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RESUMO

O presente trabalho teve como objetivo identificar e quantificar eritrocitos com indicadores de
dano genotdxico, bem como avaliar a infeccdo por hemogregarina associada a infestagao por
sanguessugas em individuos de Phrynops geoffroanus. Os animais foram coletados em quatro
ambientes hidrograficos distintos do Baixo Rio Iguagu, Paran4 — BR, incluindo: dois afluentes,
Rios Silva Jardim (SJ-r) e Floriano (FL-r); e duas ilhas fluviais, Ilha do Sol (SOL-i) e Ilha do
Geninho (GEN-1). Um total de 56 animais foram avaliados para indicadores de genotixicidade
por alteragdes eritrociarias e 58 para pesquisa parasitologica em esfregago sanguineo. Dados
biométricos retilineos de comprimento e largura maximos da carapaca e plastrao, bem como a
massa corporea e o sexo foram obtidos de todos os individuos, além de informacgdes sobre lesdes
e alteragdes anatdomicas. Apds a coleta sanguinea, realizada por pungao no seio venoso cervical
dorsal, esfregagos sanguineos foram confeccionados e corados pelo método de May-Griinwald
Giemsa. Para determinar a frequéncia de microntcleos (MNs) e anormalidades nucleares
(ANs), bem como a ocorréncia e parasitemia de hemogregarina, foram analisados 3.000
eritrocitos por animal. As frequéncias médias de MN variaram ligeiramente entre os quatro
ambientes (0,29 + 0,63 em SJ-r, 0,38 = 0,50 em FL-r, 0,25 £ 0,39 em SOL-i1 ¢ ausente em GEN-
1), mas sem diferencas significativas (p=0,32). Foram observadas ANs em 32/56 individuos
(frequéncia média de 7,2/1.000 células), também sem variacao entre os ambientes (p=0,81). As
hemogregarinas apresentaram uma alta ocorréncia nos animais (82,76%), enquanto a
parasitemia média foi de apenas 0,33% de eritrocitos infectados. Nao foram encontradas
diferencgas significativas nas taxas de parasitismo entre os locais (p=0,18), mas uma correlagdo
positiva foi identificada entre infec¢do e tamanho corporal (p<0,001). A infestagdo por
sanguessugas ocorreu em 20,69% dos cdgados e também esteve positivamente correlacionada
com tamanho corporal (p<0,001) e com a infeccdo por hemogregarina (p=0,043). A auséncia
de diferencas espaciais nos indicadores genotdxicos ou parasitarios pode ser influenciada pelo
efeito ecologico do Parque Nacional do Iguacu, que ajuda a mitigar a contaminacao de areas
agricolas vizinhas. Ao mesmo tempo, a presenga infestagdo por sanguessugas pode sugerir a
manuteng¢do de caracteristicas favoraveis ao vetor no PNI. Esses achados evidenciam a espécie
P. geoffroanus como sentinela para vigilancia em ecossistemas de dgua doce e refor¢cam a
necessidade de monitoramentos na interface entre zonas protegidas e zonas antropogénicas

impactadas.

