovered in 2020,
while 520 were recovered in 2021. In 2020, hosts were predominantly infected by one
parasite species, while in 2021 they were infected by one or two parasite species (Figure
2). In 2020, the total prevalence of parasites was 75.3% and in 2021 it was 88.5%. In both
years, Contracaecum sp. was the dominant parasite, with higher prevalence in 2021.
However, between these two years, there were significant differences in the prevalence

and mean abundance of G. genarchella (Table 4).
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Figure 2. Species richness of metazoan parasites in Eleotris pisonis collected from the

Amazon River, Brazil, over a two-year period.



Table 4. Metazoan parasites in Eleotris pisonis in the Amazon River, eastern Amazon region, Brazil, collected over a two-year period.

74

2020 (n = 77) 2021 (n = 87)
Parasite species Infection sites P (%) MA £ SD TNP P (%) MA + SD TNP a U
Contracaecum sp. (larvae) Intestine, stomach abdominal cavity 63.6 3.6+6.9 281 70.1 2.7+3.6 243 0.7 3200.0
and liver
Pseudoproleptus sp. (larvae) Intestine 0 0 0 1.1 0.01+0.1 1 - -
Spirocamallanus inopinatus ~ Abdominal cavity 0 0 0 1.1 0.01£0.1 1 - -
Genarchella genarchella Pharynx, intestine, stomach, 24.6 0617 47 65.5 2937 253 27.4**  1804.5**
abdominal cavity and cecum pyloric
Neoechinorhynchus sp. Intestine and stomach 3.9 0.05+0.2 4 0 0 0 - -
Acarina gen. sp. Gills 1.3 0.01+0.11 1 0 0 0 - -
Ergasilus sp. Gills 24.6 04+19 35 13.7 0.2+0.7 22 0.3 3142.5

P: prevalence; MA: mean abundance; SD: standard deviation; TNP: total number of parasites; 2 chi-square test; U: Mann-Whitney test; *p < 0.05; **p < 0.00
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The PCoA axes 1 and 2 were responsible for 65% of the total variation in
abundance composition in 2020 and 2021. Although the PCoA showed overlapping and
species sharing during these years, there were significant differences (PERMANOVA: F
=7.7445, p <0.001) in the parasite infracommunities, influenced mainly by variations in
the abundance of Contracaecum sp. (R? = 0.4275, p < 0.001), G. genarchella (R? =
0.3443, p < 0.001) and Ergasilus sp. (R? = 0.0701, p = 0.002) (Figure 3).
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Figure 3. Principal coordinate analysis (PCoA) using a Bray-Curtis distance matrix for
communities of metazoan parasites of Eleotris pisonis in the Amazon River, state of
Amap4, Brazil, during 2020 and 2021. The percentage of the variation explained by the

principal coordinates plotted is indicated on the axes.

Parasite species richness (x> = 7.23, p = 0.0071) and Brillouin diversity index (>
=4.6729, p = 0.0306) were higher in 2021, but evenness (x> = 0.0069, p = 0.9335) and
Berger-Parker dominance index (x* = 0.5514, p = 0.4577) showed no differences between
the years studied (Figure 4). The species accumulation curve showed that the number of
hosts found in 2020 was sufficient for the number of parasite species collected to reach

representativeness, however, the 2021 species accumulation curve did not demonstrate a
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tendency towards stability, not being enough so that the number of parasite species

collected would reach representativeness, after collecting the samples (Figure 5).
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Figure 4. Diversity parameters for metazoan parasites in Eleotris pisonis in the Amazon

River, eastern Amazon region, Brazil, collected in 2020 and 2021. (Box plots show

medians, interquartile ranges, minimum-maximum ranges and outliers. Different letters

indicate differences between the medians according to Dunn's test (p < 0.001).
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Figure 5. Species accumulation curve for metazoan parasites in Eleotris pisonis in the

Amazon River, state of Amapa, Brazil, collected in 2020 and 2021.

Hill's diversity profile demonstrated that parasite species richness was similar
between 2020 and 2021 (0 on the g scale). However, the Shannon-Weaver index (1 on
the g scale) was higher in 2021, suggesting that the increased importance of common
species influenced the differences detected by the diversity index between years. The
Simpson index (2 on the q scale) showed greater dominance in 2021. These results
suggest that species richness was similar between the years, but the other indices that use
abundance values showed that there was greater diversity in 2021 than in 2020 (Figure
6).
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Figure 6. Hill diversity profile for diversity of parasites in Eleotris pisonis in 2020 and
2021. On the horizontal axis (left) rare species become more important, while towards
the opposite side (right) there is more evenness of proportions. Some indices can be
observed on the horizontal axis: 0 = species richness; 1 = Shannon index; 2 = Simpson's

index; Inf = Berger-Parker index.
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Seasonal variation of metazoan parasites

The fish collected in the rainy season had a mean length of 8.3 £ 1.7 cm, and those
collected in the dry season had a mean length of 7.1 £ 1.5 cm, which was a significant
difference (t = 4.9091, p < 0.0001) between these seasonal periods. The fish collected in
the rainy season weighed 10.1 + 6.7 g, while those collected in the dry season weighed
5.5 + 4.0 g, which was also a significant difference (U = 1751.50; p < 0.0001) between
these seasonal periods. The relative condition factor of the hosts collected in the rainy
season (Kn = 1.18 £ 1.58) and in the dry season (Kn = 1.07 + 0.85) were significantly
different (U = 2477.00; p = 0.002).

Totals of 495 parasites were collected in the rainy season and 383 in the dry
season. In both the rainy and the dry season, hosts were predominantly infected by one
parasite species (Figure 7). In the rainy season, 80.6% of the fish were parasitized; while
in the dry season, 85.5% of the fish were parasitized. Contracaecum sp. was the dominant
species in both seasonal periods. There was higher prevalence and abundance of G.
genarchella in the dry season, while Ergasilus sp. had higher prevalence in the rainy
season. The other species did not show any significant differences between seasonal
periods (Table 5).
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Figure 7. Species richness of metazoan parasites in Eleotris pisonis in the Amazon River

during the rainy and dry seasons.
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Table 5. Metazoan parasites in Eleotris pisonis in the Amazon River, eastern Amazon region, Brazil, collected during the rainy and dry seasons.

Rainy (n = 88) Dry (n = 76)
Parasite species Infection sites P (%) MA £ SD TNP P (%) MA + SD TNP a U
Contracaecum sp. (larvae) Intestine, stomach abdominal cavity = 69.3 3.6x+6.6 323 64.4 2.6 £3.7 203 0.43 3181.5
and liver
Pseudoproleptus sp. (larvae) Intestine 0 0 0 1.3 0.01+0.1 1 - -
Spirocamallanus inopinatus ~ Abdominal cavity 0 0 0 1.3 0.01+0.1 1 - -
Genarchella genarchella Pharynx, intestine, stomach, 31.8 1.3+238 119 63.1 23+34 181 17.6**  2354.5**
abdominal cavity and cecum pyloric
Neoechinorhynchus sp. Intestine and stomach 3.4 0.05+0.2 4 0 0 0 - -
Acarina gen. sp. Gills 1.1 0519 1 0 0 0 - -
Ergasilus sp. Gills 22.7 0.01+0.1 48 10.5 0.1+0.3 9 5.9* 2912.0

P: prevalence; MA: mean abundance; SD: standard deviation; TNP: total number of parasites; 2 chi-square test; U: Mann-Whitney test; *p < 0.05; **p < 0.00
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Axes 1 and 2 of the PCoA results (Figure 8) were responsible for 94.3% of the
total variation in the composition of parasite abundance in the rainy and dry seasons.
Despite the overlap due to sharing of some species, the PCoA showed that there were
significant differences (PERMANOVA: F = 6.6655; p < 0.003) in the parasite
infracommunities between the seasonal periods, mainly influenced by variations in the
abundance of G. genarchella (R? = 0.7782; p < 0.001), larvae of Contracaecum sp. (R? =
0.6065; p < 0.001) and Ergasilus sp. (R? = 0.1533; p < 0.001) (Figure 8).
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Figure 8. Principal coordinate analysis (PCoA) using a Bray-Curtis distance matrix for
communities of metazoan parasites of Eleotris pisonis in the Amazon River, eastern
Amazon region, Brazil, during the rainy and dry seasons. The percentage of the variation
explained by the principal coordinates plotted is indicated on the axes.

Parasite species richness (x° = 0.8869, p = 0.346), Brillouin diversity index (y* =
-1.27, p = 0.203), evenness (x> = -1.76, p = 0.0778) and Berger-Parker dominance (y? =
0.424, p = 0.672) did not show any significant differences between seasonal periods
(Figure 9). The parasite species accumulation curve did not show any differences in
species richness between the seasonal periods. This showed that the representativeness of
the species collected, regarding parasite richness, was not affected by the sampling effort
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between the seasonal periods, given that the two curves tended towards stability (Figure
10).
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Figure 9. Diversity parameters of metazoan parasites in Eleotris pisonis in the Amazon
River, eastern Amazon region, Brazil, during the rainy and dry seasons. (Box plots
represent medians, interquartile ranges, minimum-maximum ranges and outliers).
Different letters indicate differences between the medians according to Dunn's test (p <
0.001)
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Figure 10. Species accumulation curve for metazoan parasites in Eleotris pisonis in the

Amazon River, eastern Amazon region, Brazil, during the rainy and dry seasons.

Hill's diversity profile showed that parasite species richness did not differ between
the seasons (rainy and dry) (0 on the g scale). However, the Shannon-Weaver index (1 on
the g scale) for the dry season was slightly higher, suggesting that the increased
importance of common species influenced the differences detected by the diversity index
between seasonal periods. On the other hand, the Simpson index (2 on the g scale) for
dominance was higher in the rainy season. These results suggest that species richness was
also similar between seasonal periods. However, the other indices that use abundance

values alternated between seasonal periods (Figure 11).
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Figure 11. Hill diversity profile for parasite diversity in the rainy and dry seasons in
Eleotris pisonis. On the horizontal axis (left), rare species become more important, while
on the opposite side (right) there is more evenness of proportions. Some indices can be
observed on the horizontal axis: 0 = species richness; 1 = Shannon index; 2 = Simpson's

index; Inf = Berger-Parker index.

Discussion
Component communities of metazoan parasites

The component community of metazoan parasites in E. pisonis in the Amazon
River comprised three species of Nematoda, one Digenea, one Acanthocephala, one
Crustacea and one Arachnida. However, in E. pisonis collected from the Guadeloupe
islands in the Caribbean, only Cucullanus caballeroi Petter, 1976, was found (Petter et
al., 1977); in hosts from the mouth of Keelung River, Taiwan, the acanthocephalans
Brentisentis uncinus Leotta et al., 1982 and Gorgorhynchus satoi Morisita, 1937, were
found (Leotta et al., 1982); and in E. pisonis in the Matapi River, a tributary of the
Amazon River, no crustacean parasite was found (Neves & Tavares-Dias, 2019). These
differences in the component communities and richness of host species can be attributed

to differences in the environment, diet, seasonal period and sampling effort. Regarding
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sampling effort, the number of specimens of E. pisonis sampled in the present study was
higher than in the previous studies cited above. In addition, new records of metazoan
parasites for E. pisonis are reported in the present study.

The presence of these endoparasites in E. pisonis may be related to its carnivorous
feeding habit (Froese & Pauly, 2023), since infections by endoparasites have mainly been
related to the diet of the host fish (Oliveira et al., 2017; Negreiros et al., 2019a,b; Lima et
al., 2021, 2022, 2023). However, infection by the ectoparasite Ergasilus sp. may be
related to the specificity of the parasite and the reproductive period, as observed in
Colomesus asellus Thatcher & Boeger, 1983, from the Méa River, in the eastern Brazilian
Amazon region (Virgilio et al., 2021) and from the Amazon River (Lima et al., 2023).
Infections by mites may be associated with environmental conditions, host stress levels
and accidental infections in the environment (Olmeda et al., 2011; Lizama et al., 2013).

Highly aggregated dispersion patterns were found for Contracaecum sp., G.
genarchella and Ergasilus sp. in E. pisonis. These distribution patterns are common
among freshwater fish species living in different natural environments (Tavares-Dias &
Neves, 2017; Oliveira et al., 2017; Neves et al., 2021). Aggregated dispersion has been
linked to the genetic variability of the host population, decreased interspecific
competition between parasites, decreased damage to the host and environmental factors
(Poulin, 2011; Tavares-Dias & Oliveira, 2017).

The presence of larvae of Contracaecum sp. and Pseudoproleptus sp. was an
indication that E. pisonis is an intermediate host due to its carnivorous feeding habit
(Bartolette et al., 2018; Froese & Pauly, 2023). Shrimps, gastropods and crabs were found
in the stomach of E. pisonis (personal observation), thus indicating that this host occupies
a superior position in the food web. Larvae of Contracaecum sp. were the dominant
species, presenting a higher level of infection than that of other nematodes such as
Pseudoproleptus sp. and S. inopinatus. Infection by Contracaecum sp. was also reported
in Pimelodus ornatus Kner, 1958 (Lima et al., 2021, 2022) and C. asellus (Lima et al.,
2023), collected in the same study area from which the specimens of E. pisonis were
collected. However, there have been reports of occurrence of Contracaecum sp. in other
species of Amazonian fish such as Hemibrycon surinamensis Géry, 1962 (Hoshino et al.,
2014), Metynnis lippincottianus Cope, 1879 (Hoshino & Tavares-Dias, 2014), Astronotus
ocellatus Agassiz, 1831 (Tavares-Dias & Neves, 2017) and Astronotus crassipinnis
Heckel, 1840 (Santos et al., 2018).
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Spirocamalanus inopinatus is a nematode with wide geographic distribution and
with records in different fish species in Brazil (Neves et al., 2020), but the present study
provided the first record of this nematode in E. pisonis. However, the infection levels in
E. pisonis were low in comparison with those reported in Pimelodus blochii Valenciennes
1840 in the laco and Acre Rivers (Negreiros et al., 2018, 2019b), Pimelodus maculatus
Lacepéde, 1803, in the Guandu River (Albuquerque et al., 2008) and P. ornatus in the
Amazon River (Lima et al., 2021). These findings demonstrate that S. inopinatus is a
common nematode in Amazonian fish, but with low levels of infection in E. pisonis.

Larvae of Pseudoproleptus sp. were found in E. pisonis, and this paratenic
nematode has also been well documented in several species of Amazonian fish (Melo et
al., 2011; Tavares-Dias et al., 2014; Oliveira et al., 2018; De Souza et al., 2020) and in
the Amazonian shrimp (Macrobrachium amazonicum Heller, 1862) and some aquatic
insects that are used as intermediate hosts (Moravec & Santos, 2009). However, some
fish species are used as definitive hosts for this nematode, such as Hoplias malabaricus
Bloch, 1794, which feeds on the cichlids Satanoperca jurupari Heckel, 1840, and
Aequidens tetramerus Heckel, 1840. In turn, these are intermediate hosts for the larvae of
Pseudoproleptus sp. (Melo et al., 2011). This pattern can also be found in E. pisonis,
given that we found an individual of E. pisonis feeding on another specimen of this
species. Occurrence of cannibalism among E. pisonis has previously been documented
for this species, with low occurrence (0.6%) (Perrone & Vieira, 1991). Nonetheless, the
possibility that E. pisonis also occupies higher levels in the food web due to its infrequent
cannibalistic habit cannot be ruled out.

In E. pisonis, the presence of G. genarchella and Neoechinorhynchus sp.
indicated that this fish is a definitive host for these endoparasites (Cardoso et al., 2017;
Ferrari-Hoeinghaus et al., 2007). Mites presented low levels of infection in the gills of E.
pisonis in the Amazon River, but have been widely found on a variety of vertebrates,
including fish and piscivorous birds (Lizama et al., 2013). In Amazonian fish, mite
infection has been reported in Colossoma macropomum Cuvier, 1816 (Gongalves et al.,
2018), Brachyplatystoma vaillantii Valenciennes, 1840 (Brito-Junior & Tavares-Dias,
2021) and Hemiodus unimaculatus Bloch, 1794 (Almeida et al., 2021).

Ergasilus sp. are generally ectoparasites with a certain degree of host specificity.
Their level of occurrence in E. pisonis was lower than that of C. asellus (Lima et al.,
2023). Ergasilid species have wide distribution in the Amazon River system, with
occurrence in several Amazonian fish species (Thatcher & Boeger, 1983; VVasconcelos &
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Tavares-Dias, 2016; Borges et al., 2018; Sousa et al., 2019; Lima et al., 2023); however,
it was recorded for the first time in E. pisonis in the present study.
Annual variation in communities and infracommunities of metazoan parasites

The specimens of E. pisonis collected in 2020 were larger and heavier, and had a
better relative condition factor than those collected in 2021. Despite these differences in
E. pisonis populations, five species of parasites were found in both years, with
predominance of larvae of Contracaecum sp. This may have been related to the low
specificity and high reproductive and infection rates of this generalist nematode (Neves
et al., 2013). Although the body size of the hosts is one of the determining factors for the
diversity, richness and abundance of parasites (Marcogliese et al., 2016; Baia et al., 2018),
such differences in E. pisonis may also be related to the spawning peaks of this host fish
species after the Amazonian floods. These factors would cause a difference in diet
between juveniles and adults, and would show that sexual maturation is likely to be a
factor influencing the trophic ontogeny of the species. This would cause a decrease in
intraspecific competition (Perrone & Vieira, 1991), thus generating better feeding and
reproduction conditions.

Species richness of parasites and Brillouin's diversity were higher in 2021. Similar
findings were reported for P. ornatus and C. asellus collected from the Amazon River in
2020 and 2021(Lima et al., 2022, 2023). Such differences may have been influenced by
variations in physicochemical characteristics of these environments.

For E. pisonis, the differences in the parasite infracommunities between the years
2020 and 2021 indicated in the PCoA were mainly due to the abundance of Contracaecum
sp., G. genarchella and Ergasilus sp. Similar results were reported by Lima et al. (2023)
in C. asellus collected from the Amazon River. This indicates that such differences may
be related to the availability of intermediate hosts of the endoparasites in the environment,
and to the reproductive period of the ergasilids (Villalba-Vasquez et al., 2018; Hoshino
& Tavares-Dias, 2019; Lima et al., 2022, 2023). In addition, the levels of G. genarchella
infection were higher in 2021, and this variation may have been more related to seasonal
variation than to any influence of the availability of infective stages of these digeneans in
the environment. In P. ornatus (Lima et al., 2022) and C. asellus (Lima et al., 2023) in
the Amazon River, short-term annual variations in parasite communities and
infracommunities have also been correlated with the seasonal cycle (rainy/dry),
availability of infectious stages, changes to the parasite species recruitment process, urban
eutrophication and host body size.
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Genarchella genarchella and larvae of Contracaecum sp. were present in both of
the years studied, thus indicating that contact between E. pisonis and the infective forms
of these endoparasites did not vary between these two years. Similar findings were
reported by Hoshino et al. (2014) in H. surinamensis collected from a tributary of the
Amazon River, in which the levels of infection by G. genarchella and larvae of
Contracaecum sp. were stable among the years studied, as also were the levels in C.
asellus in the Amazon River (Lima et al., 2023).

In E. pisonis, infestations by Ergasilus sp. were observed in both years of the
present study. In C. asellus, infestation by E. colomesus also occurred in both years
studied, due to segregation of the hosts by size for feeding (Lima et al., 2023). The
absence of segregation by size for feeding and reproduction among E. pisonis may have
facilitated encounters with these ergasilids during the years studied, and may have
facilitated their attachment to the hosts’ gills for reproduction (Williams & Bunkley-
Williams, 2019).

Mites were observed on the gills of E. pisonis only in 2020. These parasites are
usually found on the gills, integuments and digestive tracts of their host fish (Olmeda et
al., 2011; Lizama et al., 2013). However, some authors have considered them to be
unusual parasites in fish, and others have taken the view that mites are not fish parasites,
since the habitats and behavior of fish do not contribute to the infestations found (Olmeda
etal., 2011; Lizama et al., 2013; Brito-Junior & Tavares-Dias, 2021). However, mites can
proliferate and infect weak or stressed fish, under certain environmental conditions,
thereby causing serious damage to the host. In fish in Australia, Europe and North
America, some genera of mites have been isolated and correlated with high host mortality
(Olmeda et al., 2011; Lizama et al., 2013).

