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RESUMO

FERREIRA, D. O. Distribuicdo espacial, especificidade de hospedeiro e afinidade de
Branchiura por tipos de superficie e macro-habitat em espécies de peixes da Amazdnia
brasileira. 46 p. Dissertacdo — Departamento de Meio Ambiente e Desenvolvimento,

Universidade Federal do Amapéa, Macap4, 2022.

Branchiuras sdo pequenos crustaceos parasitos de peixe, esse grupo é composto por quatro
géneros (Argulus, Dipteropeltis, Chonopeltis e Dolops) que evoluiram, e hoje apresentam
diferentes estruturas de fixacdo que sdo especializadas para se fixar em determinadas partes
do hospedeiro. Espécies de Dolops possuem fixagdo do tipo gancho e espécies de Argulus e
Dipteropeltis possuem fixacdo do tipo disco de succ¢do. No presente estudo, investigou-se o
padrdo de afinidade de branchiuras por determinado macro-habitat nos peixes hospedeiros,
onde o principal objetivo foi avaliar se tipo de fixacdo (ganchos e disco de suc¢do) dos
parasitos esta relacionado com o tipo de superficie que exploram nos hospedeiros (escamas
grandes, pequenas e pele), e se o peso e o tamanho dos hospedeiros influenciam a abundancia
de branchiuras. As andlises revelaram que existe um efeito das estruturas de fixacdo dos
parasitos na escolha do sitio de infestacdo, onde branchiuras com disco de succéao
apresentaram maior afinidade pela boca e nadadeiras, enquanto aqueles com ganchos
estiveram mais relacionados com a superficie corporal do hospedeiro. Além disso,
branchiuras com fixacdo do tipo disco de suc¢do possui maior afinidade por hospedeiros de
escamas pequenas e pele (sem escamas), enquanto aqueles com ganchos foram mais
relacionados com peixes de escamas grandes. Houve correlacdo positiva da abundéncia de
branchiura com o comprimento e peso dos hospedeiros. No geral, os atributos morfoldgicos
dos parasitos e do hospedeiro determinaram certos padrdes de distribuicdo espacial, e isso nos
da uma compreensdo dessa interacdo parasitos-hospedeiro em ampla escala, onde esses
parasitos evoluiram em funcédo dos sitios que exploram nos peixes proporcionando linhagens

mais especializadas.

Palavras-chave: Crustacea, Ectoparasitos, Morfologia funcional, Rio Araguari.



ABSTRACT

FERREIRA, D. O. Spatial distribution, host specificity, and affinity of Branchiura for
surface and macrohabitat types in fish species from the Brazilian Amazon. 46 p. Master
Thesis — Department of Environment and Development, Federal University of Amap4,
Macapa, 2022.

Branchiuras are small parasitic crustaceans of fish, this group is composed of four genera
(Argulus, Dipteropeltis, Chonopeltis and Dolops) that evolved and today have different
attachment structures that are specialized to attach to certain parts of the host. Dolops species
have hook-type attachment and Argulus and Dipteropeltis species have suction disk
attachment. In the present study, we investigated the pattern of affinity of branchiurans for a
given macrohabitat in host fish, where the main objective was to assess whether the type of
attachment (hooks and suction disc) of the parasites is related to the type of surface they
explore in the hosts (large and small scales and skin), and if the weight and size of the hosts
influence the abundance of branchiurans. The analyzes revealed that there is an effect of the
attachment structures of the parasites in the choice of the infestation site, where branchiurans
with suction disk showed greater affinity for the mouth and fins, while those with hooks were
more related to the body surface of the host. In addition, branchiurans with suction disc
attachments have a higher affinity for small scale and skin (without scales) hosts, while those
with hooks were more closely related to large scale fish. There was a positive correlation
between the abundance of branchiurans and the length and weight of the hosts. Overall, the
morphological attributes of the parasites and the host determined certain patterns of spatial
distribution, and this gives us an understanding of this large-scale parasite-host interaction,
where these parasites evolved as a function of the sites, they exploit in fish providing more

specialized lineages.

Palavras-chave: Araguari River, Crustacea, Ectoparasites, Functional morphology.
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1 INTRODUCAO GERAL

Os parasitos sdo organismos excepcionais que evoluiram para parasitar animais,
principalmente vertebrados, sejam eles aquaticos ou terrestres (Poulin 2007). Segundo Petney
and Andrews (1998) estudos de campo clinicos, epidemiolédgicos e ecoldgicos, nenhuma
espécie é considerada livre de parasitos, e € comum muitos animais hospedarem mais de uma
espécie de parasito (Bordes and Morand 2015). Estimativas mostram que parasitos
representam aproximadamente a metade de toda biodiversidade (Hatcher and Dunn 2011). Os
representantes dos mais diversos grupos taxondmicos de parasitos possuem ciclo de vida
direto e/ou indireto, ou seja, sdo mondxenos e/ou heterdxenos, e alguns sdo hermafroditas ou
dioicos e se alimentam basicamente de fluidos corporais, células do tecido epitelial e sangue
(Wedekind et al. 1998; Pecinkova et al. 2007; Guha et al. 2013; Rosser et al. 2016).

Para aderir ao estilo de vida parasitaria os parasitos, passaram por uma série de adaptacdes no
ambito reprodutivo, alimentar e, principalmente morfoldgico, adaptacGes essas que
influenciam o desempenho na exploragdo do hospedeiro (Poulin 2007). Uma das principais
caracteristicas adaptativas que podemos observar nos parasitos esta relacionado com as
estruturas morfologicas para a fixacdo no hospedeiro, e essas estruturas sdo 0s principais
caracteres utilizados para classificacdo sistematica desses organismos invertebrados (Moller et
al. 2008). Portanto, a morfologia das estruturas de fixagdo dos parasitos varia em tamanho e
forma, em funcéo dos locais onde eles exploram ou se fixam no hospedeiro (Gorb 2008).
Essas adaptagcdes podem ser observadas em diversos grupos de parasitos, por exemplo
espécies de Nematoda que se fixam no hospedeiro usando a boca (Moravec 1998). Os grupos
taxonémicos desses platelmintos variam muito em funcéo principalmente da morfologia da
boca, tendo espécies com morfologia bucal simples como Rhabdochona spp. que parasitam
intestino dos peixes (Moravec 1998). Aquelas espécies com morfologia bucal complexa
contendo estruturas espinhosas que auxiliam na fixacdo, como Ancyracanthus spp. sdo
encontradas principalmente no estdmago de vertebrados (Moravec 1998).