Palavras-chave: anormalidades nucleares; ecoepidemiologia; micronucleo; Phrynops



ABSTRACT

This study aimed to identify and quantify erythrocytes with genotoxic indicators and to assess
hemogregarine infection in association with leech infestation in individuals of Phrynops
geoffroanus. Freshwater turtles were sampled from four distinct hydrographic environments in
the Lower Iguagu River, Parana, Brazil, including: two tributaries, the Silva Jardim River (SJ-
r) and Floriano River (FL-r); and two river islands, Ilha do Sol (SOL-i) and Ilha do Geninho
(GEN-1). A total of 56 animals were evaluated for indicators of genotoxic damage based on
erythrocyte alterations, and 58 were screened for hemoparasites through blood smear analysis.
Linear biometric data were recorded for all individuals, including maximum carapace and
plastron length and width along with body mass, sex, and the presence of anatomical lesions or
abnormalities. Blood was collected via dorsal cervical venous sinus puncture, and blood smears
were stained using the May-Griinwald Giemsa method. To determine the frequency of
micronuclei (MNs) and nuclear abnormalities (NAs), as well as the occurrence and parasitemia
of hemogregarine, 3,000 erythrocytes were analyzed per animal. Mean MN frequencies varied
slightly among the four sites (0.29 + 0.63 in SJ-r, 0.38 £ 0.50 in FL-r, 0.25 + 0.39 in SOL-i, and
absent in GEN-1), with no significant differences (p = 0.32). NAs were observed in 32 of 56
individuals (mean frequency of 7.2 per 1,000 cells), also without significant variation among
sites (p=0.81). Hemogregarina infection was highly prevalent (82.76%), though the mean
parasitemia was only 0.33% of erythrocytes. No significant differences in parasitism rates were
detected among sampling sites (p=0.18), but a positive correlation was identified between
infection and body size (p<0.001). Leech infestation was recorded in 20.69% of turtles and was
also positively correlated with both body size (p<0.001) and hemogregarine infection
(p=0.043). The absence of spatial differences in genotoxic indicators or parasitological
parameters may reflect the ecological buffering effect of Iguagu National Park, which likely
reduces contaminant influx from neighboring agricultural zones. At the same time, the presence
of leeches suggests that conditions favorable for vector persistence are maintained within the
park. These findings highlight P. geoffroanus as a valuable sentinel species for freshwater
ecosystem monitoring and emphasize the importance of surveillance at the interface between

protected and anthropogenically impacted areas.

Keywords: eco-epidemiology; freshwater turtle; leech; micronuclei, nuclear abnormalities
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1 INTRODUCAO

Os ecossistemas aquaticos vem enfrentando intensa deteriora¢do devido ao aumento das
pressdes antropicas, como a expansao urbana, a industrializagdo e o avanco das atividades
agricolas (Barcenas-Garcia et al., 2022; Yamamoto et al., 2016; Santos; Laranja, 2024). Essas
acdes promovem nao so alteracdes significativas na qualidade da dgua, mas interferem também
no equilibrio ecoldgico e na dindmica das populacdes que habitam esses ambientes (Crespo-
Lopez et al., 2011; Lehun et al., 2021).

Nesse contexto, a bacia hidrografica do Rio Iguagu, corresponde a um dos sistemas
fluviais mais importantes da regidao sul do Brasil (IAT, 2016). Apesar disso, ocupa a segunda
posi¢do entre os rios mais poluidos do pais, atras apenas do Rio Tieté, no estado de Sdo Paulo
(Lehun et al, 2021). Essa caracteristica se deve as grande quantidades de residuos e
contaminantes que recebe ao abranger os estados do Parand, Santa Catarina e parte do nordeste
argentino (IAT, 2016).

Em contrapartida, a por¢ao terminal do rio permeia um dos mais extensos remanescentes
de Mata Atlantica do Brasil, o Parque Nacional do Iguacu (PNI) (MapBiomas, 2024; Silva et
al., 2022). Os Parques Nacionais sao Unidades de Conservagao de Protecdo Integral, nos quais
¢ permitido apenas o uso indireto dos recursos naturais (Brasil, 2000). Essa categoria de area
protegida desempenha um papel essencial na protecdo da biodiversidade como zonas de
amortecimento (buffer zones) (Roe; Georges, 2007). Embora essas areas sejam conhecidas por
reduzir impactos, conservar a biodiversidade e ampliar a conexao entre habitats, sua eficacia
estd diretamente relacionada ao uso do solo nas areas perimetrais (Roe; Georges, 2007).

O monitoramento de impactos sofridos pelos individuos € essencial para a avaliagdo da
qualidade ambiental e da efetividade de conservacao dessas areas protegidas. Os répteis t€ém se
apresentado como excelentes bioindicadoras da satide e funcionalidade de ecossistemas, devido
a sensibilidade as condi¢des do ambiente e a rapida respostas aos estresses ambientais (Baptista
et al., 2022; Carlsson, 2019; Humphries; Benitez-Nelson; Combrink, 2022).