Seasonal variation of communities and infracommunities of metazoan parasites

Specimens of E. pisonis collected in the rainy season were larger and heavier and
thus presented a better relative condition factor. This result indicated that the fish were
feeding better during this seasonal period and/or were in the reproductive period, as
indicated by some individuals in which mature gonads were found. Such observations
were also reported by Perrone & Vieira (1990) in E. pisonis collected from the estuarine
region of the Jucu River, in the State of Espirito Santo, Brazil, where females with mature
ovaries occurred frequently from February to June and, specifically, soon after the river
flood peak. This result emphasized in rivers, such that changes in water volume caused
by seasonal changes directly affected the existing community, influencing changes
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mainly with regard to the feeding, reproduction and sizes of fish populations (Lowe-
McConnell, 1967). In the Amazon basin, the rainy and dry seasons generally influence
the communities of invertebrates and fish that serve as food for many carnivorous fish
such as E. pisonis. In the rainy season, there is greater diversity of the zooplankton and
other invertebrates that form part of the diet of these fish, thus improving their body
condition (Gongalves et al., 2016; Tavares-Dias et al., 2014).

Populations of E. pisonis do not show spatial segregation between adults and
juveniles. However, there is a difference in feeding habits between juveniles and adults,
caused by sexual maturation, which influences the trophic ontogeny of this species
(Perrone & Vieira, 1990). Thus, adult individuals (larger and heavier) reproduce during
the rainy season, while occupying the same space as young individuals, at a time when
conditions for development are better. Spawning peaks occurred in the dry season, at a
time when young individuals (smaller and less heavy) with less favorable feeding
conditions are found. This corroborated the fact that smaller and less heavy individuals
were found in the dry season.

In E. pisonis, parasite species richness (five species in each seasonal period),
diversity, evenness and Berger-Parker dominance index did not differ between seasonal
periods. In addition, Contracaecum sp. was the dominant species in both seasonal periods.
Similar results were reported in relation to P. blochii in the Acre River, where these
diversity parameters were not influenced by seasonality (Cavalcante et al., 2020).
However, mites and Neoechinorhynchus sp. occurred only in the rainy season, while
Pseudoproleptus sp. and S. inopinatus occurred only during the dry season. Among the
possible influences on the seasonal pattern found in our data, the absence of a spatial
seasonal segregation pattern (Perrone & Vieira, 1990) and the abundance of hosts in both
seasons can be cited.

The PCoA showed seasonal differences in the infracommunities of Contracaecum
sp., G. genarchella and Ergasilus sp. in E. pisonis. The period of intense rainfall (rainy
season) and the less rainy period (dry season) in the Amazon region are well defined.
These seasonal variations may be responsible for variations in parasite species
recruitment, food availability for hosts and, consequently, infective stages in the
environment (Neves et al., 2013; Gongalves et al., 2016; Hoshino & Tavares-Dias, 2020).
They may also influence the reproductive period of Amazonian fish (Cavalcante et al.,
2020). These variations can alter the habitats of fish populations and water velocity, thus
increasing the stress levels among host fish and their susceptibility to parasitic infections
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and, consequently, altering the structure of parasite communities and infracommunities
in fish host populations (Gongalves et al., 2016).

In E. pisonis, G. genarchella was found in both seasonal periods, but the highest
levels of infection were observed in the dry season. The infective stages of this digenean
are present during both seasonal periods (rainy and dry), but more frequently in the dry
season. In C. asellus in the Amazon River, G. genarchella infection also occurred in both
seasons (Lima et al., 2023). In contrast, for P. ornatus in the Amazon River, infection by
this digenean only occurred in the rainy season (Lima et al., 2022), when the chances of
host fish encountering the infective stages of this digenean are greater.

In E. pisonis, the presence of Ergasilus sp. was observed only in the rainy season,
as also were Telotha henselli Von Martens, 1869, in P. ornatus (Lima et al., 2022) and
Argulus pestifer Ringuelet, 1948, in C. asellus (Lima et al., 2023). On the other hand, in
C. asellus, infestation by E. colomesus occurred in both seasons, but with higher levels
occurring in the dry season. Females of the genus Ergasilus attach themselves to the gills
and remain there until their eggs are mature, after which they detach from their hosts and
release the eggs into the environment (Williams & Bunkley-Williams, 2019). Our results
indicate, therefore, that the ergasilid species found in E. pisonis in the Amazon River
presents higher reproduction levels during the rainy season.

Conclusions

About 59.1% of the parasites were larvae, thus indicating that E. pisonis is an
intermediate or paratenic host. Our results, based on sampling over two years and in both
seasons (rainy and dry), indicated that the parasites differed between the years and
seasons regarding the diversity of some infracommunities. The little effects of annual and
seasonal variations on the diversity and levels of infection were related to variations in
rainfall levels and, consequently, to the availability of infective stages of parasites with
direct and indirect life cycles and changes in the recruitment of parasite species in the
environment caused by seasonality. Hence, the results do not corroborate the hypothesis
that seasonal cycle (rainy/dry) would not influence the communities of parasites.
Furthermore, this study was the first to investigate the effects of annual and seasonal
variations of metazoan parasites on E. pisonis. Consequently, this study provides the first
record of occurrences of larvae of Contracaecum sp. and Pseudoproleptus sp., and adult
individuals of S. inopinatus, G. genarchella, Neoechinorhynchus sp., mites and Ergasilus

sp., in E. pisonis.
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Abstract

Our hypothesis is that annual and seasonal variations influence the structure of component
communities and diversity of metazoan parasites from Colomesus asellus from the Amazon
River. A total of 107 fish were collected during 2020 and 2021; and 932 metazoan parasites
were recovered. In 2020, four species of parasites were found (one Nematoda, two Digenea and
one Crustacea); and in 2021, five species (one Nematoda, one Digenea, one Acanthocephala
and two Crustacea were recorded). Ergasilus colomesus was the most dominant throughout the
study. Species richness and Brillouin diversity index were higher in 2021 and in the dry season.
Some parasite component communities showed differences between years and between
seasonal periods. The structure of parasite communities was mainly influenced by rainfall
levels, seasonal availability of infective stages in the environment, and body size of the fish
host. These facts corroborate the hypothesis that such variables could influence the component
communities of parasites. Lastly, this is the first record of Contracaecum sp., Genarchella

genarchella, Clinostomum marginatum, Brasacanthus sp. and Argulus pestifer in C. asellus.

Keywords: Aggregation, Amazon, freshwater fish, infection, parasites, seasonality, Amazon
puffer.

Introduction

Fish parasites are important components of biodiversity as they can provide information
about environments (e.g. water quality) and influence the productivity and structure of the food
web of an ecosystem, Parasites affect growth, reproduction and survival of host populations
(Baia et al., 2018; Negreiros et al., 2019; Lehun et al., 2022). Therefore, studies on fish parasite
infracommunities (all parasites from all species in one host individual) and component
community (all parasites from all species in all hosts) enrich the knowledge about parasite-host-
environment relationships and the strategies used by different parasite species (Lehun et al.,
2022). Parasite diversity and infection patterns in wild Amazonian fish populations have been
associated with several ecological features such as host diet, environmental characteristics, the
existence of infective stages in the ecosystem, and temporal and seasonal variations (Hoshino
& Tavares-Dias, 2019; Hoshino & Tavares-Dias, 2020; Negreiros et al., 2019; Lehun et al.,
2022). These fish populations may harbor ecto- and endoparasites from different taxa. With
different life cycles that may be related to the behavior and diet of the host. Thus, species that
occupy different ecological niches are exposed to different parasites, potentially resulting in
different patterns of infection (Tavares-Dias et al., 2014; Tavares-Dias, 2017; Baia et al., 2018;
Cavalcante et al., 2020). These studies show that rainy and dry seasons may influence host

behavior, as well as the diversity of parasites and invertebrates in the ecosystem. Therefore,
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identifying the factors influencing the structure of parasite communities is fundamental to the
thorough understanding of the parasite ecology of fish host.

Temporal variations in the structure of parasite communities may be related to the
abiotic and biotic factors of the local environment. The few studies published regarding parasite
communities of wild freshwater fish from the Amazon have indicated that these communities
may these communitites may show stable structures over time (Hoshino & Tavares-Dias, 2019;
Negreiros et al., 2019; Hoshino & Tavares-Dias, 2020).

The eastern Amazon region has tropical climate influenced by of the Amazon rainforest.
In this region, the rainy season generally occurs from December to May and the dry one from
June to November (Souza & Cunha, 2010). These variations in rainfall levels influence fish
populations and, consequently, their communities and parasites, due to fluctuations in the
hydrodynamics and physicochemical characteristics of the aquatic ecosystems. Several studies
have shown fluctuations on parasite diversity, richness and infection patterns according to
seasonal variations (rainy and dry cycles) in regard to parasite communities of wild Amazonian
fish (Neves, et al., 2013; Tavares-Dias et al., 2014; Gongalves et al., 2016; Carvalho & Tavares-
Dias, 2017; Negreiros et al., 2018; Hoshino & Tavares-Dias, 2019; Hoshino & Tavares-Dias,
2020). However, information on the effects of seasonality in the dynamics of parasitic infection
in tropical fish populations is scarce (Gongalves et al., 2016; Hoshino & Tavares-Dias, 2020;
Negreiros et al., 2019; Violante-Gonzalez et al., 2009). It is well illustrated by the fact that
temporal and seasonal variations in the community of metazoan parasites of the Amazon puffer
Colomesus asellus Muller & Troschel, 1849, have never been investigated.

Colomesus asellus is a freshwater fish belonging to the family Tetraodontidae that is
found in the basins of Amazon River, from Peru to the island of Marajo, and in Tocantins River,
including tributaries of Araguaia, Guaporé, Orinoco and Essequibo (Bartolette et al., 2018;
Froese & Pauly, 2023). It inhabits freshwater and coastal streams, but also tolerates brackish
environments (Smith, 1997). This fish feeds on mollusks, copepods and cladocerans
microcrustaceans, among other aquatic invertebrates, small fish and plants (Santos et al., 2004;
Torrente-Vilara et al., 2013; Bartolette et al., 2018). Its total reproductive period occur at the
beginning of the flood period, but there are reports of fish showing reproductive activity in the
ebb tide period in July (Torrente-Vilara et al., 2013). The hypothesis of the present study is that
temporal and seasonal variations can influence the parasite communities of C. asellus in the

Brazilian Amazon.

Materials and methods

Study area
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From January 2020 to November 2021, a total of 107 specimens of C. asellus [7.5 + 3.1
cm (2.3-13.4 cm), and 21.7 + 21.4 g (1.0-81.2 g)] were collected from the Amazon River, near
the island of Santana, in the municipality of Santana, in the state of Amapa, northern Brazil
(Fig. 1). In bimonthly sampling (at least 15 fish every two months, but we don't always get it),
fish were caught using gill nets of different sizes and meshes (15, 20, 25, 30 and 35 mm), cast
nets (20 mm mesh) and hand lines. Hosts were then euthanized through sectioning the medulla,
preserved in formalin (10%), and transported to the Aquaculture and Fisheries Laboratory of

Embrapa Amapa, Macap4, Brazil, for analysis of their parasites.

Brazil

0.00°

Vila Nova River,

0.10°8

Legend

=== Collection area
I Hydrography
[ State of Amapa
[ Brazil

[ South America

T
51.20°W S51L.10°W

Fig.1 Collection area for Colomesus asellus in the Amazon River, in the state of Amap4, in the

eastern Amazon region, Brazil.

At the fish sampling sites, the water quality parameters of electrical conductivity, pH
and total dissolved solids were measured using a multiparameter meter (Akso, model Combo5-
02-1016). Dissolved oxygen levels and water temperature were measured using an oximeter
(Instrutherm, model MO-900). Rainfall data in the region were obtained from the
Hydrometeorology and Renewable Energy Center (NHMET) of the Institute of Scientific and
Technological Research of the state of Amapa (IEPA) (Table 1).
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Parasite collection and processing

In the laboratory, the fish were weighed (g), their total lengths were measured (cm), and
they were necropsied to collect metazoan parasites. Their mouths, opercular cavities, gills and
fins were analyzed for ectoparasites. Internal organs such as the gastrointestinal tract and
viscera were examined for endoparasites with the aid of a stereomicroscope. The parasites
found were preserved in 70% ethanol for preparation of permanent slides (Eiras et al., 2006).
Voucher specimens were deposited at IEPA, Macapa, AP, Brazil, in the Scientific Collection

Curation Office for the Fauna of Amapa, under IEPA accession numbers 165P-170P.

Table 1. Physicochemical parameters of water from the Amazon River, in the eastern Amazon

region, Brazil, during the periods of collection of Colomesus asellus.

Test

Parameters 2020 2021 t U
Rainfall (mm) 195.7 +119.5 231.5+153.2 -0.8197 -
Temperature (°C) 29.0+£1.0 29.1+1.1 0.0284 -
Dissolved oxygen (mg/L) 58+0.2 42+18 2.2699 -
pH 71+0.2 6.8+0.3 2.4242* -
Total dissolved solids 56.8 £10.7 107 + 60.7 - 2.0*
(mg/L)
Electric conductivity 904 +122 148.1 +111.4 - 10.5
(uS/cm)

Rainy season Dry season
Rainfall (mm) 311.5+106.7 131.0+116.3 3.9908** -
Temperature (°C) 28.3+£0.3 30.0£05 6.8690** -
Dissolved oxygen (mg/L) 52+0.8 46+212 0.4952 -
pH 6.9+0.2 6.9+0.3 -0.2389 -
Total dissolved solids 726 +£34.6 914 +62.5 - 16.00
(mg/L)
Electric conductivity 98.8+£61.4 139.6 £ 98.7 - 15.50

(uS/cm)

t: ttest; U: Mann- Whitney test; *p < 0.05; **p < 0.001
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Data analysis

Parasite indices such as prevalence and mean abundance of parasites at the
infrapopulation level were calculated (Bush et al., 1997). Poulin discrepancy index (D) (Poulin,
1993) were calculated with d-statistics using Quantitative Parasitology 3.0 software (Reiczigel
etal., 2019). These parameters were calculated for species with prevalence > 10% (Bush, 1990).
To describe the parasite community, the species richness, Brillouin diversity index (HB),
evenness (E) and Berger-Parker dominance index (d) were calculated at the infracommunity
level using PAST software (Hammer et al., 2001). These analyzes were carried out with the
objective of evaluating the dynamics and structure of the infracommunities parasites,
examining their relationship with annual variations and seasonal and the diversity of the
respective infracommunities parasites. The obtained parasite indices were used to evaluate the
descriptors ecological. The descriptors used in the data analysis were divided here into groups
according to their purpose: measures of diversity, dominance, similarity and dispersion
(Magurran, 1988). The Spearman correlation coefficient (rs) was used to evaluate possible
correlations between host body length and weight with parasite abundance, species richness
and diversity (Zar 2010).

The total length (cm) and weight (g) of fish were used to determine the relative condition
factor (Kn) (Le Cren, 1951) in the years 2020 and 2021 during both rainy and dry seasons. The
Shapiro-Wilk and Bartlett tests were used to determine if data on length, weight, relative
condition factor, prevalence, abundance, species richness, evenness (E), Brillouin diversity
index (HB) and Berger-Parker dominance index (d) followed a normal distribution pattern and
if there was homoscedasticity among groups. To verify possible differences in the prevalence
of parasites between the years 2020 and 2021 and between the seasonal periods (rainy and dry),
the chi-square test (¥?) with Yates’s correction was used. To investigate any differences in the
abundance of parasites, length, weight and Kn, the Mann-Whitney test (U) was used (Zar,
2010). T-test was used to evaluate differences in length, weight and Kn of hosts according to
year and season. To estimate any differences in the diversity indices (species richness, E, HB
and d) of metazoan parasites between 2020 and 2021 and seasonal periods, the Kruskal-Wallis
test was used, followed by the Dunn test. These analyses were performed in the R software (R
CoreTeam, 2021).

Variance analysis of permutation (PERMANOVA) was used to detect any differences
in the parasite community between the years 2020 and 2021 and the rainy and dry seasons.
Abundance data, as well as yearly and seasonal data, used as separate factors to evaluate

similarity between the parasitic communities, were adjusted to fit within the ordering of
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principal coordinate analysis (PCoA) based on Bray-Curtis distance, using the envfit function
of the vegan package (Oksanen et al., 2020); and p-values were calculated using the permutation
test (number of permutations = 999) in the R software. To analyze how differences in sampling
effort can influence the results, we plotted a species accumulation curve (observed and
expected) for the years 2020 and 2021 and for the rainy and dry seasons. These analyses were
performed using the R software, version 4.2.2, using the vegan package (Oksanen et al., 2020).
Results
Parasite component community

Colomesus asellus was found to be parasitized by Nematoda, Digenea, Ergasilidae,
Acanthocephala and Crustacea. The dominant species was the ergasilid E. colomesus. No
parasites was found in the mouths or fins of the hosts (Table 2). The community of parasites
showed low species richness, low HB and predominance of ectoparasites (Table 2). Only
Contraecum sp. Railliet & Henry, 1912 and E. Colomesus Thatcher & Boeger, 1983 were
prevalent above 10%, and they were analyzed separately. Hosts were predominantly infected
by just one species of parasite. Larvae of Contracaecum sp. (d= 5.5 and D= 0.83) showed an
aggregated distribution pattern, whereas of E. colomesus (d=-14.5 and D= 0.19) had a uniform
pattern.

Species richness (rs = 0.23, p = 0.01 and rs = 0.23, p = 0.01), Brillouin diversity (rs =
0.19, p=0.04 and rs = 0.19, p = 0.04), abundance of Contracaecum sp. (rs = 0.38, p = 0.0001
and rs = 0.37, p = 0.0001) and abundance of E. colomesus (rs = 0.40; p = 0.0001 and rs = 0.40,
p = 0.0001) showed a weak and significant positive correlation with host length and weight,
respectively.
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Table 2. Metazoan parasites of Colomesus asellus from the Amazon River, in the eastern Amazon region,

Brazil.

Parasite species P (%) MA = SD MI + SD TNP FD (%) SI
Nematoda

Contracaecum sp. (larvae) 7.5 02+1.1 25+35 20 2.1 Intestine
Contracaecum sp. (larvae) 13.1 0.2+£0.9 19+19 26 2.8 Stomach
Contracaecum sp. (larvae) 3.7 02+£1.2 43+5.2 17 1.8 Abdominal cavity
Digenea

Genarchella genarchella 0.9 0.01+0.1 1+0 1 0.1 Pharynx
Genarchella genarchella 3.7 04+29 11+11.7 44 4.7 Intestine
Genarchella genarchella 0.9 0.01+0.1 1+0 1 0.1 Stomach
Genarchella genarchella 0.9 0.01+0.1 1+0 1 0.1 Abdominal cavity
Clinostomum marginatum 0.9 0.01+0.1 1+£0 1 0.1 Stomach
Acanthocephala

Brasacanthus sp. 1.9 0.02+0.1 1+£0 2 0.2 Pharynx
Brasacanthus sp. 2.8 0.1+09 50x26 15 1.6 Intestine
Brasacanthus sp. 4.7 0.7+5.0 148+20.1 74 7.9 Stomach
Brasacanthus sp. 0.9 0.01+0.1 1.0£0 0 0.1 Abdominal cavity
Crustacea

Argulus pestifer 0.9 0.01+0.1 1.0£0 1 0.1 Gills
Ergasilus colomesus 80.4 6.8 +13.8 8515 728 78.1 Gills
Number of fish examined 107

Total number of parasites 932

Total prevalence (%) of 82.2

parasites

Percentage of 66.6

endoparasites (%)

Percentage of ectoparasites 33.3

(%)

Percentage of larvae 6.7

Species richness of 13%09

parasites

Brillouin diversity index 0.1+£0.2

Evenness 08x+04

P: prevalence; MA: mean abundance; MI: mean intensity; TNP: total number of parasites; FD: frequency of

dominance; Sl: site of infection; SD: standard deviation.
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Annual variations in the parasite community

The fish host collected in 2020 measured an average of 7.9 + 3.1 cm and those collected
in 2021 measured an average of 6.8 + 3.1 cm, showing no significant difference (U = 1046.5;
p = 0.058). The fish collected in 2020 weighed an average of 24.4 + 21.3 g and those collected
in 2021 weighed an average of 17.1 + 20.8 g, showing significant difference (U = 998.5; p =
0.02). The relative condition factors (Kn) of the hosts collected in 2020 (Kn =0.96 + 0.23) and
2021 (Kn =0.86 + 0.62) were not significantly different (U = 1133.0; p = 0.49).