Para Monogenea podemos destacar espécies com morfologia do haptor (6rgéo de fixacgdo)
adaptada para locais especificos no hospedeiro, como Urocleidoides spp., que possuem
ganchos, barras e ancoras pouco desenvolvidas no haptor e estdo associados as branquias de
peixe (Oliveira et al. 2020). Kritskyia spp. que possuem apenas ganchos no haptor e sdo
parasitos exclusivos de bexiga urinaria de peixes (Guidelli et al. 2003). Rhinoxenus spp., que
possuem gachos, ancoras e barras desenvolvidas especializadas para fixar nas narinas dos
peixes (Kritsky et al. 1988).



Para Copepoda da familia Ergasilidae, a forma de fixacdo desses parasitos é variada, esses
parasitos utilizam o segundo par de antenas modificadas em garras que servem para se
prender em seus hospedeiros, como acontece com Ergasilus spp., que usam as garras para
enlacar ou furar os filamentos branquiais dos peixes hospedeiros (Thatcher and Boeger 1983);
enquanto Urogasilus brasiliensis usam garras robustas para agarrar na parede da bexiga
urinéria (Rosim et al. 2013). Brasergasilus spp. possuem segundo par de antenas pequena e
garras bem desenvolvidas para penetrar nos tecidos das branquias (Thatcher and Boeger
1983); enquanto Acusicola spp., possui antenas muito compridas e pequenas garras, assim
podem enlagar o filamento branquial formando um feixe (Thatcher and Boeger 1983). Porém,
diferentemente dos demais géneros citados, espécies do género Therodamas, também da
familia Ergasilidae, utilizam o segundo par de antena para fixacdo, mas as fémeas adultas
metamorficas sdo providas de um longo pescoco que penetra no tecido do arco branquial do
peixe hospedeiro, garantindo uma maior fixagédo no tecido (Oliveira et al. 2021).

Diferentemente dos Ergasilidae, a familia Lernaeidae, chamados de vermes ancoras, se fixam
no hospedeiro utilizando uma estrutura chamada de ancora e um pescoc¢o longo (semelhante a
Therodamas) que penetra no tecido dos hospedeiros. Um representante desta familia é a
Lernaea cyprinacea, que possuem ancoras grandes em forma de “y” para ancorar na
superficie corporal e nadadeiras de peixes. Perulernaea gamitanae que possuem ancoras
arredondadas e ndo ramificadas, penetra as fossas nasais e cavidade bucal de peixes.
Perulernaea pirapitingae usa suas ancoras pequenas para se fixar em filamentos e arcos
branquiais; enquanto Minilernaea floricapitella possui quatro ancoras ndo ramificadas
desenvolvidas para ancorar nas nadadeiras e tegumento dos hospedeiros (Thatcher and
Paredes 1985; Robinson and Avenant-Oldewage 1996; Thatcher 2000; Thatcher and Huergo
2005). No entanto, preferéncia de macro habitat por ectoparasitos argulideos em peixes da
Amazoénia, em relacdo a morfologia da estrutura de fixacdo do parasito, tem sido pouco

estudada.
1.1 Bacia hidrografica do Rio Araguari

A bacia do Rio Araguari localizada na regido Amazonica, estado do Amapa, norte do Brasil,
tem uma extensdo de aproximadamente 617 km, dividida nos trechos alto, médio e
baixo(Cunha et al. 2014). Suas nascentes ficam na Serra Lombada e Parque Nacional
Montanhas do Tumucumaque, desaguando no Oceano Atlantico e no Rio Amazonas (Cunha
et al. 2014). Esta entre os municipios de Serra do Navio, Pedra Branca do Amapari, Porto

Grande, Ferreira Gomes, Cutias, Amapa e Tartarugalzinho. Nesse seu percurso ha trés usinas
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hidrelétricas: Coaracy Nunes, Cachoeira Caldeirdo e Ferreira Gomes (Cunha et al. 2010).
Além disso, esta bacia delimita varias areas protegidas e unidades de conserva¢do como 0
Parque Nacional Montanhas do Tumucumaque, Floresta Nacional do Amapa (FLONA) e
Floresta Estadual do Amapa (FLOTA), as quais sdo as unidades mais protegidas do estado;
além da Reserva Bioldgica do Lago Piratuba e Parazinho e a Reserva Particular do Patriménio
Natural Seringal Triunfo (RPPN), definida assim pelo Sistema Nacional de Unidades de

Conservacao como area privada (Amapa 2012) (Figura 1).
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Figura 1 — Localizacdo geografica da area de coleta dos peixes hospedeiros no alto trecho do
Rio Araguari, Estado do Amap4, Brasil.

Esta regido tem alto potencial hidrico, pois apresenta uma elevada taxa de precipitacdo, com
maior concentracdo préximo a nascente, e a classificacdo do estuario é de macromarés e seus
processos hidrodinamicos séo influenciados pelo fendmeno da pororoca, o qual chamou
atencdo de varias partes do mundo, pois aconteciam no encontro das aguas do Rio Araguari
com o Oceano Atlantico, em amplitude de onda de 1 a 2 m, que por sua vez deixou de existir

em funcéo das mudancas fisicas que este rio sofreu nos ultimos anos; entre elas, construcdes
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de hidrelétricas, somado a degradacdo causada pela pecuéria (Santos et al. 2005; Jevons et al.
2015).

O Rio Araguari esta situado entre &guas costeiras e oceanicas, e detém caracteristicas
peculiares em toda sua extensdo, visto que € uma bacia rodeada por areas protegidas e
unidades de conservacao, que propicia um bercario natural pouco conhecido em relagdo a sua
fauna e flora (Amapé 2012). Entretanto, existem alguns estudos feitos na regido, os quais
possibilitam descrever a rica vegetacdo do tipo manguezais, florestas de varzeas, igapos,
campos e lagos, que incluem arvores, arbustos, ervas, lianas, epifitas e estipes (Costa Neto et
al. 2006). Inventérios realizados pelas proximidades do rio, principalmente em unidades de
conservagdo e reservas bioldgicas, mostram a biodiversidade faunistica de mamiferos de
grande e médio porte, aves, insetos, peixes e crustaceos (Martins et al. 2006; Melo 2006;
Vieira 2006; Aguiar et al. 2010; Togura et al. 2014; Sa-Oliveira et al. 2015; Silva et al. 2021),
dentre outros animais ainda ndo catalogados que transitam pelo corredor da biodiversidade.
Atualmente, sdo desenvolvidas varias atividades econdmicas nessa bacia, além da geracéo de
energia elétrica, como a exploracdo mineral, turismo ecolégico, mineracdo, agropecuaria e
atividades de subsisténcia como caca e pesca (Brandao and Silva 2008; Cunha et al. 2010). A
pesca artesanal exercida por moradores da regido do Rio Araguari, € uma pratica secular que
atravessa geracOes, estruturada basicamente pela méo de obra familiar, sustentando assim
grande parte da populacdo local, gerando emprego, contribuindo para a alimentacéo e renda
das comunidades ribeirinhas (Oliveira et al. 2018). Dentre as espécies extraidas pela atividade
pesqueira no Rio Araguari podemos destacar espécies pertencentes a familia Characidae,
Auchenipteridae, Curimatidae, Erythrinidae, Anostomidae, Pimelodidae, Acestrorhynchidae e
Cichlidae (Oliveira et al. 2018), onde a pesca € direcionada principalmente para as espécies de
Cichla spp. (tucunaré), Hoplias aimara (trairdo), Serrasalmus rhombeus (piranha-preta),