Entre os organismos que compdem a fauna aquatica e semiaquatica da regido do PNI, o
cagado-de-barbela (Phrynops geoffroanus) ¢ uma espécie amplamente distribuida (Brites;
Rantin, 2004; Venancio et al., 2013). Esses animais sdo conhecidos pela longevidade,
alimentacdo oportunista, metabolismo lento e alta fidelidade a habitats especificos, o que os
tornam suscetiveis a bioacumulacdo e a acdo prolongada de estressores ambientais, como
pesticidas, metais pesados, e agentes infecciosos ou parasitarios (Fonseca ef al., 2023; Santos

et al.,2021; Venancio et al., 2013; Vogt et al., 2023).
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Avaliagdes ecoldgicas por meio de biomarcadores genotoxicos, como o teste do
micronucleo (MN) e de anomalias nucleares (AN), apresentam boa sensibilidade e
possibilidade de realizagdo in vivo (Fenech, 2000; Poletta et al., 2013). O uso dessas técnicas
permite a deteccdo de danos diretos ao material genético, induzidos por agentes fisicos,
quimicos ou bioldgicos. Quando aplicadas em conjunto, fornecem informagdes acerca do grau
do dano e do comprometimento da saude e reproducao das populacdes (Poletta et al., 2013;
Souto et al., 2008).

Paralelamente, os quelonios também podem atuar como hospedeiros intermediarios de
hemoparasitos (Telford, 2009). Dentre eles, ¢ possivel citar as hemogregarinas, protozoarios
intracelulares transmitidos por sanguessugas (O’Donoghue, 2017; Ungari ef al., 2023). Altas
taxas de prevaléncia tém sido reportadas em populagdes de cdgados que habitam &reas
degradadas, onde também se observa relagdo com a maior presenga dos vetores (Brites; Rantin,
2004; Oliveira et al., 2018).

Ainda que a infec¢dao por hemogregarinas seja considerada de baixa patogenicidade, a
cronicidade e intensas parasitemias podem desencadear alteracdes hematologicas e
homeostaticas dos hospedeiros (Silva et al., 2024). Apesar da relevancia ecoldgica de P.
geoffroanus e da ampla utilizacdo de biomarcadores genotdxicos e parasitologicos em
quelonios, sdo escassos os estudos que investigam essas relagdes em ambientes da bacia do Rio
Iguacu, particularmente na regido do PNI (Rubio-Vargas et al., 2024; Yamamoto et al., 2016).

Neste contexto, o presente trabalho avalia indicadores de genotoxicidade e a ocorréncia
de hemogregarinas em cagados Phrynops geoffroanus em diferentes ambientes hidrogréaficos
do Parque Nacional do Iguagu. A andlise comparativa entre os pontos permite uma
compreensao mais abrangente e ecologica dos impactos ambientais ao longo da bacia. Espera-
se produzir evidéncias cientificas que contribuam para o monitoramento e conservagao de
espécies semiaquaticas e para o planejamento de agdes voltadas a prote¢ao dos ecossistemas

dulcicolas em areas de fronteira entre conservagdo e uso antropico intensivo.
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2 REVISAO BIBLIOGRAFICA
2.1 CARACTERIZACAO HIDRICA E AMBIENTAL DO RIO IGUACU

O Rio Iguagu ¢ considerado um dos principais cursos d’agua da Regido Sul do Brasil,
drenando uma bacia hidrografica de aproximadamente 70.800 km? que abrange os estados do
Parand, Santa Catarina e parte do nordeste argentino. Sua nascente esta localizada na Serra do
Mar, no municipio de Curitiba-PR, e seu percurso estende-se por cerca de 1.320 km até sua
confluéncia com o rio Parana (IAT, 2016).

Em razdo de sua extensdo, a bacia do rio ¢ dividida nas seguintes Unidades
Hidrogréficas de Gestdao de Recursos Hidricos (Resolu¢do N° 49 de 2006, CERH/PR): o Alto
Iguacu, porcdo entre a nascente € o municipio de Porto Amazonas; o Médio Iguacgu, que
estende-se até as proximidades de Unido da Vitdria; e o Baixo Iguagu, correspondente ao ultimo
trecho antes da foz na regido da Triplice Fronteira entre Brasil, Argentina e Paraguai (IAT,
2016; Lehun et al., 2021).