Among the hosts examined, a total of 485 parasites were collected in 2020, while 447
were collected in 2021. In both 2020 and 2021, hosts were predominantly infected by only one
species of parasite (Fig. 2). In 2020, the total prevalence of parasites was 74.6%, and in 2021 it
was 95%. In both years, E. colomesus was the most dominant parasite, with higher prevalence
in 2021. However, the prevalence of the other species was not different between the years
(Table 3).

40
- 02020 = 2021
35
30
25

20

Number of hosts

15

10

0 1 2 3 4
Species richness

Fig. 2 Species richness of metazoan parasites in Colomesus asellus from the Amazon River,

Brazil, during the two years of sample collection.
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Table 3. Metazoan parasites in Colomesus asellus from the Amazon River, in the eastern Amazon region, Brazil, collected over a two-year period.

2020 (n =67) 2021 (n = 40)
Parasite species Infection site P (%) MA +£SD TNP P(%) MAxSD TNP v U
Contracaecum sp. (larvae) Intestine, stomach 17.9 05+18 36 27.5 0.7+20 27 1.3 1216.0
and abdominal
cavity
Genarchella genarchella Pharynx, intestine, 6.0 0.7+37 45 2.5 0.05+0.3 2 0.6 1293.5
stomach and
abdominal cavity
Clinostomum marginatum Stomach 1.5 001+£01 1 0 0 0 - -
Brasacanthus sp. Pharynx, intestine, 0 0 0 22.5 2.3+8.3 92 - -
stomach and
abdominal cavity
Argulus pestifer Gills 0 0 0 2.5 0.03+£0.2 1 - -
Ergasilus colomesus Gills 73.1 6.0+£12.0 403 925 81165 325 4.7* 1136.0

P: prevalence; MA: mean abundance; SD: standard deviation; TNP: total number of parasites; y2: chi-square test; U: Mann-Whitney test; *p < 0.05; **p < 0.001
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Axes 1 and 2 of PCoA were shown to be responsible for 65.8% of the total variation of
the data in the composition of abundance in 2020 and 2021. Although PCoA showed
overlapping and sharing of species during these years, there was a significant difference
(PERMANOVA: F = 3.014, p = 0.034) in the parasite infracommunities, influenced mainly by
variation in the abundance of E. colomesus (R? = 0.451, p = 0.001), Contracaecum sp. (R? =
0.163, p = 0.001), Genarchella genarchella Travassos, Artigas & Pereira, 1928 (R 2= 0.087, p
= 0.015) and Brasacanthus sp. Thatcher, 2001 (R? = 0.072, p = 0.026) (Fig. 3).
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Fig. 3 Principal coordinate analysis (PCoA) using a Bray-Curtis distance matrix for
communities of metazoan parasites of Colomesus asellus from the Amazon River, in the state
of Amapa, Brazil, during 2020 and 2021. The percentage of the variation explained by the

plotted principal coordinates is indicated on the axes.

The richness of parasite species (y° = 19.186, p = 0.00001) and Brillouin diversity index
(x*=15.371, p=0.00008) were higher in 2021, but evenness (x> = 0.288, p = 0.591) and Berger-
Parker dominance (%~ = 0.006, p = 0.939) showed no difference between the years studied (Fig.
4). The species accumulation curve showed that the number of hosts collected was sufficient
for the parasite species collected to reach representativeness, because the curves for both years

showed a trend of stability (Fig. 5).
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Seasonal variations in the parasite community

Fish collected in the rainy season measured an average of 5.6 + 2.6 cm, and those
collected in the dry season measured an average of 9.9 + 2.1 cm, showing significant difference
(U = 344; p = 0.0001) between these seasonal periods. Fish collected in the rainy season
weighed 10.0 £ 12.9 g, while those collected in the dry season weighed 37.7 £ 20.3 g, which
also showed a significant difference (U = 297; p = 0.0001) between these seasonal periods. The
relative condition factors of the hosts collected during the rainy season (Kn =0.94 + 0.27) and
dry season (Kn = 1.00 + 0.04) did not show any significant difference (U =1178.0; p =0.17).

A total of 246 parasites were collected in the rainy season and 686 in the dry season. In
the rainy season, hosts were infected by one parasite species, while in the dry season, hosts
were infected by two parasite species (Fig. 6). In the rainy season, 69.3% of the fish were
parasitized; and in the dry season, 100% of the fish were parasitized. E. colomesus was
predominant in both seasonal periods. There was higher prevalence and abundance of E.
colomesus and Contracaecum sp. in the dry season, while the other species did not present
significant differences between the seasons (Table 4).

Axes 1 and 2 shown in the PCoA results (Fig. 7) were responsible for 68.2% of the total
variation in the composition of parasite abundance in the rainy and dry seasons. Despite the
overlap due to species sharing, PCoA showed that there were significant differences
(PERMANOVA: F =9.915; p = 0.001) in the parasite infracommunities between the seasonal
periods, influenced mainly by the variations in abundance of E. colomesus (R? = 0.5429; p =
0.001) and larvae of Contracaecum sp. (R? = 0.173; p = 0.002) (Fig. 7).
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Fig. 6 Species richness of metazoan parasites in Colomesus asellus from the Amazon River

during the rainy and dry seasons.

The richness of parasite species (y> = 25.791; p = 0.0000004) and Brillouin diversity
index (x> = 18.301; p = 0.00002) were higher in the dry season, while evenness (x*> = 0.175; p
= 0.676) and Berger-Parker dominance (y*> = 0.312; p = 0.577) did not show any significant
differences between the seasonal periods (Fig. 8). The curve of accumulation of parasite species
showed differences in species richness between the seasonal periods, while the
representativeness of the richness of parasite species collected was not affected by the sampling
effort between the seasonal periods, as the two curves showed a trend of stability (Fig. 9).
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Table 4. Metazoan parasites in Colomesus asellus from the Amazon River, in the eastern Amazon region, Brazil, collected during the rainy and dry seasons.

Rainy season (n = 62)

Dry season (n = 45)

Parasite species Site of infection P(%) MAxSD TNP P(%) MAxSD TNP A U
Contracaecum sp. (larvae) Intestine, stomach and 4.8 0.08+0.4 5 44.4 1.3+£27 58 21.9**  838.5**
abdominal cavity
Genarchella genarchella Pharynx, intestine, 1.6 0.02+0.1 1 8.9 1.0+45 46 3.0 1292.0
stomach and abdominal
cavity
Clinostomum marginatum Stomach 0 0 0 2.2 0.02+0.1 1 - -
Brasacanthus sp. Pharynx, intestine, 12.9 147 +6.8 91 2.2 0.02+0.1 1 3.8 12425
stomach and abdominal
cavity
Argulus pestifer Gills 1.6 0.02+0.1 1 0 0 0 - -
Ergasilus colomesus Gills 67.7 2.3%+35 148 97.8 128+194 580 13.0** 5455**

P: prevalence; MA: mean abundance; SD: standard deviation; TNP: total number of parasites; ¥ chi-square test; U: Mann-Whitney test; *p < 0.05; **p < 0.001
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represent medians, interquartile ranges, minimum-maximum ranges and outliers). Different

letters indicate differences between the medians according to Dunn's test (p < 0.001).
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Fig. 9 Species accumulation curve for metazoan parasites in Colomesus asellus from the
Amazon River, in the eastern Amazon region, Brazil, during the rainy and dry seasons.

Discussion

The community of metazoan parasites of C. asellus from the Amazon River was
represented by one species of Nematoda, two species of Digenea, one species of
Acanthocephala and two species of Crustacea. No monogenea was found in the gills of C.
asellus, similar to the study by Neves et al., (2020), indicating that there is probably no
Monogenea infestation or the occurrence is so low that it is not appearing in the samples.
Contracaecum sp., G. genarchella, Clinostomum marginatum Braun, 1899, Brasacanthus sp.
and Argulus pestifer Ringuelet, 1948, were new records for C. asellus. Comparatively, for
Colomesus psittacus Bloch & Schneider, 1801 from the Marajo and Tocantins River
archipelago, in the state of Para, Brazil, two species of Nematoda (Cucullanus marajoara and
Gnathostoma sp.) and one of Digenea (Rohdella amazonica) have been reported (Giese et al.,
2015; Pinheiro et al., 2017; Pinheiro et al., 2018). These differences probably be attributed to
differences in host species, an their diet composition, local environmental characteristics and
sampling period, considering that in the present study, the community of parasites in C. asellus
was investigated over a two-year period. The presence of these endoparasites (Nematoda,
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Digenea and Acanthocephala) may be related to the omnivorous feeding habits (mollusks,
copepods, cladocerans and other aquatic invertebrates) of C. psittacus and C. asellus (Froese
& Pauly, 2022), since endoparasite infection has been correlated with the diet of fish host, in
which prey items usually are intermediate hosts (Sabas & Brasil-Sato, 2014; Blasco-Costa &
Poulin, 2017; Oliveira et al., 2017; Tavares-Dias & Neves, 2017; Negreiros et al., 2019). In the
case of the ectoparasite E. colomesus, the infestation may be related to host specificity and to
the continuous reproductive period of this crustacean, as was reported in C. asellus from the
Mada River, in the eastern Amazon region of Brazil (Virgilio et al., 2021).

Larvae of Contracaecum sp. showed aggregated distribution within the population of
C. asellus, can be attributed to different factors such as host size, host density, factors that can
be influenced by environmental variations (Vasconcelos & Tavares-Dias, 2017). This is a
common pattern for parasites of several species of wild freshwater fish in different
environments (Oliveira et al., 2017; Tavares-Dias & Oliveira, 2017a; Neves et al., 2021; Lima
et al., 2021). Aggregated distribution of parasites may be, and associated to genetic variability
of host population, decreased interspecific competition between parasites, decreased host
damage, and variation in environmental factors (Poulin, 2013; Tavares-Dias & Oliveira, 2017;
Salgado-Maldonado et al., 2019). The distribution of E. colomesus was uniform. Although
uniform dispersion for parasites is less frequent in wild fish populations, this has also been
reported for Cosmetocleithrum striatuli Abdallah, Azevedo & Luque, 2012, Contracaecum sp.
and Neoechinorhynchus pterodoridis Thatcher, 1981 in osts from the Amazon (Goncalves et
al., 2018; Carvalho et al., 2020).

The presence of Contracaecum sp. larvae in C. asellus indicates that this fish is an
intermediate or paratenic in the local ecosystem, serving as prey for fish-eating birds and othes
larger carnivorous fish (Bartolette et al., 2018; Froese & Pauly, 2022). In the stomach of C.
asellus, we found larvae of Trichoptera, Chironomidae, mites, crabs, gastropods and shrimps,
thus indicating that this host occupies an intermediary position in the food web.

Argulus pestifer presented low levels of infestation in the gills of C. asellus from the
Amazon River, while E. colomesus presented high levels. Ergasilus colomesus, a crustacean
with host specificity high, has wide distribution in the Amazon River system, since it has been
found in C. asellus along this river and in some of its tributaries (Thatcher & Boeger, 1983;
Virgilio et al., 2021). So far, there is no record of E. colomesus infesting other hosts. So far,
there is no record of E. colomesus infesting other hosts.

The specimens of C. asellus collected in 2020 weighed more than those collected in
2021; however, host Kn was not different between these years. Such differences in host body

weight may be related to different levels of rainfall between years and temporal segregation of
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young and adult fish, influenced by seasonality. In the rainy season, young C. asellus are
predominantly found at the margins of the river, taking advantage of the best feeding conditions,
while in the dry season adult C. asellus in the reproductive phase predominate (Bartolette et al.,
2018). These adults consume a higher amount of food, but diet composition of juvenile and
adult fish is similar (Bartolette et al., 2018). In 2020, the lower rainfall may have resulted in
higher sampling of adult individuals during their reproductive period, since we observed
specimens of C. asellus with mature gonads, possibly consuming higher amounts of food. These
factors may have influenced the differences in the weight of these hosts.

The present diversity and species richness of parasites were higher in 2021, caused by
the presence of A. pestifer and Brasacanthus sp., which were found only in the hosts collected
during this period. Similar studies have also reported annual differences in the diversity and
richness of parasites in P. blochii from the laco River (Negreiros et al. 2019) and in H.
surinamensis from the Igarapé Fortaleza basin, Amazon region (Hoshino and Tavares-Dias
2019). Such differences may have been influenced by variation in the levels of precipitation
between the years, altering the outflow of Amazonian rivers and, consequently, the

physicochemical characteristics of these environments.

The differences in the parasite communities of C. asellus between 2020 and 2021
indicated through PCoA were mainly due to the abundance of Contracaecum sp., G.
genarchella, Brasacanthus sp. and E. colomesus. These differences may have been related to
the availability of intermediate hosts of these endoparasites in the environment, as also reported
for other wild fish species (Hoshino & Tavares-Dias, 2019; Villalba-Vasquez et al., 2018;
Lehun et al., 2022). In addition, the prevalence of E. colomesus was higher in 2021, and this
temporal variation was more related to seasonal variation. In Hemibrycon surinamensis Gery,
1962 and M. lippincottianus (Hoshino & Tavares-Dias, 2019; Hoshino & Tavares-Dias, 2020)
from the eastern Brazilian Amazon, short-term annual variations in parasite communities have
been correlated with the seasonal cycle, availability of infectious stages, changes on the process

of recruitment of parasite species, urban eutrophication in the environment and host body size.

In both years, infection by G. genarchella and Contracaecum sp. larvae was present,
indicating that contact between C. asellus and infective stages of these endoparasites occurred
annually without distinction. Similar results were previously reported for H. surinamensis from
a tributary of the Amazon River, where the levels of infection by G. genarchella and

Contracaecum sp. larvae was also common among the years (Hoshino & Tavares-Dias, 2019).
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However, infection by C. marginatum was low and occurred only in 2020, when the hosts had

contact with the infective stages in the environment.

Argulus pestifer was observed only in 2021, whereas E. colomesus occurred in both
years, but with higher levels of infection occurring in 2021. In H. surinamensis infestations by
Argulus sp. also occurred in one of the years of study. The higher population density and
aggregating behavior of C. asellus for its feeding and reproduction (Bartolette et al., 2018) seem
to have facilitated the encounters with E. colomesus, which became attached to these hosts’
gills for reproduction (Williams & Bunkley-Williams, 2019). However, it is also possible that
E. colomesus just might be more successful in infecting hosts in the dry season when the water
level is lower, increasing the frequency of the encounters between the fish and parasites.

The specimens of C. asellus collected in the dry season were larger and heavier than
those of the rainy season. This indicated that the fish fed more in this season and/or were in the
reproductive period, as indicated by the presence of mature gonads in 12 of the fish examined.
The Amazon basin has periods of flood and drought that influence the communities of
invertebrates and fish that serve as food for C. asellus. Populations of C. asellus show temporal
segregation between juvenile and adult, in which the rainy season young individuals (smaller
and lighter) predominantly occupy the margins of rivers, where conditions for development are
better (Bartolette et al., 2018). On the other hand, in the dry season, the margins are
predominantly occupied by adult individuals (larger and heavier), for feeding and reproduction
(Bartolette et al., 2018). Consequently, we collected larger and heavier individuals in the dry
season. In addition, adult fish consume larger amounts of food in the dry season (Bartolette et
al., 2018). I suggest including this sentence here: "These observations probably driven similar
results obtained in the annual comparisons.

In H. surinamensis, the richness of parasite species showed seasonal changes, being
higher in the dry season (Hoshino & Tavares-Dias, 2019). In P. blochii from Acre and Xapuri
rivers, this parameter had no influence of seasonality (Cavalcante et al., 2020). Among the
causes that may have influenced have influenced the differences in parasite richness among
seasons are environmental variations (e.g. decreased dissolved oxygen in the dry season,
accumulation of organic matter, and increased turbidity and suspended solids in water during
the rainy season) as a consequence of cyclic seasonality in the Amazon (Cunha et al., 2003;
Takiyama et al., 2004). This seems to have increased the chances of contact between the present
hosts and some of their parasites, due to a reduction in habitat range that occurs during the dry
season, affecting the abundance and richness of parasite species (Gongalves et al., 2016;
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Tavares-Diasetal., 2014; Limaetal., 2021). However, the variations in rainfall and temperature
seem to have altered the recruitment of parasites of C. asellus.

In the Amazon region seasonality is well defined by two periods, one of intense rainfall
(rainy season) and one of less intensity (dry season). These seasonal fluctuations may be
responsible for variations in the recruitment of parasite species, availability of food to host fish
and, presence of infectious stages in the environment (Neves et al., 2013; Gongcalves et al.,
2016; Negreiros et al., 2019; Hoshino & Tavares-Dias, 2020), in addition to influencing the
breeding period of Amazonian fish (Cavalcante et al., 2020). These effects can increase stress
levels between fish host and, consequently, their susceptibility to parasitic infections, thus
altering the structure of parasite communities (Goncalves et al., 2016). In this sense, the PCoA
showed seasonal differences in the abundance of Contracaecum sp. and E. colomesus, along
with greater richness of parasite species and higher Brillouin diversity in the dry season. This
may be related to the number of adult individuals collected in the dry season, consuming a
greater variety of foods, thus being able to come into contact with different infectious stages of

parasites in the environment.

In C. asellus, larvae of Contracaecum sp. were found in both seasonal periods, but the
highest levels of infection were observed in the dry season. In Hoplias malabaricus Bloch, 1794
and Hoplerythrinus unitaeniatus Spix & Agassiz, 1829 from the eastern Brazilian Amazon
region, larvae of Contracaecum sp. were found in the dry and rainy season (Gongalves et al.,
2016). Infection by G. genarchella occurred also in both seasons, while C. marginatum
occurred only in the dry season, when the chances of host fish finding the infective stage of this
digenean are higher.

Conclusions

This study contributes to knowledge of the metazoan parasite community of C. asellus,
which was characterized by the presence of ectoparasites and endoparasites. It can be said that
the parasite diversity of C. asellus is lower than that observed for other fish species in the
Amazon, with low prevalence and low abundance, and with dominance of E. colomesus.
Furthermore, only Contracaecum sp. was found larval stage, which indicates that C. asellus
acts both as an intermediate/paratenic host and as a definitive host for the acanthocephalans and
digenean found in adult stages. These results, based on a two-year time span, indicated that the
infection patterns of some parasite communities differed between years and seasons,
corroborating the hypothesis that annual and seasonal variation could influence the patterns of

infection of parasite species. The seasonal variations in parasite diversity and infection levels
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were related to variations in rainfall levels, and host body size. Lastly, in this study, except by
E. colomesus, all parasites species represented new records for C. asellus.
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Abstract

Este estudo descreve uma nova espécie de acantocéfalo do género Brasacanthus Thatcher, 2001
com base na morfologia e dados de biologia molecular. Este endoparasito foi encontrado
infectando Colomesus asellus (Tetraodontidae: Tetradontifomes) do Rio Amazonas, na
Amazonia oriental brasileira. Brasacanthus n. sp. é caracterizada por ter a forma do corpo
esférica, testiculos paralelos ou diagonais, lemniscos longos e dobrados na regido anterior e
sino uterino proeminente que o distingue de todas as espécies de acantocéfalos. Apesar das
semelhancgas entre a nova espécie e 0 seu congénere Brasacanthus sphoeroides, 0 novo taxon
difere pelo tamanho do corpo, comprimento e receptaculo da proboscide, comprimento dos
lemniscos, comprimento das glandulas de cemento, diametro dos testiculos, comprimento da
bolsa de Saefftigen, bolsa copulatéria e foliculos ovarianos, 0s quais s&o menores na nova
espécie de Brasacanthus aqui descrita. Alem disso, as analises moleculares e filogenéticas
usando parte da regido do gene ribossomal 18S (pequena subunidade SSU), d&o suporte para a
proposicdo da nova espécie. Observamos que o novo tdxon formou um clado irmdo com
Calakmulrhynchus amini dentro da familia Arhythmacanthidae. A nova espécie de
Brasacanthus € a segunda espécie do género e a primeira especie descrita para peixe de agua

doce. Baseado nas caracteristicas morfoldgicas e evidéncias moleculares apresentadas, sugere-
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se que Calakmulrhynchus deve ser sinonimizado para o género Brasacanthus. Também
chamamos a atencdo para a pouca utilidade da classificacdo em subfamilias para membros da
familia Arhythmacanthidae, esta afirmacdo é baseada em nossos achados e de outros autores
que consideram duvidosos 0s caracteres que sao adotados para a distingdo das subfamilias, onde
espinhos podem ndo estar ausentes no tronco de alguns paracantocefaloidinas e, além disso esta
classificacdo ndo reflete a filogenia do grupo. Assim, reforcamos que a subdivisdo em
subfamilias na familia Arhythmacanthidae deve ser abandonada.