Myloplus asterias (pacu-mafura) e Tometes trilobatus (curupeté) (Branddo and Silva 2008).
1.2 Parasitos de peixes

Tratando-se de organismos aquaticos, os peixes dulcicolas sdo um dos grupos de vertebrados
que abriga maior riqueza de espécies de parasitos (Poulin e Morand 2000). Esses animais s&o
hospedeiros de espécies de ectoparasitos (tegumento, branquias e nadadeiras) e endoparasitos
(intestino, estdmago, mesentério, vesicula biliar, bexiga urinaria e figado) (Thatcher 2006).
Esses parasitos pertencem principalmente aos grupos Myxozoa, Protozoa, Monogenea,
Trematoda, Cestoda, Nematoda, Acanthocephala, Crustacea, Hirudinea e Pentastomida

(Thatcher 2006). Dentre esses grupos que parasitam peixes da América do Sul e llhas
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Caribenhas; Monogenea, Trematoda e Nematoda s&o 0s grupos que presentam maior riqueza
de espécie catalogadas, enquanto Crustacea representam uma menor riqueza de espeécies,
exceto os Copepoda, enquanto Branchiura sdo menos representativos em nimero de espécies
(Luque and Poulin 2007). Porém, estima-se que menos de 25% dos peixes foram analisados
para conhecer a sua fauna parasitaria (Pavanelli et al. 2013). Portanto, mais estudos s&o
importantes para ampliar o conhecimento sobre a diversidade de parasitos de peixes, assim
como para compreender melhor sobre as diversas interagdes que ocorrem entre parasito e
hospedeiro em sistemas naturais (Pavanelli et al. 2013).

Existem mais de 73.000 espécies de crustaceos descritas (Williams and Bunkley-Williams
2019), onde incluem diversas formas parasitarias em peixes de agua doce e marinhos, girinos,
mamiferos aquéticos, salamandras e crocodilos (Poly 2003; Moller 2009; Tanzola and
Villegas-Ojeda 2017; Neves and Tavares-Dias 2019). A classe Crustacea € constituida por
grupos diversificados, com variacdes morfofisioldgicas diferenciadas, fazendo com que esses
parasitos ocupem variados tipos de habitats e micro-habitat em seus hospedeiros (Lemos de
Castro 1985). Os crustaceos parasitos de peixes estdo distribuidos em trés grandes grupos;
Isopoda: esses ectoparasitos se fixam no hospedeiro usando sete pares de pernas armados com
fortes garras afiadas que penetram no tecido dos hospedeiros; Copepoda: esses se fixam
usando as primeiras antenas modificas em garras para se prender nos filamentos branquiais do
hospedeiro principalmente, porém outras espécies usam um pesco¢o longo que penetra o
tecido como se fosse uma ancora; e Branchiura: 0os quais se especializaram em infestar
diversos sitios no hospedeiro usando a primeira maxila modificadas em fortes ganchos e
ventosas (Thatcher 2006).

Os parasitos da subclasse Branchiura estdo alocados em quatro géneros (Argulus Miller,
1785; Dipteropeltis Calman,1912; Chonopeltis Thiele, 1900 e Dolops Audouin, 1837). Possui
aproximadamente 166 espécies validas, sendo Argulus com 139 espécies, Chonopeltis com 12
espécies, Dipteropeltis com 2 espécies e Dolops com 13 espécies (Worms 2021). Os
Branchiura estdo distribuidos em todo o0 mundo, exceto na Antartica, e a regido Neotropical e
Afrotropical detém juntas mais da metade das espécies conhecidas, sendo que somente as
espécies de Argulus foram registradas em todas as regides biogeograficas (Neotropical,
Afrotropical, Paleatica, Neartica, Oriental, Austral, Pacifica e Ilhas do Pacifico Oceanico),
enquanto somente os géneros Argulus, Dipteropeltis e Dolops (Figura 2) tém distribui¢do na
América do Sul (Poly 2008).
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Figura 2 — Dolops striata em vista dorsal (A) e ventral de (B); Argulus multicolor em vista
dorsal (C) ventral (D); Dipteropeltis sp. em vista dorsal (E) e ventral.

No Brasil, Luque et al. (2013) realizaram um levantamento sobre espécies de Crustacea que
parasitam peixes marinhos e de agua doce. Esses autores registram 29 espécies de Branchiura,
sendo 27 espécies dulcicolas e 2 especies marinhas. Na bacia do Rio Araguari alguns estudos
foram realizados para o conhecimento das espécies de crustaceos parasitos, onde foi
registrado Braga amapaensis, Excorallana berbicensis (Isopoda), Ergasilus turucuyus
(Copepoda) e somente uma espécie de Branchiura, o Argulus chicomendesi (Thatcher 1996;
Vasconcelos e Tavares-Dias 2014, 2015; Corréa et al. 2016; Vasconcelos et al. 2020; Santos
et al. 2021).
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Esses géneros de crustdceos podem ser diferenciados facilmente pela morfologia das
estruturas de fixacao, e principalmente pela morfologia da carapaca. As espécies de Argulus,
Dipteropeltis e Chonopeltis possuem a primeira maxila modificas em disco de succao
(ventosas), engquanto as espécies de Dolops possuem a primeira maxila modifica em garras
fortes (Moller 2009). As variacBes morfologicas desses animais sdo resultados de longos
processos evolutivos que permitiram assim alcangarem a perpetuacdo, atravessando grandes
eras a partir da divergéncia de seu ancestral na Era Cambriana (=500 milhdes de anos atras)
(Pisani et al. 2004; Regier et al. 2005).

