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Diversidade de helmintos parasitos de uma populagdo de Osteocephalus cabrerai

(Anura: Hylidae) na Amazénia brasileira

RESUMO

Os anfibios sdo bons modelos de estudo para a diversidade de parasitos devido sua diversidade de
estratégias de vida, se destacando como hospedeiros de diversos grupos de nematddeos, trematodeos,
cestodeos, monogéneos e acantocefalos. A estrutura da comunidade parasitaria de anuros pode ser
influenciada por diversos fatores bidticos ou abidticos e, apesar de terem sido muito estudadas, os
taxons encontrados raramente sao todos identificados ao nivel de espécie. Até 0 momento, ndo existe
nenhum estudo parasitologico para representantes de Osteocephalus cabrerai, sendo a fauna
parasitaria desse anuro totalmente desconhecida. O objetivo do presente estudo é caracterizar a
diversidade de helmintos parasitos de O. cabrerai, da Reserva Extrativista Beija-Flor Brilho de Fogo.
Esta dissertacdo € composta por dois capitulos. O primeiro consiste em um artigo ja publicado que
apresenta os primeiros registros de parasitos para O. cabrerai, analisando a composi¢cdo e as
caracteristicas da comunidade parasitaria, os padrfes de distribui¢do dos parasitos e a correla¢do entre
os fatores bidticos dos hospedeiros e a intensidade parasitaria. Encontramos predominantemente
nematddeos de ciclo de vida monoxénico, com alta prevaléncia e infecgdo abundante. A maioria dos
espécimes encontrados representam o primeiro registro de parasitos para o género Osteocephalus.
Além disso, nas nossas analises, os individuos com maior massa corporal tiveram uma tendéncia
maior a infeccdo por helmintos parasitos. O segundo capitulo apresenta uma nota cientifica com as
primeiras analises moleculares e filogenéticas que incluem Aplectana pella, chegando a concluséo de
que o género Aplectana ndo é monofilético. Nos fornecemos o primeiro estudo sobre a estrutura da
comunidade de helmintos de O. cabrerali, e adicionamos a primeira sequéncia de Aplectana da regido
Neotropical. Dessa forma, contribuimos para a compreenséao da diversidade e ecologia de helmintos
parasitos de anuros, além das relac6es filogenéticas de espécies da familia Cosmocercidae.

Palavras-chave: Diversidade; Helmintos; Parasitos; Osteocephalus; Amazénia.



Diversity of parasitic helminths from a population of Osteocephalus cabrerai

(Anura: Hylidae) in the Brazilian Amazon

ABSTRACT

Amphibians are good models for studies of parasite diversity due to their wide range of life strategies,
standing out as hosts for various groups of nematodes, trematodes, cestodes, monogeneans, and
acanthocephalans. The structure of parasitic communities in anurans can be influenced by various
biotic or abiotic factors. Despite being extensively studied, the taxa found are rarely identified to the
species level. To date, no parasitological studies have been conducted on representatives of
Osteocephalus cabrerai, leaving the parasitic fauna of these anurans completely unknown. This study
aims to characterize the diversity of parasitic helminths of O. cabrerai from the Beija-Flor Brilho de
Fogo Extractive Reserve. This thesis comprises two chapters. The first chapter consists of a published
Research Article that presents the first records of parasites for O. cabrerai, analyzing the composition
and characteristics of the parasitic community, patterns of parasite distribution, and the correlation
between host biotic factors and the characteristics of the community. We predominantly found
nematodes with a monoxenous life cycle, high prevalence, and abundant infection. Most specimens
represent the first record of parasites for the genus Osteocephalus. Additionally, in our analyses,
individuals with greater body mass tended to have higher susceptibility to parasitic helminth
infections. The second chapter presents a Short Communication with the first molecular and
phylogenetic analyses involving A. pella, concluding that the genus Aplectana is not monophyletic.
We provide the first study on the helminth community structure of O. cabrerai and add the first
sequence of Aplectana from the Neotropical region. Thus, we enhance the understanding of the
diversity and ecology of parasitic helminths in anurans, as well as the phylogenetic relationships of
species within the family Cosmocercidae.

Keywords: Diversity; Helminths; Parasites; Osteocephalus; Amazon.



INTRODUCAO GERAL

O parasitismo é uma interacdo entre seres vivos de espécies diferentes na qual os beneficios
séo unilaterais e uma das envolvidas sofrendo consequéncias negativas pela interacdo (Neves, 2011;
Méthot e Alizon, 2014). O estilo de vida parasitario € encontrado nos mais diversos grupos de seres
Vvivos, entre eles estdo os virus, bactérias, protozoérios, fungos, plantas e animais. Nos metazoarios,
0 parasitismo surgiu diversas vezes de forma independente, especialmente entre os filos Nematoda
Cobb, 1919 e Platyhelminthes Gegenbaur, 1859 (Weinstein e Kuris, 2016; Lucius et al., 2017).

Os anfibios sdo bons modelos de estudo para a diversidade de parasitos devido sua diversidade
de estratégias de vida (comportamentos, hébitats, dieta, modo de forrageio), se destacando como
hospedeiros de diversos helmintos. Até 2014, foram registrados aproximadamente 290 taxons de
helmintos parasitos de espécies de anuros da América do Sul (Campido et al., 2014). Além de serem
os hospedeiros definitivos para uma grande diversidade de parasitos, os anfibios também podem
desempenhar papeis cruciais como hospedeiros intermediarios ou paraténicos em ciclos de vida de
diversos parasitos (Campiéo et al., 2015).

A fauna de helmintos associada a anuros do Brasil é a mais estudada dentre os paises da
América do Sul, no entanto, somente cerca de 8% do total das espécies de sapos brasileiros
apresentam algum estudo helmintolégico (Campido et al., 2014; Martins-Sobrinho et al., 2017). Essa
lacuna ressalta a necessidade de realizar mais estudos em parasitologia, que podem fornecer
informacdes tanto sobre os parasitos quanto dos hospedeiros, como dieta, habitat e modo reprodutivo,
sendo Uteis para entender a estrutura das teias alimentares, biodiversidade, estresse ambiental e
podendo ser, também, utilizados como ferramentas de conservacao (Marcogliese, 2004).

Os helmintos parasitos de anuros estdo classificados em trés grupos: Platyhelminthes,
Nematoda e Acanthocephala Kohlreuther, 1771.

O filo Platyhelminthes é composto por dois grupos (Catenulida e Rhabditophora) de vermes
acelomados e achatados dorsoventralmente de vida livre ou parasitos, sendo 0s primeiros animais
bilaterais e triploblasticos (Brusca, Giribet e Moore, 2022). No grupo Rhabditophora, destacamos o
clado Neodermata, que inclui os grupos Trematoda, Monogenea e Cestoda, parasitos de vertebrados
(Fig. 1).

Os platelmintos da classe Trematoda séo caracterizados por apresentarem duas ventosas, uma
proxima a boca e outra na regido ventral do corpo (Gibson, 2002). Seu sistema digestorio €
incompleto, com pré-faringe, faringe, esdéfago e cecos, com uma vesicula excretora geralmente
terminal (Gibson, 2002). O sistema reprodutor masculino € composto geralmente por dois testiculos,

vesicula seminal, ducto ejaculatorio e cirro (Neves et al., 2005). Ja o sistema reprodutor feminino



possui um ovario ligado a um oviduto, receptaculo seminal, oétipo, vitelario, glandulas de Mehlis,
Utero, vagina e canal de Laurer (Neves et al., 2005).

Trematddeos adultos se reproduzem em seus hospedeiros definitivos, que liberam ovos nas
fezes e eclodem em larvas que infectam moluscos aquéticos, que sdo hospedeiros intermediarios
obrigatdrios. Nos moluscos, essas larvas se transformam em cercarias (podendo também passar por
outros estadgios como rédeas e esporocistos), que saem dos moluscos e algumas formam cistos em
outros animais ou plantas aquaticas que serdo consumidos pelo hospedeiro definitivo (Zemmer et al.,
2020). Em algumas espécies, as cercarias podem infectar diretamente o hospedeiro definitivo através
da penetracao ativa de pele e mucosas (Poulin e Cribb, 2002).

Os Monogenea sao frequentemente encontrados parasitando branquias, superficie corporal,
cavidade nasal, ureteres e ductos intestinais de vertebrados aquaticos. Porém, também sdo
encontrados parasitando a boca, bexiga urinaria e cloaca de anfibios e répteis e drbita ocular de
quelénios e mamiferos (Loker e Hofkin, 2022). O corpo de individuos adultos é dividido em
prohaptor, onde esta localizada a boca, a qual é geralmente rodeada por ventosa e glandulas adesivas,
tronco e opistohaptor, caracteristica responsavel pela fixacdo do corpo e também diagndstica do grupo
(Kearn, 1994; Ruppert, Fox e Barnes, 2004). Seu ciclo de vida € monoxénico, onde os adultos
depositam ovos que eclodem ao entrar em contato com o0 ambiente externo e liberam um
oncomiracidio que procura um novo hospedeiro para se aderir (Whittington et al., 1999; Whittington
e Kearn, 2011).

Os cestddeos adultos séo parasitos intestinais de vertebrados, com o corpo dividido em trés
partes: escolex, onde estdo localizadas estruturas de fixacdo como ganchos e ventosas na regido
anterior do corpo; pescoco, que da origem aos segmentos que formam a Ultima parte do corpo; e
estrobilo, segmentado em varias partes chamadas proglotes, que podem apresentar diferentes estagios
de maturacdo (Roberts et al., 2012). Diferente de todos os outros platelmintos, os cestddeos nao
possuem sistema digestdrio, absorvendo recursos pelo tegumento (Goater et al., 2014). Apresentam
um ciclo de vida heteroxénico, podendo envolver um ou mais hospedeiros intermediarios (onde
individuos no estagio larval se desenvolvem), e também ambientes terrestres e aquaticos (Benesh et
al., 2017).
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Figura 1. Morfologia interna e externa de representantes do filo Platyhelminthes. A: Morfologia interna do
Trematoda Clonorchis sinensis (Looss, 1907) adulto, vista ventral. B: Morfologia interna de um Monogenea
do género Gyrodactylus von Nordmann, 1832 adulto, vista ventral. C: Representacdo geral do Cestoda Taenia
saginata Goeze, 1872 com destaque ao estrébilo composto de proglotes imaturas e maduras, vista ventral D:
Representacdo de um pescogo e escolex com rostelo, ganchos e ventosas do Cestoda Taenia solium Linnaeus,
1758, vista ventral. Adaptado de Brusca, Giribet e Moore (2022).

O filo Nematoda é composto por animais de vida livre ou parasitos de corpo cilindrico
revestido por uma cuticula fina que serve de suporte para o esqueleto hidrostatico e para a musculatura
(Fig. 2) (Basyoni e Rizk, 2016). O sistema digestivo é completo, com boca, es6fago, intestino, reto e
anus ou cloaca (Schmidt-Rhaesa et al., 2013). Os nematddeos podem apresentar diversas estruturas
sensoriais ao longo do corpo, como deirideos, fasmideos, papilas, anfideos, ou até estruturas para
penetracdo nos 0rgdos, como dentes e estiletes (Basyoni e Rizk, 2016).

Os representantes de Nematoda, em sua maioria, sao didicos e 0s machos tém como estruturas
reprodutoras os testiculos, ducto deferente, vesiculas seminais, ducto ejaculatério, e estruturas que
podem estar presentes, como espiculos e gubernaculo (Schmidt-Rhaesa et al., 2013). As fémeas, por
sua vez, apresentam ovario, oviduto, Utero, ovojetor, vagina e vulva (Goater et al., 2014). Sdo um dos
grupos mais diversos, apresentando também uma grande variedade de ciclos de vida, podendo ter
ciclos monoxenos e heteroxénicos em ambiente terrestre, aquatico ou por transmissao vetorial (Goater
etal., 2014).
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Figura 2. Morfologia geral de representantes do filo Nematoda. A: Morfologia interna geral de machos e
fémeas, representando aspectos do sistema digestivo, nervoso, excretor e reprodutor, vista lateral. B: Regido
cefélica do nemat6deo Enterobius vermicularis (Linnaeus, 1758), destacando a abertura oral rodeada por trés
labios contendo papilas cefalicas e anfidios, vista apical. C: Representacdo ilustrativa do sistema nervoso de
nematddeo destacando o ganglio cerebral, corddes nervosos lateral, dorsal e ventral e inervagdo dos anfideos
e papilas, vista dorsal. Adaptado de Chitwood e Chitwood (1950) e Pechenik (2016).

O grupo Acanthocephala esta atualmente classificado em um clado de organismos
endoparasitos obrigatdrios, sendo considerado uma subclasse do filo Rotifera (Near, 2002). Os
acantocéfalos tém como uma das suas principais caracteristicas morfoldgicas a presenca de uma
proboscide eversivel com ganchos com a funcéo de adesdo/fixagdo nos tecidos dos 6rgdos de seus
hospedeiros definitivos (Fig. 3) (Crompton e Nickol, 1985; Kennedy, 2006). Os parasitos desse grupo
ndo possuem sistema digestivo, obtendo nutrientes por meio da superficie corporal a partir do
conteudo intestinal do hospedeiro (Crompton e Nickol, 1985; Goater, et al., 2014). O sistema
reprodutor dos machos é constituido por dois testiculos, glandula de cemento, bolsa copulatoria, canal
ejaculatério, bolsa de Saefftigen e cirro (Gomes, 2019). Ja as fémeas apresentam um ovario,
ligamentos musculares, sino uterino, Gtero, vagina e poro genital (Gomes, 2019). Esses animais
podem se desenvolver tanto em ambientes aquaticos quanto terrestres, apresentando um ciclo de vida
heteroxénico, que depende de um ou mais hospedeiros intermediarios, que geralmente sdo artropodes,

anfibios, répteis e mamiferos (Kennedy, 2006).
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Diversos fatores bidticos e abidticos influenciam a estrutura da comunidade parasitéaria. Os
fatores bidticos podem ser o ciclo de vida, estagio de infeccdo, potencial reprodutivo, modo e sitio de
infeccdo do parasito e caracteristicas do hospedeiro, como tamanho, dieta, sexo, massa, resposta
imune e comportamento. Ja os fatores abidticos, como altitude, heterogeneidade ambiental, mudancas
sazonais, clima, precipitacdo, temperatura e umidade (Aho, 1990; Bolek e Coggins, 2003; Chandra e
Gupta, 2007; Hamann et al., 2012; de Oliveira et al., 2023). Alem disso, outros fatores como o esforco
amostral e mudangas ambientais causadas por acdo antropica também devem ser considerados ao
avaliar a riqueza de espécies de parasitos (McKenzie, 2007; Campido et al., 2015)

Atualmente, duas teorias sdo utilizadas para explicar como esses fatores bidticos influenciam
sobre as comunidades parasitarias: A primeira considera que 0s recursos para serem explorados
variam conforme o tamanho e massa dos hospedeiros (Fig. 4A). A segunda teoria postula, por meio
de modelos matemaéticos, que a alta densidade populacional de hospedeiros facilita a colonizag&o por
varias espécies de parasitos e apresentam uma maior riqueza parasitaria em relacdo a hospedeiros que

vivem em baixas densidades populacionais (Fig. 4B). Além disso, outros fatores como o esforgo



amostral, mudancas ambientais causadas por acdo antrépica, (Campido et al., 2015)
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Figura 4. Representacdes de duas teorias que visam explicar o impacto de fatores bioticos sobre a riqueza de
espécies de parasitos. A: Tamanho do corpo do hospedeiro e a influéncia na riqueza de espécies de parasitos.
B: Comparacéo de populagdes de hospedeiros que vivem em maior e menor densidade, resultando em uma
riqueza de espécies de parasitos distinta nos dois grupos.

Devido a grande variedade de comportamentos, habitats, dieta, modo de forrageio, tamanho
e distribuicdo geogréfica entre os anuros, muitos estudos vém sendo conduzidos utilizando-0s como
modelo para entender a estrutura das comunidades parasitarias de helmintos.

Em relacdo ao habito dos hospedeiros anuros, estudos como de Draghi et al. (2020), Luque et
al. (2005), Ibrahim (2008) e Hamann et al. (2013a) observaram que anfibios de habito terrestre sao
mais frequentemente parasitados por nematddeos de ciclo de vida direto (Fig. 5). Por outro lado,
anfibios de habito aquéatico ou arboricola costumam ser infectados com maior frequéncia por
trematodeos de ciclo de vida heteroxénico, que na maioria das vezes tém seu ciclo relacionado a agua
(Fig. 5) (McAlpine e Burt, 1998; Muzzall et al., 2001; Hamann et al., 2013b). Porém, anuros de
habitos arboricolas também podem ser parasitados majoritariamente por nematddeos de ciclo de vida
direto (Martins-Sobrinho et al., 2017; Gonzélez et al., 2021).

Diversos estudos foram conduzidos com anuros de habitos arboricolas, porém ndo ha um
padrdo conhecido sobre a influéncia positiva ou negativa do habito arboricola na riqueza parasitaria
em comparacao a anuros de habitos terrestres e aquaticos. Alguns estudos encontraram uma menor
diversidade de helmintos em anuros arboricolas (Fig. 6) (Aho, 1990; Goldberg e Bursey, 2008;
Gonzalez e Hamann, 2008; Draghi et al., 2020; Gonzélez et al., 2021), enquanto outros destacam que
a riqueza de parasitos é similar ou maior quando comparado a outros habitos (Koller e Gaudin, 1977;
Bursey et al., 2001; Yoder e Coggins 2007; Hamann et al., 2010; Campido et al., 2016; Silveira et al.,
2022; de Oliveira et al., 2022). Essa falta de conhecimento sobre um padrdo mostra que ainda séo

necessarios mais estudos para estabelecer padrdes gerais para essas relagfes, considerando a



diversidade de modos de vida de anuros e seus helmintos parasitos (Martins-Sobrinho, 2017).