Palavras-chave: Acantocéfalo, Amazoénia, Filogenia molecular, gene 18S.

Introducéo

Acantocéfalos sdo endoparasitos que infectam principalmente o trato digestivo de
diferentes vertebrados e sdo comumente encontrados parasitando peixes (Pinacho-Pinacho et
al., 2020, Mohd-Agos et al., 2021). A interacdo parasitaria entre os acantocéfalos e seu
hospedeiro pode fornecer informagdes valiosas sobre os ecossistemas, o ciclo de vida dos
parasitas, as interacOes parasita-hospedeiro e a posi¢do do hospedeiro na cadeia alimentar
(Mohd-Agos et al., 2021). O interesse na diversidade de acantocéfalos esta crescendo, pois a
integridade de muitos habitats e ecossistemas esta em sério risco. Entretanto, a diversidade de
acantocéfalos de peixes amazénicos ainda é pouco estudada; consequentemente, é esperada a
descoberta de novas espécies. Estudos recentes da biodiversidade de parasitos acantocéfalos
tem utilizado uma abordagem mais integrativa, nos quais a descri¢cdo de novas espécies tém
utilizado dados morfoldgicos e moleculares (Costa Fernandes et al. 2019; Reier et al. 2019;
Keidel et al. 2019; Garcia-Varela e Andrade-Gomez 2021; Lynggaard et al. 2021; Montes et
al. 2021;). No entanto, uma abordagem integrativa para espécies do género Brasacanthus
Thatcher, 2001 (Acanthocephala) é inexistente até 0 momento e, ainda ndo sabemos qual a real
posicdo sistematica que esse género ocupa, assim como ndo existem dados sobre as
interrelacdes filogenéticas com as demais familias e géneros.

O género Brasacanthus foi proposto para alocar Brasacanthus sphoeroides Thatcher,
2001 encontrado parasitando o intestino do baiacu marinho Sphoeroides greeleyi Gilbert, 1900
(Tetraodontiformes: Tetraodontidae) da Baia de Paranagud, estado do Parana, Brasil (Thatcher,
2001). Porém, apos essa primeira descricdo da espécie ndo ha outros relatos de espécies de
Brasacanthus, até o presente momento.

Em Colomesus asellus Miller & Troschel, 1849 (Tetraodontiformes: Tetraodontidae:)
do Rio Amazonas, na regido norte do Brasil, nés encontramos uma nova espécie de acantocéfalo

do género Brasacanthus. Descrevemos esta nova espécie com base em microscopia de luz e
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eletronica de varredura, diferenciacdo molecular e andlises filogenéticas moleculares usando
sequéncias da pequena subunidade (SSU) do rDNA nuclear. Este estudo representa 0s primeiros
dados moleculares para o0 género Brasacanthus, permitindo algumas alteracdes a partir de
reconstrugdes filogenéticas e classificacdo taxondmica a nivel de familia e género.
Material e métodos
Amostragem de hospedeiros, coleta e identificacdo dos parasitos

Sessenta e sete espécimes de C. asellus foram coletados de junho de 2022 a Julho de
2022, no Rio Amazonas, nas proximidades da ilha de Santana, municipio de Santana, estado do
Amapa, norte do Brasil (Fig. 1). Os peixes foram coletados com redes de emalhar de diferentes
tamanhos (15, 20, 25, 30, 35 mm entre nos), tarrafas (malha de 20 mm entre nos) e linhas de
méao. Os espécimes obtidos foram transportados vivos para o Laboratorio de Aquicultura e
Pesca da Embrapa Amapéa, Macap4, estado do Amapé (Brasil). Em seguida, 0s peixes foram
eutanasiados pelo método da seccdo medular e preservados em gelo para busca dos
acantocéfalos. A metodologia de eutanasia foi aprovada pelo comité de Etica para uso de
Animais da Embrapa (Protocol N°014/2018). Além disso, 0 acesso ao patriménio genético foi
autorizado pelo Ministério do Meio Ambiente do Brasil (SISBio n® 73550-1 e SisGen n°
AA4BGBBA).
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[ South America
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Fig. 1. Area de coleta de Colomesus asellus no Rio Amazonas, estado do Amapa, na Amazonia
oriental, Brasil.
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Os acantocéfalos adultos coletados da faringe, intestino, estdmago e cavidade
abdominal de C. asellus foram colocados em agua destilada gelada, fixados em alcool 70% para
descricdo da morfologia e em alcool 80% para biologia molecular. Os espécimes selecionados
foram corados com Carmim acido de Langeron, desidratado em uma série de etanol graduada
(80, 90 e 100%), diafanizado em eugenol e montado em entelan e/ou goma de Damar. Os
espécimes de acantocéfalos foram examinados em microscopio com camara clara (Olympus
BX41, Tokyo, Japan), para confec¢cdo dos desenhos taxondmicos.

Para analises de microscopia eletronica de varredura, os espécimes de acantocéfalos
foram lavados em &gua destilada por 20 minutos e, posteriormente, pés-fixados em tetroxido
de 6smio a 1% (OsOs), durante 2 horas. As amostras foram desidratadas em séries crescentes
de etanol e levados a secagem na camara do aparelho de ponto critico de CO2. Posteriormente,
os acantocéfalos foram montados cuidadosamente em stubs e metalizados com uma fina
camada de ouro-paladio. As fotomicrografias foram feitas em microscopio eletrénico de
varredura (VEGA 3T-ESCAN, Brno, Czech Republic) do Laboratério de Biologia Celular e
Helmintologia, Instituto de Ciéncias Biologicas (ICB), Universidade Federal do Para, Belém,
PA (Brasil).

Os espécimes-tipo serdo depositados na Curadoria da Colecdo Helmintoldgica do
Instituto Oswaldo Cruz (CHIOC), sob nimero de acesso (XXXX), do Instituto Oswaldo Cruz,
Fundacdo Oswaldo Cruz, Rio de Janeiro, RJ, Brasil.

Extracdo de DNA, amplificacdo por PCR, sequenciamento

O DNA gendmico foi extraido de dois espécimes de acantocéfalos usando Dneasy®
Blood & Tissue Kit, seguindo recomendacdes do fabricante (QIAGEN, CA, EUA). A técnica
da reacdo em cadeia da polimerase (PCR) foi utilizada para isolar e amplificar parte da regido
gene 18S rDNA usando os seguintes iniciadores fw.18iB (AGATTAAGCCATGCATG) e
ver.lg18iB (CAAAGGGGGACTTAATC) desenhado por Braicovich et al. (2014). A PCR foi
realizada com volume final de 25 uL, consistindo em 18.5 pL de Platinum® PCR SuperMix 96
(Invitrogen, Franca) contendo Taq DNA polimerase anticorpo, Mg++, desoxirribonucleotideo
trifosfatos (ANTP) e recombinante Taqg DNA Polimerase, além de 2 puL de cada primer e 2.5
pL de DNA do parasito.

Parte da regido 18S foram amplificados usando o seguinte protocolo: desnaturacéo
inicial de 3 minutos a 94°C, seguida de 35 ciclos com 94°C por 1 minuto (desnaturacdo), 57.7°
C por 1 minuto (hibridizacao) e 72°C por 1 minuto (extensdo). Apés os 35 ciclos foi realizada
uma extensdo final de 10 minutos a 72°C. Com a concluséo das reacdes de PCR, as amostras

foram visualizadas em gel de agarose (1%).
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Os produtos de PCR foram purificados usando colunas de rotacdo GE Healthcare
(GFX™ PCR DNA and Gel Band Purification Kit), e posteriormente quantificados em
espectrofotdmetro NanoDrop 2000 (Thermo Fisher Scientific, MA, EUA) a 260 nm. Os
amplicons foram sequenciados pelo método de dideoxitermal no ABI 3500 (Applied
Biosystems) seguindo as instrucdes do fabricante para sequenciamento dos amplicons. Os
amplicons foram sequenciados para ambas as fitas de DNA usando os primers da PCR.
Andlise filogenética molecular

As sequéncias obtidas foram editadas e alinhadas usando software Bioedit 7.2 (Hall
1999) aplicando o algoritmo ClustalW (Thompson et al., 1997) e depositados no GenBank sob
0 nimero de acesso (a sequéncia ainda sera depositada no GenBank). Para avaliar as
ocorréncias de saturacdo de substituicdo, o indice ISS foi estimado com a utilizacdo do Software
DAMBE 5 (Xia 2013). O numero de substituicdes de bases por sitio entre as sequéncias foi
calculado e estimativas de erro padrdo foram obtidas usando uma inicializagdo procedimento
com 2.000 réplicas. No programa MEGA versdo 6.06 (Tamura et al., 2013) foi calculado a
divergéncia genética entre as sequéncias génicas usadas no presente estudo.

A sequéncia de parte da regido 18S foi incluida e alinhada em uma matriz de sequéncias
de representantes das principais familias de acantocéfalos da ordem Echinorhynchida
Southwell and Macfine, 1925. Detalhes das sequéncias incluidas nas andlises de filogenia
podem ser encontrados na Tabela 1.

No programa MrBayes 3.2.7a (Ronquist et al., 2012) foi realizado a analise bayesiana
(B1) usando a plataforma CIPRES Science Gateway (Miller et al., 2010) aplicando o modelo
de evolucdo GTR + | + G obtido pela analise jModelTest sob o Critério de informacédo
bayesiano (BIC) (Posada 2008). Floridosentis mugilis Machado Filho (1951) foi escolhido
como grupo externo. Foram estimadas a partir de 10 milhdes de geracbes as probabilidades
posteriores através de algoritmos Markov Chain Monte Carlo (MCMC), no qual 25% das
geracOes foram definidos como burn-ins e descartados posteriormente.

Uma arvore de consenso foi estimada com base nas demais topologias criadas pelas
analises (Miller et al., 2010). Os nés dos clados formados com probabilidade posterior (PP),
sdo apresentados com nos de (PP) apenas para os clados acima de 0.5. Para visualizacdo da
arvore filogenética foi utilizado o programa FigTree versdo 1.4.3 (Rambaut et al. 2018) e
editadas no programa CorelDRAW 2021.



137

Tabela 1. Informagdes do espécime e nimeros de acesso do GenBank para as espécies estudadas. A sequéncia marcada em negrito foi obtida neste

estudo.
Nome do Téxon Familia Host SSU Referéncia
Brasacanthus n. sp. Arhythmacanthidae  Colomesus asellus Cddigo gba Este estudo
Echinorhynchus truttae Echinorhynchidae Thymallus thymallus AY830156  Garcia-Varela and Nadler (2005)
Echinorhynchus cotti Echinorhynchidae Cottus reinii MW172280 Garcia-Varela and Andrade-Gomez (2021)
Echinorhynchus borealis Echinorhynchidae Perca fluviatilis MW172281 Garcia-Varela and Andrade-Gomez (2021)
Rhadinorhynchus mariserpentis Rhadinorhynchidae Regalecus russelii MKO014866  Steinauer et al., (2019)
Rhadinorhynchus gerberi Rhadinorhynchidae Trachinotus botla MN105739 Lisitsyna et al., (2019)
Sclerocollum australe Cavisomatidae Siganus argenteus MN705831 Huston et al., (2020)
Sclerocollum robustum Cavisomatidae Siganus lineatus MN705832 Huston et al., (2020)
Corynosoma enhydri Polymorphidae Enhydra lutris AF001837  Garcia-Varela and Nadler (2005)
Profilicollis altmani Polymorphidae Enhydra lutris AF001838  Near et al,. (1998); Garcia-Varela and Nadler (2005)
Polymorphus brevis Polymorphidae Nycticorax nycticorax AF064812  Garcia-Varela et al., (2000); Garcia-Varela and Nadler (2005)
Plagiorhynchus cylindraceus Plagiorhynchidae AF001839  Near et al., (1998); Garcia-Varela and Nadler (2005)
Centrorhynchus sp. Centrorhynchidae Falco peregrinus AY830155  Garcia-Varela and Nadler (2005)
Acanthocephalus amini Echinorhynchidae Mayaheros EU732662  Garcia-Varela and Andrade-Gomez (2021)
urophthalmus
Acanthocephaloides propinquus ~ Arhythmacanthidae Gobius bucchichi AY830149  Garcia-Varela and Nadler (2005)
Heterosentis sp. Arhythmacanthidae Acanthopagrus australia MN705825  Huston et al., (2020)
Heterosentis pseudobagri Arhythmacanthidae Pelteobagrus fulvidraco  OP286859  Gao et al., (2023)



Filisoma rizalinum
Filisoma filiforme
Acanthocephalus anguillae
Acanthocephalus anguillae
Acanthocephalus dirus
Acanthocephalus lucii
Acanthocephalus clavula
Acanthocephalus rhinensis
Acanthocephalus nanus
Outgroup

Floridosentis mugilis

Cavisomidae

Cavisomidae

Echinorhynchidae
Echinorhynchidae
Echinorhynchidae
Echinorhynchidae
Echinorhynchidae
Echinorhynchidae
Echinorhynchidae

Neoechinorhynchidae

Scatophagus argus
Kyphosus bigibbus
Anguilla anguilla
Proteus anguinus
Semotilus atromaculatus
Perca fluviatilis
Anguilla anguilla
Anguilla anguilla

Cynops pyrrhogaster

Mugil cephalus

JX014229

MN705826
MN394412
MN394414
MW172276
MW172277
MW172278
MW172279
LC129889

AF064811
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Verweyen et al., (2011)

Huston et al., (2020)

Amin et al., (2019)

Amin et al., (2019)

Garcia-Varela and Andrade-Gomez (2021)
Garcia-Varela and Andrade-Gomez (2021)
Garcia-Varela and Andrade-Gomez (2021)
Garcia-Varela and Andrade-Gomez (2021)
Nakao (2016)

Garcia-Varela et al., (2000); Garcia-Varela and Nadler (2005)
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Resultados

Systematica

Classe: Palaeacanthocephala Meyer, 1931

Ordem: Echinorhynchida Southwell and Macfine, 1925

Familia: Arhythmacanthidae Yamaguti, 1935

Género: Brasacanthus Thatcher, 2001

Brasacanthus n. sp. (Figs. 2-4)

Sumario taxonémico

Hospedeiro: Colomesus asellus Muller & Troschel, 1849 (Tetraodontiformes: Tetraodontidae)
Localidade: Rio Amazonas, nas proximidades da ilha de Santana, municipio de Santana, estado
do Amapa4, Brasil (00° 04°00°°S; 51°08°00” W - 00°06°00”S 51°12° 30°W)

Sitio de infeccdo: Faringe, intestino, estbmago e cavidade abdominal.

Um total de 45 acantocéfalos foram encontrados em 67 hospedeiros: Prevaléncia = 19.4%,
Intensidade média: 5 e Abundancia média: 0.67.

Material tipo: Holétipo e al6tipo (codigo de depoésito) e 19 paratipos (codigo de depdsito) serdo
depositados na Curadoria da Colecédo Helmintoldgica do Instituto Oswaldo Cruz (CHIOC), sob
0 nimero: Holdtipo: (ainda serdo depositados) e paratipos: (ainda serdo depositados), NUmeros
de acesso do GenBank: (ainda seré depositado).

Registro no ZooBank: The Life Science Identifier (LSID) para Brasacanthus n. sp. é
(XXXXXXXX).

Etimologia: Epiteto especifico sera usado em homenagem ao rio em que os parasitos foram
coletados.
Descricao

Com base em 21 espécimes (10 machos e 11 fémeas) obtidos de C. asellus naturalmente
infectados sdo apresentadas as medidas como os valores do hol6tipo/alétipo seguidos pela
amplitude e média dos paratipos entre parénteses (relatados em micrdmetros, a menos que
indicado de outra forma).

Corpo pequeno, tronco arredondado, dimorfismo sexual evidente com fémeas maiores
que os machos (Figs. 2B e 3A). Tegumento contendo numerosos pequenos nucleos hipodermais,
armado com espinhos restritos a extremidade anterior (Figs. 4B, 4E e 4F). Sistema lacunar com
anastomoses reticulares. Proboscide curta, subcilindrica com 12-14 fileiras longitudinais de 10-
12 ganchos cada; ganchos aumentam de tamanho medialmente e, em seguida, diminuem de
tamanho em dire¢do a base. Ganchos maiores enraizados e ganchos menores ndo enraizados

(Figs. 2A, 3B e 4B). Pescogo curto, desarmado (Figs. 2A, 2B e 3A). Bainha da proboscide
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cilindrica, de parede dupla, com ganglio na base (Figs. 2A, 2B e 3A). Lemniscos longos, planos,
irregulares, frequentemente dobrado para tras anteriormente (Figs. 2A, 2B e 3A). Testiculos
esféricos, paralelos ou diagonais, posteriores ao meio do corpo; glandulas de cemento
piriformes (Fig. 2B). Utero de formato cilindrico alongado ou reservatério de ovo esférico (Figs.

3C); ovos alongados, fusiformes, com prolongamentos polares da membrana de fertilizagdo
(Fig. 3D).

O

250 um

Fig. 2. Brasacanthus n. sp. em Colomesus asellus. (a) Detalhes da proboscide, receptaculo e

lemnisco do macho. (b) Macho de corpo inteiro.
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100 pm

-

DD

O

300 pm

Fig. 3. Brasacanthus n. sp. em Colomesus asellus. (a) Fémea de corpo inteiro. (b) Probdscide

de fémea. (c) Sistema reprodutivo da fémea. (d) ovo maduro.
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Machos (baseado em holdtipo e nove paratipos, todos espécimes maduros). Tronco
expandido medialmente, medindo 1.387 (0.94-2.25, 1.59) mm de comprimento e 0.64 (0.56—
1.31, 0.86) mm de didmetro maximo (Fig. 2B). Probodscide subcilindrica, 210 (137-410, 230)
de comprimento e 90 (80-200, 110) de diametro (Figs. 2A-B) Ganchos da proboscide perto do
apice, medindo cerca de 15 (15-25, 19) de comprimento; perto do meio 50 (22-50, 31) e perto
da base 30 (13-35, 19) (Fig. 2A). Receptaculo da proboscide mede 230 (180-538, 270) de
comprimento ¢ 130 (100-310, 0.14) de largura (Figs. 2A-B). Lemnisco mede 530 (400—690,
515) de comprimento e 30 (20-84, 46) de largura (Figs. 2A e 2B). Testiculos subesféricos;
testiculo direito mede 200 (136-321, 233) de diametro; testiculo esquerdo mede 180 (133320,
233) de diametro (Fig. 2B). Glandulas de cemento piriformes, em numero de 6, medindo 80
(86—180, 138) de maior diametro (Fig. 2B). A bolsa de Saefftigen mede 236 (236-594, 380) de
comprimento e 105 (105-202, 145) de maior diametro (Fig. 2B). A bolsa copuladora mede 190
(173-505, 290) de comprimento e 221 (221-300, 249) de largura (Fig. 2B). Complexo genital
ocupa cerca de 55% do comprimento do corpo.

Fémeas (baseado em aldtipa e 10 paratipos, todas gravidas). Tronco expandido
medialmente, medindo 2.8 (1.34-2.80, 2.05) mm de comprimento ¢ 1.3 (0.82—1.52, 1.20) mm
no maximo didmetro (Fig. 3A). Probodscide subcilindrica, 250 (114-320, 269) de comprimento
e 70 (50-146, 77) de largura (Figs. 3A-B). Ganchos da proboscide perto do apice medem cerca
de 13 (13-23, 19) de comprimento; perto do meio 47 (1647, 27) e perto da base 32 (9-32, 14)
(Fig. 3B). Ganchos maiores enraizados, ganchos menores ndo enraizados (Fig. 3B).
Receptaculo da proboscide mede 340 (125418, 282) de comprimento e 160 (40-168, 135) de
diametro maximo (Fig. 3A). Lemniscos medem 530 (306530, 458) de comprimento e 50 (27—
57, 34) largura (Fig. 3A). Os foliculos ovarianos medem 95 (57-217, 73) de comprimento e 50
(24-70, 40) de largura (Fig. 3A). Os ovos medem 41 (19-57, 40) de comprimento e 10 (4—13,
9) de largura (Fig. 3D). Complexo genital ocupa cerca de 27,3% do comprimento do tronco.
Remarks

Anova espécie ¢ alocada no género Brasacanthus com base nas seguintes caracteristicas
morfologicas: possui forma do corpo esférica, testiculos paralelos ou diagonais, lemniscos em
comprimento varidvel geralmente dobrado para tras e um reservatorio de ovo uterino
proeminente, conforme caracteristicas propostas por Thatcher (2001). No entanto, observamos
ainda que Brasacanthus n. sp. possui espinhos tegumentares na regido anterior do corpo (Fig.