Os atuais representantes dos Branchiura que parasitam principalmente peixes, evoluiram e
apresentam estruturas morfoldgicas variadas, as quais sdo especializadas em se fixar em
determinadas partes do hospedeiro. Espécies de Dolops por exemplo (fixagdo tipo gancho)
foram registradas principalmente no tegumento de seus hospedeiros, e poucas espécies foram
registradas na boca, podendo classifica-las como especialistas. Diferentemente, os Argulus
(fixacdo tipo ventosa) aparentemente possuem maior abrangéncia de locais de infestacdo no
peixe (generalista), sendo registrado no tegumento, nadadeiras, boca e branquias dos peixes
hospedeiros. Aparentemente, a primeira maxila modificada em disco de succdo (ventosa) é
mais eficiente para fixacdo e movimentagdo pelo hospedeiro, isso poderia aumentar 0 sucesso
da perpetuacdo das espécies, uma vez que possibilita explorar mais recursos diminuindo a
competicdo intra e interespecifica. Evidéncias de maior nimero de espécies com disco de
sucgdo corroboram isso. Além disso, esse tipo de fixacdo pode ter contribuido para que
Argulus spp. pudessem parasitar outros grupos de hospedeiros, por exemplo as salamandras,
girinos e crocodilos (Poly 2003; Moller 2009; Tanzola e Villegas-Ojeda 2017).

1.3 Biologia de Branchiura

O ciclo de vida da subclasse Branchiura é minimamente conhecido, pois foi relatado somente
para algumas espécies consideradas comuns e relativamente de grande extensao,
principalmente espécies dos géneros Argulus e Dolops, enquanto Chonopeltis e Dipteropeltis
possuem ciclo de vida desconhecido (Grundlingh 1996; Moller 2011; Williams e Bunkley-
Williams 2019). A reproducdo de Argulus e Dolops de ambientes dulcicolas ocorre mais de
uma vez no ano, em um ciclo direto. S&o organismos dioicos e em geral os machos transferem
0s espermatozoides diretamente para as fémeas (Williams e Bunkley-Williams 2019). Argulus
usa o apéndice copulatorio que é uma estrutura modificada presente no terceiro e quarto par
de pernas toracicas, enquanto os machos de Dolops transferem os espermatozoides por meio

dos espermato6foros quitinosos (Avenant-Oldewage e Everts 2010; Moller 2011; Williams e
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Bunkley-Williams 2019). Apds fecundadas, as fémeas de Argulus e Dolops abandonam o
hospedeiro com seus ovos fertilizados e armazenados no espermatoforo. Os ovos adesivos s&o
depositados em fileiras de quantidades variaveis, e ficam aderidos em diferentes substratos,
como pequenas rochas, folhas, troncos e raizes (Moller 2011; Williams e Bunkley-Williams
2019).

A postura de ovos foi estudada em varias espécies, e apds essa fase passam por Varios
estagios, sendo eles larval, juvenil e adultos, que dependem de peixes hospedeiros para
sobreviver e se desenvolver, com exce¢do da fase de ovo (Poly 2008). Os diferentes estagios
do ovo, desenvolvimento e progressdo de Argulus é semelhante em Chonopeltis australis
(Boxshall 1976), o que difere é que a fémea de Chonopeltis deposita ovos sem deixar o
hospedeiro, aproveitando o momento de descanso do peixe (Neethling e Avenant-Oldewage
2018). A quantidade de ovos depositados possui variacbes em cada espécie. Em Argulus
bengalensis (Ramakrishna 1951), o nimero de ovos variou de 7 a 301, enquanto em Argulus
foliaceus (Linneaus 1758) varia, de 50 a varias centenas de ovos, onde pdde ser documentado
um comportamento de auto limpeza na fase de natagdo livre de larvas (Moller et al. 2007;
Moller 2011; Guha et al. 2013). Em Dolops carvalhoi (Lemos de Castro 1949), a quantidade
de ovos depositados variou de 16 a 392, em temperatura a 28 °C, onde observou-se uma
camada gelatinosa de cor transparente que envolvia o0 ovo, e ao entrar em contato com a dgua
endurecia para proteger e perpetuar no substrato escolhido. Além disso, foram vistas
diferenciacfes na coloracdo das massas de ovos, de cores amarela-esbranquicada, amarelo-
escuro a castanho de acordo com o desenvolvimento de cada estagio, e de coloragcdo negra aos

ovos inviaveis (Gomes e Malta 2002).
1.4 Ectoparasitos e a afinidade por micro e macro habitat em peixes

Estudar os parasitos tém sido o foco de diversos estudiosos (Morton 1974; Ramasamy et al.
1985; Bennett e Bennett 2001; Timi 2003; Scott-Holland et al. 2006; Siquier 2012; Soylu et
al. 2013; Berrouk et al. 2014; Braga et al. 2014; Baillie et al. 2019; Gobbin et al. 2021) ao
longo de muitos anos, tendo como objetivo principal compreender como esses animais se
relacionam com seus hospedeiros e como 0 ambiente atua nessa relagdo. Os peixes séo
vertebrados que oferecem uma ampla variedade de sitios para diversos parasitos se
estabelecerem. Assim muitos parasitos estdo mais e outros menos relacionados com
determinados sitios no peixe hospedeiro. Esses niveis de afinidade entre parasitos e
hospedeiros sd@o influenciados por diversos fatores, tais como processos evolutivos,

comportamento do hospedeiro e parasito, fluxo da d&gua, morfologia do parasito e hospedeiro,
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dentre outros fatores (Morton 1974; Ramasamy et al. 1985; Bennett e Bennett 2001; Timi
2003; Scott-Holland et al. 2006; Siquier 2012; Soylu et al. 2013; Berrouk et al. 2014; Braga et
al. 2014; Baillie et al. 2019; Gobbin et al. 2021). Partindo desse principio, estudos corroboram
a preferéncia de grupos de ectoparasitos por determinados micro-habitat e/ou macro-habitat
no hospedeiro. Por exemplo, Monogenea parasitos de branquias de peixes, podem apresentar
preferéncias por micro-habitat, podendo ser por um determinado arco ou sessdo do arco
branquial (Ramasamy et al. 1985; Scott-Holland et al. 2006; Siquier 2012; Soylu et al. 2013;
Gobbin et al. 2021). Isopoda Cymothoidae parasito de tegumento, tem apresentado
preferéncia por macro-habitat nos peixes hospedeiros, fixando-se principalmente na porcao
posterior do corpo, proximo do pedunculo caudal e alinhado a linha lateral (Morton 1974).
Existem linhagens de isdépodes que evoluiram especificamente em funcdo da especificidade
por sitios nos peixes hospedeiros (Hata et al. 2017). No geral, esses estudos discutem que a
distribuicdo de parasitos segue determinados padrdes de preferéncia por micro ou macro-
habitat. Assim, hd um amplo consenso entre 0s autores que isso estd associado a estratégias
para obtencdo de alimentos e diminuicdo do risco de ser arrastado pelo fluxo da agua
(Ramasamy et al. 1985; Scott-Holland et al. 2006; Siquier 2012; Soylu et al. 2013; Baillie et
al. 2019; Gobbin et al. 2021).