Habito terrestre Habito aquatico ou arboreo
Mais suscetiveis a serem Mais suscetiveis a serem
parasitados por nematédeos parasitados por trematoédeos
de ciclo de vida direto de ciclo de vida heteroxénico

Figura 5. llustracdo da suscetibilidade do hospedeiro ao parasito em relacdo ao habito terrestre, aquatico ou

arboricola.
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Figura 6. Grafico de riqueza média de nematddeos conforme o habitat dos hospedeiros. Adaptado de Gonzélez
et al. (2021).

A dieta e 0 modo de forrageio dos hospedeiros sdo outros fatores que influenciam na riqueza
de espécies de helmintos parasitos de anuros (Toledo et al., 2018; Gonzalez et al., 2021). Sobre a



dieta, os anuros podem ser classificados como especialistas, intermediarios (quando se alimentam de
diferentes animais, mas alguns itens sdo consumidos em maior quantidade) ou generalistas (Fig. 7A)
(Hamann et al., 2012; Gonzalez et al., 2021). Grande parte das infecgdes por helmintos parasitos em
anuros ocorre pela rota trofica, atuando como hospedeiros paraténicos ou hospedeiros definitivos.
Quanto ao modo de forrageio, os anuros podem ser agrupados em ativos, intermediarios e “senta e
espera” (Fig. 7B) (Hamann et al., 2012; Gonzélez et al., 2021). Anuros que apresentam uma dieta
especialista ¢ modo de forrageio “senta e espera” geralmente apresentam uma menor riqueza de

espécies e uma menor frequéncia de infeccao por parasitos (Fig. 7) (Hamann et al., 2012; Gonzalez,

2021).
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Figura 7. Graficos de riqueza média de nematddeos de acordo com caracteristicas da alimentagdo do
hospedeiro. A: Dieta. B: Modo de forrageio. Adaptado de Gonzalez et al. (2021).

A identificacdo de espécies de parasitos pode ser dificultada devido a diversos fatores, dentre
eles: a similaridade morfoldgica entre grupos de parasitos, principalmente entre fémeas, a ocorréncia
de estagios larvais, raridade de espécimes machos recuperados em amostras de alguns grupos (Fig.
8D), sendo que alguns apresentam apenas fémeas hermafroditas infectantes (Fig. 8) (Poulin e Leung,
2010).

Todas essas caracteristicas interferem na delimitacdo de espécies e relacdes de ancestralidade
entre os diversos grupos de parasitos. Por exemplo, alguns nematddeos da familia Atractidae sao
morfologicamente semelhantes a Cosmocercidae e, portanto, compartilham de um histérico
taxondémico complexo e impreciso (Fig. 8C). Além desses, os filarideos da familia Onchocercidae,
que algumas vezes foram descritas espécies apenas com individuos fémeas e, também, as
microfilérias, que apresentam uniformidade morfoldgica, dificultando sua identificacdo (Fig. 8A)
(Souza Lima et al., 2012; Cavalcante et al., 2016).

Os representantes das familias Rhabdiasidae e Physalopteridae também séo bons exemplos
em que ha dificuldade da diagnose de espécies apenas através da morfologia. Em Rhabdiasidae, 0s
estagios adultos, comumente encontrados nos pulmdes dos hospedeiros, sdo fémeas hermafroditas

que apresentam uma grande uniformidade morfologica e poucos caracteres para auxiliar na



diferenciacdo das espécies (Fig. 8B). Trabalhos mais recentes demonstram que para 0 género
Rhabdias, existe uma grande quantidade de espécies cripticas (Muller et al., 2018). Além disso,
Physalopteridae frequentemente ndo sdo identificados ao nivel de espécie por serem geralmente
encontrados em estagio larval parasitando anuros (Fig. 8E).

Nesses casos, a biologia molecular tornou-se uma ferramenta importante para auxiliar na
resolucdo de problemas taxonémicos, na descricdo de novas espécies e revelar a diversidade criptica
de parasitos (Tkach et al., 2014; Poulin et al., 2019). Atualmente, marcadores moleculares
mitocondriais (COI, 12S e 16S) e ribossomais (18S, 28S e ITS) sdo os mais comumente utilizados
para a classificacdo de nematddeos parasitos (Midiller et al., 2018; Santos et al., 2022).

O marcador COI ¢ utilizado para elucidar relacbes de espécies com relagGes proximas de
ancestralidade e diversidade criptica devido sua rapida evolucdo. Esse marcador vem sendo utilizado
ainda de forma concatenada a outros genes mitocondriais para potencializar sua capacidade de
identificacdo de variabilidade genética em complexos de espécies (Muller et al., 2018; Santos et al.,
2022; Rebélo et al., 2022).

Os genes ribossomais sdo mais utilizados para inferir relagdes de ancestralidade entre géneros
de nematodeos, podendo ser trabalhados a um escopo comparativo maior em relacdo a genes
mitocondriais de rapida mutacdo, porém ndo apresentam uma boa resolucdo para a delimitacdo de
linhagens de espécies cripticas (Muller et al., 2018; Santos et al., 2022).

Devido a escassez de estudos sobre a diversidade de helmintos parasitos de Osteocephalus
spp., abordagens utilizando técnicas de biologia molecular e informacgdes sobre a composicdo e
estrutura de suas comunidades parasitarias possibilitardo identificar e descrever novas espécies de
parasitos, revelar a diversidade criptica de alguns grupos e elucidar as relacbes filogenéticas entre
eles. Além disso, podem fornecer informagdes que servirdo de base para estudos posteriores, bem

como na compreensdo da evolucgéo e da coevolugdo desses organismos.



Espécies descritas apenas com Grande quantidade de espécies Espécies de duas familias
fémeas, machos desconhecidos cripticas do género Rhabdias, diferentes com morfologia
que apresentam apenas fémeas muito semelhante

hermafroditas infectantes
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Espécimes machos pouco ou Frequentemente nio sio identificados ao nivel de
niio encontrados em amostras espécie por serem encontrados apenas em estigio

de alguns grupos larval parasitando anuros

Figura 8. Representacdo de problemas taxondmicos de alguns grupos de nemat6deos e como a biologia
molecular pode auxiliar em sua resolucdo. A: Nematddeo Ochoterenella albareti (Bain, 1979) descrito apenas
com espécimes fémeas, tendo seus machos desconhecidos. B: Nemat6deos do grupo Rhabdias breviensis com
uma grande diversidade criptica, além de apresentarem apenas fémeas hermafroditas infectantes. C:
Morfologia muito similar de machos e fémeas de Raillietnema nanus Bursey, Goldberg e Kraus, 2006 e
Labeonema longispiculatum Moravec e Jirki, 2017 das familias Cosmocercidae e Atractidae, respectivamente.
D: Raridade de individuos machos nas amostras de alguns grupos, como os Pharyngodonidae. E: Nemat6deos
do género Physaloptera Rudolphi, 1819 em estdgio larval e em estagio adulto, ilustrando a dificuldade de
identificacdo de nematddeos da familia, que s&o geralmente encontrados em estagio larval parasitando anuros.
Adaptado de Bain (1979), Bursey, Goldberg e Kraus (2006), Pereira et al. (2012), Nascimento et al. (2013),
Moravec e Jirka (2017), Pereira et al. (2017) e Felix-Nascimento et al. (2021).



OBJETIVOS

OBJETIVO GERAL

e Caracterizar a diversidade de helmintos parasitos de Osteocephalus cabrerai, da Reserva
Extrativista Beija-Flor Brilho de Fogo.

OBJETIVOS ESPECIFICOS

e Identificar até o menor nivel taxondémico possivel, os helmintos parasitos de Osteocephalus
cabrerai;

e Caracterizar geneticamente Aplectana pella;

e Analisar se a adicdo de Aplectana pella na filogenia de Cosmocercidae tornaria o género
Aplectana monofilético;

e Inferir a riqueza, abundancia e intensidade das espécies que compdem a comunidade
parasitaria de Osteocephalus cabrerai;

e Analisar se fatores bioticos relacionados aos hospedeiros influenciam na prevaléncia,

intensidade e abundéncia de infeccéo dos parasitos.



REFERENCIAS BIBLIOGRAFICAS

Aho JM (1990) Helminth communities of amphibians and reptiles: comparative approaches to
understanding patterns and processes. In: Esch GW, Bush AO, Aho JM (Eds), Parasite
Communities: Patterns and Processes. Springer Netherlands, Dordrecht, 157-195.
https://doi.org/10.1007/978-94-009-0837-6_7

Bain O, Kim DC, Petit G (1979) Diversite spécifique des filaires du genre Waltonella coexistant chez
Bufo marinus. Bulletin du Muséum national d'histoire naturelle 4: 199-212.

Basyoni MMA, Rizk EMA (2016) Nematodes ultrastructure: complex systems and processes. Journal
of Parasitic Diseases 40: 1130-1140. https://doi.org/10.1007/s12639-015-0707-8

Benesh DP, Lafferty KD, Kuris A (2017) A life cycle database for parasitic acanthocephalans,
cestodes, and nematodes. Ecology 98: 882—882. https://doi.org/10.1002/ecy.1680

Bolek MG, Coggins JR (2003) Helminth Community Structure Of Sympatric Eastern American
Toad, Bufo americanus americanus, Northern Leopard Frog, Rana pipiens, and Blue-Spotted
Salamander, Ambystoma laterale, From Southeastern Wisconsin. Journal of Parasitology 89:
673-680. https://doi.org/10.1645/GE-70R

Brusca RC, Giribet G, Moore W (2022) Invertebrates. Oxford University Press, 1104 pp.

Bursey CR, Goldberg SR, Parmelee JR (2001) Gastrointestinal helminths of 51 species of anurans
from Reserva Cuzco Amazonico, Peru. Comparative Parasitology 68: 21-35.

Bursey CR, Goldberg SR, Kraus F (2006) New Species of Raillietnema (Nematoda: Cosmocercidae)
in Carlia mysi (Squamata: Scincidae) from Papua New Guinea. The Journal of Parasitology 92:
1027-1030.

Campido KM, Morais DH, Dias OT, Aguiar A, Toledo G, Tavares LER, Silva RJD (2014) Checklist
of Helminth parasites of Amphibians from South America. Zootaxa 3843: 1-93.
https://doi.org/10.11646/zootaxa.3843.1.1

Campiao KM, Ribas AC de A, Morais DH, Silva RJ, Tavares LER (2015) How many parasites
species a frog might have? Determinants of parasite diversity in South American anurans. PLOS
one 10: e0140577. https://doi.org/10.1371/journal.pone.0140577

Campido KM, da Silva ICO, Dalazen GT, Paiva F, Tavares LER (2016) Helminth parasites of 11
anuran species from the Pantanal Wetland, Brazil. Comparative parasitology 83: 92-100.
https://doi.org/10.1654/1525-2647-83.1.92

Cavalcante PHO, Silva MT, Santos EGN, Chagas-Moutinho VA, Santos CP (2016) Orientatractis
moraveci n. sp. and Rondonia rondoni Travassos, 1920 (Nematoda: Atractidae), parasites of
Pimelodus blochii (Osteichthyes, Pimelodidae) from the Acre and Xapuri Rivers, Western
Amazon, Brazil. Parasitology 144: 226—236. https://doi.org/10.1017/S0031182016001736

Chandra P, Gupta N (2007) Habitat preference and seasonal fluctuations in the helminthofauna of



amphibian hosts of Rohilkhand Zone, India. Asian Journal of Experimental Science 21: 69-78.

Chitwood BG, Chitwood MBH (1950) An Introduction to Nematology. Monumental printing
Company, 232 pp.

Crompton DWT, Nickol BB (1985) Biology of the Acanthocephala. Cambridge University Press.
482 pp.

de Oliveira CR, Mascarenhas W, Batista-Oliveira D, de Castro Araudjo K, Avila RW, Borges-Nojosa
DM (2022) Endoparasite community of anurans from an altitudinal rainforest enclave in a
Brazilian ~ semiarid  area.  Journal of  Helminthology 96, e62, 1-17.
https://doi.org/10.1017/S0022149X22000499

de Oliveira CR, Gongcalves-Sousa JG, de Carvalho EFF, Avila RW, Borges-Nojosa DM (2023) Effect
of altitude and spatial heterogeneity on the host-parasite relationship in anurans from a remnant

humid forest in the Brazilian semiarid. Parasitology Research 122: 2651-2666.
https://doi.org/10.1007/s00436-023-07802-8

Draghi R, Drago FB, Saibene PE, Agostini MG (2020) Helminth communities from amphibians
inhabiting agroecosystems in the Pampean Region (Argentina). Revue suisse de Zoologie 127:
261-274. https://doi.org/10.35929/RSZ.0020

Felix-Nascimento G, Vieira FM, Gomes ECA, Albinati ACL, Muniz-Pereira LC, Moura GJB,
Ribeiro LB, Oliveira JB (2022) Morphological description of infective larval stage of
Physaloptera (Spirurida: Physalopteridae), and histological lesions in the paratenic host
Leptodactylus macrosternum (Anura: Leptodactylidae) in Caatinga biome, Brazil. Revista
Mexicana de Biodiversidad 93: €933772. https://doi.org/10.22201/ib.20078706€.2022.93.3772

Gibson DI (2002) Class Trematoda Rudolphi, 1808. Keys to the Trematoda: Volume 1: 1-3.
https://doi.org/10.1079/9780851995472.0001

Goater TM, Goater CP, Esch GW (2014) Parasitism: the diversity and ecology of animal parasites.
Cambridge University Press. 524 pp.

Goldberg SR, Bursey CR (2008) Helminths from fifteen species of frogs (Anura, Hylidae) from Costa
Rica. Phyllomedusa: Journal of Herpetology 7: 24-33. https://doi.org/10.11606/issn.2316-
9079.v7i1p24-33

Gomes APN (2019) Morphological, molecular and ecological integrative taxonomy of
Acanthocephala (Archiacanthocephala) parasite of Brazilian wildlife mammals. PhD Thesis
Available from: https://www.arca.fiocruz.br/handle/icict/37814

Gonzalez CE, Hamann MI (2008) Nematode parasites of two anuran species Rhinella schneideri
(Bufonidae) and Scinax acuminatus (Hylidae) from Corrientes, Argentina. Revista de Biologia
Tropical 56: 2147-2161.

Gonzalez CE, Hamann MI, Duré MI (2021) Nematodes of amphibians from the South American



Chaco: distribution, host specificity and ecological aspects. Diversity 13: 321.
https://doi.org/10.3390/d13070321

Hamann MI, Gonzélez CE, Kehr Al (2010) Helminth community structure of Scinax nasicus (Anura:
Hylidae) from a South American subtropical area. Diseases of Aquatic Organisms 93: 71-82.

Hamann MI, Kehr Al, Gonzalez CE (2012) Community structure of helminth parasites of
Leptodactylus bufonius (Anura: Leptodactylidae) from northeastern Argentina. Available from:
https://ri.conicet.gov.ar/handle/11336/101652 (October 20, 2023).

Hamann MI, Kehr Al, Gonzélez CE (2013a) Helminth communities in the burrowing toad, Rhinella
fernandezae, from Northeastern Argentina. Biologia 68: 1155-1162.
https://doi.org/10.2478/s11756-013-0272-5

Hamann MI, Kehr Al, Gonzalez CE (2013b) Biodiversity of trematodes associated with amphibians
from a variety of habitats in Corrientes Province, Argentina. Journal of Helminthology 87: 286—
300. https://doi.org/10.1017/S0022149X12000302

Ibrahim MMI (2008) Helminth infracommunities of the maculated toad Amietophrynus regularis
(Anura: Bufonidae) from Ismailia, Egypt. Diseases of Agquatic Organisms 82: 19-26.
https://doi.org/10.3354/da001963

Kearn GC (1994) Evolutionary expansion of the Monogenea. International Journal for Parasitology
24: 1227-1271. https://doi.org/10.1016/0020-7519(94)90193-7

Kennedy CR (2006) Ecology of the Acanthocephala. Cambridge University Press. 260 pp.

Koller RL, Gaudin AJ (1977) An analysis of helminth infections in Bufo boreas (Amphibia:
Bufonidae) and Hyla regilla (Amphibia: Hylidae) in southern California. The Southwestern
Naturalist: 503-509. https://www.jstor.org/stable/30054033

Loker ES, Hofkin BV (2022) Parasitology: A Conceptual Approach. CRC Press, 669 pp.
https://doi.org/10.1201/9780429277405

Lucius R, Loos-Frank B, Lane RP, Poulin R, Roberts C, Grencis RK (2017) The Biology of Parasites.
John Wiley & Sons, 466 pp.

Luqgue JL, Martins AN, Tavares LE (2005) Community structure of metazoan parasites of the yellow
Cururu toad, Bufo ictericus (Anura, Bufonidae) from Rio de Janeiro, Brazil. Acta Parasitologica
50: 215-220.

Marcogliese DJ (2004) Parasites: small players with crucial roles in the ecological theater. EcoHealth
1: 151-164. https://doi.org/10.1007/s10393-004-0028-3

Martins-Sobrinho PM, Silva WGDO, Santos EGD, Moura GJBD, Oliveira JBD (2017) Helminths of
some tree frogs of the families Hylidae and Phyllomedusidae in an Atlantic rainforest fragment,
Brazil. Journal of Natural History 51: 1639-1648.
https://doi.org/10.1080/00222933.2017.1337945



McAlpine DF, Burt MD (1998) Helminths of Bullfrogs, Rana catesbeiana, Green Frogs, R.
clamitans, and Leopard Frogs, R. pipiens, in New Brunswick. Canadian Field Naturalist 112: 50—
68.