Ao longo de sua trajetoria, o rio Iguagu atravessa regides com intensa ocupacao
antropica, caracterizadas por atividades urbanas, industriais e agropecuarias. Esse uso do solo
contribui para a degradag¢do da qualidade da 4gua e o lancamento de efluentes de diferentes
naturezas. Estudos recentes indicam que o rio Iguacu ocupa a segunda posi¢cdo entre os rios
mais poluidos do Brasil, atras apenas do Rio Tieté, do estado de Sao Paulo (Lehun et al., 2021).

Na por¢do terminal do rio, observa-se um contraste marcante entre suas margens
esquerda e direita. A margem direita atravessa o Parque Nacional do Iguagu (PNI), unidade de
conservagao federal criada em 1939 (Decreto Federal n® 1.035) com area de 185.262,5 hectares,
que abriga um dos mais extensos remanescentes continuos de Mata Atlantica do Brasil. Nessa
margem, o rio recebe contribui¢cdes dos rios Floriano e Silva Jardim, cujas sub-bacias estdo
parcial ou totalmente inseridas no PNI (MapBiomas, 2024).

A sub-bacia do rio Floriano encontra-se quase integralmente protegida, apresentando
cobertura vegetal nativa de 99,31% (calculado a partir de MapBiomas, 2024), o que favorece
sua utilizagdo como area de referéncia ou controle para defini¢do de parametros de conservacao
e monitoramento (Silva ef al., 2022). Por outro lado, o rio Silva Jardim nasce e percorre uma
regido sujeita a uso agropecuario intensivo antes de adentrar a zona protegida do parque. Essa
diferenca no uso do solo entre as sub-bacias se reflete em sua cobertura vegetal remanescente,
estimada em apenas 45,89% (MapBiomas, 2024), o que o torna potencial vetor de aporte de

nutrientes, sedimentos e contaminantes ao Baixo Iguacu (Santos; Laranja, 2024).
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Ja a margem esquerda do Rio Iguacu, nesse trecho, permanece influenciada por areas
fragmentadas e regides de uso totalmente antropico (Mapbiomas, 2024). No leito principal do
Baixo Rio Iguagu, ocorre a formagao de ilhas fluviais, que constituem habitats essenciais para
diversas espécies aquaticas e semiaquaticas, como a Ilha do Sol e a Ilha do Geninho. Essas
ilhas, portanto, estdo sujeitas a um regime hidrico misto, resultante da combinagdo de aguas
oriundas da zona de prote¢ao do PNI com aquelas provenientes de areas nao protegidas, de uso
agroindustrial (Santos; Laranja, 2024).

O rio Iguacu € reconhecido pelo alto indice de endemismo de sua fauna, onde cerca de
70% de suas espécies de peixes, por exemplo, ndo sdo encontradas em nenhum outro lugar do
planeta (Baumgartner et al., 2012; Roxo et al., 2017). O local configura-se como um cenario
de grande relevancia ambiental, a despeito disso, suas popula¢des aquaticas e semiaquaticas
estdo continuamente expostas a descarga de contaminantes em quase toda a extensao de sua
bacia (Morais et al., 2024; Poletta et al., 2013; Yamamoto et al., 2016).

Ja foi relatado que o Baixo Iguagu apresenta considerdvel reducdo da poluicdo em
relagdo aos trechos associados as grandes metropoles. Embora seja comprovada o menor valor
de alguns compostos, como a cromo, fosforo aluminio e chumbo, os valores ainda estdao acima
do permitido pelo CONAMA (Resolugdo n® 357 de 2005) (Rubio-Vargas et al., 2024;
Yamamoto et al., 2016). Estudos tém demonstrado que a poluigdo presente ao longo do curso
de todo Rio Iguagu causa tanto danos genotdxicos, quanto relacdes desequilibradas entre
parasitismo e fauna local (Lehun et al., 2021; Lehun; Duarte; Takemoto, 2023; Yamamoto et
al., 2018).

Nesse contexto, a analise dos impactos antrépicos, por meio de abordagens
ecotoxicologicas, sobre a qualidade da agua e a biota sdo importantes ferramentas na
conservagdo ambiental (Corredor-Santamaria; Gomez; Velasco-Santamaria, 2016; Crespo-

Lopezetal., 2011; Lehun, et al., 2021; Mitkovska; Chassovnikarova, 2020; Zapata et al., 2016).