A morfologia dos parasitos, principalmente as estruturas de fixa¢do séo adaptadas em fungéo
do local onde se fixam nos hospedeiros e a morfologia dessas estruturas, sdo a chave para
compreender como esses parasitos interagem entre si (interacdo intraespecifica e
interespecifica) e com seus hospedeiros (Simkova et al. 2002; Baillie et al. 2019). Para
ectoparasitos Monogenea, por exemplo, observou-se que as espécies que vivem em nichos
sobrepostos tém érgdos de fixacdo semelhantes. Isso sugere pequenos efeitos de competicao
interespecifica para a evolucdo da diversidade morfoldgica dos 6rgdos de fixacdo. Assim,
espécies de parasitos que podem colonizar mais de uma espécie hospedeira (generalistas),
ocupam nichos mais distantes dentro das espécies hospedeiras do que parasitos estritamente
especificos do hospedeiro (Simkova et al. 2002). De modo semelhante, espécies de isopodes
evoluiram para infestar regifes anatdmicas qualitativamente distintas em peixes, e foram
encontradas diferencas na forma dos dactilos de isopodes cimotoideos em funcdo de regiGes
de infestacdo no hospedeiro, e essas diferencas estdo principalmente nos dactilos anteriores e
posteriores. Espécies de isopodes que parasitam branquias mostram maior variabilidade de
forma do que as espécies que infestam tegumento e boca (Baillie et al. 2019). Apesar de
padrdes de preferéncia por micro-habitat em peixes hospedeiros terem sido observados para

Monogenea e Isopoda, essas hipoteses ainda ndo foram testadas para Branchiura.
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Os ectoparasitos crustaceos podem ser agrupados em dois grupos em funcdo das estruturas de
fixacdo: (i) disco de sucgéo e (ii) ganchos (Moller et al. 2008; Moller 2009). Estudos da
filogenia dos Branchiura mostraram que as espécies que usam discos de suc¢do como Argulus
spp., Dipteropeltis spp. e Chonopeltis spp. para se fixar no hospedeiro, divergiram daqueles
que usam ganchos, como é o caso de Dolops spp. (Moller et al. 2008). Supde-se que essas
adaptacdes podem estar associadas a diversidade de nichos que esses parasitos exploram nos
peixes hospedeiros. Uma teoria bastante discutida dentro da ecologia € que 0s parasitos
evoluem de especialistas para generalistas, buscando sempre diversificar seus nichos para
obter sucesso no hospedeiro (Poulin et al. 2006; Johnson et al. 2009). Portanto, as adaptacoes
morfolégicas nas estruturas de fixacdo dos Branchiura podem estar relacionadas com essa
mudanca. Em se tratando da morfologia das estruturas de fixacdo € evidente que essa
evolucdo esteja associada a exploracdo de novos sitios no hospedeiro. Assim, os Branchiura
sdo um bom sistema para examinar a relacdo da forma de fixacdo desses parasitos com
espécie de hospedeiro, tipo de superficie do hospedeiro, e se ha uma preferéncia

(especialistas) ou ndo (generalistas) por sitios de infestacdo nos peixes hospedeiros.
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2 OBJETIVOS
2.1 Geral

Investigar distribuicdo espacial, interacdo parasito-hospedeiro e afinidade de macro-habitat
por ectoparasitos Branchiura em peixes, em relacdo a morfologia da estrutura de fixacdo do
parasito.

2.2 Especificos

e Analisar padrdes de afinidade de parasitos Branchiura por determinado macro-habitat
nos peixes hospedeiros.

e Auvaliar se o tipo de fixacdo (ganchos e disco de suc¢do) dos parasitos esta relacionado
ao tipo de superficie dos hospedeiros (escamas grandes pequenas e pele).

e Auvaliar se 0 peso e o tamanho dos peixes hospedeiros influenciam na abundancia de
ectoparasitos Branchiura.
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3 HIPOTESES

e Ectoparasitos Branchiura que utilizam discos de succdo (géneros Argulus e
Dipteropeltis) e ganchos (género Dolops) para se fixar ao hospedeiro tém afinidades
por diferentes sitios de infestacdo em peixes devido a morfologia de sua estrutura de
fixacdo e especializacdo para explorar diferentes superficies nos hospedeiros.

e Branchiuras que utilizam discos de succdo (Argulus e Dipteropeltis) e ganchos
(Dolops) para fixacdo parasitam diferentes grupos de hospedeiros dependendo do tipo
de tegumento (grande, pequeno ou sem escamas), pois a divergéncia desses parasitos é
associada aos sitios que exploram no peixe hospedeiro.

e As espécies de branchiuras com ganchos (género Dolops) sdo generalistas e as
espécies com disco de succao (géneros Argulus e Dipteropeltis) sdo especialistas, pois
filogeneticamente, as espécies de branchiuras com discos de succ¢do sdo uma linhagem
precoce que divergiu para explorar locais especificos no hospedeiro.

e A abundancia de branchiuras é maior em peixes hospedeiros maiores porque eles tém

maior area corporal para fixacdo simultanea de parasitas.
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Abstract

This study investigated the spatial distribution, parasite interactions, and affinities of
Branchiura parasites according to macrohabitat and surface type on fish from the Araguari
River, Amapa State, in the Brazilian Amazon. This study presents novel information on the
interactions of branchiuran species with host fish, and how the morphology of their
attachment structures is associated with different host surface morphologies, with and without
scales. A total of 558 fish specimens of 26 species were collected, of which 109 fish (10
species) were parasitized by at least one branchiuran parasite; these were selected for further
study. The parasites were collected from the buccal cavity, gills, fins, and integument of the
host fish. Parasites with suction discs (Argulus) were mainly associated with hosts with small
scales and no scales, while parasites with hooks (Dolops) were mainly associated with hosts
with large scales. Overall, parasites with suction discs were more specialized per site than
those with hooks.

Keywords: Araguari River, Crustacea, Ectoparasites, Functional morphology.
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Introduction

To adapt to the parasitic lifestyle, animals that were formerly free-living have
undergone a series of reproductive, feeding, and morphological adaptations, which influence
their exploitation of hosts (Kearn 1994; Poulin 2007). One of the main adaptive
characteristics of parasites are the structures that facilitate attachment to their hosts. These
structures are usually among the main characteristics used for ontogeny and systematic
classification of such invertebrates (Lemos de Castro 1985; Thatcher 2006; Magller et al. 2008;
Suarez-Morales 2020). Therefore, the morphology of parasitic attachment structures varies in
terms of size and shape, depending on the attachment site (Kearn 1994; Poulin 2007; Oliveira
et al. 2022).