McKenzie VJ (2007) Human land use and patterns of parasitism in tropical amphibian hosts.
Biological Conservation 137: 102-116. https://doi.org/10.1016/j.biocon.2007.01.019

Méthot PO, Alizon S (2014) What is a pathogen? Toward a process view of host-parasite interactions.
Virulence 5: 775-785. 10.4161/21505594.2014.960726

Miiller M1, Morais DH, Costa-Silva GJ, Aguiar A, Avila RW, Da Silva RJ (2018) Diversity in the
genus Rhabdias (Nematoda, Rhabdiasidae): Evidence for cryptic speciation. Zoologica Scripta
47:595-607. https://doi.org/10.1111/zsc.12304

Muzzall PM, Gillilland MG, Summer CS, Mehne CJ (2001) Helminth communities of green frogs
Rana clamitans Latreille, from southwestern Michigan. Journal of Parasitology 87: 962-968.
https://doi.org/10.1645/0022-3395

Moravec F, Jirku M (2017) Some nematodes from freshwater fishes in central Africa. Folia
Parasitologica 64. https://doi.org/10.14411/fp.2017.033

Nascimento LCS, Goncalves EC, Melo FTV, Giese EG, Furtado AP, dos Santos JN (2013)
Description of Rhabdias breviensis n. sp. (Rhabditoidea: Rhabdiasidae) in two Neotropical frog
species. Systematic Parasitology 86: 69-75. https://doi.org/10.1007/s11230-013-9432-9

Near TJ (2002) Acanthocephalan phylogeny and the evolution of parasitism. Integrative and
Comparative Biology 42: 668—677. https://doi.org/10.1093/ich/42.3.668

Neves DP (2011) Parasitologia Humana. EDITORA ATHENEU, 546 pp.

Neves RH, de Lamare Biolchini C, Machado-Silva JR, Carvalho JJ, Branquinho TB, Lenzi HL,
Hulstijn M, Gomes DC (2005) A new description of the reproductive system of Schistosoma
mansoni (Trematoda: Schistosomatidae) analyzed by confocal laser scanning microscopy.
Parasitology research 95: 43-49. https://doi.org/10.1007/s00436-004-1241-2

Pechenik JA (2016) Biologia dos Invertebrados 7ed. McGraw Hill Brasil. 628 pp.

Pereira FB, Alves PV, Rocha BM, Souza Lima S, Luque JL (2012) A new Physaloptera (Nematoda:
Physalopteridae) parasite of Tupinambis merianae (Squamata: Teiidae) from southeastern Brazil.
Journal of Parasitology 98 (6):1227-1235. 10.1645/GE-3159.1

Pereira FB, Campido KM, Luque JL, Tavares LER (2017) Parapharyngodon hugoi n. sp., a new
nematode (Oxyuroidea: Pharyngodonidae) of the tree frog Trachycephalus typhonius (Linnaeus)
from the Brazilian Pantanal, including a key to the congeners from amphibians of the American
continent. Systematic Parasitology 94: 599-607. https://doi.org/10.1007/s11230-017-9725-5

Poulin R (2014) Parasite biodiversity revisited: frontiers and constraints. International Journal for
Parasitology 44: 581-589. https://doi.org/10.1016/j.ijpara.2014.02.003



Poulin R (2019) Best practice guidelines for studies of parasite community ecology. Journal of
Helminthology 93: 8-11. https://doi.org/10.1017/S0022149X18000767

Poulin R, Cribb TH (2002) Trematode life cycles: short is sweet? Trends in Parasitology 18: 176—
183.

Poulin R, Leung TLF (2010) Taxonomic resolution in parasite community studies: are things getting
worse? Parasitology 137: 1967-1973. https://doi.org/10.1017/S0031182010000910

Poulin R, Hay E, Jorge F (2019) Taxonomic and geographic bias in the genetic study of helminth
parasites. International Journal for Parasitology 49: 429-435.
https://doi.org/10.1016/j.ijpara.2018.12.005

Rebélo GL, Santos AN, Tavares-Costa LFS, Dias-Souza MR, Muller MlI, Jesus RF, Costa-Campos
CE, Santos JN, Melo FTV (2023) Morphological and molecular characterization of
Cosmocercoides amapari n. sp. (Nematoda: Cosmocercidae), parasitic in hylid frogs from the
Brazilian Amazon. Parasitology 150: 286-296. https://doi.org/10.1017/S0031182022001767

Roberts L, Janovy JJ, Schmidt GD, Nadler S (2012) Foundations of Parasitology. McGraw-Hill
Education, 688 pp.

Ruppert EE, Fox RS, Barnes RD (2004) Invertebrate zoology: a functional evolutionary approach.
Thomson-Brooks/Cole. 989 pp.

Santos AN, Jesus RF, Macedo LC, Santos JN, Vasconcelos Melo FT (2022) New species of
Parapharyngodon (Nematoda: Pharyngodonidae) parasite of Osteocephalus taurinus (Anura:
Hylidae) from Northern Brazilian Amazon Region. Systematic Parasitology 99: 437-445.
https://doi.org/10.1007/s11230-022-10037-5

Santos FAA, Duarte MD, Carvalho CL, Monteiro M, Carvalho P, Mendonca P, Valente PCLG,
Sheikhnejad H, Waap H, Gomes J (2022) Genetic and morphological identification of filarial
worm from Iberian hare in Portugal. Scientific Reports 12: 9310. https://doi.org/10.1038/s41598-
022-13354-3

Schmidt-Rhaesa A (2013) Nematoda. Walter de Gruyter, 776 pp.

Silveira EC, Mascarenhas CS, Huckembeck S, Miiller G, Loebmann D (2022) Parasitic helminths in
Boana pulchella (Duméril & Bibron, 1841) (Anura: Hylidae) and their relation with host diet,
body size, and habitat. Cuadernos de Herpetologia 36: 155-167.

Souza Lima S, Marun B, Alves PV, Bain O (2012) Ochoterenella esslingeri n. sp. (Nematoda:
Onchocercidae: Waltonellinae) from Bokermannohyla luctuosa (Anura: Hylidae) in Minas
Gerais, Brazil, with notes on Paraochoterenella Purnomo & Bangs, 1999. Parasite 19: 341-350.
https://doi.org/10.1051/parasite/2012194341

Tkach VV, Kuzmin Y, Snyder SD (2014) Molecular insight into systematics, host associations, life

cycles and geographic distribution of the nematode family Rhabdiasidae. International Journal



for Parasitology 44: 273-284. https://doi.org/10.1016/j.ijpara.2013.12.005

Toledo GM, Schwartz HO, Nomura HAQ, Aguiar A, Velota R, Da Silva RJ, Anjos LA (2018)
Helminth community structure of 13 species of anurans from Atlantic rainforest remnants, Brazil.
Journal of Helminthology 92: 438-444. https://doi.org/10.1017/S0022149X17000608

Weinstein SB, Kuris AM (2016) Independent origins of parasitism in Animalia. Biology Letters 12:
20160324. https://doi.org/10.1098/rsbl.2016.0324

Whittington 1D, Kearn GC (2011) Hatching Strategies in Monogenean (Platyhelminth) Parasites that
Facilitate Host Infection. Integrative and Comparative Biology 51: 91-99.
https://doi.org/10.1093/icb/icr003

Whittington ID, Chisholm LA, Rohde K (1999) The Larvae of Monogenea (Platyhelminthes). In:
Baker JR, Muller R, Rollinson D (Eds), Advances in Parasitology. Academic Press, 139-232.
https://doi.org/10.1016/S0065-308X(08)60232-8

Yoder HR, Coggins JR (2007) Helminth Communities In Five Species Of Sympatric Amphibians
From Three Adjacent Ephemeral Ponds In Southeastern Wisconsin. Journal of Parasitology 93:
755-760. https://doi.org/10.1645/GE-1077R.1

Zemmer SA, Detwiler JT, Sokol ER, Neto JGDS, Wyderko J, Potts K, Gajewski ZJ, Sarment LV,
Benfield EF, Belden LK (2020) Spatial scale and structure of complex life cycle trematode
parasite communities in streams. PLOS ONE 15: e0241973.
https://doi.org/10.1371/journal.pone.0241973



Capitulo 1

Filling the gaps on parasites of
Osteocephalus: Helminth community
structure of Osteocephalus cabrerali
(Anura: Hylidae) from the Brazilian
Amazon

O Capitulo | desta Dissertacdo foi
elaborado, formatado e publicado
conforme as normas da revista cientifica
International Journal for Parasitology:
Parasites and Wildlife, as quais se
encontram em anexo (Anexo 1)



International Journal for Parasitology: Parasites and Wildlife 25 (2024) 100996

Contents lists available at ScienceDirect
International Journal for Parasitology: Parasites and Wildlife

journal homepage: www.elsevier.com/locate/ijppaw

Filling the gaps on parasites of Osteocephalus: Helminth community
structure of Osteocephalus cabrerai (Anura: Hylidae) from the
Brazilian Amazon

Jorge Kevin Silva Neves®, Evelyn Lebrego Cardoso“, Gabriel Lima Rebeélo “,

Adriano José Silva Félix, Soraya Almeida Machado ?, Carlos Eduardo Costa-Campos ",
Jeannie Nascimento Santos “, Francisco Tiago Vasconcelos Melo

@ Laboratory of Cellular Biology and Helminthology "Profa. Dra. Reinalda Marisa Lanfredi", Institute of Biological Sciences, Federal University of Parda (UFPA), Av.
Augusto Correa 01, Guamd, Belém, Pard, 66075-110, Brazil

Y Laboratory of Herpetology, Department of Biological and Health Sciences, Federal University of Amapa (UNIFAP), Jardim Marco Zero, Rod. Juscelino Kubitschek, km
02, Macapa, Amapa 68903-419, Brazil

ARTICLE INFO ABSTRACT

Keywords: Osteocephalus cabrerai is an arboreal anuran widely distributed in South America. However, there are no para-
Ampﬁibian sitological studies conducted on the species, resulting in a parasite fauna completely unknown. Thus, this study
Br_aZﬂ_ aims to characterize the parasitic community structure of O. cabrerai in the municipality of Pedra Branca do
Eé‘;::itcyal Amapari, Amapa state, Amazon region, Brazil. We collected and necropsied 84 specimens of O. cabrerai to search
Nematodes for helminths. Parasite community structure was analyzed using helminth parasite richness, diversity, and
Parasite abundance. The helminth component community of O. cabrerai comprises six nematode species: Cosmocerca

parva, Cosmocerca podicipinus, Oxyascaris oxyascaris, Oswaldocruzia chabaudi, and Physaloptera sp. (larvae). Most
helminth species represent the first record for the genus Osteocephalus, except Physaloptera sp. The helminth
infections in the host showed a typical aggregated distribution pattern for parasites. We only found a positive
correlation between the host weight and total intensity. Our bibliography revision reinforces the need for further
studies on the helminth fauna of Osteocephalus spp.

1. Introduction

The hylids are one of South America’s most studied anuran. How-
ever, most records are for species of the genera Boana Gray, 1825,
Dendropsophus Fitzinger, 1843; and Phyllomedusa Wagler, 1830;
Campiao et al., (2014, 2015). Currently, the genus Osteocephalus Stein-
dachner, 1862 is composed of approximately 28 species, and the para-
sitic fauna is known only for Osteocephalus taurinus Steindachner, 1892,
and Osteocephalus leprieurii (Duméril and Bibron, 1841) (Campiao et al.,
2014; Frost, 2024). The helminth fauna of those species is composed of
13 helminth taxa recorded in the states of Amapa, Amazonas, Para, and
Mato Grosso in Brazil, the city of Cusco, Peru, and Ecuador (Vaucher,
1981, 1987; Bursey et al., 2001; Smales, 2007; Campiao et al., 2014;
Feitosa et al., 2015; Tavares-Costa et al., 2018; Pedroso-Santos et al.,
2019; Santos et al., 2019, 2022; Anjos et al., 2021).

Several studies on parasites of Osteocephalus spp. focused on
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E-mail address: ftiago@ufpa.br (F.T.V. Melo).
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descriptions of new species and isolated records of new hosts and lo-
calities (e.g. Feitosa et al., 2015; Tavares-Costa et al., 2018; Pedroso--
Santos et al., 2019; Anjos et al., 2021; Santos et al., 2022). In this
context, characterizing the parasite community of Osteocephalus spp. in
the Amazon region is essential for understanding factors that affect
parasite distribution and supporting future ecological studies.

To date, no parasitological studies have been conducted on the species
Osteocephalus cabrerai (Cochran and Goin, 1970), resulting in a parasite
fauna completely unknown. Thus, this study aims to characterize the
parasite community of O. cabrerai as well as understand factors that in-
fluence in parasite distribution on this host in the Brazilian Amazon
Region.
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2. Materials and methods
2.1. Host sampling and collection of parasites

During helminthological surveys, 84 specimens of O. cabrerai (Fig. 1)
were collected between May 2019 and March 2022 in the "Beija-Flor
Brilho de Fogo" Extractive Reserve (0°47 ‘30.6' N, 51°58 ‘42.1" W),
located in the municipality of Pedra Branca do Amapari, Amapa state,
Brazil. The amphibian hosts were identified according to Pedroso-Santos
et al. (2019) and Frost (2024).

The hosts were anesthetized, measured, weighed, and necropsied for
helminthological examination. All internal organs were placed in Petri
dishes with saline solution (NaCl 0.9%), dissected, and examined under
a LEICA EZ4 stereomicroscope. The helminths found were cleaned in
saline solution, killed with heated 70% alcohol, and preserved in the
same solution at room temperature.

For morphological analysis, the nematodes were hydrated in distilled
water, cleared in Amann’s lactophenol 20%, mounted on temporary
slides, and examined under an Olympus BX41 microscope (Olympus,
Tokyo, Japan) coupled with a drawing tube (without zoom adjustment),
and Olympus BX53 microscope (Olympus America, Center Valley,
Pennsylvania) equipped with differential interference contrast optics
and a digital imaging system.

We also conducted a bibliographic reference search to compile the re-
cords of helminth parasitics in Osteocephalus spp., using seven electronic
databases (Google, Google Scholar, PubMed, Scielo, Science Direct, Scopus
and Web of Science). We used such search strings: Topic: [(‘“‘Osteocephalus")
and (“helminth" or "parasites" or "nematodes" or "platyhelminthes" or
"acanthocephalan")]. We prepared a table with all this compilation,
including published records, available data, and information from the
present study.

2.2. Data analysis

The infection prevalence, mean intensity, and mean abundance were
calculated according to Bush et al. (1997). We calculate confidence in-
tervals in 95% for prevalence with Sterne’s method and mean abun-
dance with Bootstrap BCa using Quantitative Parasitology 3.0 software.

We classified the helminth communities at the infracommunity (all
helminth populations of a single specimen of O. cabrerai) and component

Fig. 1. Dorsolateral view of an adult specimen of Osteocephalus cabrerai from
Amapa state, Brazil.
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community levels (all helminth infracommunities within the O. cabrerai
population). The total number of helminth species (= richness), Shan-
non index (H), and Pielou evenness index (J') as H/H’ maximum rep-
resents the community richness and diversity (Zar, 2010). The Brillouin
diversity index (HB) and Pielou evenness index (E) were used to describe
the diversity and uniformity of helminth infracommunities. The Ber-
ger-Parker index of dominance (d) was used to determine the most
abundant species in the component community (Magurran, 2004). The
frequency of dominance (FD) was used to determine the percentage of
infra communities in which a parasite species is numerically dominant.
All these parameters were calculated using the PAST 4.11 software
(Hammer et al., 2001; Magurran, 2004).

The variance-to-mean ratio (ID) and the index of discrepancy of
Poulin (D) were calculated for species with prevalence >10% using the
Quantitative Parasitology 3.0 software to determine the distribution
pattern of parasite infra communities (Rozsa et al., 2000). The signifi-
cance of ID for each parasite species was tested using d-statistics, where
d < 1.96 represents a random distribution and d > 1.96, an aggregate
distribution (Ludwig and Reynolds, 1988).

We used the method proposed by Thul et al. (1985) to calculate the
importance of each parasite in the community. Thus, the helminth species
were classified into four groups (dominant, codominant, subordinate,
and unsuccessful) based on their prevalence, intensity, and maturity
factor (equal to 1.0 if at least one mature specimen of species is found and
equal to 0 if otherwise), which is related to the degree of host specificity.

The Kendall Correlation (t) was used to test the correlation between
morphological characters of the host (Snout-vent length [SVL] and body
weight), and helminth mean species richness, intensity, and abundance
at the infra community level and abundance of helminth species at the
component community level. These analyses were performed using the
R 4.4.0 software. We did not test the association between host sex and
parasite community characteristics due to our samples’ low number of
females (males = 60; females n = 24).

Richness was estimated using the species accumulation curve, which
analyzes the number of observed species as a function of the sampling
effort. We used the non-parametric richness estimator Chao 2 to check if
the observed richness approached the estimated richness. These statistical
analyses were performed using the Vegan (Oksanen, 2010) package in R
software.

3. Results

The overall parasite prevalence was 64.28% (55 specimens infected
out of 84 collected). We obtained 292 specimens of nematodes (mean
abundance, 3.47; mean intensity, 5.4) assigned to six different taxa,
Aplectana pella Borges, Willkens, Santos, Costa-Campos and Melo, 2023,
Cosmocerca parva Travassos, 1925, Cosmocerca podicipinus Baker and
Vaucher, 1984, Oswaldocruzia chabaudi Ben Slimane and Durette-Desset,
1996, Oxyascaris oxyascaris Travassos, 1920, and Physaloptera sp.
(larvae) (Table 1, Fig. 2). The curve of the accumulated species observed
did reach an asymptote (Fig. 3), indicating that the observed helminth
species richness (6 species) was equal to the expected (Chao 2 richness
estimator = 6) (Fig. 4).

The component helminth community of Osteocephlus cabrerai pre-
sented low diversity, the predominance of certain parasite species, and
high uniformity (Table 2). The large intestine was the most infected
organ (=4 spp.), followed by the small intestine (=1 spp.) and stomach
(=1 spp.) (Table 1). The most common helminth in O. cabrerdi is C. parva
(41.67%). Less frequently, frogs are parasitized by A. pella (27.38%) and
O. chabaudi (14.29%). All of them showed aggregated distribution
(Table 3). Other taxa of helminths presented a prevalence below 10%:
C. podicipinus (3.57%), O. oxyascaris (5.95%) and Physaloptera sp.
(1.19%). Hosts were predominantly infected by one species of helminths
(Fig. 5).
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Table 1
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Helminth parasites record of O. cabrerai from Amapd state, Brazil. N: number of helminths, prevalence (%) with 95% confidence interval, mean intensity with ranges,
mean abundance with 95% confidence interval, site of infection of helminth parasites of O. cabrerai, importance value (I), and frequency of dominance. Classification of
helminths: I > 1.0, dominant species; I = 0, unsuccessful species; 0.01< I < 1.0, codominant species. Abbreviations: P, prevalence; CI, confidence interval; MI, mean
intensity; MA, mean abundance; FD, frequency of dominance; Small intestine, SI; Large intestine, LI; Stomach, S.