2.2 ECOLOGIA E BIOLOGIA DE Phrynops geoffroanus

As tartarugas existem ha cerca de 300 milhdes de anos e hoje representam um dos
grupos de animais mais ameacgados por pressdes antropicas (Rhodin et al., 2018; Poletta ef al.,
2013). Os cagados, répteis semiaquaticos, exercem fungdes ecologicas cruciais em ambientes
dulcicolas: participam da ciclagem de nutrientes, controle populacional de invertebrados e
pequenas presas, e contribuem para a dispersao de sementes e aumento da heterogeneidade do

habitat (Barcenas-Garcia ef al., 2022; Ribeiro; Utta; Barreto, 2017).
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Esses animais sdo excelentes organismos-sentinela pela ampla distribuicdo,
comportamento territorial, longevidade e suscetibilidade fisiologica a contaminantes e
acumulagdo de poluentes em tecidos ao longo do tempo (Borges et al., 2022; Castaio et al.,
2020; Poletta et al., 2013). Estudos com Podocnemis expansa mostraram acumulacao de metais
em ovos ¢ filhotes, com transferéncia materna ou direta do ambiente, acarretando danos
citogenéticos aos tecidos do animal (Frossard ef al., 2021). Além disso, presentes em todos os
niveis troficos, jovens ou adultos sdo capazes de acumular e biomagnificar contaminantes por
meio da ingestdo de grandes volumes de agua, peixes e plantas, bem como pela absor¢ao por
mucosa ¢ pele (Barcenas-Garcia et al., 2022; Frossard et al., 2013; Ribeiro; Utta; Barreto,
2017).

O cagado-de-barbela (Phrynops geoffroanus) ¢ quelonio da familia Chelidae
amplamente distribuido em rios e corregos da América do Sul. Trata-se de um carnivoro
oportunista, relativamente tolerante a ambientes impactados, sendo comumente encontrado em
ambientes urbanos (Souza; Abe, 2000). No entanto, essa tolerdncia ndo o exime de efeitos
subletais decorrentes de poluentes (Brites; Rantin, 2004; Venancio et al., 2013).

Ao examinarem amostras bioldgicas de P. geoffroanus, diversos estudos demonstraram
a sensibilidade da espécie a exposicao de contaminantes por meio de alteragdes hematoldgicas,
bioquimicas e genotdxicas (Brites; Rantin, 2004; Fonseca et al., 2023; Santos et al., 2021). A
avaliagdo da satde ambiental com base nesses organismos permite, portanto, ndo apenas
identificar a presenca de poluentes, mas também compreender os efeitos bioldgicos dessas
pressoes sobre populacdes nativas, subsidiando a formulacdo de estratégias de conservacao

mais eficazes e direcionadas.
2.3 GENOTOXICIDADE ERITROCITARIA COMO BIOMARCADOR AMBIENTAL

A bacia hidrografica de um rio funciona como uma unidade ecoldgica integrada: o uso
e ocupagdo do solo em todo o sistema repercute diretamente na qualidade da agua,
influenciando a saude dos ecossistemas aquaticos (Yamamoto et al, 2016). A pressao
antropica, como drenagem de areas imidas para expansdo agricola e a intensificacdo do uso de
pesticidas, compromete a integridade desses sistemas e promove a contaminacdao de ambientes
naturais.

O escoamento das areas cultivadas transporta altos niveis de nitrogénio, fésforo, metais
pesados, pesticidas e fertilizantes. Os componentes minerais diminuem a capacidade das dguas

superficiais de sustentar a vida vegetal e animal, elevando a eutrofizacdo, aumentando a
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turbidez e salinidade, reduzindo a penetracdo de luz e prejudicando zonas de desova de
quelonios. Enquanto isso, a presenca de hidrocarbonetos, metais pesados, herbicidas e solventes
pode induzir danos diretos ao DNA das espécies (Crespo-Lopez et al., 2011).

Essas alteragdes provocam alteracdes comportamentais, fisiologicas, adaptativas e sao
conhecidas por contribuir para processos de carcinogénese, reducdo da fecundidade,
longevidade, do status de saude e das taxas demograficas populacionais (Frossard et al., 2021;
Poletta et al., 2013; Shugart; Theodorakis, 1998).