Crustacean parasites of fish are distributed across three major groups: Isopoda,
Copepoda, and Branchiura (Thatcher 2006; Luque et al. 2013; Tavares-Dias et al. 2015). The
family Argulidae of the subclass Branchiura has four genera: Argulus Mdller, 1785;
Dipteropeltis Calman, 1912; Chonopeltis Thiele, 1900, and Dolops Audouin, 1837, with
approximately 164 known species in this family (WoRMS 2022). Argulus, Dipteropeltis, and
Chonopeltis species attach to the host using the first jaw, which has been modified into
suction discs, while Dolops species attach to hosts using the first jaw modified into sharp-
pointed hooks (Mgller et al. 2008). Possibly, these morphological variations are responsible
for the wide variety of niches that these ectoparasites exploit on host fishes, as well as their
different attachment sites in hosts. Branchiurans can be found on the integument, buccal
cavity, fins, and gills of host fish because they can move across the outside of the fish body
(Lemos de Castro 1985; Thatcher 2006; Tavares-Dias et al. 2015; Oliveira et al. 2017).

The morphology of the surface to which branchiurans adhere potentially plays an
important role in the distribution and affinity of these parasites to the host. Based on this
principle, it is possible that differences in host macrohabitat affinities occur according to the
two functional groups, (1) one that has a suction disc, (2) and the other that has hooks to
attach to the host. Thus, we question whether the morphology of these attachment structures
plays a role in the spatial distribution, specificity, or differences in the use of fish as hosts on a
taxonomic or functional level. Therefore, our hypotheses are: (1) Branchiura ectoparasites that
use suction discs (genera Argulus and Dipteropeltis) and hooks (genus Dolops) to attach to
the host have affinities for different infestation sites on fish because of their attachment
structure morphology and specialization to exploit different surfaces on hosts; (2)
Branchiurans that use suction discs (Argulus and Dipteropeltis) and hooks (Dolops) for

attachment parasitize different groups of hosts depending on the type of integument (large-,
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small-, or no scales), because the divergence of these parasites is associated with the sites they
exploit on the host fish; (3) Branchiura species with hooks (genus Dolops) are generalists and
species with a suction disc (genera Argulus and Dipteropeltis) are specialists, because
phylogenetically, Branchiura species with suction discs are an early lineage that diverged to
exploit specific sites on the host; and (4) Branchiuran abundance is higher in larger host fish
because they have a larger area of integument for simultaneous attachment of parasites. Thus,
this study aimed to determine differences in host use in relation to the morphology of fish
parasitized by branchiuran ectoparasites to determine parasitism patterns in relation to
macrohabitat in the host fishes.
Materials and Methods
Location of fish and parasite collection

This study used samples collected during expeditions by the project Monitoring
Fishing Activity in the upper Araguari River (Protocol number 004/2013), funded by the
Research Support Foundation of Amapa (FAPEAP) (Protocol number 004/2013). Fish
collection was authorized by ICMBIio (Protocol number 42203-1), and the Ethics Committee
on Animal Use of the Fish Biology Laboratory of the Federal University of Amapa (UNIFAP)
approved the procedures involving animals (Protocol number 47757715.5.0000.0003).

Fish were collected in the upper stretch of the Araguari River, between the cities of
Serra do Navio and Ferreira Gomes, Amapa State, Northern Brazil (Figure 1), during several
different periods (January 2012; February and December 2013; and January, February,
March, and June 2014). Gillnets of different mesh sizes (30, 40, 50, 60, 70, 80, 90, and 100
mm between knots) were set for 24 h and were inspected every 4 h in order to collect fish, as
well as lines and fishhooks. In terms of fish biometry, weight (g) and total length (cm) were
measured.

A total of 558 fish specimens of 26 species were collected. Only fish parasitized by
branchiurans of the Argulidae family were selected (Table 1).
Parasite collection and analysis

After capture, each fish was transferred to a plastic tray and the integument, buccal
cavity, gills, and fins were immediately analyzed to verify the presence of Branchiura. The
branchiurans were clarified in 5% potassium hydroxide then transferred into a petri dish and
placed on a heating plate at 50 °C until complete clarification. The specimens were then
mounted on a permanent slide with pure glycerin, sealed with paraffin and examined under a

light microscope (Oliveira et al. 2022). Specialized literature on the taxonomy of branchiuran
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in fish was used for identification of the parasite species (Lemos de Castro 1985; Thatcher
2006; Suérez-Morales 2020).
Data analysis

To test hypotheses 1 and 2, we applied principal coordinates analysis (PCoA) using a
matrix of branchiuran species abundance data from the "vegan” R package (Oksanen et al.
2020). For PCoA and PERMANOVA we used the Bray-Curtis distance method. Interactions
were defined based on qualitative and quantitative information, including species and
attachment structure morphology (suction disc or hooks), and the type of host integument
surface (small scales, large scales, and no scales). In addition, we used the envfit function of
the vegan package (Oksanen et al. 2020) to assess the relationship between branchiuran
groups (group | = suction disc) and (group Il = hooks) with sites on the hosts (fins, buccal
cavity, gills, and integument), and surface types (large-, small-, and no scales).

To test hypothesis 3, i.e. aiming to determine parasite-host relationships at the species
and functional group level (suction disc and hooks), we devised two interaction networks
using the “bipartite” R package, calculating the C-score, number of compartments, species
range and strength, and species specificity index (SSI) (Dormann et al. 2008, 2009; Dormann
2011). The C-score is an index that measures the co-occurrence rate of species in the network
and is an indicator of the degree of specificity of the species that compose it. Its value ranges
from 0 (high co-occurrence) to 1 (low co-occurrence). Compartments are independent groups
of ectoparasites and hosts within the network and are indicators of specificity patterns. Range
is the number of fish species with which an ectoparasites species interacts. Finally, species
strength is the sum of the proportions of a species’ participation in all network interactions.
The bipartite figure shows all connections between organisms at two levels. The volume of
the connection bars and lines represents the proportion of interactions performed by each
species and between species, respectively.

To test hypothesis 4, we used Spearman's correlation (rs) in the “tidyverse” R package
(Wickham et al. 2019), in which we correlated the abundance of all Branchiura species (sum
of all species) and correlated it with the total length (cm) and weight (g) of the host fish.

The database was organized using Excel, Microsoft Office 2019. Figures were plotted
using the “ggplot2” R package (Wickham 2016). All analyses were performed using R
software (R Core Team 2021). Differences were deemed statistically significant at P < 0.05.

Results
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A total of 109 fish of 10 species were selected for this study, from which a total of 261
branchiuran specimens of the genera Argulus, Dipteropeltis, and Dolops were collected,
attached to four different sites on the hosts (Table 2).

Hypotheses 1 and 2

PERMANOVA showed that the attachment structure of the Branchiura parasites
(suction disc and hooks) affects the choice of infestation site on the fish (F = 22.54; R2? 0.298;
p = 0.001). The envifit test indicated that parasites with suction discs were mainly associated
with the fins and buccal cavity, while those with hooks were mainly associated with the
integument of the host (Table 3).