Helminth N P (%) + CI MI MA =+ CI Site of Infection I Classification FD (%)
Aplectana pella 99 27.38 + 0.188-0.380 4.3; range 1-15 1.18 + 0,69-1,9 LI 14.441 Dominant 33.90
Cosmocerca parva 161 41.67 + 0.315-0.524 4.6; range 1-27 1.92 +£1.27-3.17 LI 35.737 Dominant 55.13
Cosmocerca podicipinus 9 3.57 £+ 0.010-0.100 3; range 2-4 0.107 + 0.023-0.303 LI 0.171 Codominant 3.08
Oswaldocruzia chabaudi 16 14.29 + 0.082-0.237 1.33; range 1-3 0.19 + 0.095-0.321 SI 1.218 Dominant 5.47
Oxyascaris oxyascaris 6 5.95 £+ 0.024-0.135 1.2; range 1-2 0.071 + 0.011-0.143 LI 0.190 Codominant 2.05
Physaloptera sp. (larvae) 1 1.19 £+ 0.001-0.064 1; range 1-1 0.011 + 0.001-0.064 S 0 Unsuccessful 0.34

We found three dominant species of nematodes (widespread species
in the host population), two codominant species (contributed to a lesser
degree in the helminth community), and one unsuccessful species
(accidental infection), which was able to enter the host but did not reach
maturity therein (Table 1).

The mean SVL of the anurans was 53.2 4 7.5 mm (29-80.3), and the
body weight was 7.07 + 3.3 g (2-18.9). We observed a positive corre-
lation between the host body weight and the total intensity of infection
(total intensity vs. SVL: T = 0.16; p = 0.10; total intensity vs. weight: T =
0.31; p = 0.00). In contrast, the total abundance was not correlated with
characters of the host (total abundance vs. SVL: T = 0.02; p = 0.73; total
abundance vs. weight: T = 0.04; p = 0.62). There was no correlation
between host variables and mean helminth richness (mean helminth
richness vs. SVL: T = - 10; p = 0.35; mean helminth richness vs. weight:
T = - 2; p = 0.84). Also, there were no significant correlations between
helminth abundance species and the host body size or weight (A. pella
vs. SVL: T = 0.02; p = 0.75, A. pella vs. weight: T = 0.02; p = 0.78;
C. parva vs. SVL: T = 0.10, p = 0.22, C. parva vs. weight: Tt = 0.11, p =
0.15; O. chabaudi vs. SVL: T = - 0.6, p = 0.49, O. chabaudi vs. weight: T =
-0.13,p = 0.13).

In our bibliography analysis, we found 13 helminth taxa parasitizing
two species of Osteocephalus. Additionally, if we include the records of
the present work, at least 18 helminths taxa are associated with the
Osteocephalus spp. in South America. The highest helminth richness was
found in O. taurinus (n = 13 spp.), followed by O. cabrerai (n = 6 spp.)
and O. leprieurii (n = 1 spp.). Brazil harbors the richest helminth fauna
registered for Osteocephalus spp., with 11 species, followed by Peru (n =
6 spp.) and Ecuador (n = 3 spp.). Cosmocercidae was the most common
parasite (n = 6 spp.), followed by Physalopteridae (n = 3 spp.), Poly-
stomatidae (n = 3 spp.), Pharyngodonidae (n = 3 spp.), Molineidae (n =
2 spp.), Onchocercidae (n = 1 spp.), Rhabdiasidae (n = 1 spp.) and
Oligacanthorhynchidae (n = 1 spp.) (see Table 4).

4. Discussion

The component helminth community of O. cabrerai comprised six
nematode species. The diversity indices, the helminth population’s
dominance, and the parasite community’s evenness indicate that the
sampling effort was sufficient to characterize the helminth species in the
studied area and the host. The Chao estimate and the observed data in
the species accumulation curve also indicate that. The parasites found in
the present study are also the most common among all anuran families
from South America, including Osteocephalus spp. (Campiao et al., 2014;
see Table 4).

In our analysis, nematodes of the Cosmocercidae family showed the
highest prevalence, mean intensity, and mean abundance in the hel-
minth community. The most prevalent, abundant, and dominant species
was C. parva, while C. podicipinus was codominant in the helminth
community. Species of the Cosmocerca Diesing, 1816 are distributed
worldwide (Ni et al., 2020), and both species found in the present study
are considered generalists. Additionally, at least one of them was
registered parasitizing anurans from the families Aromobatidae, Bufo-
nidae, Craugastoridae, Dendrobatidae, Eleutherodactylidae, Hylidae,

Hylodidae, Leptodactylidae, Microhylidae, Odontophrynidae, Ranidae
and Strabomantidae (Goldberg and Bursey, 2008; Santos and Amato,
2013; Campiao et al., 2014).

In the present study, Aplectana pella was the second most dominant
species among the cosmocercids. Recently, Santos et al. (2023)
described A. pella as parasitizing Boana boans (Linnaeus, 1758) collected
from the same locality as O. cabrerai in this study. Both host species
exhibit arboreal habits and occupy equivalent ecological niches. Our
findings also support the hypothesis that hosts exposed to similar envi-
ronmental conditions share helminth taxa (Aho, 1990; Krasnov et al.,
2011; Poulin et al., 2011; Toledo et al., 2018; Draghi et al., 2020).

We also found that Oxyascaris oxyascaris was codominant and had
low prevalence in the component community. The type-host for these
nematode species is Mastigodryas bifossatus Raddi, 1820(= Drymobius
bifossatus) (snake); however, they are commonly found infecting Lep-
todactylidae species (Campiao et al., 2014; Lins et al., 2017; Silva et al.,
2018). Some previous studies registered the species in other tree frogs:
Boana raniceps (Cope, 1862), Boana faber (Wied-Neuwied, 1821) and
Trachycephalus typhonius (Linnaeus, 1758) (Campiao et al., 2016, 2017;
Euclydes et al., 2022; Euclydes and Campiao, 2024).

Oswaldocruzia chabaudi was one of the dominant nematodes found in
the community of O. cabrerai. This species also infects other arboreal
hylids, such as B. boans, Boana fasciata (Giinther, 1858), Boana geo-
graphica (Spix, 1824), and Boana wavrini (Parker, 1936; Campiao et al.,
2014; Willkens et al., 2021). These results reinforce that O. chabaudi is
mainly associated with arboreal amphibians, which occupy similar
ecological niches and have overlapping geographical distributions, as
proposed by Willkens et al. (2021).

Our study indicates that O. cabrerai represents the definitive host for
most helminth species. Also, we conclude that this frog had a minor role
as a paratenic host, as the only nematode larvae found were Physaloptera
sp. (larvae) in the gastric mucosa. In the Neotropical region, nematodes
of the genus Physaloptera are commonly found as non-encysted larvae in
anurans (Gonzalez and Hamann, 2012; Madelaire et al., 2012; Campiao
et al.,, 2014). These nematodes also showed the lowest values of
importance (unsuccessful pioneer), prevalence, intensity, and abun-
dance, indicating that this might represent an unsuccessful host or an
accidental host species. The heteroxenic life cycle of these species in-
volves arthropods as intermediate hosts and vertebrates as definitive or
paratenic hosts (Hamann et al., 2015; Martins-Sobrinho et al., 2017;
Alcantara et al., 2018; Coimbra et al., 2023).

We found predominantly generalist nematodes with monoxenous life
cycles. In this context, the contact of O. cabrerai with terrestrial envi-
ronments, mainly during the reproductive period (Menin et al., 2011)
may promote the transmission and infection of direct life cycle hel-
minths. Additionally, the absence of digenean’s and cystacanths in-
dicates that O. cabrerai interacts less with helminths of complex life
cycles and encounters fewer species of potential intermediate hosts.
Thus, we reinforce the importance of understanding the host’s diet for
new insights into its interactions with intermediate hosts and their
parasites.

The distribution of helminths in O. cabrerai showed a typical
aggregated pattern for parasites, which could be influenced by specific
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Fig. 2. Photomicrographs of the helminth species associated with Osteocephalus cabrerai from Amapa state, Brazil. A, Physaloptera sp. (larvae) anterior region. B,
Aplectana pella male caudal region, spicules (asterisk). C, Cosmocerca parva male caudal region, precloacal papillae (arrowheads) and spicules (asterisk). D, Cos-
mocerca podicipinus male caudal region, preclocal papillae (arrowheads) and spicules (asterisk). E, Oxyascaris oxyascaris female caudal region. F, Oswaldocruzia
chabaudi male caudal region, spicules (asterisk). Abbreviations: Cloaca, cl; Anus, an. Scale-bars: A 50 pm; B, C, D, E, F 100 pm.
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Fig. 3. Parasite species richness distributed in Osteocephalus cabrerai specimens
from Amapa state, Brazil.

aspects of the parasite (life cycle and transmission methods), host sus-
ceptibility to the parasite, infection, and immune response (Anderson
and Gordon, 1982; Cardoso et al., 2021; Rubenina et al., 2021). In the
aggregated pattern, most infected hosts have a small number of para-
sites, while a few hosts have many parasites (Anderson and Gordon,
1982; Draghi et al., 2020).

In general, parasite community characteristics of O. cabrerai were not
correlated to host size (SVL and weight), except for a positive correlation
between total intensity and host weight. The positive correlation
observed in the present study is also observed in previous studies like
Hamann et al. (2012, 2013) and Toledo et al. (2018). This data supports
the hypothesis that larger hosts are capable of providing more habitats
and a greater diversity of resources, such as different niches, compared
to smaller hosts as proposed by other authors (Poulin, 1997; Duré and
Kehr, 1999; Bolek and Coggins, 2003; Hamann et al., 2006, 2012, 2013;
Hamann and Gonzalez 2015; Kamiya et al., 2014; Morand, 2015;
Ceirans et al., 2021). Additionally, hosts with larger body sizes have a
greater surface area, increasing the likelihood of contact with direct

Number of species of parasites
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Table 2

Parasite community characteristics of the helminth infracommunities and
component communities of O. cabrerai from Amapa state, Brazil. Abbreviation:
SD, standard deviation.

Community characteristics Values
Infracommunities

Mean Brillouin diversity index (HB) (+£SD) 0.16 + 0.20
Mean evenness (E) (+SD) 0.14 £ 0.17

Component community
Species richness 6

Shannon-Wiener diversity index (H) 1.06

Evenness (J) 0.59

Berger-Parker (d) 0.55
Table 3

Dispersion index (DI) and d-statistic (d), discrepancy index (D) and distribution
for the parasite infracommunities (prevalence >10%) of O. cabrerai from the
Brazilian Amazon. Distribution classification: d < 1.96, random distribution; d
> 1.96, aggregate distribution.

Helminth DI d D Distribution
Aplectana pella 6.81 20.699 0.842 Aggregate
Cosmocerca parva 8.2 23.972 0.778 Aggregate
Oswaldocruzia chabaudi 1.45 2.592 0.875 Aggregate

life-cycle nematodes in the soil (Aho, 1990; Morand, 2015).

However, the uncorrelated factors (total abundance vs. SVL, total
abundance vs. weight, mean helminth richness vs. SVL, mean helminth
richness vs. weight, helminth abundance species vs. SVL) indicate that
other aspects of the host like physiology, behavior, and seasonality can
also explain variations in the mean helminth richness, intensity, and
species abundance (Poulin, 1997; Oliveira et al., 2019).

Although Osteocephalus genus is widely distributed in South America
with 28 species, most do not have any information about their helminth
fauna. In our bibliographic revision, we found parasitological studies for
only two Osteocephalus species, in which O. taurinus was the most widely
parasitized species (n = 13 spp.). In contrast, we found just one helminth
record for O. leprieurii. Our study reinforces the need to add new data on
the helminth fauna of this host group.

We provide the first study of the helminth community structure of
O. cabrerai. The component community was composed predominantly of
nematodes with a monoxenous life cycle, high prevalence, and abundant
infection. Most parasite species here represent the first record for the
genus Osteocephalus, except for Physaloptera sp. The helminth infections

# Estimated richness - Chao 2
@® Observed richness

0 5 10 15 20 25

30 35 40 45 50 55 60

Infected hosts

Fig. 4. Species accumulation curve with the 95% error bars showing the accumulation of helminth taxa found in Osteocephalus cabrerai from Amapa state, Brazil.
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Fig. 5. Comparison between the observed and the estimated richness for hel-
minth parasites of Osteocephalus cabrerai using Chao 2 richness estimator.

in the host showed a typical aggregated distribution pattern for
parasites.

Our findings contribute to anurans helminth fauna and provide new
insights into helminth communities’ distribution patterns. Osteocephalus
cabrerai body weight positively influences the total intensity of parasite
infection. The bibliography revision reinforces that we still have little
information on the helminth fauna of Osteocephalus spp. and that addi-
tional and future studies will be necessary to bring new data on
amphibian parasites and their ecological relationships.
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Table 4
Records of parasitic helminth in Osteocephalus spp., including new reports for
O. cabrerai from the present study.

Helminth Helminth Family Country  Reference
Host: Osteocephalus cabrerai
Nematoda
Aplectana pella Santos, Cosmocercidae Brazil Present study
Borges, Willkens,
Santos, Costa-Campos
and Melo, (2023)
Cosmocerca parva Brazil Present study
Travassos, 1925
Cosmocerca podicipinus Brazil Present study
Baker and Vaucher,
1984
Oxyascaris oxyascaris Brazil Present study
Travassos, 1920
Oswaldocruzia chabaudi Molineidae Brazil Present study
Ben Slimane and
Durette-Desset, 1996
Physaloptera sp. Physalopteridae Brazil Present study
(larvae)
Host: Osteocephalus taurinus Steindachner, 1862
Monogenoidea
Polystoma naponensis Polystomatidae Ecuador  Vaucher
Vaucher (1987) (1987)
Mesopolystoma Peru Vaucher
samiriensis Vaucher (1981)
(1981)
Nematoda
Cosmocerca brasiliense Cosmocercidae Peru Bursey et al.
Travassos, 1925 (2001)
Cosmocercoides Brazil Anjos et al.
meridionalis Anjos, Oda, (2021)
Campido, Avila, Santos,
Santos, Almeida, Melo
and Rodrigues, 2021
Kentropyxia hylae Molineidae Brazil Feitosa et al.
Feitosa, Furtado, Santos (2015)
and Melo, 2015
Ochoterenella vellardi Onchocercidae Peru Bursey et al.
(Travassos, 1929) (2001)
Esslinger, 1986
Physaloptera sp. Physalopteridae Peru Bursey et al.
(larvae) (2001)
Physalopteroides Peru Bursey et al.
venancioi (Lent, Freitas (2001)
and Proenca, 1946)
Sobolev, 1949
Batracholandros Pharyngodonidae Peru Bursey et al.
spectatus (Freitas and (2001)
Ibanez, 1962) Freitas
and Ibanez, 1965
Parapharyngodon Brazil Santos et al.
politoedi Santos, Argolo, (2019)
Santos, Rodrigues,
Gonzaléz, Santos and
Melo, (2019)
Parapharyngodon Brazil Santos et al.
curupira Santos et al., (2022)
(2022)
Rhabdias sp. Rhabdiasidae Brazil Tavares-Costa
et al. (2018)
Acanthocephala
Oligacanthorhynchus sp. Oligacanthorhynchidae =~ Ecuador  Smales (2007)
(cystacanth)

Host: Osteocephalus leprieurii (Duméril and Bibron, 1841)

Monogenoidea
Polystoma naponensis

Polystomatidae

Ecuador

Vaucher
(1987)
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ABSTRACT

Aplectana comprises species of gastrointestinal helminths commonly found parasitizing amphibians
and reptiles worldwide. However, most species of the genus are described based only on
morphological traits. In the present study, we provided the first nucleotide sequence of ribosomal
gene 18S rDNA in Aplectana pella and established the species' phylogenetic position between
representatives of Cosmocercidae. During helminthological surveys, we found nematodes identified
as Aplectana pella parasitising Osteocephalus cabrerai from the same locality as the original
description. Pairwise genetic comparison between A. pella and its congeners revealed a low genetic
divergence. We found that our sequences clustered with species of Cosmocerca, reinforcing the
hypothesis that representatives of the genus Aplectana do not form a monophyletic group.

Keywords: Helminths, Nematodes, Cosmocercidae, Aplectana, Phylogenetic.

RESUMO

O género Aplectana inclui espécies de helmintos gastrointestinais comumente encontrados
parasitando anfibios e répteis mundialmente. No entanto, a maioria das espécies do género foi descrita
com base apenas em caracteres morfoldgicos. No presente estudo, nés fornecemos a primeira
sequéncia de nucleotideos do gene ribossomal 18S rDNA de Aplectana pella e estabelecemos a
posicdo filogenética da espécie em relacdo aos representantes de Cosmocercidae. Durante expedicdes
helmintolégicas, nds encontramos nematddeos identificados como A. pella parasitando
Osteocephalus cabrerai na mesma localidade da descricéo original. Comparagdes genéticas entre A.
pella e seus congéneres revelaram uma baixa divergéncia genética. NOs encontramos que as nossas
sequéncias agrupam com espécies de Cosmocerca, reforcando a hipotese que representantes do

género Aplectana nao formam um grupo monofilético.

Palavras-chave: Helmintos, Nematddeos, Cosmocercidae, Aplectana, Filogenia

Introduction



Nematodes of the genus Aplectana Railliet & Henry, 1916 (Nemata: Cosmocercidae) are
common parasites of the gastrointestinal tracts of amphibians and reptiles globally. To date, 58
species have been described, and most occurring in anurans from the families Bufonidae and
Leptodactylidae (Campido et al., 2014; Vieira et al., 2020; Santos et al., 2023).