Dentre a variedade de testes de curto prazo desenvolvidos para detectar danos no DNA,
o teste do Micronucleo (MN) e de outras anomalias nucleares (AN) sdo frequentemente
utilizados pela rapidez, sensibilidade e facilidade de aplicacdo (Poletta et al., 2013). Eles
permitem a caracterizagdo precoce dos danos sofridos em células nucleadas, como quebras de
fita, ligagdes cruzadas e modificacdes de base de DNA (Fenech, 2000; Park; Choi, 2007).
Portanto, compde importantes biomarcadores em estudos ecoldgicos in vivo, especialmente
com espécies que apresentam eritrocitos nucleados, como os répteis (Bonassi; Au, 2002; Poletta
etal.,2013).

O teste MN ¢ uma das técnicas mais utilizadas para monitoramento in situ de poluicao
genotoxica em ambientes naturais. E feita com base na quantificagdo de fragmentos ou
cromossomos inteiros que nao sdo incorporados ao nucleo principal (Fenech, 2000). O
aparecimento de micronucleos resulta tanto de quebras cromossdmicas por reparo deficiente,
quanto da segregacdo cromossdmica inadequada durante a mitose (Frossard et al., 2013; Hatch
et al., 2013). Por isso, ¢ Util para identificar efeitos mutagénicos ou aneugénicos sofridos por
células expostas a agentes genotoxicos.

O teste do micronucleo, inicialmente desenvolvido por Schmid (1975), ¢ definido por
Fenech (2000) como um achado arredondado intracitoplasmatico. O autor também estabelece
os critérios para pontuacao dos MNs: (i) possuir diametro entre 1/16 e 1/3 do didmetro médio
do nucleo principal; (i) auséncia de refratariedade do MNs; (iii) ndo conexao ou sobreposicao
com o nucleo principal (limites bem distinguiveis) e, por fim, (iv) colora¢ao idéntica ou mais
intensa ao nucleo principal.

As outras anormalidades nucleares também refletem danos ao material genético e
disfungdes no ciclo celular (Carrasco; Tilbury; Myers, 1990; Fenech, 2000; Schmid, 1975). Elas
tém sido associadas a fatores de estresse ambiental, e podem incluir diferentes tipos
morfologicos de alteracdo nuclear. De acordo com Carrasco et al. (1990) e Strunjak-Perovic et
al. (2009), compreendendo distintos tipos morfologicos, incluindo brotos nucleares, nucleos

entalhados, lobados, vacuolados e células binucleadas.
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Os nucleos brotos nucleares (blebbed nuclei) sdo caracterizados desde pequenas
protrusdes até estruturas em forma de haste com um término arredondado completamente
circunscritos com membrana nuclear. Os nucleos entalhados sdo caracterizados pela presenca
de uma fenda bem definida, de largura uniforme, que se estende at¢ uma profundidade
apreciavel no nucleo (Carrasco; Tilbury; Myers, 1990; Fenech, 2000).

Nucleos lobados sao determinados pela presenca de evaginagdes maiores que as
“bolhas” descritas acima, mas sem a mesma estrutura detalhada, enquanto nucleos vacuolados
formam aberturas bem definidas, desprovidas de qualquer material visivel (Carrasco; Tilbury;
Myers, 1990; Corredor-Santamaria; Gomez; Velasco-Santamaria, 2016). Por fim, as células
binucleadas sao identificadas pela presenca de dois ntcleos, de tamanhos e coloragao similares
(Strunjak-Perovic et al., 2009). Além dessas alteragdes, outras formas atipicas ja foram
relatadas na literatura, incluindo nucleo em forma de rim, deslocado, nucleo redondo e
eritrocitos anucleados (Strunjak-Perovic et al., 2009).