In the PCoA, axes 1 and 2 explained 90.2% of the variation in the data. The figure
showed the formation of two groups of ectoparasites, which correspond to the morphological
characteristics of hooks and suction discs, as well as a gradient of separation between the
macrohabitats of attachment, including the integument, buccal cavity, gills, and fins (Figure
2). However, considering axis 1, no groups were formed where ectoparasites with hooks
occur in all three macrohabitats but with a particular affinity for the integument. In terms of
axis 2, ectoparasites with suction discs show an affinity for the buccal cavity, gills, and fins.

PERMANOVA showed the host surface (small-, large-, and no scales) affected the
macrohabitat of branchiuran parasites as a function of the attachment structure (suction disc or
hooks) (F = 7.221; Rz 0.144; p = 0.003). The envfit test indicates that parasites with suction
discs were mainly associated with small-scaled and scale-free hosts, while parasites with
hooks were mainly associated with large-scaled hosts (Table 4 and Figure 3).

In the PCOA, axes 1 and 2 explained 99.9% of the data variation. The Figure 3 show
the formation of three groups (small, large, and no scales), which correspond to
morphological characteristics of the surfaces that the parasites use to attach to the host. The
analysis also shows a gradient of separation between the parasite attachment structures
(suction disc and hooks). On axis 2, parasites with suction discs were mainly associated with
small-scaled fish, and parasites with hooks were mainly associated with large-scaled fish.
Scale-free fish were not strongly associated with parasite attachment structure, but the
parasites collected from the integument had suction discs. However, considering axis 1, no
groups were formed (Figure 3).

Hypothesis 3

Of the total possible connections between parasites and host fish (n = 100), 35% were

made. No compartments were formed and the co-occurrence rate of ectoparasites was high at

the network level (C-score = 0.44) indicating that most parasites share the same host species
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(Figure 4). Evaluation of the interaction between parasites with suction discs and hooks
showed low co-occurrence (C-score = 1.00).

Only Argulus multicolor and Argulus sp. 3 had a high SSI and were associated with a
single host species: Acestrorhynchus microlepis and Myloplus asterias, respectively. The
remaining parasite species were found in at least two host species. The most generalist
ectoparasite was Dolops bidentata, which parasitized nine host species and participated in a
large proportion of the interactions in the network. Regarding hosts, A. microlepis was the
most parasitized, comparable only to Hoplias aimara (Table 5 and Figure 4).

The range of hosts was similar for both groups of parasites, with nine host species
parasitized by those with hooks, and eight by those with suction discs. The group with suction
discs had a higher SSI (Table 6 and Figure 5).

Hypothesis 4

Spearman's correlation testing showed that there was a significant positive correlation
between branchiuran ectoparasites abundance with host weight (R = 0.42, p = 0.001), but not
with host length (R = 0.46, p = 0.001) (Figure 6).

Discussion

In fish, branchiurans are found mainly on the integument, fins, buccal cavity, and gills
(Luque et al. 2013; Tavares-Dias et al. 2015; Oliveira et al. 2017). In general, these parasites
exploit different sites on the host fish, which is a reflection of several evolutionary and
ecological processes (Kearn 1994; Poulin 2007). The exploitation of various sites on a host
fish by different branchiuran lineages may be closely associated with the morphology of their
attachment structures, the attachment surface, and water drag force, as it is for ergasilids
(Oliveira et al. 2022). In the present study, we recorded branchiurans on the body surface,
fins, buccal cavity, and gills of host fish. Similar results were reported for branchiurans from
other regions of South America (Malta 1984; Carvalho et al. 2003; Mamani et al. 2004;
Fontana et al. 2012; Tavares-Dias et al. 2015; Oliveira et al. 2017; Tavares-Dias and Oliveira
2017). To better understand the dynamics of site exploitation by branchiurans, we evaluated
spatial distribution patterns of these parasites on freshwater fish, and our results propose a
particular pattern of distribution on the host fish examined.

Branchiura species that use suction discs (genera Argulus and Dipteropeltis) to attach
to host fish were mainly found in the buccal cavity, gills, and fins (only two individuals were
collected from the surface of a host with scales), while species with hooks (genus Dolops)
were mainly collected from the surface of fish with scales. The evolution of parasites is

associated with the infestation sites they exploit on their hosts (Kearn 1994; Poulin 2007). It is
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possible that the divergence of the lineage of parasitic crustaceans with a suction disc is
associated with expansion of ecological niches (Kearn 1994; Mgller et al. 2008). Therefore,
we suggest that the ancestral lineage of Dolops species, which have attachment organs with
strong, fine-pointed chitinous hooks, are inefficient at remaining attached to or moving across
smooth surfaces (e.g. the buccal cavity or fins). Therefore, they are mainly associated with
surfaces with scales as such keratinous structures have tiny fissures (Dey et al. 2014) that
allow Dolops species to adhere to their hosts more easily using their hooks. Furthermore, the
diversification of attachment structures constitutes strong evidence for the establishment
efficiency of parasites of the genus Argulus on other host groups, such as salamanders,
tadpoles, and crocodiles (Poly 2003; Mgller 2009; Tanzola and Villegas-Ojeda 2017).
Similarly, studies show that the spatial distribution of ergasilids Therodamas longicollum and
Ergasilus sp. on the gills of Leporinus fasciatus was mainly influenced by the morphology of
their attachment structures. These studies suggest that the evolutionary processes of these
species were influenced by abiotic factors, such as water flow in the host gills (Oliveira et al.
2022). Therefore, we can assume that for branchiura species, water flow also plays an
important role in the choice of attachment sites on host fish, since hook-bearing ectoparasites
(genus Dolops) are ancestral and mainly attach to the fish integument, where water drag is
great. However, branchiurans that have suction discs for attachment diverged early and
possibly evolved to parasitize sites where water drag is lower, such as the buccal cavity, gills,
and muscular subdivisions of the fins.

At some point in the evolutionary history of branchiurans, competition for resources in
hosts or reduction of predation may have been the precursor to the divergence of the
branchiuran lineage, which has the first modified suction disc jaw, similar to the proposal by
Kearn (1994) for Monogenea ectoparasites. In this study, branchiuran species with a suction
disc showed a greater affinity for the buccal cavity and fins of fish with smooth surfaces, i.e.,
without scales. This suggests that the function of this attachment organ (adhering to the
suction cup-like surface) is more efficient on smooth structures, such as the inner region of
the buccal cavity, gills, and fins of the host fish (Yashpal et al. 2006). Moreover, the buccal
cavity of the host is a site that makes predation difficult, because it is inaccessible, while the
fins are difficult to see, also offering protection, as the fins have muscular subdivisions
(similar to a fan); this is where the parasite adheres, for example, Argulus sp.2 (a parasite with
a suction disc) in H. aimara. Therefore, the pressure exerted on the integument-favoring
parasites throughout evolutionary history may have been a precursor to the exploration of new

sites in host fish, such as predation by other animals, even other fish species with omnivorous
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and carnivorous feeding habits (Sazima and Machado 1990; Kearn 1994; Genovez et al.
2008).