In recent years, molecular approaches including DNA sequencing of specific genes have been
shown to be useful in estimating phylogenetic relationships among species in the family
Cosmocercidae (Alcantara et al. 2022; Rebélo et al. 2023). However, the identification of species of
Aplectana from the Neotropical region continues to be based on morphological traits (Chen et al.,
2021a). Currently, available genetic data of Aplectana spp. include only Aplectana chamaeleonis
(Baylis, 1929) from Africa, Aplectana xishuangbannaensis Chen, Gu, Ni & Li, 2021, Aplectana
dayaoshanensis Chen, Ni, Gu, Sinsch & Li, 2021 from Asia (Chen et al., 2021a, 2021b).

During a long-term study of the parasites of vertebrates of the Neotropics, we collected
specimens of Aplectana from the large intestine of Osteocephalus cabrerai (Cochran and Goin, 1970)
from the Brazilian Amazon. An initial morphological analysis of the nematodes from these frogs
suggested that it represented a new species, from which we successfully obtained molecular data.
However, further morphological analysis using scanning electron microscopy allowed us to identify
it as a previously described species called Aplectana pella Santos, Borges and Melo, 2023.

Aplectana pella was described by Santos et al. (2023) from the intestines of the rusty tree-
frog, Boana boans (Linnaeus, 1758). However, at the time, the authors used only light microscopy
and scanning electron microscopy to characterize this species. Further investigation using the
nucleotide sequence of the 18S rDNA (ribosomal gene) from individuals of Aplectana pella enabled
us to establish the phylogenetic position of A. pella among representatives of the nematode family

Cosmocercidae.

Material and Methods

During a helminthological survey in the Amazon basin, 84 specimens of Osteocephalus
cabrerai were collected between May 2019 and March 2022 in the Beija-Flor Brilho de Fogo
Extractive Reserve (0°47 '30.6' N; 51°58 '42.1" W), located in the municipality of Pedra Branca do
Amapari, Amapa state, Brazil. The amphibian hosts were identified following Pedroso-Santos et al.
(2019).

After capture, frogs were euthanized and standard field based morphological measurements
were taken, and all specimens were necropsied for helminthological examination. All internal organs
were removed and placed in Petri dishes with saline solution (NaCl 0.9%), dissected separately, and
the contents of the organs and the organs themselves were examined with a LEICA EZ4

stereomicroscope. All helminths found were rinsed in saline solution, killed with heated 70% alcohol,



and preserved in the same solution at room temperature; a collection tag with the host collecting
number was placed in each vials. Methods generally followed Gardner et al. (2012).

For morphological analysis, nematodes were hydrated in distilled water, cleared in Amann's
lactophenol 20%, mounted on temporary slides, and examined with an Olympus BX41 microscope
(Olympus Corp., Tokyo, Japan) coupled with a drawing tube (without zoom adjustment). Two male
specimens were post-fixed in 1% Osmium tetroxide (OsO4), dehydrated in an increasing ethanol
series and critical-point dried in Carbon dioxide (CO2). Specimens were mounted on metallic stubs,
coated with gold-palladium and examined with a scanning electron microscope Vega3 (TESCAN,
Brno, Czech Republic) in the Laboratory of Structural Biology, Biological Sciences Institute, Federal
University of Para (UFPA), Brazil.

For molecular analysis, a single male was transferred to
microtubes containing 100% ethanol and stored in a freezer at —20 °C.
Genomic DNA was extracted using NucleoSpin Tissue (Macherey-—Nagel,
Diiren, Germany) according to the manufacturer’s instructions. The SSU
rDNA gene (18S) was amplified using the protocol and primers described
in Gomes et al. (2015).

The resulting amplicons were visualized on 1.5% agarose gel electrophoresis with GelRed
Nucleic Acid Stain (Biotium, Hayward, California, USA) on an ultraviolet light transilluminator.
PCR products were purified through Illustra GFX PCR DNA and Gel Band kit (GE Healthcare,
Chicago, Illinois, USA) according to the manufacturer’s instructions and sequenced using the BigDye
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, USA). Amplicons were sequenced on
an Applied Biosystems™ 3730 DNA Analyzer at the DNA Sequencing Platform of the Oswaldo Cruz
Foundation (RPTOLA/PDTIS/FIOCRUZ).

Contiguous sequences were assembled in Geneious 7.1.3 and deposited in the National Center for
Biotechnology Information (NCBI) (htttp://www.ncbi.nml.nih.gov). The 18S rDNA datasets were
aligned and trimmed using Muscle in Geneious 7.1.3 software. We obtained the saturation-
substitutions index of each aligned matrix using the software DAMBE 5 (Xia, 2013). Levels of
genetic divergence were estimated using the MEGA11.0 software package. The most appropriate
evolutionary nucleotide substitution model was determined using the Akaike Information Criterion
(AIC) via the jModelTest program. Sequence alignments were then subjected to Maximum
Likelihood (ML) and Bayesian Inference (BI) analyses in RAXML 8.2.12 and MrBayes 3.2.7a
software, respectively. Both analyses were carried out in CIPRES Science Gateway. Only nodes with
posterior probabilities greater than 90% were considered well-supported. Maximum likelihood

inference (ML) was implemented and estimates of level of robustness of the tree estimations were



done using bootstrap analysis through 1,000 repetitions, and only nodes with bootstrap values greater
than 70% were considered well-supported.

The trees were visualized and edited in FigTree v1.4.4 software. We used Ichtyobronema
hamulatum (Moulton, 1931) (access number: KY476351) and Cucullanus grandistomis (Ferraz &
Thatcher, 1988) (access number: KX752094) as two separate outgroups. Detailed information on the
nematode species included in the molecular analyses is provided in Table S1.

Results and Discussion

Prevalence, mean intensity, and mean abundance of parasite infections in the frogs studied
here were 27.38%, 4.3 (range 1-15) and 1.18, respectively. All parasites were adults and were found
in the large intestine. The morphology of the specimens analyzed here are identical to the original
description and all measurements overlap the range of variation reported for A. pella (See Santos et
al. 2023) (Table 1). We observed that the number and distribution of caudal papillae (two ventral pre
cloacal papillae pairs near anterior cloacal lip; one ad-cloacal pair; five post cloacal pairs; one single
unpaired papilla situated on anterior cloacal lip), spicule lengths and gubernaculum absent (see Fig.
1) are the same as indicated by Santos et al. (2023).

Aplectana pella was originally described in the hylid frog Boana boans from Amapa state,
Brazil (Santos et al., 2023). Our specimens were discovered as parasites of another arboreal hylid,
O. cabrerai from the same locality, with similar parasitological descriptors (prevalence: 27.38% in
O. cabrerai vs. 25% in B. boans; mean intensity: 4.3 in O. cabrerai vs. 6.5 in B. boans; mean
abundance: 1.18 in O. cabrerai vs. 1.63 in B. boans), indicating that both hosts occupy similar
ecological niches, and supporting the hypothesis that hosts exposed to similar environmental
conditions share helminth taxa (Aho, 1990; Krasnov et al., 2011; Poulin et al., 2011; Draghi et al.,
2020; Neves et al., 2024) through a process known as Ecological Fitting (Janzen, 1985).

We obtained a fragment of 786pb long for the 18S rDNA gene from A. pella. The alignment
of the gene upon trimming to the shortest sequence length resulted in 751bp and included 15 species
distributed across 3 genera, including: Aplectana (four sequences), Cosmocerca Diesing, 1861 (four
sequences), Cosmocercoides Wilkie, 1930 (four sequences), Nemhelix Morand & Petter, 1986 (one
sequence) and the outgroup. The best-fitting nucleotide substitution model identified was TIM3 + G
(gamma shape parameter a = 0.0340; InL = -1761.1172). Xia’s test provided no evidence for
substitution saturation in the data matrix.

Pairwise genetic comparison between congeners of A. pella revealed the lowest genetic
distance from A. chamaeleonis (1.08%), followed by A. xishuangbannaensis (3.56%), and A.
dayaoshanensis (3.70%) (see Supplementary Table 2). This molecular marker is a well-conserved

gene that evolves slowly (Koubkova et al. 2008). Thus, our study reinforces the general idea that the



18S rDNA region is a good marker for discriminating among genera and is also a good candidate for

phylogenetic studies.



Table 1. Morphometric data from A. pella of O.

cabrerai and A. pella from the original description.

A. pella

Host: Osteocephalus cabrerai

A. pella

Host: Boana boans

Characters Present study Santos et al. (2023)
Males Females Males Females
(n =10) (n =10) (n=7) (n =10)
Total length (mm) 2.58 (2.10-3.13) 4.29 (2.86-5.52) 2.63 (2.3-2.9) 3.5(2.3-4.3)

Maximum width

Body width at oesophago-intestinal junction

Body width at nerve ring
Body width at excretory pore

Lateral alae to anterior extremity
Lateral alae to posterior extremity

Oesophagus total length
Oesophagus in % of body length
Pharynx length

Pharynx width

Corpus length

Corpus width

Isthmus length

Isthmus width

Bulb length

Bulb width

Nerve ring from anterior end
Excretory pore

Tail length

Tail length in % of body length
Tail width

Spicules

300 (253.3-386.6)
236 (208-280)
119.1 (96-138.6)
184.3 (160-216)
139.2 (93.3-186.6)
275.7 (226.6-317.3)
468 (417-530.6)
18.2 (16.5-20.5)
33.7 (26.6-40)
27.7 (24-37.3)
320.5 (280-360)
44.2 (37.3-53.3)
20.5 (10.6-29.3)
29 (27-37)

93 (80-104)
113 (96-133)
184.2 (154.6-213.3)
334.6 (266.6-392)
327.6 (285.3-354.6)
12.8 (10.5-14.6)
107.1 (74.6-149.3)
110 (80.5-142.8)

378.9 (263.1-512)
288.9 (192-350)
146.7 (120-180)

228.5 (162.6-269.3)
215.9 (173.3-280)
284.2 (250.6-325.3)
593.7 (482.6-680)
14.3 (11.6-18)
39.8 (32-50)
34.4 (26.6-40)
414.4 (328-480)
50 (40-60)
18.7 (13.3-25)
37.3 (29.3-50)
120.7 (93.3-150)
145.9 (109.3-181.3)
218.7 (192-285)
393.3 (277.3-490.6)
373.2 (306.6-415)
9 (7-12)
135.4 (90.6-213.3)

2.29 (1.72-2.72)

229.5 (205-251)

464.3 (416-502)
17.6 (16.6-19.3)
35 (27-42)
28 (26-32)
302.7 (269-330)

39 (32-45)

87.5 (77-98)
109.2 (101-122)
194.5 (173-226.5)
328.6 (312-344)
307.7 (256-344)
11.7 (9.4-13.3)

106.5 (104-111)

361.5 (289-436)
262.6 (178-306)

565.5 (529-594)
16.5 (13.3-25.9)
43.8 (32-50)
32.3 (26-37)
377.1 (336-413)

39.2 (32-50)

105.5 (96-117)
129.5 (114-144)
213.9 (178-245)
404.1 (349-453)
358.1 (321-394)
10.3 (8.2-14.5)

1.63 (0.6-2)

Vulva to anterior end (mm) -

Vulva in % of body length - 54.5 (48.5-63.9) - 45.3 (25.4-53.1)
Egg length - 63.9 (45.7-78) - 59.6 (54-67)
Egg width - 40.9 (30.1-51.9) - 36.5 (33-43)




Fig. 1 Scanning electron micrographs of Aplectana pella from Osteocephalus cabrerai. (A) Male,

anterior end, lateral view; (B) Female, vulva view; (C) Male, details of papillae near to cloaca; (D)
Male, details of post-cloacal papillae; (E) Posterior end. Arrows: somatic papillae; arrowheads:
cloacal papillae; asterisk: unpaired papillae. Abbreviations: cl, cloaca; ep, excretory pore; vu, vulva;

la, lateral alae. Scale bars: A= 100um; B, E= 50um; C= 10um; D= 25um.




Our phylogenetic trees obtained using Maximum Likelihood (ML) and Bayesian Inference
(B1) revealed similar topologies. The sequences of Cosmocercidae (100 bootstrap and 100 posterior
probability) formed two large groups (Fig. 2). The first was composed of Cosmocercoides spp.,
Cosmocerca longicauda (Linstow, 1885) and Nemhelix bakeri Morand & Petter, 1986 (50 bootstrap
and 96 posterior probability) and the second clade included A. pella that formed a separate branch
with the paraphyletic group that includes species of Aplectana and Cosmocerca (93 bootstrap and 99
posterior probability). Our results reinforce that Aplectana is a non-monophyletic genus, consistent
with findings from previous studies (Chen et al., 2021a, 2021b; Svitin et al., 2023).

Anuran % Al Apleciana davaoshanensis |OK045516] & Cosmocercidae
Lizard M : B Aplectana xishuangbannaensis [MW329041 |
Gastropod @R - Cosmocerca sp. 2 [MW329990]
Fish <gliiee | Cosmocerca simile [MN839758]

-

i | iplectana chamaeleonis [OK045518]

; : Cosmocerca sp. 1 [MW329987|
—— Aplectana pella [Present study]
Cosmocercoides tonkinensis [AB908160] M
Cosmocercoides gingtianensis IMH178321]
Cosmocercoides pulcher |LC0O18444] »
Cosmocercoides dukae |FI516753)

100/ 100

Nemhelix bakeri [HM627010] Q

96193
Cosmiocerca longicauda [OL468616]

— Iehtvobronema hamulatnam [KY476351] Outgroup

l Cucullanus grandistomis [KX752094)

e

Fig. 2 Maximum likelihood topology based on 18S rDNA using Ichtyobronema hamulatum and
Cucullanus grandistomis as outgroup. GenBank accession numbers are indicated next to species
names. Numbers beside the nodes represent support value by bootstrap for maximum likelihood
analyses and posterior probabilities for Bayesian analyses, respectively (bootstrap scores >70 and
posterior probabilities >90). Branch-length scale bar indicates number of substitutions per site.

Traditional systematic studies have historically supported the evolutionary hypothesis that
Cosmocerca is closely related to Cosmocercoides, mainly because those two genera share the
presence of ornamented papillae in male caudal region (Wilkie, 1930; Chabaud, 1978). However, our
results support recent phylogenetic studies that found Cosmocerca to be a non-monophyletic genus,
closely related to Aplectana (Fig. 2) (Chen et al., 2021a, b; Harnoster et al. 2022; Ni et al. 2022; Svitin
et al., 2023; Tuschida et al. 2023).

Cosmocercoides spp. did appear in our tree as monophyletic and clustered as a sister group to
N. bakeri + Cosmocerca longicauda (Fig. 2). This result has also been observed in previous studies
(Saito et al., 2021; Harnoster et al., 2022; Ni et al., 2022; Svitin et al., 2023; Tuschida et al., 2023).



However, some authors suggest that the authors who deposited the sequence of C. longicauda
misidentified the species (Svitin et al., 2023; Félix et al., 2024). Thus, until now, only Cosmocercoides
have been found parasitizing snails, and due to the high genetic divergence observed among C.
longicauda and other Cosmocerca spp. we also reinforce that this sequence should be considered a
representative of the genus Cosmocercoides.

This study presents the first molecular and phylogenetic analyses that include the species A.
pella in an analysis that clearly shows that species in the genus Aplectana are not monophyletic in
their origin Therefore, further molecular-phylogenetic studies are necessary to better understand the
evolutionary relationships of species of Aplectana, particularly in the Neotropical region where
significant gaps in the genetic database exist among the species. We also emphasize the importance
of combined detailed morphological and molecular studies with more representatives of the genus to
deepen our knowledge about the diversity, phylogenetic relationships, and ecology of
Cosmocercidae.

Furthermore, detailed morphological and molecular studies with more representatives of the
genus are essential to deepening our knowledge about the diversity, phylogenetic relationships, and

ecology of Cosmocercids.
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Table S1. Nematode species, hosts, localities, GenBank accession numbers, and references used in phylogenetic analyses.

Families Species Host Locality Accession Reference
numbers
Cosmocercidae Aplectana pella Santos, Borges and Osteocephalus cabrerai Brazil PQ570691 Present study
Melo, 2020 (Cochran and Goin, 1970)
Aplectana dayaoshanensis Hylarana spinulosa China OKO045516 Chen et al. (2021a)
Chen, Ni, Gu, Sinsch and Li, 2021 (Smith, 1923)
Aplectana chamaeleonis Hyperolius kivuensis Rwanda OK045518 Chen et al. (2021a)
(Baylis, 1929) Ahl, 1931
Aplectana xishuangbannaensis Polypedates megacephalus China MW329041 Chen et al. (2021b)
Chen, Ni, Gu and Li, 2021 Hallowell, 1861
Cosmaocerca longicauda Snail - 0OL468616 Unpublished
(Linstow, 1885)
Cosmocerca simile Bufo gargarizans China MN839758 Chen et al. (2020)
Chen, Zhang, Feng and Li, 2020 Cantor, 1842
Cosmocerca sp. 1 Hoplobatrachus chinensis China MW329987 Chen et al. (2021b)
(Osbeck, 1765)
Cosmocerca sp. 2 Bufo melanostictus China MW329990 Chen et al. (2021b)
(Schneider, 1799)
Cosmocercoides dukae Deroceras panormitanum USA FJ516753 Ross et al. (2010)
(Holl, 1928) Lessona, and Pollonera, 1882
Cosmocercoides pulcher Bufo formosus Japan LC018444 Tran et al. (2015)
Wilkie, 1930 Boulenger, 1883
Cosmocercoides gingtianensis B. gargarizans China MH178321 Chen et al. (2018)
Chen, Zhang, Nakao, and Li, 2018
Cosmaocercoides tonkinensis Acanthosaura lepidogaster Vietnam AB908160 Tran et al. (2015)
Tran, Sato, and Luc, 2015 Cuvier, 1829
Nemhelix bakeri Snail - HM627010 Saito et al. (2021)
Morand and Petter, 1986
Quimperiidae Ichtyobronema hamulatum Lota lota Russia KY476351  Sokolov and Malysheva (2017)
(Outgroup) (Moulton, 1931) (Linnaeus, 1758)
Cucullanidae Cucullanus grandistomis (Ferraz & Oxydoras niger Brazil KX752094 Pereira and Luque (2017)
(Outgroup) Thatcher, 1988) (Valenciennes, 1821)




Table S2. Pairwise genetic divergence levels (%) of the 18S gene among sequences of nematodes of the family Cosmocercidae. Names,
GenBank accession, and values numbers are provided in the table.