Estudos com quelonios demonstram que a frequéncia de MN e AN pode variar conforme
a carga de contaminantes no ambiente, especialmente metais pesados, agrotoxicos e residuos
industriais. Frossard ef al. (2021) revelaram um grande nimero de MN em eritrocitos (10-15%)
de filhotes de Podocnemis expansa associado ao acumulo de metais toxicos oriundos do
ambiente. Outros estudos com Podocnemis unifilis também demonstraram a alta ocorréncia de
micronucleos e anomalias nucleares diante da exposi¢cdo a metais pesados como mercurio e
cadmio (Borges et al., 2022; Frossard et al., 2013). Populacdes de Trachemys dorbigni exibiram
MN e alta frequéncia de AN, como 63,8% de brotos nucleares, em ambientes de baixas
concentragdes de oxigénio e altos niveis de fosfato e nitrogénio, demonstrando a eficacia desse
método para monitorar impactos ambientais (Silva et al., 2024).

Em determinados trechos do rio Iguagu, especialmente em areas proximas a centros
urbanos ou com intensa atividade agricola e industrial, foram identificadas concentragdes
elevadas de metais e metaloides dissolvidos na dgua. Tais concentracdes estevam associadas a
bioacumulagdo tecidual em peixes, com altas frequéncias de MN e AN em eritrocitos (Rubio-
Vargas et al., 2024; Yamamoto et al., 2016).

Embora quelonios também apresentem suscetibilidade comprovada a contaminagao por
metais pesados, agrotoxicos e compostos organicos persistentes, até o momento ndo existem
registros na literatura cientifica que avaliem o status genotoxico de cagados na bacia
hidrografica do rio Iguagu. Essa lacuna ¢ particularmente relevante considerando o papel
ecoldgico e a longevidade desses animais, bem como a importancia sociocultural e ambiental

do rio.
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2.4 HEMOGREGARINAS EM QUELONIOS

As hemogregarinas sao protozodrios intraeritrocitarios do filo Apicomplexa, com ciclo
de vida heteroxénico obrigatério que envolve hospedeiros vertebrados e invertebrados
hematéfagos (Siddall; Desser, 2001; Ungari et al., 2024). Para esses parasitos, os hospedeiros
vertebrados atuam como hospedeiros intermediarios, em que realizam a multiplicacdo e
formagdo dos estagios sexuais imaturos nas células sanguineas (O’Donoghue, 2017).

Ja a maturagdo e fertilizagdo geralmente ocorrem nos hospedeiros invertebrados,
produzindo zigotos e entdo os esporozoitos infecciosos (Telford, 2009). As infec¢des sdo
transmitidas a novos hospedeiros vertebrados quando os esporozoitos sao injetados durante o
repasto sanguineo do vetor ou quando os proprios vetores infectados sdo ingeridos
(O’Donoghue, 2017; Siddall, 1995).

Alguns estudos mais antigos propde que as hemogregarinas consideradas com base no
hospedeiro infectado (Siddall, 1995). Nesse caso, todas as hemogregarinas de quelonios sdo
consideradas pertencentes ao género Haemogregarina (sensu stricto), enquanto para peixes
pode-se definir os géneros Desseria ou Cyrilia ou considera-las como Hemogregarina sensu
lato. Por fim, todos os membros do género Haemogregarina em cobras, crocodilos, lagartos,
anfibios, passaros e mamiferos sdo considerados como o género Hepatozoon.

Apesar disso, sdo classificadas em quatro familias: Haemogregarinidae (géneros
Haemogregarina, Cyrilia e Desseria); Hepatozoidae (género Hepatozoon); Karyolysidae
(géneros Karyolysus e Hemolivia; e, por fim, Dactylosomatidae (géneros Dactylosoma e
Babesiosoma) (Telford, 2009).

A maioria dos estudos clinicos t€m se limitado aos estagios do ciclo de vida
intraeritrocitico, uma vez que sdo facilmente detectados em esfregagos de sangue periférico
(O’Donoghue, 2017). Diversas espécies foram descritas apenas com base na ocorréncia do
hospedeiro e seus os efeitos fisiologicos e imunolégicos permanecem pouco elucidados (Ungari
et al., 2023). Apesar disso, hd grande inconsisténcia na literatura acerca da identificagdo
morfoldgica das formas infectantes, o que torna necessaria a utilizagdo de técnicas moleculares
para diagnostico das diferentes espécies (Dvotrdkova et al., 2015; Rakhshandehroo;
Sharifiyazdi; Ahmadi, 2016).