4E and 4F).
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Fig. 4. Microscopia eletronica de varredura de Brasacanthus n. sp. em Colomesus asellus. (a)
Proboscide e corpo de um macho adulto; (b) Proboscide de um macho adulto; (¢ e d) Ganchos

apicais da proboscide, vista apical; (e) Detalhes dos ganchos basais da proboscide; e dos
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espinhos tegumentares da regido anterior do corpo (TS); (F) Detalhes dos espinhos
tegumentares (TS). Barras de escala: a =200 pm; b =50 um; ¢ =50 pum; d =10 um; e = 20 um;
f=20 um.

Atualmente, o género Brasacanthus ¢ monotipico e representado pela espécie B.
sphoeroides, que foi descrita de S. greeleyi (Thatcher, 2001). Brasacanthus n. sp. é a segunda
espécie do género e difere da espécie-tipo por apresentar menor tamanho corporal,
comprimento da proboscide e recepticulo da proboscide. Além disso, o lemnisco de
Brasacanthus n. sp. ¢ menor em comprimento, € na maioria das vezes estd dobrado multiplas
vezes ao lado do receptaculo da proboscide, enquanto que em B. sphoeroides os leminiscos sao
maiores €, apesar de dobrarem posteriormente, estdo livres no corpo desse parasito.

Apesar de Brasacanthus n. sp. apresentar similaridade com B. sphoeroides quanto as
caracteristicas dos ganchos da probdscide (os ganchos apicais da proboscide aumentam de
tamanho em direcdo da regido medial da proboscide e, em seguida, diminuem de tamanho em
direcdo a base), se diferem no tamanho das glandulas de cemento, testiculos, bolsa de Saefftigen
e bolsa copulatoria, as quais sdo menores em Brasacanthus n. sp. Adicionalmente, os foliculos
ovarianos e ovos também sdo menores nessa nova espécie quando comparados a B.
sphoeroides.

Divergéncia Genética

Observamos que a divergéncia genética entre as sequéncias génicas utilizadas no
presente estudo variou de 0.003 a 0.183 entre espécies do género Echinorhynchus; quando
comparadas entre espécies do género Sclerocollum a variagdo foi de 0.003; género Heterosentis
a variacdo foi de 0.011 e para o género Acanthocephalus variou de 0.002 a 0.011.

Quando comparamos sequéncias génicas entre 0s géneros da mesma familia,
observamos que em Echinorhychidae a média de divergéncia foi de 0.010; Rhadinorhynchidae
0.020; Cavisomatidae 0.003; Polymorphidae 0.048; e Paracanthocephalidae 0.006; enquanto
que a variacdo entre as familias foi de 0.024 a 0.170. Entre os géneros da familia
Arhythmacanthidae a divergéncia variou de 0.011 a 0.034, com média de divergéncia de 0.031.
A distancia genética entre Brasacanthus n. sp. e Calakmulrhynchus amini Salgado-Maldonado
& Novelo-Turcotte (2009) foi de 0.009.

Anélises moleculares e estudo filogenético

O sequenciamento de parte da regido ribossomal 18S (SSU-DNAr) de um espécime de
Brasacanthus n. sp. resultou em uma sequéncia com 950 (pb). Realizamos uma pesquisa com
a sequéncia obtida no BLAST® a qual indicou semelhanca (95.24-98.20%) com quatro

espécies: Echinorhynchus sp. (EU732662.1), Acanthocephaloides propinquus Dujardin 1845


https://www.ncbi.nlm.nih.gov/nucleotide/EU732662.1?report=genbank&log$=nucltop&blast_rank=1&RID=1WH3Z1BU013
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(AY830149), Heterosentis pseudobagri Wang & Zhang (1987) (OP286859) e Heterosentis sp.
Van Cleave, 1931. Todas as outras demais sequéncias de SSU de acantocéfalos do GenBank
apresentaram grau de similaridade inferior a 95.13%.

A reconstrucdo filogenética gerou uma arvore de consenso baseada na matriz contendo
sequencias referentes a 27 tdxons e com 931 bp. Observamos a formacao de nove clados (com
valor de PP de 100%) representados por nove familias de acantocéfalos parasitos de diferentes
hospedeiros.

A arvore filogenética apresenta dois grandes clados, o primeiro é formado por membros
da familia Echinorhynchidae, Rhadinorhynchidae, Cavisomatidae, Polymorphidae,
Plagiorhynchidae e Centrorhynchidae que apresentou baixos valores de suporte (PP de 60%).
Entretanto, dentro desse grande clado as sequencias de espécies da familia Rhadinorhynchidae
e Cavisomatidae formaram um grupo monofilético com alto valor de suporte (PP de 100%),
assim como, Polymorphidae, Plagiorhynchidae e Centrorhynchidae (PP de 100%). O segundo
grande clado teve um valor de suporte de PP de 100% e engloba os subclados de membros da
familia  Paracanthocephalidae, Cavisomidae e Arhythmacanthidae. As familias
Paracanthocephalidae e Cavisomidae apresentaram-se como clados-irmao com alto suporte (PP
de 100%).

As sequéncias de representantes da familia Arythmacanthidae (PP de 80%)
apresentaram cinco taxons subdividido em dois clados. Um formado por Heterosentis sp. da
subfamilia Arhythmacanthinae Yamaguti, 1935 parasitando Acanthopagrus australis Glinther,
1859 (Teleostei: Sparidae) da Austrélia e Heterosentis pseudobagri parasitando Pelteobagrus
fulvidraco Richardson, 1846 (Siluriformes: Bagridae) da China. O segundo clado é formado
por Acanthocephaloides propinquus pertencente a subfamilia Neoacanthocephalloidinae
Golvan, 1960, obtido de Gobius bucchichii Steindachner, 1870 (Teleostei: Gobiidae) do Mar
Mediterraneo; Calakmulrhynchus amini (Garcia-Varela & Andrade-Goémez, 2021) da
subfamilia Paracanthocephaloidinae (Golvan, 1969) de sequéncia obtida de Mayaheros
urophthalmus (Glnther, 1862) (Teleostei: Cichlidae) no México e Brasacanthus n. sp.
formaram um clado irméo dentro da familia Arhythmacanthidae com alto suporte (PP = 100%)
(Fig. 5).

Discussao
Diferenciago de espécies

Brasacanthus n. sp. é a segunda espécie do género e a primeira descrita parasitando
peixes de agua doce. Thatcher (2001) propds um novo género para alocar B. sphoeroides de S.
greeleyi do litoral Sul do Brasil. Brasacanthus n. sp. possui corpo expandido medialmente,

quase em formato oval; ganchos apicais e mediais similares em tamanho, e 0s basais séo
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menores e um sino uterino proeminente. Tais caracteristicas morfoldgicas correspondem as

relatadas por Thatcher (2001), para o género Brasacanthus.

0.9 )L MW 172280 Echinorhynchus cotlr Echinorhynchidae

n—gll_-AYBSMSG Echinorhynchus trutta
MW172281 Echinorhynchus boi

o] MK014866 Gymnorhadinorhynchus mariserpentis Rhadinorhynchidae
MN 105739 Rhadinorhynchus gerberi
1

L[MN?OSSG'I Sclerocolium australe

MN705832 Sclerocolium robustun Cavisomatidae

0.7
AF001837 Corynosoma enhydri

AF001838 Profilicollis altmani Polymorphidae

AF064812 Polymorphus brevis

AF001838 Plagiorhynchus cylindraceus Plagiorhynchidae
Ay830155 Centrorhynchus sp. |Centrorhynchidae
Brasacanthus n. sp.

EU732662 Acanthocephalus amini

AY830149 Acanthocephaloides propinguus
MN705825 Heterosentis sp.

OP286859 Heterosentis pseudobagri
JX014229 Filisoma rizalinum . .
MN705826 Filisoma filiforme Cavisomidae
o MN394412 Acanthocephalus anguillae
MN394414 Acanthocephalus anguillae
MW172276 Acanthocephalus dirus
MW172277 Acanthocephalus lucii Paracanthocephalidae
MW172278 Acanthocephalus clavula
MWA172279 Acanthocephalus rhinensis
LC129889 Acanthocephalus nanus

AF064811 Floridosentis mugilis

0.03

Arhythmacanthidae

0.9~

0.9

Fig. 5. Arvore bayesiana com dados de parte da regido SSU 18S-DNAr de 9 familias de
acantocéfalos. Os numeros de acesso do GenBank sdo indicados ao lado dos nomes das
espécies. As diferentes cores representam as familias de acantocéfalos. Os valores de suporte
nodais sdo indicados para Bl com probabilidades posteriores para analises bayesianas. A barra

de escala do comprimento do ramo indica o nimero de substitui¢des por local.

Brasacanthus n. sp. apesar de apresentar formato corporal muito semelhante a espécie-
tipo, possui diferencas morfologicas. O corpo em formato oval, é dilatado na regido mediana;
0 que parece ser um carater morfolégico comum para o género Brasacanthus, podendo ser
encontrado em espécies descritas no futuro. Além disso, o lemnisco de Brasacanthus n. sp. é
menor em comprimento, e na maioria das vezes estd dobrado multiplas vezes ao lado do
receptaculo da proboscide. Esse caracter morfoldgico € de dificil visualizagdo e pode ser
facilmente confundido com lemniscos curtos. Porém, Thatcher (2001) destacou que 0s
lemniscos longos sdo caracteristicas marcantes de B. sphoeroides, podendo este carater ser

compartilhado por outras espécies do género.
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Como este é o primeiro estudo com dados de biologia molecular para uma espécie do
género Brasacanthus, isto impossibilita a comparacgéo genética e evolutiva com B. sphoeroides.
Portanto, o presente estudo estabelece uma linha de base para estudos futuros sobre o género
Brasacanthus e sua relacdo com a familia Arhythmacanthidae.

Relocacdo do género Brasacanthus para Arhythmacanthidae e notas sobre o sistema baseado
em subfamilias

Brasacanthus n. sp. agrupou em um clado com C. amini dentro da familia
Arhythmacanthidae, uma espécie de acantocéfalo de M. urophthalmus, ciclideos de 4gua doce
da regido Neotropical do México. Desta forma sugerimos que o género Brasacanthus seja
realocado da familia Echinorhynchidae para a familia Arhythmacanthidae. Atualmente, a
familia Arhythmacanthidae é composta por 10 géneros, que sdo parasitos de peixes teledsteos
distribuidos mundialmente. As espécies de acantocéfalos alocadas nessa familia sdo
caracterizadas por possuirem seis glandulas de cemento e transi¢cdo abrupta ou gradual de
pequenos ganchos na regiao basal da probdscide (sem raizes) ou espinhos para ganchos grandes
na regidao medial e apical da probdscide (com raizes) (Pichelin & Cribb,1999). Assim, além da
evidéncia filogenética, verificamos que Brasacanthus spp. compartilham os mesmos caracteres
morfolégicos de representantes da familia Arhythmacanthidae (ou seja, seis glandulas de
cemento e morfologia dos ganchos e espinhos da proboscide), reforcando que o género
Brasacanthus deve ser alocado nessa familia.

Tradicionalmente, a familia Arhythmacanthidae é classificada em trés subfamilias de
acordo com a disposicdo de espinhos tegumentares pelo corpo (Golvan, 1969). No entanto,
observamos que Brasacanthus n. sp. possui espinhos na por¢éo anterior do corpo, enquanto B.
sphoeroides ndo possui espinhos pelo corpo. Adicionalmente, destacamos que a sequéncia de
A. propinquus (Neoacanthocephalloidinae) agrupou formando um clado monofilético com o
clado Calakmulrhynchus (Paracanthocephaloidinae) e Brasacanthus n. sp.

Pichelin & Crib (1999) relataram que o0s espinhos do corpo dos espécimes da subfamilia
Paracanthocephaloidinae podem ser pequenos e dificeis de visualizar, ou podem ser perdidos.
Além disso, Golvan (1969) também observou essa dificuldade e relata espinhos tegumentares
em espécie do género Acanthocephaloides que se pensava anteriormente néo ter espinhos no
corpo, além das descobertas de pequenos espinhos na regido posterior do corpo em Heterosentis
parasiluri Yu & Wu, 1989 e H. hirsutus Pichelin & Crib, 1999. Observamos que 0s espinhos
tegumentares de Brasacanthus n. sp. foram notados e descritos apenas utilizando microscopia
eletronica de varredura (MEV). Assim, a auséncia de espinhos tegumentares nas espécies B.
sphoeroides e C. amini podem ndo ter sido observadas visto que para essas espécies de parasitos

ndo foi realizado MEV.
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Baseado em nossos achados e naqueles relatados pelos autores acima citados
consideramos que a utilizacdo da classificacdo em subfamilias ndo reflete exatamente a
filogenia do grupo, podendo ser um caractere que pouco reflete a evolucdo das espécies dentro
da familia Arhythmacanthidae. Adicionalmente, Pichelli & Cribb (1999) chamaram a atencéo
para a pouca utilidade da classificacio em subfamilias para membros da familia
Arhythmacanthidae diante do pequeno nimero de géneros, ja que eles consideram duvidoso 0s
caracteres que sdo adotados para distin¢do das subfamilias, onde espinhos podem néo estar
ausentes no tronco de alguns paracantocefaloidinas. Desta forma, isso sugere que a subdivisao
em subfamilias deve ser abandonada.

Variacao genética e notas sobre géneros da familia

Brasacanthus n. sp. agrupou com alto suporte com a sequéncia de C. amini (Fig. 5) e
apresentou baixa divergéncia genética. A baixa divergéncia pode estar relacionada a
caracteristica do gene que parece representar melhor as topografias entre familias do que as
variacdes entre espécies, isso € evidenciado nos calculos das distancias genéticas de membros
do mesmo género da nossa arvore filogenética, onde espécies do género Echinorhynchus,
Sclerocollum, Acanthocephalus apresentaram divergéncias menores que a apresentada entre C.
amini e Brasacanthus n. sp.

Calakmulrhynchus amini foi inicialmente alocada no género Acanthocephalus por
Salgado-Maldonado & Novelo-Turcotte (2009). Posteriormente, Garcia-Varella & Andrade-
Gomes (2021) propuseram o género Calakmulrhynchus para alocar C. amini na familia
Arhythmacanthidae, utilizando dados morfol6gicos e moleculares. Reforcamos que C. amini
agrupou com a sequéncia de Brasacanthus n. sp. demonstrando que essas duas espécies sao
filogeneticamente muito proximas.

Além disso, C. amini compartilha diversas caracteristicas morfoldgicas com B.
sphoeroides e Brasacanthus n. sp. Ambas as espécies possuem um receptaculo da proboscide
com uma dupla parede muscular e o ganglio na base, seis glandulas de cemento, além de ganchos
apicais e mediais que sdo quase uniformes em tamanho e forma, enquanto os ganchos basais séo
menores. Adicionalmente, Salgado-Maldonado & Novelo-Turcotte (2009) chamam atencdo para
0 grande, robusto e cilindrico utero (reservatério de ovulos uterinos) presentes em C. amini e
reforcamos que tal caractere morfologico também é compartilhado por Brasacanthus n. sp.
Dessa forma, as caracteristicas morfoldgicas e evidéncias moleculares apresentadas mostram que
Calakmulrhychus deve ser sinonimizado para o género Brasacanthus.

Salgado-Maldonado & Novelo-Turcotte (2009) relataram que a forma do corpo,

tamanho da proboscide e formato do Gtero de Brasacanthus amini n. comb. sdo muito

semelhantes a B. sphoeroides. Porém, destacam que o tamanho do corpo de B. sphoeroides é
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maior que Brasacanthus amini n. comb. Ja quando comparado o tamanho do corpo de
Brasacanthus amini n. comb., este é maior que o de Brasacanthus n. sp. A proboscide de
Brasacanthus amini n. comb. € subglobular, enquanto em B. sphoeroides e Brasacanthus n. sp.
é subcilindrica. Os lemniscos de Brasacanthus amini n. comb. sdo mais curtos se comparados
aos de Brasacanthus n. sp. A auséncia de espinhos no tegumento da regido anterior do corpo
de Brasacanthus amini n. comb. também difere de Brasacanthus n. sp.

Brasacanthus sphoeroides possui 14 fileiras longitudinais de ganchos com linhas
alternadas de 10 e 11 ganchos por fileira. Brasacanthus amini n. comb. possui 12 fileiras
longitudinais com 11 a 14 ganchos por fileiras, enquanto Brasacanthus n. sp. 12 fileiras
longitudinais com 10 a 12 ganchos por fileiras. Brasacanthus sphoeroides possui ganchos
proximo do apice que medem cerca de 22-23 de comprimento; perto do meio 31-38 e 0s proximos
da base 14-16. Os ganchos apicais de B. amini n. comb medem cerca 37-46, mediais medem
cerca de 19-54 e os basais de 20-33, enquanto em Brasacanthus n. sp. os gachos apicais medem
cerca de 13-25, mediais medem cerca 16-50, basais medem cerca de 9-32. Essas diferencas
morfologicas reforcam a nova combinacdo e o status de Brasacanthus amini n. comb.

Em Brasacanthus amini n. comb., outra caracteristica morfoldgica que deve ser
destacada € o tamanho dos lemniscos. Apesar dos autores relatarem que nessa espécie 0s
lemniscos sdo menores do que o receptaculo da proboscide, ressaltamos que tal caracter em
Brasacanthus n. sp. foi de dificil observacdo. Conforme destacado anteriormente, os lemniscos
estdo frequentemente dobrados sobre si e podem ser facilmente confundidos com lemniscos
curtos. Desta forma, os autores podem ndo ter notado essa caracteristica em Brasacanthus amini
n. comb.

Inferéncias biogeograficas

A filogenia obtida no presente trabalho apresenta evidéncias adicionais para
entendermos um pouco mais sobre a evolucdo e distribuicdo das espécies da familia
Arhythmacanthidae e do género Brasacanthus. Desta forma, observamos que as espécies desse
género podem ser dividas em uma linhagem que foi encontrada parasitando peixes
Tetraodontidae (Brasacanthus n. sp e B. sphoeroides) de agua doce e salgada, respectivamente,
e, uma linhagem parasitando ciclideo de dgua doce na América Central.

Observamos ainda que os parasitos Brasacanthus n. sp. e Brasacanthus amini n. comb.
sdo espécies irmas e que apresentam proximidade genética. Esses achados podem estar
relacionados ainda com a histdria evolutiva dos peixes hospedeiros. Dessa forma, observamos
que os Tetraodontidae apresentam distribuicdo circumglobal, sendo representados por 189
espécies agrupadas em 19 géneros, ocorrendo em mares, estuarios e rios nas regides tropicais e
temperadas (Tyler, 1964; Dekkers 1975; Ebert, 2001; Nelson, 2006). De acordo com Yamanoue



150

et al. (2013) durante a dispersdo dos baiacus tetraodontideos, estes animais diversificaram
primeiro em aguas costeiras e foram migrando para mares abertos, mares profundos e, por
altimo, para a agua doce. Além disso, essas espécies invadiram ambientes de agua doce em
regides costeiras em diferentes continentes, pelo menos trés vezes e em momentos distintos.

Colomesus asellus divergiu ha 10 milhGes de anos atras durante o Mioceno (cerca de 9-
17 MA) (Yamanoue et al., 2011). Nesse periodo, houve o registro de duas incursdes marinhas,
nas quais, um sistema lacustre ou pantanoso que drenava para o norte até o Mar do Caribe se
desenvolveu na Amazoénia Ocidental (Hoorn, 1993;1994). Desta forma, 0s ancestrais
(marinho/salobra) das espécies do género Colomesus invadiram a Amazonia Ocidental através
da dltima incurs@o marinha no Mioceno (11-12 MA) divergindo posteriormente para linhagem
com a adaptacdo a habitats de agua de doce, no caso de C. asellus (Yamanoue et al., 2011).
Além disso, a separacdo de C. asellus das espécies Sphoeroides parvus, Sphoeroides annulatus,
Sphoeroides testudineus, Sphoeroides pachigaster ocorreu entre 30 a 20 milhGes de anos
(Yamanoue et al. 2011), apontando que Sphoeroides spp. diversificaram primeiro, sendo
consideradas mais antigas em relacédo as espécies do género Colomesus. Desta forma podemos
levantar a hipotese de que Brasacanthus n. sp. e B. sphoeroides foram espécies que co-
especiaram com seus hospedeiros a partir de um ancestral comum.