Cucullanus Ichtyobronema Aplectana Aplectana Aplectana Cosmocerca | Cosmocerca |Aplectana
grandistomis | hamulatum dayaoshanensis xishuangbannaensis pella sp. 1 sp. 2 chamaeleonis
(KX752094) (KY476351) (OK045516) (MW329041) (PQ570691) | (MW329987) | (MW329990) | (OK045518)

Cucullanus

grandistomis

(KX752094)

Ichtyobronema

hamulatum (KY476351) 5,85%

Aplectana

dayaoshanensis

(OK045516) 9,89% 6,87%

Aplectana

xishuangbannaensis

(MW329041) 10,35% 6,58% 1,08%

Aplectana pella

(PQ570691) 8,82% 5,42% 3,70% 3,56%

Cosmocerca sp. 1

(MW329987) 8,67% 5,28% 3,28% 3,14% 1,76%

Cosmocerca sp. 2

(MW329990) 8,82% 5,71% 2,87% 2,73% 1,08% 0,94%

Aplectana chamaeleonis

(OK045518) 8,82% 5,42% 2,87% 2,73% 1,08% 0,67% 0,27%

Cosmocerca simile

(MN839758) 8,97% 5,56% 2,73% 2,59% 0,94% 0,81% 0,13% 0,13%

Nemhelix bakeri

(HM627010) 9,73% 6,00% 5,12% 5,12% 2,59% 3,14% 3,00% 2,73%

Cosmocerca longicauda

(OL468616) 8,82% 5,28% 4,41% 4,41% 2,04% 2,31% 2,17% 1,90%

Cosmocercoides dukae

(FJ516753) 8,97% 4,84% 4,27% 4,27% 1,90% 2,17% 2,04% 1,76%

Cosmocercoides

pulcher (LC018444) 8,97% 4,84% 4,27% 4,27% 1,90% 2,17% 2,04% 1,76%

Cosmocercoides

gingtianensis

(MH178321) 8,97% 4,84% 4,27% 4,27% 1,90% 2,17% 2,04% 1,76%

Cosmocercoides

tonkinensis (AB908160) 8,97% 4,84% 4,27% 4,27% 1,90% 2,17% 2,04% 1,76%




Table S2. Continued.

Cosmocerca
simile
(MN839758)

Nembhelix
bakeri
(HM627010)

Cosmocerca
longicauda
(OL468616)

Cosmocercoides
dukae
(FJ516753)

Cosmocercoides
pulcher
(LC018444)

Cosmocercoides
gingtianensis
(MH178321)

Cosmocercoides
tonkinensis
(AB908160)

Cucullanus grandistomis
(KX752094)

Ichtyobronema
hamulatum (KY476351)

Aplectana
dayaoshanensis
(OK045516)

Aplectana
xishuangbannaensis
(MW329041)

Aplectana pella
(XXXXX)

Cosmocerca sp. 1
(MW329987)

Cosmocerca sp. 2
(MW329990)

Aplectana chamaeleonis
(OK045518)

Cosmocerca simile
(MN839758)

Nembhelix bakeri
(HM627010)

2,87T%

Cosmocerca longicauda
(OL468616)

2,04%

1,35%

Cosmocercoides dukae
(FJ516753)

1,90%

1,62%

0,81%

Cosmocercoides pulcher
(LC018444)

1,90%

1,62%

0,81%

0,00%

Cosmocercoides
gingtianensis
(MH178321)

1,90%

1,62%

0,81%

0,00%

0,00%

Cosmocercoides
tonkinensis (AB908160)

1,90%

1,62%

0,81%

0,00%

0,00%

0,00%




CONCLUSOES GERAIS

Fornecemos o primeiro estudo sobre a estrutura da comunidade de helmintos de O. cabrerai.
Nossos achados contribuem para a compreensdo da fauna de helmintos dos anuros e oferecem novas
percepcOes sobre os padrdes de distribuicdo das comunidades de helmintos.

A comunidade componente foi predominantemente composta por nematodeos de ciclo de vida
monoxénico, apresentando alta prevaléncia e abundancia elevada. A maioria dos espécimes de
parasitos encontradas representa o primeiro registro para o género Osteocephalus, exceto
Physaloptera sp. Nas nossas andlises, o peso corporal de Osteocephalus cabrerai influenciou
positivamente a intensidade total de infecgéo.

Este estudo também apresenta as primeiras anélises moleculares e filogenéticas que incluem
A. pella, reforcando que as espécies do género Aplectana ndo sdo monofiléticas. Portanto, novos
estudos moleculares e filogenéticos sdo necessarios para entender melhor as relacdes evolutivas de
Aplectana, especialmente na regido Neotropical, onde existem lacunas significativas na base de dados
genética entre as especies.

Enfatizamos a importancia de estudos morfoldgicos e moleculares combinados, com mais
representantes do género, para aprofundar nosso conhecimento sobre a diversidade, as relacfes

filogenéticas e a ecologia da familia Cosmocercidae.



ANEXO |

International Journal for Parasitology: Parasites and Wildlife

Introduction

The International Journal for Parasitology: Parasites and Wildlife (1JP:PAW) publishes the results of
original research on parasites of all wildlife, invertebrate and vertebrate. This includes free-ranging,
wild populations, as well as captive wildlife, semi-domesticated species (e.g. reindeer) and farmed
populations of recently domesticated or wild-captured species (e.g. cultured fishes). Articles on all
aspects of wildlife parasitology are welcomed including taxonomy, biodiversity and distribution,
ecology and epidemiology, population biology and host-parasite relationships. The impact of
parasites on the health and conservation of wildlife is seen as an important area covered by the Journal
especially the potential role of environmental factors, for example climate. Also important to the
journal is 'one health' and the nature of interactions between wildlife, people and domestic animals,

including disease emergence and zoonoses.

Types of articles
The principal form of publication is the full-length article which contains substantial, original

research.

In addition, the journal commissions articles with emphasis on shorter, focused reviews of topical
and emerging issues as well as strategically important subjects. The journal encourages critical
comment and debate on matters of current controversy in the area of parasites and wildlife via "Short

Communication".

Contact details for submission

General enquiries prior to submission should be directed to our Support Center.

Before you begin
Ethics in publishing

Please see our information on Ethics in publishing.

Policy and ethics
Care of experimental animals. It is the responsibility of authors to ensure that their practices conform
with their national animal ethics guidelines. Submitted papers must contain precise details on the care

and use of animals and of experimental procedures, especially interventions such as surgery and tissue



sampling, and methods of euthanasia. Referees are asked to indicate whether there is any reason to
consider that experimental animals were not well treated or care not taken to avoid distress, and papers

may ultimately be rejected on such grounds.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

Declaration of generative Al in scientific writing
The below guidance only refers to the writing process, and not to the use of Al tools to analyse and
draw insights from data as part of the research process.

Where authors use generative artificial intelligence (Al) and Al-assisted technologies in the writing
process, authors should only use these technologies to improve readability and language. Applying
the technology should be done with human oversight and control, and authors should carefully review
and edit the result, as Al can generate authoritative-sounding output that can be incorrect, incomplete
or biased. Al and Al-assisted technologies should not be listed as an author or co-author, or be cited
as an author. Authorship implies responsibilities and tasks that can only be attributed to and performed

by humans, as outlined in Elsevier's Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please
note that authors are ultimately responsible and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process

by adding a statement at the end of their manuscript in the core manuscript file, before the References



list. The statement should be placed in a new section entitled 'Declaration of Generative Al and Al-
assisted technologies in the writing process'

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in
order to [REASON]. After using this tool/service, the author(s) reviewed and edited the content as
needed and take(s) full responsibility for the content of the publication

This declaration does not apply to the use of basic tools for checking grammar, spelling, references

etc. If there is nothing to disclose, there is no need to add a statement.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or
concurrent publication' for more information), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify compliance, your article may be checked by Crossref

Similarity Check and other originality or duplicate checking software.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from
bias, stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns (“clinicians, patients/clients™) as default/wherever possible to
avoid using "he, she,” or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. When coding terminology is used, we recommend to

avoid offensive or exclusionary terms such as "master”, "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary"”, "blocklist" and "allowlist". These guidelines are meant as a point of reference to help

identify appropriate language but are by no means exhaustive or definitive.



Reporting sex- and gender-based analyses

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to
funder/sponsor requirements and best practices within a field. Authors should address the sex and/or
gender dimensions of their research in their article. In cases where they cannot, they should discuss
this as a limitation to their research's generalizability. Importantly, authors should explicitly state
what definitions of sex and/or gender they are applying to enhance the precision, rigor and
reproducibility of their research and to avoid ambiguity or conflation of terms and the constructs to
which they refer (see Definitions section below). Authors can refer to the Sex and Gender Equity in
Research (SAGER) guidelines and the SAGER guidelines checklist. These offer systematic
approaches to the use and editorial review of sex and gender information in study design, data
analysis, outcome reporting and research interpretation - however, please note there is no single,

universally agreed-upon set of guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological
features (e.g., chromosomal genotype, hormonal levels, internal and external anatomy). A binary sex
categorization (male/female) is usually designated at birth ("sex assigned at birth™), most often based
solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed
roles, behaviors, and identities of women, men and gender-diverse people that occur in a historical
and cultural context and may vary across societies and over time. Gender influences how people view
themselves and each other, how they behave and interact and how power is distributed in society. Sex
and gender are often incorrectly portrayed as binary (female/male or woman/man) and unchanging
whereas these constructs actually exist along a spectrum and include additional sex categorizations
and gender identities such as people who are intersex/have differences of sex development (DSD) or
identify as non-binary. Moreover, the terms "sex" and "gender" can be ambiguous--thus it is important
for authors to define the manner in which they are used. In addition to this definition guidance and
the SAGER guidelines, the resources on this page offer further insight around sex and gender in

research studies.

Author contributions



For transparency, we require corresponding authors to provide co-author contributions to the
manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14 different roles
describing each contributor's specific contribution to the scholarly output. The roles are:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology;
Project administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; and Writing - review & editing. Note that not all roles may apply to every manuscript,

and authors may have contributed through multiple roles. More details and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only before
the manuscript has been accepted and only if approved by the journal Editor. To request such a
change, the Editor must receive the following from the corresponding author: (a) the reason for the
change in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with
the addition, removal or rearrangement. In the case of addition or removal of authors, this includes

confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication of
the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'License Agreement' (see more
information on this). Permitted third party reuse of open access articles is determined by the author's

choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More

information.

Funding source

You are requested to identify who provided financial support for the conduct of the research and/or



preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is

recommended to state this.

Open access

Please visit our Open Access page for more information about open access publishing in this journal.

Language

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the

Language Editing service available from Elsevier's Language Services.

Submission

Submission to this journal proceeds totally online at
https://www.editorialmanager.com/IJPPAW/default.aspx and you will be guided stepwise through
the creation and uploading of your files. The system automatically converts source files to a single
PDF file of the article, which is used in the peer-review process. Please note that even though
manuscript source files are converted to PDF files at submission for the review process, these source
files are needed for further processing after acceptance. All correspondence, including notification of
the Editor's decision and requests for revision, takes place by e-mail removing the need for a paper

trail.

The final pdf should be no larger than 5 MB.

If file size cannot be reduced to less than 10 MB, the author should contact our Support Center.

Required Information:

Name, affiliation, email, telephone and fax numbers and mail address information for one

corresponding author.

This must be the same person nominated as corresponding author on the manuscript title page and

this person must submit the manuscript on-line.



The corresponding author, through the web access, is responsible for actions with respect to each
paper. E-mail prompts will be delivered only to the corresponding author. Articles can also be tracked

by the corresponding author via the online system.

Name and affiliations of all other authors.

Cover letter is mandatory for all submissions and should address the novelty, significance of the work.

Order of files

Manuscript should contain (in order) Title, Authors and addresses, Corresponding Author and
address, Abstract, Keywords. In numbered sections: 1. Introduction; 2. Materials and methods; 3.
Results; 4. Discussion; then Acknowledgements; References; Legends to Figures. Tables with their
legends (in separate or combined files, numbered, in order). Figures (in separate files); preferred

formats: JPEG, EPS or PDF. Supplementary and multimedia files.

Format

The preferred format for the text is Microsoft Word. The line numbers should not be included in the
text. The manuscript should be formatted to A4 size paper, in English, double spaced and with 2 cm

margins.

Further journal requirements

During submission you will also have to confirm that all authors have read the manuscript and accept

responsibility for its contents and agree to an 'Ethics in Publishing' document.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of 3 potential referees.

Note that the Editors retain the sole right to decide whether or not the suggested reviewers are used.

The text should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. However, do use bold face,

italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, use only one



grid for each individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to
align columns. The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier:
https://www.elsevier.com/guidepublication. Note that source files of figures, tables and text graphics

will be required whether or not you embed your figures in the text.

To avoid unnecessary errors you are strongly advised to use the "spell-check™ and "grammar-check™

functions.

Preparation
Queries
For questions about the editorial process (including the status of manuscripts under review) or for

technical support on submissions, please visit our Support Center.

Peer review

This journal operates a single anonymized review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. Editors are not involved in decisions about papers which they have written themselves or
have been written by family members or colleagues or which relate to products or services in which
the editor has an interest. Any such submission is subject to all of the journal's usual procedures, with
peer review handled independently of the relevant editor and their research groups. More information

on types of peer review.

Article structure
This section describes the article structure for this journal.

Sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then1.1.1,1.1.2,...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering
also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief

heading. Each heading should appear on its own separate line.

Introduction



State the objectives of the work and provide an adequate background, avoiding a detailed literature

survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications

to existing methods should also be described.

Results
Results should be clear and concise. For brief reports, the Results and Discussion sections need to be

combined.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published

literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand

alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
This journal does not publish appendices. Information should be included within the manuscript text

or provided as supplementary material.

Essential title page information
Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid

abbreviations and formulae where possible.

Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each
author and check that all names are accurately spelled. You can add your name between parentheses
in your own script behind the English transliteration. Present the authors' affiliation addresses (where
the actual work was done) below the names. Indicate all affiliations with a lower-case superscript

letter immediately after the author's name and in front of the appropriate address. Provide the full



postal address of each affiliation, including the country name and, if available, the e-mail address of
each author.

Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries
about Methodology and Materials. Ensure that the e-mail address is given and that contact details are

kept up to date by the corresponding author.

Present/permanent address. If an author has moved since the work described in the article was done,
or was visiting at the time, a 'Present address’ (or 'Permanent address') may be indicated as a footnote
to that author's name. The address at which the author actually did the work must be retained as the

main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of your
research as well as new methods that were used during the study (if any). Please have a look at the
example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including

spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research,
the principal results and major conclusions. An abstract is often presented separately from the article,
so it must be able to stand alone. For this reason, References should be avoided, but if essential, then
cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should be avoided, but
if essential they must be defined at their first mention in the abstract itself. The maximum length of

the abstract is 300 words.

Graphical abstract
A graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must

provide images that clearly represent the work described in the article. Graphical abstracts should be



submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,

PDF or MS Office files. You can view Example Graphical Abstracts on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. To maximise
discoverability, use terms and words that are not already in the manuscript's title and abstract as
keywords. Consider the terms that potential readers may use to search for work on this topic that do
not already appear in the title and abstract. Include synonyms and related terms to cover different
variations of how readers might search for your topic. Specific keywords target niche audiences,
while broad keywords increase the chances of your article reaching a wider audience. These keywords

will be used for indexing purposes.

Abbreviations
Avoid the use of abbreviations, but if necessary, authors should use the list (click here to see list) as

a guide to those terms that need not be given in full, or define each abbreviation on first use.

Acknowledgments
Authors should provide confirmation of consent from persons acknowledged in manuscripts for
example personal communications. This can be provided in a covering letter or by e-mail to the

editorial office.
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List funding sources in this standard way to facilitate compliance to funder's requirements:
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funding is from a block grant or other resources available to a university, college, or other research

institution, submit the name of the institute or organization that provided the funding.



If no funding has been provided for the research, it is recommended to include the following sentence:
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not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in Sl.
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Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
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text in the article, or on separate page(s) at the end. Number tables consecutively in accordance with
their appearance in the text and place any table notes below the table body. Be sparing in the use of
tables and ensure that the data presented in them do not duplicate results described elsewhere in the
article. Please avoid using vertical rules and shading in table cells.

References
Correct references are the responsibility of the author. Please ensure that all references cited in the

text are included in the reference list.

References in the text start with the name of the author(s), followed by the publication date in
brackets, e.g. '‘Combes (2001) has shown the importance of ...", or "... has been described (Combes,
2001; Kumar et al., 2004) ...", using date order. More than one paper from the same author in the same
year must be identified by the letters a, b, c, etc., placed after the year of publication. In the text, when
referring to a work by two authors, use (Sangster and Dobson, 2002) or for more than two authors,

the name of the first author should be given followed by et al.

The references in the reference list should be in alphabetical order. References to journal articles



should contain names and initials of all author(s), year of publication, article title, abbreviation of the

name of the journal, volume number and page numbers.

Unpublished data, personal communications and papers ' in preparation’ or ' submitted’ , abstracts
(whether published or not) and these should not be listed in the references (but may be incorporated
at the appropriate place in the text); work "in press” may be listed only if it has been accepted for
publication. Personal communications must be accompanied by a letter or e-mail from the named
person(s) giving permission to quote such information. References to books should also include the

title (of series and volume), initials and names of the editor(s) and publisher and place of publication.