Studies show that branchiuran parasites have low host specificity, since many species
have been reported to parasitize several fish species (Luque et al. 2013; Tavares-Dias et al.
2015; Oliveira et al. 2017). In the present study, the C-score of the bipartite analysis shows
moderate levels of co-parasitization, indicating that Branchiura species share the same host
species, particularly Dolops bidentata, the most generalist ectoparasites, which parasitized
nine fish species, followed by Argulus sp. 2 that parasitized five species of host fish. In
contrast, A. multicolor parasitized only A. microlepis, while Argulus sp. 3 parasitized only M.
asterias, indicating that both are specialists. This high host specificity is potentially a
reflection of the high species richness of the fishes of the Araguari River harbor, since
specificity levels are influenced by host species richness (Poulin 2007). Therefore, we suggest
that interspecific competition contributed to this specificity, where the low richness and
abundance of these ectoparasites could have provided another interaction scenario, such as a
higher number of fish species hosting more than one crustacean parasite species. It is possible
that the population density of branchiurans is closely associated with the abundance of host
species and, consequently, to parasite-host interactions.

In this study, we grouped branchiuran species according to attachment structures and
observed that the group with hooks (genus Dolops) was more of a generalist than the group
with suction discs (genera Argulus and Dipteropeltis). Host specificity is a reflection of
ancestral or ecological conditions (Poulin 2007; Johnson et al. 2009). Traditional ecological
theory predicts that interspecific competition selects for an increase in ecological
specialization (Futuyma and Moreno 1988; Poulin 2007). Our findings support this
hypothesis, as the group of hooked parasites (genus Dolops) are generalists and ancestral in
relation to Argulus and Dipteropeltis, whereas the group with suction discs (genera Argulus
and Dipteropeltis) are specialists and diverged early (Mgller et al. 2008).

Host body size is a variable that partially explains the abundance and species
composition of parasites in host fish (Poulin 2007; Poulin and Leung 2011), including in fish
in the Amazon region (Oliveira and Tavares-Dias 2016; Tavares-Dias and Oliveira 2017; Baia
et al. 2018). This relationship has been poorly documented for branchiuran species, possibly
due to the low abundance of these crustaceans in the parasitic community of natural fish
populations. In this study, a positive correlation was observed between the total abundance of
branchiurans and the weight and length of host fish. This increase in the abundance of

Branchiura with the growth of host fish is likely due to the increase in the body surface area
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of the hosts, which constitutes an abundant resource with high capacity to support many
parasites (Poulin 2007; Baia et al. 2018). The correlation coefficient of weight better explains
this correlation (46% of data) than length (42% of data). It is possible that fish weight is the
more important because heavier fish theoretically have better body condition and also a better
Immune system, increasing the capacity of these fish to house more parasites without
affecting their health (Jones et al. 1999; Lagrue and Poulin 2015). In addition, larger fish are
easier targets for branchiurans, driven mainly by their swimming abilities when searching for
hosts in the environment.

In conclusion, the parasite-host relationship is indeed very close, and the
morphological attributes of the parasites and host determine certain patterns. This gives us an
understanding of the interaction between branchiurans and their host fish on a broader scale,
where these parasites evolved according to the sites they exploit on fish, and this interspecific
interaction provided lineages that are more specialized. Assessing the relationship between
parasite attachment structures may answer important questions of parasite ecology and may
assist researchers in broad inquiries into the evolutionary history of parasites and their host
fish. Finally, our hypothesis was that branchiurans that use suction discs and hooks for
attachment to host fish parasitize different fish species depending on integument (large-,
small-, and no scales). Furthermore, we hypothesized that Branchiura species with hooks
(genus Dolops) are generalists and those with suction discs (genera Argulus and
Dipteropeltis) are specialists, and that branchiuran abundance is greater in larger fish,
especially those with greater body weight.
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Figure 1. Location of the fish collection sites in the upper Araguari River, Amapa state,

Brazil.
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Figure 2. Principal coordinate analysis (PCoA) using a Bray-Curtis distance matrix for
macrohabitat preferences of Branchiura from the upper Araguari River, Amapa state, Brazil in
relation to their attachment structure. The percentage of variation explained by the principal

coordinates is indicated on axes 1 and 2. Arrows correspond only to sites where p < 0.05.
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Figure 3. Principal coordinate analysis (PCoA) using a Bray-Curtis distance matrix for
Branchiura attachment structures in relation to integument type in fish from the upper
Araguari River, Amapa state, Brazil. The percentage of variation explained by the principal

coordinates is indicated on axes 1 and 2. Arrows correspond only to sites where p < 0.05
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Figure 4. Interaction network of Branchiura with fish species in the upper Araguari River,

Amapa state, Brazil.
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Figure 5. Interaction network of Branchiura functional groups (suction discs and hooks) with

fish species of the upper Araguari River, Amapa state, Brazil
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Figure 6. Spearman’s correlation between Branchiura species abundance with fish length and

weight in the upper Araguari River, Amapa state, Brazil
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6 CONCLUSOES GERAIS

O Em conclusédo, a relagdo parasita-hospedeiro é de fato muito intima, e os atributos
morfologicos dos parasitos e do hospedeiro determinam certos padrdes de distribuicdo
espacial. 1sso nos da uma compreensdo da interagdo entre os branchiuras e seus peixes
hospedeiros em uma escala mais ampla, onde esses parasitas evoluiram de acordo com o0s
sitios que exploram nos peixes, e essa interacdo interespecifica proporcionou linhagens mais
especializadas;

O Avaliar a relacdo entre as estruturas de fixacdo do parasita pode responder a questdes
importantes da ecologia dos parasitos e pode auxiliar os pesquisadores em amplas
investigacdes sobre a histdria evolutiva dos parasitos e seus hospedeiros;

O Como hipotetizamos, de fato as espécies de branchiuras que usam discos de succao e
ganchos para fixacdo no peixe hospedeiro parasitam diferentes espécies de peixes dependendo
do tipo de tegumento (escamas grandes, pequenas e sem escamas);

0 Como hipotetizamos, de fato as espécies de branchiuras com ganchos (género Dolops)
sdo generalistas e aquelas com discos de succdo (géneros Argulus e Dipteropeltis) sdo
especialistas;

0 Como hipotetizamos, de fato, a abundancia de branchiura € maior em peixes maiores,

especialmente aqueles com maior peso corporal.
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