Colomesus asellus esta distribuido por toda a Amazonia, bacias do Tocantins-Araguaia
e ambientes costeiros que vao da Foz do Rio Amazonas até a Venezuela. Este peixe junto com
Colomesus tocantinensis, que ocorre na bacia do Rio Tocantins, sdo 0s Gnicos baiacus de agua
doce da América do Sul (Amaral et al., 2013). O ciclideo M. urophthalmus é um peixe
neotropical muito frequente e abundante em ambientes de dgua salobra e de dgua doce, mas
também tolera a salinidade (Miller et al. 2009), o que facilita sua dispersdo ao longo da costa.
Esses peixes encontram-se distribuidos do sul de Veracruz, no México, até a Nicaragua,
habitando rios, lagos, lagoas e dolinas carsticas (cenotes) na Peninsula de Yucatan (México),
incluindo lagoas costeiras nas ilhas de Contoy e Mujeres.

A colonizacdo dos peixes ciclideos na América Central a partir da América do Sul
ocorreu durante o Oligoceno (29-24 Ma), no curso do evento da ponte terrestre das Grandes
Antilhas-Aves Ridge (GAARIlandia) (Ri¢an et al., 2013). Assim, a atual distribuicio de
Brasacanthus n. sp. e Brasacanthus amini n. comb. e sua proximidade filogenética pode estar
associada com o compartilhamento de ambientes ao longo da histéria evolutiva dos hospedeiros
M. urophtalmus e C. asellus, ou mesmo com espécies marinhas como S. greeleyi que tem ampla
distribuicdo (Santa Catarina no Brasil a América do Norte). Vale ressaltar que S. greeleyi possui

0 mesmo ancestral comum de C. psitacus (marinho/salobra) e C. asellus (agua doce),
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possibilitando levantar a hipotese de que o B. amini n. comb. também pode ter origem marinha,
assim como Brasacanthus n. sp.

A monofilia apresentada por Brasacanthus n. sp. e B. amini n. comb. mostra um padrao
de distribuicdo descontinua, separadas por uma area onde ainda ndo h& registros de
Brasacanthus spp. (América Central). No entanto, padrdes similares de distribuicdo s&o
observados em outros parasitos, por exemplo, em membros do género Pomphorhynchus
Monticelli, 1905, os quais apresentaram a mesma distribuicdo que o género Brasacanthus, com
algumas espécies ocorrendo na América do Sul e outras ocorrendo na América do Norte, mas
nenhuma espécie na Ameérica Central (Garcia-Varela et al. 2017). No entanto, talvez a
distribuicdo descontinua do género Brasacanthus deva estar relacionada a falta de estudo sobre
esses acantocéfalos na América Central.

Conclusoes
Este primeiro estudo de biologia molecular para uma espécie do género Brasacanthus
na América do Sul, aumentou para trés o numero de espécies desse género sendo: Brasacanthus
sphoeroides, Brasacanthus amini n. comb. e Brasacanthus n. sp., e esta Ultima espécie € a
segunda parasitando baiacus. Nossos estudos ndo corroboraram a alocacdo do género
Brasacanthus na familia Echinorinchidae, como proposto por Thatcher (2001), pois baseado em
evidéncias morfoldgica e moleculares realocamos este género na familia Arhythmacanthidae.
Com a inclusdo do género Brasacanthus na familia Arhythmacanthidae, aumenta para
10 o numero de géneros desta familia, uma vez que propomos que 0 género Calakmulrhynchus
seja sinonimizado Brasacanthus. Assim, a familia Arhythmacanthidae fica composta pelos
seguintes géneros: Brasacanthus Thatcher, 2001; Heterosentis Van Cleave, 1931;
Hypoechinorhynchus Yamaguti, 1939, Spiracanthus Munoz & George-Nascimento, 2002,
Bolborhynchoides Achmerow & Dombrovskaja, 1959; Acanthocephaloides Meyer, 1932;
Breizacanthus Golvan, 1969; Euzetacanthus Golvan & Houin, 1964; Paracanthocephaloides
Golvan, 1969 e Solearhynchus Buron & Maillard, 1985. Além disso, a classificagdo em
subfamilias de membros da familia Arhythmacanthidae ndo deve ser considerada, uma vez que
os caracteres que classificam as subfamilias sdo duvidosos e ndo refletem a filogenia dessa
familia.
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Abstract

The present study investigated the metazoan parasite community in Pimelodus ornatus from the Amazon River,
in the state of Amapé (Brazil). Of 71 fish examined, 70.4% were parasitized by Demidospermus sp. (Monogenea),
Cucullanus pinnai, Procamallanus (Spirocamallanus) inopinatus and Contracaecum sp. (Nematoda) and plerocercoids
from Proteocephalidae gen. sp. (Cestoda). The dominance was of nematode species such as Procamallanus (S.)
inopinatus and Contracaecum sp. The parasites showed a highly aggregated dispersion and a predominance of
hosts infected by one species of parasite. The parasite community was characterized by a low Shannon diversity
index, low evenness and low species richness. The richness of parasite species, Shannon'’s diversity index,
abundance of P. (S.) inopinatus and Proteocephalidae gen. sp. showed a positive correlation with the length of
the hosts. Therefore, the size of the hosts had an influence on the parasite community and infracommunities, as

well

as their intermediate position in the food web. This is the first record of P. (S.) inopinatus and Contracaecum

sp. for P. ornatus.

Keywords: Aggregation, ectoparasites, endoparasites, freshwater fish, infection.

Resumo

Este estudo investigou a comunidade de parasitos metazoarios em Pimelodus ornatus do Rio Amazonas, no
estado do Amapa (Brasil). De 71 peixes examinados, 70,4% estavam parasitados. Um total de 147 parasitos foi
coletado, entre Demidospermus sp. (Monogenea), Cucullanus pinnai (Nematoda), Procamallanus (Spirocamallanus)
inopinatus e Contracaecum sp. (Nematoda) e plerocercoides de Proteocephalidae gen. sp. (Cestoda). Adominancia
foi de nematoides como Procamallanus (S.) inopinatus e Contracaecum sp. Os parasitos apresentaram dispersdo
altamente agregada e predominio de hospedeiros infectados por uma espécie de parasito. A comunidade de
parasitos foi caracterizada por baixo indice de diversidade de Shannon, baixa equitabilidade e baixa riqueza de
espécies. A riqueza de espécies de parasitos, indice de diversidade de Shannon, abundancia de P. (S.) inopinatus
e Proteocephalidae gen. sp. apresentaram correlagdo positiva com o comprimento dos hospedeiros. Portanto,
o tamanho dos hospedeiros teve influéncia sobre a comunidade e infracomunidades de parasitos, bem como
sua posicdo intermediaria na cadeia alimentar. Este é o primeiro registro de P. (S.) inopinatus e Contracaecum sp.
para P. ornatus.
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Abstract

The present study investigated the metazoan parasite community in Pimelodus ornatus from
the Amazon River, in the state of Amapa (Brazil). Of 71 fish examined, 70.4% were parasitized
by Demidospermus sp. (Monogenea), Cucullanus pinnai, Procamallanus (Spirocamallanus)
inopinatus and Contracaecum sp. (Nematoda) and plerocercoids from Proteocephalidae gen.
sp. (Cestoda). The dominance was of nematode species such as Procamallanus (S.) inopinatus
and Contracaecum sp. The parasites showed a highly aggregated dispersion and a
predominance of hosts infected by one species of parasite. The parasite community was
characterized by a low Shannon diversity index, low evenness and low species richness. The
richness of parasite species, Shannon's diversity index, abundance of P. (S.) inopinatus and
Proteocephalidae gen. sp. showed a positive correlation with the length of the hosts. Therefore,
the size of the hosts had an influence on the parasite community and infracommunities, as well
as their intermediate position in the food web. This is the first record of P. (S.) inopinatus and
Contracaecum sp. for P. ornatus.
Keywords: Aggregation, ectoparasites, endoparasites, freshwater fish, Infection.
Resumo
Este estudo investigou a comunidade de parasitos metazoarios em Pimelodus ornatus do Rio
Amazonas, no estado do Amapa (Brazil). De 71 peixes examinados, 70,4% estavam parasitados
e um total de 147 parasitos foram coletados, entre Demidospermus sp. (Monogenea),
Cucullanus pinnai (Nematoda), Procamallanus (Spirocamallanus) inopinatus e Contracaecum
sp. (Nematoda) e plerocercoides de Proteocephalidae gen. sp. (Cestoda). A dominancia foi de
nematoides como Procamallanus (S.) inopinatus e Contracaecum sp. Os parasitos
apresentaram dispersdo altamente agregada e predominio de hospedeiros infectados por uma
espécie de parasito. A comunidade de parasitos foi caracteriza por baixo indice de diversidade
de Shannon, baixa equitabilidade e baixa riqueza de espécies. A riqueza de espécies de
parasitos, indice de diversidade de Shannon, abundéncia de P. (S.) inopinatus e
Proteocephalidae gen. sp. apresentaram correlacdo positiva com o comprimento dos
hospedeiros. Portanto, o tamanho dos hospedeiros teve influéncia sobre a comunidade e
infracomunidades de parasitos, bem como sua posicao intermediaria na cadeia alimentar. Este
€ o primeiro registro de P. (S.) inopinatus e Contracaecum sp. para P. ornatus.
Palavras-chave: Agregacdo, ectoparasitos, endoparasitos, peixes de dgua doce, infecgéo.
Introduction

The Amazon River is the largest drainage basin in the world and accounts for 20% of
the global freshwater, 1.2 x 10° tons of sediment (Nittrouer & DeMaster, 1986; Milliman, 2001;
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Chong et al., 2016), 10% of the dissolved loads and 3% of the suspended loads that enter the
ocean (Milliman & Syvitski, 1992; Gaillardet et al., 1997; Calves et al., 2019). In addition, it
has a high diversity of fish species.

The diversity of fish in the Amazon River is of economic importance for many riverine
populations that live of fishing and use different species of fish for their subsistence (Salo et
al., 2013). This diversity is due to the particular characteristics of this large river and its
tributaries, which are rich ecosystems with complex trophic chains and with vegetation cover
that vary according to the flood regime and regional seasonality (Costa Sousa et al., 2017;
Arantes et al., 2019). However, many species of Amazonian fish and their biology are little
known (Tavares-Dias & Oliveira, 2017; Negreiros et al., 2018), such as the Pimelodus ornatus
(Kner, 1857).

Pimelodus ornatus is a Pimelodidae, popularly known as mandi-guaru, silver mandi,
mandi-pinini or painted mandi. This Siluriformes can be found in the Amazon, Madeira,
Parnaiba, Negro, Alto Parana, Orinoco, which are large rivers in the Guianas, Paraguay,
Bolivia, Peru and Venezuela (Nomura, 1984; Torrente et al., 2013; Froese & Pauly, 2021).
Omnivorous fish, active at night, can occur in the main river channels, in rocky bottoms with
dead tree trunks, upstream and downstream from rapids and backwaters (Froese & Pauly, 2021).
Their first sexual maturation occurs from 15.4 cm in length (Vazzoler, 1996) and females can
preserve sperm with their secretions by inserting them in the epithelium of their genital tract,
being indicative of internal fertilization (Vazzoler, 1996; Boujard, 1997; Le Bail et al., 2000).
This host fish has been parasitized by species of Monogenea, Nematoda, Trematoda, Cestoda
and Pentastomida (Table 1). However, little is known about the ecological interactions of P.

ornatus with its parasite community.
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Table 1. List of metazoan parasites species reported for Pimelodus ornatus from South

America.

Taxon/parasite species Locality References

Monogenea

Demidospermus peruvianus Peru Mendoza-Palmero et al. (2019)

Demidospermus curvovaginatus Peru Mendoza-Palmero et al. (2019)

Nematoda

Cucullanus pinnai Brazil Thatcher (2006), Kohn et al.
(2011)

Pseudocladorchis cylindricus Brazil Travassos et al. (1928)

Trematoda

Dadaytrema oxycephala Brazil Travassos et al. (1928)

Genarchella parva Argentina Kohn et al. (2007)

Genarchella genarchella Brazil Fernandes & Kohn (2001), Kohn
etal. (2011)

Cestoda

Mariauxiella pimelodi Brazil De Chambrier & Rego (1995)

Spasskyellina mandi Brazil Pavanelli & Takemoto (1996)

Nomimoscolex sp. Peru De Chambrier et al. (2015)

Pentastomida

Porocephalus gracilis Brazil Travassos et al. (1928)

Leiperia gracile Brazil Luque et al. (2013)

Adequate knowledge of parasite biodiversity is crucial for environmental management

and conservation initiatives (Poulin, 2004; Negreiros et al., 2019). It is known that among the

processes responsible for the spatial distribution of the parasites, they can be related to the

constant scenarios of changes in the environment and biological invasions, which can lead to
diseases (McLeod & Wing, 2008; Harvell et al., 2009; Altizer et al., 2013). Therefore, biotic
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and abiotic factors are commonly responsible for the diversity, richness and infection rates by
parasites in wild fish (Tavares-Dias et al., 2014; Blasco-Costa et al., 2015; Oliveira et al., 2017,
Tavares- Dias & Oliveira, 2017; Negreiros et al., 2018), affecting the parasite-host relationship.
Thus, the objective of the present study was to investigate the diversity and community ecology
of metazoan parasites in P. ornatus in the Amazon River region of the state of Amapa, northern
Brazil.

Materials and methods

Sampling area and fish collection

Seventy-one specimens of P. ornatus (15.8 + 2.4 cm and 18.9 + 8.1 g) were collected
every two months, from January to September 2020, on the Amazon River near the municipality
of Santana, Amapa state (Figure 1). The fish were collected with nets of different sizes and
meshes (15, 20, 25, 30 and 35), throw nets (20 mm mesh) and hand lines. The collected
specimens were conserved in 10% formaldehyde and transported to the Embrapa Aquaculture
and Fisheries Laboratory, Macapa, Amapa state, Brazil.

During the fish collection, the water quality parameters of electrical conductivity, pH
and total dissolved solids were measured using a multiparameter (COMBO5-02-1016), and the
dissolved oxygen and temperature were measured using an oximeter (MO-900). The average
water temperature was 29.4 £ 1.2 ° C, dissolved oxygen 5.9 £ 0.1 mg/L, pH 7.1 + 0.2, total
dissolved solids 52.2 + 2.0 mg/L and electrical conductivity 85.8 + 4.9 uS/cm.
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Figure 1. Collection site of Pimelodus ornatus in Amazonas River, State of Amap4, northern

Brazil.

The present study was carried out according to the recommendations and guidelines of
the Brazilian College of Animal Experimentation (COBEA) and with authorization from the
Ethics Committee on the Use of Animals of Embrapa Amapa (Protocol N° 014 -
CEUA/CPAFAP).

Collection and analytical procedures of the parasites

All fish were weighed (g) and the total length (cm) was measured, and the gills,
gastrointestinal tract and viscera were examined for the presence of metazoan parasites. The
gills, gastrointestinal tract and viscera were examined with a stereomicroscope and the observed
parasites were fixed with 70% ethyl alcohol. The parasites were prepared for identification
using the methodology described in Eiras et al. (2006). Parasites were identified according to
Moravec (1998) and Thatcher (2006), and specialized papers. Voucher specimens were
deposited at Instituto de Pesquisas Cientificas e Tecnoldgicas do Estado do Amapa (IEPA),
Macapa, AP, Brazil, in the Scientific Collection Curation Office for the Fauna of Amap4, under
accession number IEPA:160-164P.

Data analysis
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Prevalence, mean abundance, and mean intensity of parasite infracommunities (Bush et
al., 1997) and frequency of dominance (Rohde et al., 1995) were calculated. The dispersion
index (ID) and the significance of the ID were calculated using the d-statistic with the software
Quantitative Parasitology 3.0, as well as the Poulin discrepancy index (D) (Ludwig et al., 1988).
These parameters were calculated for species with a prevalence > 10%.

All data were previously evaluated on the assumptions of normality and
homoscedasticity using the Shapiro-Wilk and Bartlett tests, respectively. The Shannon index
(H), evenness (E) and species richness of parasites (Rohde et al., 1995, Magurran, 2004) were
used to estimate parasite diversity. Spearman's correlation coefficient (rs) was used to
investigate possible correlations between host body length and weight with the richness of
parasite species, Shannon index and parasite abundance.

Results

Pimelodus ornatus specimens were parasitized by Demidospermus Suriano, 1983,
Cucullanus pinnai (Travassos, Artigas & Pereira, 1928); Procamallanus (Spirocamallanus)
inopinatus (Travassos, Artigas & Pereira, 1928), larvae of Contracaecum Railliet & Henry,
1912 and plerocercoids of Proteocephalidae La Rue, 1911 (Table 2). However, the dominance
was of nematode species and no parasites were found in the mouth and operculum of the
examined hosts. The parasites showed aggregate dispersion (Table 3).



Table 2. Parasitic helminths in Pimelodus ornatus from Amazonas River, State of Amap4, in Brazil.
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Parasite species P (%) AM £ SD MI + SD TNP FD (%) Si
Monogenea

Demidospermus sp. 2.8 0.04+£0.3 15+£1.0 3 2.1 Gills
Nematoda

Contracaecum sp. (larvae) 22.5 0410 19+14 31 21.2 Intestine
Contracaecum sp. (larvae) 2.8 0.03+£0.2 1.0£0 3 1.4 Stomach
Procamallanus (S.) inopinatus 52.1 1.2+15 24+1.3 88 60.3 Intestine
Procamallanus (S.) inopinatus 1.4 0.01+01 1.0+0 1 0.7 Stomach
Procamallanus (S.) inopinatus 1.4 0.01+0.1 1.0x£0 1 0.7 Abdominal cavity
Cucullanus pinnai 5.6 0.1+0.2 1.0+0 4 2.7 Intestine
Cestoda

Proteocephalidae gen. sp. (plerocercoids) 11.3 0.2+0.6 16+1.1 13 8.9 Intestine
Proteocephalidae gen. sp. (plerocercoids) 4.2 0.04+£0.2 1.0£0 3 2.0 Stomach

P: Prevalence, MA: Mean abundance, MI: Mean intensity, TNP: Total number of parasites, FD: Frequency of dominance, Sl: Site of infection, SD: Standard deviation.
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Table 3. Index of dispersion (ID), d-statistical (d) and discrepancy index (D) of parasite

infracommunities in Pimelodus ornatus from the Amazonas River, Amapa state, in Brazil.

Parasite species ID d D Dispersion type
Contracaecum sp. 2.74 55 0.83 Aggregated
Procamallanus (S.) inopinatus 1.77 4.0 0.60 Aggregated
Proteocephalidae gen. sp. 1.85 4.3 0.83 Aggregated

The parasite component community showed a low Shannon diversity index, low
evenness and low species richness, and predominance of endoparasite species (Table 4). There
was a predominance of hosts infected by one species of parasite (Figure 2).

The species richness of parasites (rs = 0.24; p = 0.04) and Shannon's diversity index (rs
=0.29; p = 0.01) showed a weak positive correlation with the length of the hosts. The richness
of parasite species (rs = 0.18, p = 0.12) had no correlation with the weight of the hosts, but the
Shannon's diversity index (rs = 0.27; p = 0.02) showed weak positive correlation with the
weight of the hosts. The abundance of P. (S) inopinatus (rs = 0.21; p = 0.01) and
Proteocephalidae gen. sp. (rs = 0.22; p = 0.05) showed a weak positive correlation with the
length of the hosts. There was no correlation between the weight of the hosts and the abundance
of P. (S) inopinatus (rs = 0.08; p = 0.50), Proteocephalidae gen. sp. (rs = 0.22; p = 0.06) and
Contracaecum sp. (rs = -0.05; p = 0.66). The abundance Contracaecum sp. (rs =-0.01, p =
0.91) there was no correlation between host length.

Table 4. Component community of metazoan parasites in Pimelodus ornatus from the Amazon
River, state of Amapa, in Brazil.

Parameters Values

All species of parasites

Number of hosts examined 71
Total prevalence (%) of parasites 70.4
Total number of parasites 147

Number species of parasites 5
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Diversity of Shannon

Evenness

Species richness of parasites
Species of endoparasites
Number species of endoparasites
Percentage of endoparasites (%)
Species of endoparasites (larvae)
Species of endoparasites (adults)
Species of ectoparasites
Number species of ectoparasites
Percentage of ectoparasites (%)

Species of ectoparasites (larvae)

97.9

2.1
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Figure 2. Species richness of metazoan parasites in Pimelodus ornatus from the Amazon River,

Amapa of State, in Brazil.