Examples:

Combes, C., 2001. Parasitism. The ecology and evolution of intimate interactions. University of
Chicago Press, Chicago and London.

Kumar, N., Cha, G., Pineda, F., Maciel, J., Haddad, D., Bhattacharyya, M.K., Nagayasu, E., 2004.
Molecular complexity of sexual development and gene regulation in Plasmodium falciparum. Int. J.
Parasitol. 34, 1451-1458.

Pettersson, E.U., Ljunggren, E.L., Morrison, D.A., Mattsson, J.G., in press. Functional analysis and

localisation of a delta-class glutathione S-transferase from Sarcoptes scabiei. Int. J. Parasitol.

Sangster, N.C., Dobson, R.J., 2002. Anthelmintic resistance. In: Lee, D.L. (Ed.), The biology of
nematodes. Taylor and Francis, London and New York, pp. 531-567.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa).
Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted

for publication.

Web references



As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references to published articles can be included in the reference list. Other
web references such as software programs, databases and individual web pages, should have the

reference details included at the appropriate place within the text.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so we can properly

identify it as a data reference. The [dataset] identifier will not appear in your published article.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt  disease  and  surrounding  forest  compositions. Mendeley  Data,  vi1.
http://dx.doi.org/10.17632/xwj98nb39r.1.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies will
be automatically formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference management

software.



Journal abbreviations source
Journal  names should Dbe abbreviated according to the NLM catalogue:

http://www.nlm.nih.gov/tsd/serials/lji.html.

New Taxa

It is a requirement of the International Commission on Zoological Nomenclature (ICZN) that the
Author must obtain a Zoobank registration for any named new species for it to be considered valid,
if it is to be published in an online only journal. This number must then be included in the published
work. For more information please visit this site: https://www.iczn.org/the-code/electronic-
publication-made-available-with-amendment-to-the-code/

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way
as a figure or table by referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly usable, please
provide the files in one of our recommended file formats with a preferred maximum size of 50 MB.
Video and animation files supplied will be published online in Elsevier Web products, including
ScienceDirect: https://www.sciencedirect.com Please supply 'stills' with your files: you can choose
any frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions please

visit our video instruction pages at https://www.elsevier.com/artworkinstructions.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data

visualization options and how to include them with your article.

Supplementary data

For non-integrated supplementary files, a footnote should be typed on the title page of the manuscript:
" Note: Supplementary data associated with this article. A copy of supplementary material should be
submitted at the same time as the manuscript. Preferred formats are Microsoft Office for text or

graphics and AVI for movie files. Maximum size of files is 10 MB. If files cannot be reduced to



10MB, authors should contact our Support Center. Please submit the supplementary data as one file
containing all the supplementary figures and tables.

Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings, which may also
include software, code, models, algorithms, protocols, methods and other useful materials related to

the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials, visit the research

data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect
with relevant repositories, giving readers access to underlying data that gives them a better
understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more

information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published

article on ScienceDirect.
In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053,

PDB: 1XFN).

Data statement



To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.
Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

 E-mail address

* Full postal address

* Telephone and fax numbers

» Keywords

* All figure captions

+ All tables (including title, description, footnotes)

Further considerations

» Manuscript has been "spellchecked" and "grammar-checked"

* References are in the correct format for this journal

 All references mentioned in the Reference list are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (including the



Web).

After acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. The correct format for citing a DOI is shown as follows (example
taken from a document in the journal Physics Letters B):

https://doi.org/10.1016/j.physletb.2010.09.059

If you use the DOI to create hyperlinks to documents on the web, they are guaranteed never to change.

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer guestions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative methods

to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back to us
in one communication. Please check carefully before replying, as inclusion of any subsequent

corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints



The corresponding author will be notified and receive a link to the published version of the open
access article on ScienceDirect. This link is in the form of an article DOI link which can be shared
via email and social networks. For an extra charge, paper offprints can be ordered via the offprint

order form which is sent once the article is accepted for publication.

Additional information

This section describes additional information for this journal.

Submission of sequence data to databases

Novel nucleotide or protein sequence data must be deposited in the GenBank™ | EMBL or DDBJ
databases and an accession number obtained before the paper can be accepted for publication.
Submission to any one of the collaborating databanks is sufficient to ensure entry in all. The accession
number should be included as a footnote on the title page of the manuscript: 'Note: Nucleotide
sequence data reported in this paper are available in the GenBank™ , EMBL and DDBJ databases
under the accession number(s)'. If requested the database will withhold release of data until
publication. The usual method for submitting sequence data is by the World Wide Web to either
GenBank  (via  Banklt:  http://www.ncbi.nlm.nih.gov/Banklt/), EMBL (via  Weblin:
http://www.ebi.ac.uk/subs/allsubs.html) or to DDBJ (via SAKURA: http://sakura.ddbj.nig.ac.jp/).
Special types of submissions, such as genomes, bulk submissions, segmented sets, and
population/phylogenetic/mutation studies, can be more easily prepared with the Sequin programme
(available from the above Web sites). Authors are encouraged by the databases to update their entries
as the need arises.

GenBank/DNA sequence linking. In order for automatic links to be made between papers and
GenBank, authors should type the accession number in bold, underlined text. Letters in the accession

number should always be capitalised. (See the example). When published they will appear in normal

type.

Example: ' GenBank accession nos. A1631510, A1631511, A1632198, and BF223228), a B-cell tumor
from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma
(GenBank accession no. AA361117)".

Additionally, any multiple alignments of nucleotide or protein data must be submitted to a recognised
database and must also receive a unique accession number. The accession number can appear in the

text in the relevant section of the Results, as: ' Alignment files are available by anonymous FTP from



FTP.EBI.AC.UK in directory/pub/databases/embl/align or via the EMBLALIGN database via SRS
at http://srs.ebi.ac.uk; under accession(s)’ . The usual method for submitting alignments is by the
World Wide Web to the European Bioinformatics Institute (via Webin-Align: http://www.ebi.ac.uk).
Microarray data, in MIAME-compliant format, should be submitted to ArrayExpress
(http://www.ebi.ac.uk/arrayexpress/) or GEO (http://www.ncbi.nlm.nih.gov/geo/). Accession
identifiers relating to the data should be provided in the manuscript text.

Policy on bioinformatics papers. In silico analysis: The following guidelines apply to papers that
exclusively use in silico analysis or rely heavily on this approach for analysis and conclusions. Such
papers should address a significant biological issue or issues. Bioinformatic data should be supported
by novel or published biological data. Work would typically use information from a number of
databases and even from a number of parasite or host species and use a number of analytical methods.
Types of ' metaanalysis’ are encouraged either across a wide range of parasites or, say, at a number
of points in a metabolic or signalling pathway or an immune cascade. In silico analysis may be

especially suitable for review articles.

Guidelines for reporting of protein identifications using ma
The following information should be provided for protein or peptide identifications using mass

spectrometry:

1. The program, and version number, used to create peak lists and the parameters used in the creation
of the list.

2. The program, and version number, of the program used for database searching. Parameters used
for searching should be specified, including, but not limited to, precursor-ion mass tolerance,
fragment-ion mass tolerance, modifications allowed for, missed cleavages and enzymes used in

protein cleavage.

3. The name and version number of the sequence database used in searches. If a custom-made
database is used then complete information on the origin of the sequences and database size should
be disclosed. Given the dependence of scoring on database size, the use of a small database, or one
excluding contaminants, should be justified. 4. A short description of the methods use to interpret the
significance of search results, including any statistical analysis, confidence thresholds and other

values specific to judging the certainty of the identification.



5. For large-scale experiments a false-positive determination should be reported. This may be the
result of randomized database searches or other approaches.

6. Each protein identification should include the accession number, score generated by the search
algorithm used, sequence coverage and the number of unique peptide sequences assigned in the
protein identification.

7. Single peptide identifications should include an annotated MS/MS spectrum showing fragment

assignments together with the peptide sequence, precursor mass, charge and error.

8. Identifications arising from peptide mass fingerprinting should include an annotated mass
spectrum. The number of matched peaks, the number of unmatched peaks and the sequence coverage
should also be reported along with all parameters and thresholds used to analyse the data. This
includes mass accuracy, resolution, calibration methods, contaminant exclusions along with the

scoring scheme used and measure of the false-positive rate.

Author inquiries

For inquiries relating to IJPPAW please contact the Managing Editor of IJPPAW at:
IJPPAW@elsevier.com. You can track accepted articles at https://www.elsevier.com/trackarticle and
set up e-mail alerts to inform you of when an article's status has changed. Also accessible from here
is information on copyright, frequently asked questions and more. Contact details for questions
arising after acceptance of an article, especially those relating to proofs, will be provided by the
publisher.



ANEXO I

Revista Brasileira de Parasitologia Veterinaria

Politicas Editoriais
Politica da se¢do

Os artigos submetidos a Revista Brasileira de Parasitologia Veterinaria deverao caracterizar-se como
cientificos e originais, essencialmente sobre parasitas de animais em geral, ndo devendo ser publicados
anteriormente nem estar sob consideracdo para publicacdo em outro periddico.

A RBPV atribui a seus artigos as categorias de:

Artigo Original: deve relatar dados de pesquisa original, ndo tendo sido publicado em nenhum outro
periodico.

Deve ser organizado obedecendo a seguinte sequéncia: Titulo Original (inglés), Titulo Traduzido
(portugués), Titulo resumido (inglés), Autor(es)/Filiacdo Institucional, Abstract (inglés), Keywords, Resumo
(portugués), Palavras-chave (portugués), Introducdo, Material e Métodos, Resultados, Discusséo, Conclusdes
(ou combinag&o destes trés Gltimos), Agradecimentos, Declaracio de Etica, Declaragio de Conflito de
Interesse e Referéncias Bibliograficas. As tabelas e ilustracfes deverdo ser apresentadas separadas do texto e
anexadas ao final do trabalho, sem legendas. As respectivas legendas deverdo vir no texto logo apds as
referéncias bibliograficas.

Comunicacdo Cientifica: para essa categoria, 0 artigo submetido so seré aceito desde que possua alto grau de
ineditismo e originalidade, trazendo resultados novos de importancia evidente, atribuindo ao Editor-chefe a
continuidade da submissdo ou n&o.

Pode ser organizado seguindo a mesma sequéncia de um Artigo Original, porém sem a necessidade de se
destacar os topicos, sendo escritas em texto corrido, conciso e limitado a 4.000 palavras, podendo incluir até
3 figuras ou tabelas, combinadas. Ndo mais que 25 referéncias devem ser citadas.

Artigo de Revisdo: condicionado a submisséo e a solicitagdo por convite do editor-chefe. Revisfes ndo
solicitadas serdo avaliadas pelo editor-chefe ou editores cientificos assistentes, desde que sejam escritas por
pesquisadores especialistas no topico escolhido. O texto principal dos artigos de revisao deve ter no minimo
4.000 palavras.

Submissdo de trabalhos

A submissao de trabalhos na RBPV é online pelo sistema ScholarOne. O autor correspondente deve fornecer
um ID ORCID (Open Researcher and Contributor ID, http://orcid.org/) no momento da submissao inserindo-
o no perfil do usuério no sistema de submissdo. Recomendamos que seja feito 0 mesmo para 0s coautores.

O(s) autor(res) devera(do) anexar uma carta assinada por todos, responsabilizando-se por todo o processo de
tramitacdo e originalidade do artigo, salvo resumo(s) apresentado(s) em eventos cientificos, ndo submetidos
a publicacdo em outros periédicos.

Taxa de processamento de artigos

A RBPV néo cobra taxa de submissao de artigos. Porém, ap6s o aceite do artigo, sera cobrada a seguinte taxa
de publicacéo:

R$ 500,00 (associados do CBPV em dia com as anuidades);
R$ 1.000,00 (ndo-associados do CBPV).
US$ 300,00 (autores estrangeiros)

Dados bancérios para depdsito:
Nome: Colégio Brasileiro de Parasitologia Veterinaria/Revista



Banco do Brasil (001)
Agéncia: 0269-0
Conta Corrente: 28848-9

Para autores estrangeiros:

IBAN: BR4600000000002690000288489C1

SWIFT BRASBRRJSBO

Endereco: Via de acesso Prof. Paulo Donato Castellane, s/n, Zona Rural. CEP: 14884-900. Jaboticabal — SP,
Brasil.

Linguagem

Os trabalhos devem ser submetidos em inglés. Junto ao trabalho submetido anexar o certificado de revisdo de
inglés, emitido por um dos revisores credenciados pela revista:

ELSEVIER AUTHOR WEBSHOP: https://webshop.elsevier.com/
WILEY EDITING SERVICES: https://wileyeditingservices.com/en/
PUBLICASE INTERNATIONAL.: https://www.publicase.com.br/
DAVID GEORGE ELLIFF: david.elliff@bsnet.com.br

BEATRICE ALLAIN: beatrice.tradutora@gmail.com

AMERICAN JOURNAL EXPERTS: https://www.aje.com/c/RBPV10
EDITAGE PUBLISH & FLOURISH: https://www.editage.com/
BIOEDIT SCIENTIFIC EDITING: https://www.bioedit.com/
JOURNAL PREP SERVICES: https://www.journalprep.com/
PRECISE EDITING: https://www.teamprecise.us/

CAMBRIDGE PROOFREADING: https://www.cambridgeproofreading.online/about-us.php
ACADEMIC ENGLISH SPECIALISTS: https://academicenglish.com

Os pesquisadores deverdo assumir os custos da revisdo. Caso um dos coautores seja estrangeiro nativo da
lingua inglesa, este devera revisar o inglés do trabalho. O autor correspondente devera enviar
correspondéncia para revista confirmando que essa revisdo foi feita por um dos autores nativos da lingua
inglesa.

Autoria

Trabalhos com nimero excessivo de autores deverdo ser avaliados pelos editores cientificos assistentes, em
relacdo ao protocolo experimental.

E necesséria a colaborag&o substancial de todos os autores no planejamento do estudo, obtencdo, analise e
interpretacdo de resultados, confecgdo do artigo e aprovacgao da versao final submetida e aceita.

AlteracOes de autoria, como excluséo ou inclusao de autores, devem ser feitas mediante um oficio ao Editor-
chefe, com a justificativa, a qual serd analisada dentro das politicas e submisséo e aprovagdo. O autor
excluido ou incluido, também devera concordar, enviando um comunicado ao Editor-chefe.

Processo de avaliacdo pelos pares

O processo de avaliacdo do trabalho dependera da observancia das Normas Editoriais, dos Pareceres do
Corpo Editorial e/ou do Relator ad-hoc. Nesse processo, o editor-chefe e os editores cientificos assistentes
poderdo sugerir ou solicitar as modificacdes necessarias, apesar de ser de responsabilidade dos autores 0s
conceitos emitidos. Os artigos submetidos serdo avaliados por, no minimo, 2 revisores anénimos,
selecionados pelo editor-chefe. Em caso de um parecer conflitante, o artigo sera enviado a um terceiro
revisor.

O relator devera preencher o formulério de avaliacdo da RBPV, disponivel no sistema on-line de submissao
(http://mc04.manuscriptcentral.com/rbpv-scielo). Tendo recebido a avaliacio de pelo menos 2 dos revisores
selecionados, o(s) autor(es) recebera (ao) o formulario de avaliacdo e possiveis corregdes feitas diretamente



no texto. Cabe aos autores responderem o questionamento ou corre¢des sugeridos pelos revisores,
individualmente por meio de uma carta-resposta. Os autores também deverdo destacar as corre¢des no texto,
utilizando de cores diferentes para cada revisor. O avaliador podera corrigir novamente o artigo, se
necessario. Apos o aceite pelos revisores ad-hocs, porém antes do aceite final, o artigo passara pela analise
de um dos Editores Cientificos Assistentes. Lembrando que, o Editor Cientifico Assistente possui autonomia
para sugerir correcdes e/ou rejeitar a publicacdo do artigo, mesmo com a aprovacao dos relatores. Ainda
nesta etapa, caso necessario, 0 manuscrito € encaminhado a um dos revisores de métodos estatisticos da
RBPV.

Politicas de acesso aberto, direitos autorais e autoarquivamento
Acesso aberto

A revista publica artigos de acesso aberto de acordo com a Licenca Creative Commons Attribution - CC
BY, a qual permite uso irrestrito, distribuicdo e reproducdo em qualquer meio, desde que o trabalho original
seja devidamente citado.

Direitos autorais

Todos os direitos sdo reservados aos autores, de maneira irrestrita reservando ao periddico o direito a
primeira publicacéo.

Acessibilidade

Os trabalhos publicados na Revista Brasileira de Parasitologia Veterinaria estardo sempre disponiveis online
desde sua publicacéo.

Arquivamento

A RBPV incentiva os autores a arquivarem a versao final de seus manuscritos publicada no periddico,
imediatamente ap0ds sua publicagdo no site da revista. Postar a versdo em PDF publicada em blogs pessoais,
repositorios institucionais e midias sociais cientificas como ResearchGate , Academia.edu entre outras,
também é recomendado. Para isso, € necessario incluir a citagdo do artigo com o nome da RBPV e 0 DOI.

Conflitos de interesse

A RBPV exige o envio e publica a declaracdo de conflito de interesse junto ao artigo. O autor correspondente
deve enviar uma declaracéo divulgando quaisquer potenciais conflitos de interesse, podendo ser eles de
natureza pessoal, comercial, politica ou académica, envolvendo ou ndo compensagdo financeira, ou mesmo
quando ndo houver qualquer conflito, para todos os autores. Essa informacao deve ser fornecida conforme
descrito nas normas de apresentacdo do manuscrito.

Suporte financeiro

A RBPV exige que todo o apoio financeiro recebido seja divulgado por todos os autores, incluindo o nome
da agéncia financiadora e o (s) numero (s) de identificagdo da concessdo. Essa informacéao deve ser fornecida
conforme descrito nas normas de apresentacdo do manuscrito.