Discussion

The component community of metazoan parasites in P. ornatus from the Amazon River
consisted of one species of Monogenea, three species of Nematoda and one species of Cestoda.
Few parasite species known for P. ornatus were found here (Table 1). For P. ornatus sampled
from the reservoir of the Hydroelectric Power Station of Itaipu, State of Parana (Brazil), Kohn
et al. (2011) reported only one Nematoda species and one Digenea species. In contrast, the
metazoan community in Pimelodus blochii (Valenciennes 1840) from the Acre and laco rivers,
was made up of five species of Monogenea, 10 Nematoda, three Digenea, one Cestoda and
three Crustacea (Negreiros et al., 2018); in Pimelodus pohli Ribeiro & Lucena, 2006 of the Sdo
Francisco river, for two species of Monogenea, three Nematoda, one Digenea and one
Acanthocephala (Sabas & Brasil-Sato, 2014) and in Pimelodus maculatus Lacepéde, 1803 of
the Guandu River for one species of Nematoda and one species of Cestoda (Albuquerque et al.,
2008). These results are probably related to omnivorous fed habit of these host fish species
(Froese & Pauly, 2021), considering that acquiring of nematodes and other endoparasites are
linked to the diet (Sabas & Brasil-Sato, 2014; Blasco- Costa et al., 2015; Oliveira et al., 2017;
Tavares-Dias & Oliveira, 2017; Negreiros et al., 2018). However, such differences in the
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component community and parasite richness may be attributed to the difference in host species,
diet and different environments.

In P. ornatus, the parasites showed an aggregate dispersion pattern, which is common
in several species of freshwater fish from various natural environments (Sabas & Brasil-Sato,
2014; Tavares-Dias & Oliveira, 2017; Oliveira et al., 2019; Neves et al., 2020a). This
aggregation may be associated with the genetic variability of the host population, decreased
interspecific competition between parasites, decreased damage to the host and other
environmental factors (Poulin, 2013; Tavares-Dias & Oliveira, 2017; Salgado-Maldonado et
al., 2019).

Monogeneans are parasites that may serve as indicators of environmental quality, since
they are generally present in greater abundance in aquatic environments with low conditions in
water (Dogiel, 1961; Oliveira et al., 2017; Negreiros et al., 2018; Oliveira et al., 2019). In
addition, most monogenean parasites are species-specific, parasitizing a host or
phylogenetically related hosts. The depth of the water body and flow velocity limit the
exploitation of monogenean species in the host fish (Negreiros et al., 2018). In P. ornatus of
the Amazon River, an environment with a high average water flow (1.0 x 10°m?%/s), which
prevents the accumulation and permanence of pollutants and eutrophication (Abreu et al.,
2020), and with a high level of oxygen, there was a low level of infection by monogeneans
Demidospermus sp. Negreiros et al. (2018) reported that anthropogenic development of the Rio
Acre influenced the levels of infection by Demidospermus peruvianus Mendoza-Palermo &
Scholz, 2011; Demidospermus striatus Mendoza-Palermo & Scholz, 2011; Demidospermus sp.
and Ameloblastella Kritsky, Mendoza-Franco & Schoz, 2000 in the gills of P. blochii.

In P. ornatus, larval stage of Contracaecum sp. and Proteocephalidae gen. sp. were
present, indicating that this fish is an important intermediate host in the transmission of these
endoparasites perhaps due to its omnivorous feeding habit (Sanchez-Botero & Araudjo-Lima,
2001; Froese & Pauly, 2021). We observed that P. ornatus was feeding on small crustaceans
such as crabs and shrimp. In addition, P. ornatus also feeds on small fish (S&-Oliveira et al.,
2014). These results indicate that P. ornatus occupies a lower position in the food chain, thus
facilitating these infections by such endoparasites with different life cycles. However, this was
the first record of Contracaecum sp. for P. ornatus.

Procamallanus (S.) inopinatus, a nematode with wide geographic distribution and is
found in different species of fish in Brazil (Neves et al. 2020b), was recorded here for the first
time in P. ornatus. This endoparasite was the dominant species in P. ornatus and had a higher
level of infection when compared to Contracaecum sp. and C. pinnai, and occurred in the

intestine, stomach and abdominal cavity. However, the levels of C. pinnai infection in P.
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ornatus were low when compared to P. blochii from the laco and Acre rivers (Negreiros et al.,
2018; Negreiros et al., 2019) and P. maculatus from the Rio Guandu (Albuquerque et al., 2008).
Cucullanus pinnai has also been reported to parasitize Pimelodus albicans (Valenciennes,
1840) (Chemes & Takemoto, 2011) and Pimelodus clarias (Linnaeus, 1758) (Kohn &
Fernandes, 1987), demonstrating that this is a common nematode infecting species of
Pimelodus.

No crustacean parasite species was found on the gills of P. ornatus from the Amazonas
River. Similar findings were reported by Neves & Tavares-Dias (2019) for Ageneiosus
ucayalensis (Castelnau, 1855), Pimelodella eigenmanni (Boulenger, 1891), Colomesus asellus
(Muller & Troschel, 1849), Pimelodus blochii (Valenciennes, 1840), P. ornatus,
Platynematichthys notatus (Jardine, 1841) and Peckoltia lineola (Armbruster, 2008) from
Matapi River, a tributary of the Amazonas River, in Amapa State (Brazil). This absence of
parasitic crustacean species may be due to the water velocity and daily tides from the Amazonas
River (Abreu et al., 2020), given that these ectoparasites need to swim to find adequate hosts,
while others depend on the flow of water and swimming speed (Neves & Tavares-Dias, 2019).

In P. ornatus, regarding the host-parasite relationship, there was a positive correlation
of the species richness of parasites and Shannon diversity index with the total length of the host,
demonstrating that the size of the fish influenced these parameters. Similar findings have been
reported for Chaetobranchopsis orbicularis (Steindachner, 1975) (Tavares-Dias & Oliveira,
2017), Colossoma macropomum Cuvier, 1816 (Gongalves et al., 2018) and Acestrorhynchus
falcirostris (Cuvier, 1819) (Hoshino et al., 2016). Moreover, the body length of P. ornatus also
influenced in the abundance of P. (S) inopinatus and Proteocephalidae gen. sp., in which larger
fish tended showed more parasites when compared to smaller ones, although these correlations
explicit only 22% of occurrence of this parasite. Determining the factors that affect the parasites
present in wild fish populations is important for parasite ecology studies. However, in fish
populations, the influence of the body size on parasite load may vary, and the causes of
variations are little understood.
Conclusions

The parasite community of P. ornatus in the Amazon River was composed of helminth
species with low prevalence, low abundance, low diversity and low species richness,
predominance of ectoparasites and with aggregate dispersion. The size of the host fish
influenced the diversity of parasites, explaining less than 25% of the occurrence of parasites. In
addition, new reports of parasites have been recorded for P. ornatus. The data obtained here
emphasize the importance of the Amazon River as a source of biodiversity. It was possible to

contribute to an increase in the knowledge of the freshwater biodiversity from the Amazon,
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expanding the ecological interactions of parasites and biological information on this Amazonian

siluriform with gaps in the literature. This information may be used for future comparisons in

studies on the impacts of anthropogenic actions on the parasitic diversity of P. ornatus in the

Amazon River.
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Abstract

This study investigated the influence of temporal and seasonal (i.e., rainy and dry seasons) in communities and infracom-
munities of metazoan parasites in Pimelodus ornatus, a Siluriformes from the Amazon River in the state of Amap, in
northern Brazil. A total of 144 fish were collected during 2020 and 2021. In 2020, five species of parasites were found (1
Monogenea, 3 Nematoda, and 1 Cestoda), and in 2021, seven species of parasites were found (1 Monogenea, 3 Nematoda,
1 Cestoda, 1 Digenea, and 1 Crustacea). In 2020, Spirocamallanus inopinatus was dominant, while in 2021, Contracaecum
sp. was dominant. Brillouin diversity, species richness, and evenness were higher in 2021. There were differences for some
parasite infracommunities between years and between seasonal periods. Brillouin diversity and species richness were higher
in the rainy season, but there were no differences in evenness and Berger-Parker dominance between the seasonal periods.
Temporal and seasonal variations were mainly influenced by rainfall levels, oxygen levels, and environmental temperature
and, later, by the availability of infective stages of parasites in the environment and the size of the hosts. Lastly, the influence
of the temporal and seasonal variations on the structure of communities and infracommunities of parasites was weaker than
expected due to the low infection rates of the majority of parasites found.

Keywords Amazon - Freshwater fish - Infection - Parasites - Seasonality

Introduction

The Amazon River basin, which is about 8.7 to 11.8 million
years old (Gorini et al. 2014; Hoorn et al. 2017; van Soelen
etal. 2017), is one of the most complex ecosystems in the
world. It has a great biodiversity of fish that feeds river-
side populations that live from fishing (Salo et al. 2013).
This fish biodiversity is due to the particular characteristics
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of this large hydrographic basin and its tributaries, which
have complex food webs and large vegetation cover, both
influenced by the seasonal cycles (rainy/dry) of the Ama-
zon region (Sousa et al. 2017; Arantes et al. 2019). In the
Amazon River system, parasites also represent a numerically
and functionally important component of this biodiversity.
Understanding which factors drive variations in the diver-
sity of parasites in the region has been of interest in fish
parasitology. Thus, efforts have been made to understand
annual and seasonal effects on diversity, richness, and para-
site communities in wild Amazonian fish populations (Neves
et al. 2013; Tavares-Dias et al. 2014; Gongalves et al. 2016;
Negreiros et al. 2019a,b; Hoshino and Tavares-Dias 2019,
2020; Cavalcante et al. 2020).

Variation in the structure of parasite communities can be
expected over time. Information about these dynamics in
Amazonian fish has been little addressed (Negreiros et al.
2019a; Hoshino and Tavares-Dias 2019, 2020). Variations
in the diversity and abundance of parasites with complex life
cycles can be strongly altered by the population density of
intermediate and definitive hosts, which can vary in space,
time, and seasonal period, thus playing an important role in
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Abstract

This study investigated the influence of temporal and seasonal (i.e., rainy and dry seasons)
in communities and infracommunities of metazoan parasites in Pimelodus ornatus, a
Siluriformes from the Amazon River in the state of Amap4, in northern Brazil. A total of
144 fish were collected during 2020 and 2021. In 2020, five species of parasites were found
(1 Monogenea, 3 Nematoda, and 1 Cestoda), and in 2021, seven species of parasites were
found (1 Monogenea, 3 Nematoda, 1 Cestoda, 1 Digenea, and 1 Crustacea). In 2020,
Spirocamallanus inopinatus was dominant, while in 2021, Contracaecum sp. was
dominant. Brillouin diversity, species richness, and evenness were higher in 2021.
There were differences for some parasite infracommunities between years and between
seasonal periods. Brillouin diversity and species richness were higher in the rainy season,
but there were no differences in evenness and Berger-Parker dominance between the
seasonal periods. Temporal and seasonal variations were mainly influenced by rainfall
levels, oxygen levels, and environmental temperature and, later, by the availability of
infective stages of parasites in the environment and the size of the hosts. Lastly, the

influence of the temporal and seasonal variations on the structure of communities and
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infracommunitiesof parasites was weaker than expected due to the low infection rates of the

majority of parasites found.

Keywords: Amazon, Freshwater fish; Infection, Parasites, Seasonality

Introduction

The Amazon River basin, which is about 8.7 to 11.8 million years old (Gorini et al.
2014; Hoorn et al. 2017; van Soelen et al. 2017), is one of the most complex ecosystems in
the world. It has a great biodiversity of fish that feeds riverside populations that live from
fishing (Salo et al. 2013). This fish biodiversity is due to the particular characteristics of this
large hydrographic basin and its tributaries, which have complex food webs and large
vegetation cover, both influenced by the seasonal cycles (rainy/dry) of the Amazon region
(Sousaetal. 2017; Arantes et al. 2019). In the Amazon River system, parasites also represent
a numerically and functionally important component of this biodiversity. Understanding
which factors drive variations in the diversity of parasites in the region has been of interest
in fish parasitology. Thus, efforts have been made to understand annual and seasonal effects
on diversity, richness, and parasite communities in wild Amazonian fish populations
(Neves et al. 2013; Tavares-Dias et al. 2014; Goncalves et al. 2016; Negreiros et al. 2019a,b;
Hoshino and Tavares-Dias 2019; Hoshino and Tavares-Dias 2020; Cavalcante et al. 2020).

Variation in the structure of parasite communities can be expected over time.
Information about these dynamics in Amazonian fish has been little addressed (Negreiros
etal. 2019a; Hoshino and Tavares-Dias, 2019; Hoshino and Tavares-Dias, 2020). Variations
in the diversity and abundance of parasites with complex life cycles can be strongly altered
by the population density of intermediate and definitive hosts, which can vary in space,
time, and seasonal period, thus playing an important role in the structure of the
parasite communities of wild fish populations (Blasco-Costa et al. 2015). These variations
can occur mainly in theAmazon basin, where seasonality is characterized by the occurrence
of two distinct periods: rainy and dryseasons. The rainy season includes the months from
December to May, while the dry season includes the months from June to November (Souza
and Cunha 2010). Thus, seasonal variation is an abiotic factor thatcan influence the life of
many Amazonian fish species, including Pimelodus ornatus (Kner, 1857), a Siluriformes
fish whose parasite diversity has recently been studied by Lima et al. (2021). Pimelodus
ornatus is a catfish found in the Amazon, Madeira, Parnaiba, Negro, upper Parana, Orinoco
rivers, as wellas large rivers from Guyanas, Paraguay, Bolivia, Peru, Venezuela, and
Ecuador (Nomura 1984; Torrente et al. 2013; Lima et al. 2021; Froese and Pauly 2022).
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This omnivorous fish is active at night and can be captured in main river beds, on rocky
bottoms with dead tree trunks, upstream and downstream of rapids and backwaters (Lima
et al. 2021; Froese and Pauly 2022). As it is a small size fish, its first sexual maturation

occurs from 15.4 cm (Vazzoler 1996).

In Amazonian systems, invertebrates that are intermediate hosts for parasite species
with a complex life cycle can also respond to environmental variations in different ways,
from the individual level to the component community level (Gongalves et al. 2016;
Negreiros et al. 2019b; Hoshino and Tavares-Dias, 2019; Hoshino and Tavares-Dias, 2020).
Parasites play an intrinsic role, however, hidden in the Amazonian ecosystems. Thus,
understanding many aspects of the ecology of parasites in wild fish from this important
Neotropicalregion has been hampered by the scarcity of annual and seasonal datasets
and studies on almost allaspects of environment-host-parasite interactions. As the effects
of temporal and seasonal variation on thecommunities and infra communities of P. ornatus
metazoan parasites are not known, we hypothesizedthat (1) annual and seasonal variations
are factors that act directly on the diversity, structure of communities and infracommunities
of metazoan parasites in P. ornatus of the Amazon River, and (2) the diversity, communities
and infracommunities of metazoan parasites are greater in the rainy season, when there is
an increase in the availability and variety of food, and consequently greater contact of fish
in the infective stages of the parasites in the environment.

Material and methods

Study area and fish collection

In bimonthly collections, a total of 144 P. ornatus were collected (18.8 + 2.5 cm
and 19.5 + 8.8¢g) from January 2020 to November 2021 in the Amazon River, near the Island
of Santana, in the municipality of Santana, Amapa, Brazil (Fig. 1). Fish were collected with
gill nets with different sizes and meshes (15 mm, 20 mm, 25 mm, 30 mm, and 35 mm
between knots), cast nets (mesh of 20 mm between knots) and hand lines. Then, the fish
were euthanized by the spinal cord transection method, preserved in 10% formaldehyde,
and transported to the Aquaculture and Fisheries Laboratory of EmbrapaAmapéa, Macapa,
state of Amapa (Brazil), for analysis of the parasites.

At the fish sampling sites, water quality parameters such as electrical conductivity,
pH, and total dissolved solids were measured using a multiparameter (Akso, model Combo5-
02-1016). Dissolvedoxygen levels and water temperature were measured using an oximeter

(Instrutherm, Model MO-900). Rainfall data from the fish collection region were obtained



183

from the Hydrometeorology and Renewable Energy Center (NHMET) of The Institute of
Scientific and Technological Research of the State of Amapa(IEPA) (Table 1).

Parasite analysis procedures

In the laboratory, fish were weighed (g) and measured in total length (cm), and
were necropsied to collect the metazoan parasites. The mouth, opercular cavity, gills, and
fins were analyzed for ectoparasites, and internal organs such as gastrointestinal tract and
viscera were examined forendoparasites with the aid of a stereomicroscope. The parasites
found were preserved in 70% ethylalcohol for the preparation of permanent slides

following previous recommendations (Eiras et al. 2006).
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Fig. 1 Collection area of Pimelodus ornatus in the Amazon River, the state of Amap4,
northern Brazil

Data analysis

Parasite indices such as prevalence and mean abundance of infracommunities were
calculated (Bush et. al. 1997). To describe the parasite community, species richness,
Brillouin diversity index (HB), evenness (E), and Berger-Parker dominance index (d)
data were calculated using PAST software (Hammer et al. 2001). The Spearman



184

correlation coefficient (rs) was used to evaluate possiblecorrelations of body length and

weight of host with parasite abundance (Zar 2010).

Table 1. Physical-chemical parameters of water from the Amazon River, in the state of Amapa

(Brazil), during periods of collection of Pimelodus ornatus.

Test

Parameters 2020 2021 ot U
Rainfall (mm) 195.7+119.5 2315+ 153.2 -0.8197 -
Temperature (°C) 29.0+£1.0 29.1+1.1 0.0284 -
Dissolved oxygen (mg/L) 58+0.2 42+18 2.2699 -
pH 71+0.2 6.8+0.3 2.4242* -
Total dissolved solids (mg/L) 56.8 £ 10.7 107 £ 60.7 - 2.0*
Electric conductivity (uS/cm) 904 +122 148.1 +111.4 - 10.5

Rainy season Dry season
Rainfall (mm) 3115+ 106.7 131.0+116.3  3.9908** -
Temperature (°C) 28.3+0.3 30.0+0.5 _ -
6.8690**

Dissolved oxygen (mg/L) 52+08 46+212 0.4;)52 -
pH 6.9+0.2 6.9+0.3 -0.2389 -
Total dissolved solids (mg/L) 72.6 +34.6 91.4+62.5 - 16.00
Electric (;onductivity (uS/cm) 98.8+61.4 139.6 + 98.7 - 15.50

t,: test t; U, Mann—Whitney test, *p < 0.05, , **p < 0.001

To determine whether total length (cm), weight (g), prevalence, abundance, species

richness,evenness, Brillouin diversity index, and Berger-Parker dominance index data

followed a normal distribution pattern, Shapiro-Wilk and Bartlett tests were used,

respectively. To verify if there were differences in the prevalence of parasites between the

years 2020 and 2021 and the seasonal periods(rainy and dry), the chi-square test (x2) with
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Yates’s correction was used, and to verify differences in the abundance of parasites, the
Mann Whitney test (U) was used (Zar 2010). To estimate differences in diversity indices
(species richness, evenness, Brillouin diversity index, and Berger-Parker dominance
index) of metazoan parasites between 2020 and 2021 and seasonal periods, the Kruskal-
Wallis followedby Dunn test was employed. These analyses were performed in R software
(R CoreTeam 2021).

Variance analysis of permutation (PERMANOVA) was used to detect differences
in the parasite community between the years 2020 and 2021 and the rainy and dry
seasons. Temporal andseasonal variables were fitted in the ordering of principal coordinate
analysis (PCoA) based on Bray-Curtis distance, using the envfit function of the vegan
package (Oksanen et al. 2020), and p-values were calculated by the permutation test
(number of permutations = 999) in R software. To analyze how differences in sampling
effort can influence the results, we plotted a species accumulation curve (observed and
expected) for the years 2020 and 2021 and for the rainy and dry seasons. These analyses

were performed using R software (R CoreTeam 2021).

Results

Component community and parasite infracommunities in 2020 and 2021

Fish_collected in 2020 measured 15.5 + 2.4 cm, while those collected in 2021
measured 16.0 £ 2.5 cm, showing no significant differences (t = 1.3, p = 0.18) between
years. Fish collected in 2020 weighed 18.9 £ 8.1 g, and those collected in 2021 weighed
20.0 £ 9.4 g, showing no significant differences (t = —-7.5, p = 0.4) between the years.

Host length did not present correlation with the abundance of S. inopinatus (rs =
0.16, p =0.052), Contracaecum sp. (rs = 0.04, p = 0.57), and Proteocephalidae gen. sp. (rs
= 0.01, p = 0.83), nor did the weight with the abundance of S. inopinatus (rs = 0.06, p =
0.43), Contracaecum sp. (rs = 0.01, p = 0.84), and Proteocephalidae gen. sp. (rs=0.03, p =
0.70).

Of the fish examined, 412 parasites were collected, those being 146 parasites in 2020
and 266 parasites in 2021. In 2020, 70.4% of fish were parasitized by Demidospermus
Suriano, 1983; Cucullanus pinnai (Travassos, Artigas & Pereira, 1928); Spirocamallanus
inopinatus (Travassos, Artigas & Pereira, 1928); larvae of Contracaecum Railliet &
Henry, 1912; and plerocercoids of Proteocephalidae La Rue, 1911. In 2021, 86.3% of fish

were parasitized by Demidospermus sp.; C. pinnai; S. inopinatus; larvae of Contracaecum
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sp.; Proteocephalidae gen. sp., Genarchella genarchella (Travassos, Artigas & Pereira,
1928); and Thelotha henselli (Von Martens, 1869).

There was a dominance of S. inopinatus in 2020 and Contracaecum sp. in 2021.
Prevalence and abundance of Contracaecum sp. was higher in 2021, while the other
parasite species did not differbetween the years (Table 2).

Axes 1 and 2 of PCoA of were responsible for 63% of the total data variation in the
compositionof parasite abundance in 2020 and 2021. Despite the figure showing an overlap
and sharing of species between the years, there was a significant difference (PERMANOVA:
F =0.060, p = 0.001) in parasite infracommunity, influenced mainly by the variation in the

abundance of S. inopinatus (RZ2 = 0.356, p = 0.001), Contracaecum sp. (R2 = 0.719, p =
0.001), and Proteocephalidae gen. sp. (R2 = 0.339, p = 0.001) (Fig. 2).



Table 2. Metazoan parasites in Pimelodus ornatus from Amazon River, in the state of Amapa (Brazil), collected in 2020 and 2021

187

2020 (n =71) 2021 (n=73) 1 U
Parasite species Sites of infection P(%) MAxSD TNP P(%) MAxSD TNP
Demidospermus sp. Gills 2.8 0.04+£0.3 3 8.2 03x12 20 1.1 2448.5
Cucullanus pinnai Intestine, abdominal cavity 5.6 0.06 £0.2 4 11.0 03x1.1 22 1.2 2410.0
Spirocamallanus inopinatus  Stomach abdominal cavity, intestine 535 1.3+15 90 49.3 12+1.38 85 0.1 2397.0
Contracaecum sp. (larvae) Abdominal cavity, stomach, liver, 22.5 04+£11 33 58.9 15+£21 108 18.2**  1621.0**

intestine

Genarchella genarchella Pharynx 0 0 0 55 0.1+0.2 4 - -
Proteocephalidae gen sp. Stomach, intestine 155 0.2+0.6 16 16.4 04+11 26 0.8 2559.5
(plerocercoids)
Telotha henselli Gills 0 0 0 2.7 0.03+0.2 2 - -

P,: prevalence;, MA,: mean abundance;, SD,: standard deviation;, TNP,: total number of parasites;,xz, chi-square test;, U, : Mann-Whitney test

,*p<0.05

,**p < 0.01.-



PCoA 2 (17.6%)

188

—e— 2020
» —o— 2021
o
o
. [ ]
< L]
o 7 [ ]
[ ]

@
N
o

[ ]

e
=
o °

® o
® o o
N
3
Contracaecum sp.
I I T I T I
-0.4 -0.2 0.0 0.2 0.4 0.6

PCoA 1 (45.4%)

Fig. 2. Principal coordinate analysis (PCoA) using a Bray-Curtis distance matrix for
communities of metazoan parasites of Pimelodus ornatus from Amazon River, in the state of
Amapa (Brazil), collectedin 2020 and 2021. The percentage of variation explained by the

plotted principal coordinates is indicated on the axes.

The Brillouin diversity index, species richness of parasites, and evenness were higher
in 2021, while Berger-Parker dominance showed no differences between years (Fig. 3).
The parasite species accumulation curve showed that the species richness was different
between years. It also showed that the parasite richness was not affected by the sampling

effort between years (Fig. 4).
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River, in the state of Amapa (Brazil), collected in 2020 and 2021
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Component community and infracommunity of parasites in the rainy and dry seasons

The fish collected in the rainy season measured 15.0 + 2.6_.cm, while those collected
in the dryperiod measured 16.9 + 1.8 cm, showing significant differences (t = 4.3, p =
0.0001) between the seasonal periods. The fish collected in the rainy season weighed 16.8
+ 8.5 g, and those collected in the dry season weighed 16.9 £ 1.8 g, showing significant
differences (t = 4.6, p = 0.0001) between the seasonal periods.

Of the hosts examined -in the rainy season, 74.1% were parasitized by
Demidospermus sp., C.pinnai, S. inopinatus, Contracaecum sp., Proteocephalidae gen. sp.,
G. genarchella, and T. henselli. Of the fish examined in the dry period, 84.7% were
parasitized by Demidospermus sp., C. pinnai, S.inopinatus, Contracaecum sp., and
Proteocephalidae gen. sp. Genarchella genarchella and T. henselli were found only in the
rainy season. In the rainy and dry seasons, S. inopinatus was the parasite with the highest
prevalence and abundance. The prevalence of Demidospermus sp. and C. pinnai was higher
in the dry season, while the other species did not differ between the seasonal periods (Table
3).

Axes 1 and 2 of PCoA were responsible for 63% of the total variation in the
composition ofparasite abundance in the rainy and dry seasons (Fig. 5). This figure shows
overlap and sharing of species, showing that there were no significant differences
(PERMANOVA: F =0.009, p = 0.34) in the parasite infracommunities between the seasonal

periods. However, there was a significant variation in the abundance of S. inopinatus (R2
= 0.356, p = 0.001), Contracaecum sp. (R2 = 0.405, p = 0.001), and Proteocephalidae
gen. sp. (R2 = 0.339, p = 0.001).
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Table 3. Metazoan parasites in Pimelodus ornatus from Amazon River, in the state of Amapa (Brazil), collected during rainy and dry seasons

Rainy season (n = 85) Dry season (n = 59) Y U
Parasite species Sites of infection P (%) MA+SD TNP P(%) MAxSD TNP
Demidospermus sp. Gills 1.2 0.01+0.1 1 11.9 04+13 21 4.3* 22370
Cucullanus pinnai Intestine, abdominal cavity 35 0.1+0.7 10 16.9 0.3£0.9 16 6.0* 33225
Spirocamallanus inopinatus ~ Stomach abdominal cavity, intestine 50.6 1.2+£15 98 52.5 1.3£19 77 0.05 32375
Contracaecum sp. (larvae) Abdominal cavity, stomach, liver, intestine 35.3 0814 65 49.2 13+£22 76 2.2 3510.0
Genarchella genarchella Pharynx 4.7 0.05+0.2 4 0 0 0 - -
Proteocephalidae gen sp. Stomach, intestine 16.5 0411 32 18 02+04 10 0.03 35115
(plerocercoids)
Telotha henselli Gills 2.4 0.02+0.2 2 0 0 0 - -

P,_: prevalencg;, MA,: mean abundance;, SD,: standard deviation;, TNP,: total number of parasites;, x?, chi-square test;, U, : Mann—Whitney test., *p < 0.05, -, **p < 0.01.
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state of Amapa (Brazil), during rainy and dry seasons. The percentage of variation explained

by the plotted principal coordinates isindicated on the axes.

The Brillouin diversity index and parasite species richness were higher in the dry
season, whileevenness and Berger-Parker dominance did not show significant differences
between the seasons (Fig. 6). The species accumulation curve showed that the species
richness of parasites diverged between the rainy and dry seasons, and that the richness of
parasites was not affected by the sampling effort. The accumulation curve of parasite species

in the rainy and dry seasons reached an asymptote (Fig. 7)
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Discussion

Temporal variation of metazoan parasites

Surprisingly, no relationship between P. ornatus size and abundance of parasites
between the years was observed in the present study; however, we also examined within
the pooled parasite_species. This indicated that, despite host size being a significant
determining factor in the diversity, species richness, and abundance of parasites (Poulin
and Leung 2011; Marcogliese et al. 2016; Baia et al. al. 2018; Lehun et al. 2022), it
did not influence the temporal differences observed here, because other factors are
related. Furthermore, many parasite communities experience temporal variations due to
seasonal changes in biotic and abiotic environmental factors such as parasite life cycle,
environmental dynamics, host-specific immune responses, and reproduction period
(Cavalcante et al., 2020; Lehun et al. 2022).

As the Amazon River basin is one complex ecosystem, the temporal variations in the
fish communities that inhabit this region remain poorly understood. The community and
infracommunities of metazoan parasites in P. ornatus from the Amazon River did not show
a similar pattern between the yearsstudied due to seasonal variations. In Pimelodus blochi
(Valenciennés, 1840) from the laco River, in western Amazon (Brazil), the long-term
temporal variations in the community and infracommunity have been attributed to factors
linked to the body size of the host and variations in the availability of infective stages
in the environment. In Hemibrycon surinamensis (Gery, 1962) (Hoshino and Tavares- Dias
2019) and Metynnis lippincottianus (Hoshino and Tavares-Dias 2020) both host fishes from
the eastern Amazon region (Brazil), short-period, temporal variation was associated with
seasonal cycle (rainy/dry); availability of infective stages; changes in the recruitment
process of parasite species; urban eutrophication in the environment; and host body size.

The results showed that there was an alternation in the dominance of parasite
species in P.ornatus, with the dominance of S. inopinatus in 2020 and larvae of
Contracaecum sp. in 2021. These nematodes in adult and larval stages, respectively,
are related to: possible changes in the diet of P. ornatus or volume of food consumed
or changes in availability and efficiency of infection by intermediate hosts in the
environment (Sabas and Brasil-Sato 2014; Blasco-Costa et al. 2015; Tavares-Dias et
al.2017), since this host fish has an omnivorous feeding habit (Lima et al. 2021; Froese
and Pauly 2022), and acts as an intermediate (Contracaecum sp.) and definitive host (S.

inopinatus). In P. blochii, from thelaco River in the western Amazon (Brazil), a long-term
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study has shown a dominance of larvae and adults of 11 species of nematodes (Negreiros
et al. 2019a). However, in H. surinamensis, from the eastern Amazon, the dominance
of metazoan parasites was of the monogenean species during the two years ofstudy
(Hoshino and Tavares-Dias 2019b). In M. lippincottianus, from eastern Amazon
(Brazil), the dominance of metazoan parasites was of monogenean species in a year and
digenean Dadayus pacupeva (Lacerda, Takemoto & Pavanelli, 2003) in the other year
(Hoshino and Tavares-Dias 2020). Therefore, these results show a different pattern among

these species of Siluriformes and Characiformes.

The PCoA indicated differences between 2020 and 2021, mainly due to differences
in theabundance of S. inopinatus, Contracaecum sp., and Proteoceplalidae gen. sp. These
differences may be related to variations in rainfall levels between the years studied, thus
influencing the availability ofintermediate hosts (e.g., crustaceans) and variations in
environmental characteristics, favoring the recruitment of species with a complex life
cycle, in addition to the position of P. ornatus in the food web,as has also been reported for
other wild fish species (Villalba-Vasquez et al. 2018; Hoshino and Tavares-Dias, 2019;
Hoshino and Tavares-Dias, 2020; Lehun et al. 2022).

Wild fish populations act as hosts for various taxa of parasites with varied life cycle
strategies. Hence, the diversity and richness of parasites depends on the host species and
other factors related to the host and environment such as parasite life cycle, feeding habits, _
and the reproductive period of host fish, (Tavares-Dias et al. 2014; Tavares-Dias et al.
2017; Baia et al. 2018; Cavalcante et al. 2020). For P. ornatus, Brillouin diversity, parasite
species richness, and evenness were higher in 2021, caused by the presence of G.
genarchella and T. henselii, which occurred only in 2021. Similar studies have also
reported annual differences in the diversity and species richness of parasites in P. blochii,
from the laco River (Negreiros et al. 2019a) and in H. surinamensis, from the Igarapé
Fortaleza basin (Hoshino and Tavares-Dias 2019). These differences have been influenced
by the precipitation levels between the years, thus altering the flow patterns of the rivers
and the water quality of these Amazonian hydrographic basins.

Seasonal variation of metazoan parasites

The specimens of P. ornatus collected in the dry season were larger and heavier than
in the rainy season, possibly indicating a greater feeding in this seasonal period. The
Amazon River systems present periods of flooding and droughts, dynamics that also
influence the communities of invertebrates and fish that serve as food for many omnivorous

fish such as P. ornatus. As the diversity of zooplankton and otherinvertebrates is higher
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during the rainy season, this indicates that Amazonian fish have better feeding conditions
and food diversity in this seasonal period (Tavares-Dias et al. 2014; Goncalves et al. 2016),
preparing for reproduction. As in wild fish populations, host size is an important factor
influencing parasite communities and infracommunities, and may be associated with
their trophic level, diet, and vulnerability (Poulin and Leung 2011). This factor usually
accounts, in part, for the variation in infracommunities and diversity of parasites (Neves
et al. 2013; Tavares-Dias et al. 2014; Baia et al.2018).

The Amazonian region has a well-defined seasonality, with periods of intense rainfall -
(rainy season) and less rainy periods (dry season). Hence, in the Amazon River system,
variations in communities and infracommunities of parasites in wild fish populations have
been related to changes generated by the rainy/dry cycle, affecting the recruitment of
parasite species, increased availability of food for the host fishes, and availability of
infective stages in the environment (Neves et al. 2013; Goncalves et al. 2018; Negreiros
et al. 2019a; Hoshino and Tavares-Dias, 2019; Hoshino and Tavares-Dias, 2020), as well
as by theseason of reproduction of fishes (Cavalcante et al. 2020). Therefore, levels of
rainfall can cause effects on aquatic ecosystems such as changes-in fish habitat, water
quality, and velocity, and consequently, increasing the stress on host fishes and
susceptibility to parasite infections, affecting thus the structure ofparasite communities and
infracommunities and of intermediate hosts (Gongalves et al. 2016).

The PCoA showed no seasonal difference in the infracommunity of S. inopinatus,
Contraceacum sp., and Proteocephalidae gen. sp. However, parasite species richness and
Brillouin diversity were higher in the dry season, while evenness and Berger-Parker
dominance had no seasonal influence, because the dominant species did not vary between
seasonal periods. In contrast, in P. blochii from the rivers Acreand Xapuri, these diversity
parameters did not have a seasonal influence (Cavalcante et al. 2020). Environmental
factors such as the decrease in dissolved oxygen levels and increase in water temperature
during the dry period increased the species richness and parasite diversity in P. ornatus and,

therefore, therecruitment processes of parasite species found here.

Nematode S. inopinatus was dominant in both seasonal periods studied. The
prevalence of Demidospermus sp. and C. pinnai were higher in the dry season, when the
water quality levels were lower, favoring the reproduction of monogeneans and nematodes,

in contrast to what was detected in the rainy season, when there was a high oxygen level

and an average flow of water of 1.0 x 105m3/s, factors that can reduce the accumulation of

pollutants and eutrophication of the studied area (Abreu et al. 2020). Similar results have
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been reported for P. blochii from Acre River, in western Amazon, infected by monogeneans
Demidospermus spp. and Ameloblastella sp. in the dry season (Negreiros et al. 2019a).
Metynnis lippincottianus from the lIgarapé Fortaleza basin, in eastern Amazon, also
presented a higher prevalence of Contracaecum sp. larvae in the dry season (Hoshino and
Tavares-Dias 2020). In contrast, H. surinamensis from the Igarapé Fortaleza basin showed
no seasonal variation in the levels of infection by Contracaecum sp. (Hoshino and

Tavares-Dias 2019), therefore indicating a differentiated patternbetween host fish species.

Digenea is part of the parasite community of wild Amazonian fish populations
(Neves et al.2013; Negreiros et al. 2019a,b; Hoshino and Tavares-Dias, 2019; Hoshino
and Tavares-Dias, 2020). The transmission of these endoparasites occurs when
metacercariae are ingested by host fish such as P. ornatus, which has an omnivorous diet,
which facilitates the infection by digeneans. Infection by G. genarchella and T. henselii
occurred only during the rainy season when the increase in the water level of the Amazon
Riverfacilitated the chances of contact of these parasites with P. ornatus. However, in H.
surinamensis (Hoshino and Tavares-Dias 2019) and M. lippincottianus (Hoshino and
Tavares-Dias 2020), both hosts of tributaries of the Amazon River system, infection by
G. genarchella was not influenced by theseasonality, and Ergasilus xinguensis (Taborba,
Paschoal & Luque, 2016) also occurred only in the rainy season.

In conclusion, about 43% of parasites were larvae, indicating that P. ornatus is
the host intermediate. These results, based on a two-year sampling timescale, indicated
that behaviors differedbetween years and between seasons, regarding diversity and some
infracommunities of parasites. The effects of temporal and seasonal variations in the
diversity and levels of infection were related to variations in rainfall levels and,
consequently, the availability of infective stages of parasites with a direct and indirect life
cycle and changes in the recruitment of parasite species in the environment caused by
seasonality. Furthermore, this first study on the temporal and seasonal variations recorded
the firstoccurrence of G. genachella and T. henselii for P. ornatus. Lastly, the studied region
from the Amazon River has average water flow which, to a certain degree, prevents urban
eutrophication; however, it has environmental factors that influence the infection rates of
some metazoan parasites communities andinfracommunities, as well as diversity and
species richness over the years and seasonal periods, thus, corroborating the hypotheses

suggested.
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7. CONCLUSOES FINAIS

Os resultados da diversidade, sazonalidade de parasitos metazoarios de E. pisonis, C. asellus

e P. ornatus coletados no Rio Amazonas, nos permitiu concluir que:

-Cerca de 59,1% dos parasitos encontrados em E. pisonis eram larvas, assim este peixe € um
hospedeiro intermediario ou paraténico;

- Em E. pisonis, G. genarchella e Ergasilus sp. diferiram entre estacbes, enquanto G.
genarchella diferiu entre os anos estudados;

-Contracaecum sp. e Pseudoproleptus sp., e individuos adultos de S. inopinatus, G.
genarchella, Neoechinorhynchus sp., acaros e Ergasilus sp. foram registrados pela
primeira vez em E. pisonis;

-A diversidade parasitaria de C. asellus foi caracterizada por baixa prevaléncia e baixa
abundéancia, com dominancia de E. colomesus;

-Presenca de larvas de Contracaecum sp. é um indicativo que C. asellus pode atuar como
hospedeiro intermediario ou paraténico;

-Para C. asellus, E. colomesus e Contracaecum sp. diferiram entre estacdo sazonal, enquanto
a prevaléncia de E. colomesus diferiu entre os anos estudados.

-As variacOes sazonais na diversidade dos parasitos em C. asellus e nos niveis de infec¢do
foram relacionadas as variacBes nos niveis de chuva e ao tamanho do corpo dos
hospedeiros.

- A presenca de Contracaecum sp., Genarchella genarchella, Clinostomum marginatum,
Brasacanthus sp. e Argulus pestifer s&o novos registros para C. asellus;

- Para C. asellus, uma nova espécie de acantocéfalo do género Brasacanthus foi descrita, e
esta é a segunda espécie para 0 género e a primeira encontrada em peixes de agua doce;

- Baseado em dados de biologia molecular o género Brasacanthus deve ser realocado dentro
da familia Arhythmacanthidae;

- Calakmulrhynchus amini formou um clado irmdo com a nova espécie de Brasacanthus
aqui descrita;

-A comunidade parasitaria de P. ornatus no Rio Amazonas foi composta por espécies de
helmintos com baixa prevaléncia, baixa abundancia, baixa diversidade e baixa riqueza

de espécies, com predominancia de ectoparasitos e com dispersao agregada;
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- Em P. ornatus, o tamanho dos peixes hospedeiros influenciou na diversidade de parasitos;
-Spirocamallanus inopinatus, Contracaecum sp. Genarchella genachella e T. henselii séo

novos relatos de parasitos para P. ornatus;

Em P. ornatus, cerca de 43% dos parasitos encontrados eram larvas, indicando que este €

hospedeiro intermediario para algumas infracomunidade parasitarias;

Em P. ornatus, a infec¢do por Contracaecum sp. diferiu entre os anos estudados, enquanto

a prevaléncia de Demidospermus sp. e Cucullanus pinnai diferiu entre estacdo sazonal.