Etica

Direitos animais

Experimentos que utilizam animais deverdo ser conduzidos obedecendo as normas aprovadas pela Comisséo
de Etica e Bem-Estar Animal da instituicdo na qual o estudo foi desenvolvido, devendo os autores
apresentarem o nimero de protocolo de submissao e aprovacdo dos trabalhos. Para autores estrangeiros,

experimentos com animal também sdo previstos no "International Guiding Principles for Biomedical
Research Involving Animals" emitido pelo "Council for the International Organizations of Medical Sciences"



(https://grants.nih.gov/grants/olaw/guiding_principles_2012.pdf), devendo os autores apresentarem o ndmero
de protocolo de submissao e aprovacdo dos trabalhos.

Essa informac&o deve ser fornecida conforme descrito nas normas de apresentagdo do manuscrito.
Sobre as alega¢des de ma conduta de pesquisa

A RBPV segue as diretrizes éticas propostas pelo Committee on Publication Ethics (COPE —
https://publicationethics.org) e o Cadigo de Boas Préticas elaborado pela Fundacdo de Amparo a Pesquisa do
Estado de Séo Paulo (FAPESP): https://fapesp.br/boaspraticas/2014/FAPESP-
Codigo_de_Boas_Praticas_Cientificas.pdf

Suspeitas de ma conduta

A RBPV privilegia imparcialidade, integridade e confidencialidade na sua avaliagdo. O editor-chefe entrara
em contato com os revisores e editores assistentes, em caso de ddvida ou questionamento. Duvidas
relacionadas a autoria, deve-se estabelecer primeiro contato com o autor correspondente e, caso necessario,
com todos os autores. N&o tendo sido resolvido, as instituigdes de afiliacdo dos autores ou agéncias de
fomento envolvidas no desenvolvimento da pesquisa, deverdo ser contatadas.

Em caso de qualquer suspeita de ética em pesquisa ou problemas de ma pratica de publicagdo, autores,
revisores, editores e leitores sdo incentivados a relatar por meio de e-mail ao editor-chefe.

Quando necessario, a RBPV publicara erratas, correcdes ou retratacoes.
Plagio

A RBPV faz a triagem de todos os manuscritos submetidos usando o sistema Similarity check
(https://www.crossref.org/services/similarity-check/) distribuido pela iThenticate.

Pos-aceite

O trabalho diagramado em formato pdf., serd enviado por e-mail ao autor correspondente. Altera¢des no
artigo, quando aceitos para publicacdo, devem ser realizadas nesse estagio, com permissao do editor-chefe.
Portanto, o trabalho deve ser cuidadosamente corrigido antes de responder ao editor, pois inclusGes de
correcOes subsequentes (indicacdo de novo autor, mudanca de paragrafos inteiros ou tabelas) ndo podem ser
garantidas.

Apos diagramacéo e editoracéo, o editor-chefe faz as correcdes finais.

APRESENTACAO DO MANUSCRITO
Formato do arquivo a ser submetido:

Os trabalhos devem ser submetidos em inglés, de forma concisa, com linguagem impessoal e com 0s sinais
de chamadas de rodapé em nimeros arabicos, langados ao pé da pagina em que estiver o respectivo nimero e
em ordem crescente. Os trabalhos deverdo ser apresentados em formato Word, fonte “Times New Roman”,
tamanho 12, com margem superior e inferior de 2,5 cm, esquerda e direita com 3 cm e espagamento entre
linhas de 1,5 cm com as paginas numeradas.

O arquivo principal ndo deve conter os nomes dos autores, filiagdes, agradecimentos, declaracéo de ética,
declaragdo de conflito de interesse, etc., para facilitar a revisdo as cegas pelos pares. Inserir estas
informacdes em uma Pagina de Titulo, em arquivo separado.

Caracteristicas dos elementos de um trabalho cientifico



Titulo Original/Titulo Traduzido

O titulo “cheio” e o subtitulo (se houver) ndo devem exceder 25 palavras. Nao devera aparecer nenhuma
abreviatura, e os nomes de espécies ou palavras em latim deverdo vir em italico. Evitar (por exemplo) titulos
gue iniciem com: Estudos preliminares; Observacdes sobre. Ndo usar o nome do autor e data de citacdo em
nomes cientificos.

Titulo resumido

Enviar um titulo resumido para o cabecalho das paginas.

Autor(es)/Filiacdo Institucional

Na identificacdo, deve constar: nome completo e por extenso de todos 0s autores (sem abreviacao),
separados por ponto e virgula. A Filiagdo Institucional deve informar os nomes proprios de todas as
instituicGes e ndo suas tradugdes: Laboratério, Departamento, Faculdade ou Escola, Instituto, Universidade,
Cidade, Estado e Pais, exatamente nessa ordem. No rodapé, deve constar as informac@es do autor para
correspondéncia: e-mail atualizado e ORCID.

Abstract/ Resumo

Devem conter no maximo 200 palavras, em um s6 paragrafo sem deslocamento. Nao devem conter citagcdes
bibliogréficas. Siglas e abreviacdes de institui¢des, ao aparecerem pela primeira vez no trabalho, serdo
colocadas entre parénteses e precedidas do nome por extenso, por exemplo, Indirect Fluorescence Assay
(IFA). Devem ser informativos, apresentando o objetivo do trabalho, metodologia sucinta, os resultados mais
relevantes e a conclusdo. O abstract redigido em lingua inglesa e o resumo em lingua portuguesa, ambos
seguidos por keywords e palavras-chave, respectivamente.

Keywords/ Palavras-chave

As palavras-chave devem expressar com precisdo o contetdo do trabalho. Sdo limitadas em no maximo 6
(seis), e separadas por virgula.

Introducdo

Explanacdo clara e objetiva do estudo, da qual devem constar a relevancia e objetivos do trabalho,
restringindo as citacdes ao necessario.

Material e Métodos

Descricao concisa, sem omitir o essencial para a compreensao e reproducao do trabalho. Métodos e técnicas
ja estabelecidos devem ser apenas citados e referenciados. Métodos estatisticos devem ser explicados ao final
dessa secdo.

Resultados

O contetdo deve ser informativo e ndo interpretativo: sempre que necessario devem ser acompanhados de
tabelas, figuras ou outras ilustracGes autoexplicativas.

Discusséo
Deve ser limitada aos resultados obtidos no trabalho e o contetdo deve ser interpretativo. Podera ser
apresentada como um elemento do texto ou juntamente aos resultados e conclusdo. Enfatizar a importancia

de novos achados e novas hip6teses identificadas claramente com os resultados.

Conclustes



As conclusfes podem estar inseridas na discussdo ou em resultados e discusséo, conforme a escolha dos
autores. Nesse caso, esse item ndo sera necessario.

Agradecimentos

Colaboradores que ndo atendam aos critérios de autoria, poderdo ser listados nesta se¢ao. Podera haver
agradecimento a pessoa ou instituicdo que forneceu auxilio técnico, sugestdes, correcao ou sugestdo na
escrita ou que de alguma forma colaborou para a elaboragdo do trabalho. Todo o suporte financeiro recebido
devera ser apresentado nesta secao.

Declaracio de Etica

Os autores devem apresentar o nimero de protocolo de submissdo e aprovacao dos trabalhos em uma se¢édo
prépria no final do artigo, antes das referéncias.

Declaragdo de Conflito de Interesse

O autor correspondente deve enviar uma declaracdo divulgando quaisquer potenciais conflitos de interesse,
podendo ser eles de natureza pessoal, comercial, politica ou académica, envolvendo ou ndo compensagao
financeira, ou mesmo quando ndo houver qualquer conflito, para todos os autores.

Referéncias
Citacdes
As citagdes devem seguir o sistema autor-data:

Um autor: nome do autor e ano de publicacdo
Levine (1985) ou (Levine, 1985)

Dois autores: 0s homes dos autores e ano da publicacdo
Paim & Souza (2011) ou (Paim & Souza, 2011)

Trés ou mais autores: nome do primeiro autor seguido de "et al." e o ano de publicagéo
Araujo et al. (2002) ou (Araujo et al., 2002)

S6 serdo admitidas referéncias de facil acesso aos leitores. Referéncias de dificil acesso poderdo ser
solicitadas aos autores, e em caso de ndo disponibilidade, deverdo ser retiradas do texto. N&o serdo aceitas
citagdes de trabalhos publicados em anais de congressos, e as teses devem estar disponiveis para consulta em
sites oficiais, por exemplo, Banco de Teses da Capes: http://www.capes.gov.br/servicos/banco-de-teses.
Todas as citagfes no texto devem ser cuidadosamente checadas em relacdo aos nomes dos autores e datas,
exatamente como aparecem nas referéncias. Apresentar a lista de referéncias em ordem alfabética e, se
necessario, em ordem cronoldgica. Mais de uma referéncia do(s) mesmo(s) autor(es) no mesmo ano deve ser
identificada pelas letras "a", "b", "'c", etc., inseridas ap6s o ano de publicacdo. Titulos de periédicos devem
ser abreviados conforme Index Medicus - http://wwwz2.bg.am.poznan.pl/czasopisma/medicus.php?lang=eng.
Para referéncias com 6 ou mais autores, apresentar os seis primeiros nomes seguidos da expressao et al.:

Livros
Levine JD. Veterinary protozoology. Ames: ISU Press; 1985.
Capitulo de livro

Menzies Pl. Abortion in sheep: diagnosis and control. In: Youngquist RS, Threlfall WR. Current therapy in
large animal theriogenology. 2nd ed. Philadelphia: Saunders; 2007. p. 667-680.

Artigo de periddico



Munhoz AD, Simdes IGPC, Calazans APF, Macedo LS, Cruz RDS, Lacerda LC, et al. Hemotropic
mycoplasmas in naturally infected cats in Northeastern Brazil. Rev Bras Parasitol Vet 2018; 27(4): 446-454.
http://dx.doi.org/10.1590/s1984-296120180074

Tese e Dissertacdo

Araujo MM. Aspectos ecoldgicos dos helmintos gastrintestinais de caprinos do municipio de patos, Paraiba -
Brasil [Dissertacdo]. Rio de Janeiro: Universidade Federal Rural do Rio de Janeiro; 2002.

Documento eletronico

Centers for Disease Control and Prevention. Epi Info [online]. 2002 [cited 2003 Jan 10]. Available from:
http://www.cdc.gov/epiinfo/ei2002.htm.

Tabelas

Elaboradas apenas com linhas horizontais de separacdo no cabegalho e no final. A legenda (titulo) é
precedida da palavra Tabela, seguida pelo nimero de ordem em algarismos arabicos, devendo ser descritivas,
concisas e inseridas acima das mesmas. As tabelas devem estar limitadas a um nimero minimo necessario.

Figuras

Figuras e elementos graficos, utilizados ou elaborados pelos autores, devem seguir todas as orientacdes das
se¢des abaixo.

Citacdes no texto

Gréficos, fotografias, esquemas, ilustragdes etc. devem ser citados como figuras (Figura 1, Figura 2, Figuras
1, 2, 5-7, etc.) em ordem crescente a suas citagoes.

Resumo dos requisitos
A tabela abaixo resume os principais requisitos técnicos para arquivos de figuras.

Formato TIFF ou JGP

Dimensoes Largura maxima: 2250 pixels (em 300 dpi). Altura méaxima: 2625 pixels (em 300 dpi).
Resolucéo 300 — 600 dpi

Tamanho <10 MB

Fontes Arial, Helvetica, Times New Roman, Cambria Math ou Symbol em tamanho de 7,5 a 10 pt.
Nome Figl.tif, Fig2.tif, etc. Deve seguir a identificagdo das legendas.

Legenda Deve estar inserida no texto do manuscrito e ndo dentro das figuras.

Uso de Cores

Embora a utilizacdo de cores seja permitida, é importante que os autores se esforcem para garantir que o uso
de cor ndo iré prejudicar o entendimento para leitores com algum distlrbio de visdo. Recomendamos que 0s
seguintes recursos sejam consultados antes de preparar figuras ou tabelas utilizando cores:

How to make scientific figures accessible to readers with color-blindness (2019, Science News,The
American Society for Cell Biology)

Wong, B. Points of view: Color blindness. Nat Methods 8, 441 (2011). https://doi.org/10.1038/nmeth.1618
Edicéo e manipulacéo

Ao preparar suas imagens tome cuidado ao utilizar filtros ou outro tipo de edi¢éo para incluir destaques etc.
As imagens ndo devem ser manipuladas ou ajustadas em excesso, de forma que possam causar a ma
interpretacdo das informacGes. Recomendamos que o0s autores observem as dicas e exemplos a seguir:



"What's in a picture? The temptation of image manipulation” (Mike Rossner, Kenneth M. Yamada. J Cell
Biol 5 July 2004; 166 (1): 11-15. doi: https://doi.org/10.1083/jcb.200406019).

Digital Images and Misconduct. (Council of Science Editors, White Paper on Publication Ethics)
Preparing a Manuscript for Submission to a Medical Journal > Illustrations (Figures). (International
Committee of Medical Journal Editors)

Dimensdes, resolucdo e formatos

Gréficos, fotografias, esquemas, ilustracdes etc. devem ser enviados nos formatos TIFF ou JPG, com alta
resolucdo (300 ou 600 dpi) de acordo com o tipo e tamanho em que ela sera utilizada na pagina, conforme
requisitos abaixo:

Largura maxima: 17,5 cm = 2100 pixels (em 300 dpi), 4500 pixels (em 600 dpi) ou 9000 pixels (em 1200
dpi).

Altura méxima: 24,0 cm = 2850 pixels (em 300 dpi), 5650 pixels (em 600 dpi) ou 11300 pixels (em 1200
dpi).

Resolucédo de 1200 dpi (1 bit/canal): adequada para desenhos, graficos ou diagramas de linha
monocromaticos (apenas em preto e branco).

Resolucédo de 300 dpi (RGB 8 hits/canal ou escala de cinza): utilize para imagens coloridas ou em escala de
cinza em gue predominam meios tons ou gradientes, como em fotos, micrografias etc. e que néo incluem
muito texto.

Resolucédo de 600 dpi (RGB 8 hits/canal ou escala de cinza): mesma indicagéo anterior, mas para os casos de
imagens que incluem mais texto ou para painéis ou combinagdes de imagens de meios tons combinados com
desenhos, graficos ou diagramas de linha.

Compressdo: Para imagens JPG use a menor compressdo possivel para preservar a qualidade e para imagens
em formato TIFF, se 0 seu programa de edicdo de imagens permitir, utilize a compactacao de arquivos LZW
para reduzir o tamanho do arquivo.

Texto dentro das figuras

Ao elaborar suas figuras, procure utilizar tipos e tamanhos de modo consistente entre todas as imagens, além
de seguir as recomendacOes abaixo:

Fonte: as fontes relacionadas abaixo séo indicadas pois apresentam melhor legibilidade em diferentes meios
e se enquadram ao estilo adotado pela revista:

Arial ou Helvetica: para textos e eixos, exceto formulas matematicas.

Times New Roman: textos, eixos e formulas matematicas.

Cambria Math e Symbol: simbolos.

Tamanho: ao incluir textos nas figuras mantenha consisténcia entre todas e use tamanhos entre 7,5 pt e 10 pt
e tenha certeza de que mesmo 0 menor texto permite a perfeita leitura de todos os textos e simbolos
utilizados

Separadores decimais e de milhar: em artigos em inglés, se houver uso de marcador de casa decimal, este
deve ser indicado por ponto e, havendo marcador de casa de milhar, este deve ser indicado por virgula.
Destaques como setas, simbolos, abreviacdes ndo convencionais etc.: certifique-se de identificar seu uso
claramente na legenda.

N&o inclua legendas, citacBes ou indicacdo de fonte: essas informagdes devem ser incluidas da legenda da
figura, enviadas com o0 manuscrito.

Legendas

As legendas devem ser explicativas, iniciando pela identificacdo em negrito, seguida por um ponto e texto
descritivo. Caso necessario, incluir apos a descricdo uma explicacdo para eventuais destaques como setas,
simbolos (*, T, 1, §, etc.), letras, nimeros etc. que tenham sido utilizados, incluindo a indicacdo da fonte e
citacGes, quando pertinente.

Quando necessario, 0s autores Sao responsaveis por obter a correta autorizagdo para uso das imagens, fotos,
ilustrac@es etc. de outras fontes, diretamente com o proprietario do copyright, e incluir a citagdo
correspondente.

Exemplo:



Figura 1.

Comparacéo entre uma figura original de outra fonte e a versdo elaborada pelos autores ap6s obter a correta
autorizacdo. (A) Figura original tal como publicada no artigo original de Silva et al. 2015. (B) Figura
adaptada pelos autores apds obtencédo de autorizacdo do detentor do copyright. Fonte: Silva et al. 2015.

Espaco em branco

Elimine espagos em branco em excesso no entorno do contetdo de suas imagens, mas mantenha uma
pequena margem de seguranca de ~5 pixels.

Figuras multiplas ou paineis

Painéis, pranchas ou imagens com multiplas partes (a, b, c, etc.) devem sempre ser combinadas em um Unico
arquivo.

Usando softwares especializados

Para imagens geradas ou preparadas com softwares ou ferramentas especializadas como Matlab, Prism,
Stata, ChemDraw, PyMol, SPSS, GeneSpring ou Minitab, aconselhamos os autores a seguir a orientacdo da
PLOS ONE disponivel em https://journals.plos.org/plosone/s/figures#loc-creating-source-images-with-
specialized-software.

Politicas

Representacdo de humanos ou animais

Imagens contendo fotos de pessoas devem garantir que elas ndo possam ser identificadas, exceto nos casos
em que a sua utilizacdo tenha sido autorizada especificamente para publicac¢do no artigo.

Adicionalmente, os autores devem se certificar de que as imagens estdo de acordo com nossas politicas sobre
protecdo dos direitos humanos e dos animais.

Licencas e copyright

Sempre que os autores utilizarem imagens de terceiros, seja na integra, redesenhada em nova verséao, ou
apenas como inspiracdo € necessario que seja obtida a devida autorizacéo por escrito do detentor do
copyright e incluida a respectiva citagdo e indicagéo da fonte. Veja mais em nossas politicas de Licencas e
copyright.
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