Um estudo molecular em cagados da Amazonia identificou sete espécies de
Haemogregarina, incluindo H. embaubali, H. goianensis, H. brasiliana e descri¢des de seis
novas espécies, com prevaléncia de até 85 % em Podocnemis spp. (Ungari et al., 2023). Outras

pesquisas também demonstram altas taxas de infec¢ao e diferentes espécies do hemoparasito
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em populagdes de queldnios silvestres (Oliveira et al., 2018; Picelli et al., 2015; Ungari etal.,
2018, Ungari et al., 2023).

Embora essas infecgdes sejam tradicionalmente consideradas de baixa patogenicidade,
parasitemias intensas tém sido associadas a alteracdes hematoldgicas em queldnios,
especialmente em areas degradadas. Essas alteragdes estdo correlacionadas a diminui¢do na
condigao corporal e aumento de vulnerabilidades fisiologicas (Oliveira et al., 2018; Silva et al.,
2024).

Além disso, ¢ importante ressaltar que a presenca de infecgao implica na necessidade
de contato com o vetor que, no caso dos queldnios, ¢ comum a sanguessuga (O’Donoghue,
2017; Telford, 2009; Ungari et al., 2023). O nimero ¢ a diversidade de sanguessugas estdo
relacionados a fatores fisicos e quimicos promovidos por ambientes com altos niveis de
poluentes organicos (Cortelezzi et al., 2018; Koffler; Seigel; Mendonca, 1978).

Em um estudo realizado por Brites e Rantin (2004), foi demonstrada a correlacdo entre
infestacdo por sanguessugas em P. geoffroanus e a qualidade da agua. A infestagdo esteve
presente apenas em areas contaminadas com efluentes domésticos e industriais. Dessa forma, a
presenca de sanguessugas pode ndo apenas atuar como vetor de hemoparasitos, mas também
indicar ambientes com baixa qualidade de 4dgua e alta carga orgénica (Brites; Rantin, 2004;
Cortelezzi et al., 2018; McCoy et al., 2007).

A associacdo entre a ocorréncia de hemogregarinas, a abundincia de vetores e a
condi¢do fisiologica dos hospedeiros ¢ capaz de fornecer informagdes valiosas para o
entendimento das interagdes entre parasitismo e qualidade ambiental. A investigacdo dessas
relagdes em queldnios da bacia do rio Iguacu, ainda inexplorada, representa uma oportunidade
para integrar aspectos de ecoparasitologia e biomonitoramento em regides sob pressao

antrdpica crescente.



21

3 OBJETIVO

3.1 OBJETIVO GERAL

Comparar indicadores de genotoxicidade eritrocitaria e a ocorréncia de hemogregarinas

em cagados em diferentes ambientes hidrograficos do Parque Nacional do Iguagu.

3.2 OBJETIVOS ESPECIFICOS

a)

b)

d)

Comparar a frequéncia de micronticleos e anormalidades nucleares eritrocitarias
entre individuos de Phrynops geoffroanus coletados no leito principal do Rio Iguacu
(em trecho sob influéncia direta do Parque Nacional do Iguagu) e em seus afluentes
(rios Floriano e Silva Jardim), sujeitos a distintos niveis de impacto antropico;
Determinar a ocorréncia e a intensidade de infec¢do por parasito dos do género
Hemogregarina de Phrynops geoffroanus nas diferentes localidades do Parque
Nacional do Iguacgu;

Avaliar a associacdo entre a infecgdo por hemogregarinas, infestacdo por
sanguessugas € os parametros biométricos de Phrynops geoffroanus do Parque
Nacional do Iguagu;

Produzir informagdes técnicas e cientificas que subsidiem a discussao e formulacao
de estratégias de monitoramento ambiental e conservagdo de quelonios em

ecossistemas dulcicolas sob influéncia antropica.
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4 MATERIAL E METODOS

As atividades de captura animal e amostragem bioldgica foram conduzidas como parte
do Plano de A¢ao para a Conservacao da Herpetofauna do Sul, coordenado pelo Centro de
Pesquisa e Conservacdo de Répteis e Anfibios (ICMBio/RAN), e foram autorizadas pelo
Sistema de Informacao e Autorizagdo para a Biodiversidade (SISBIO/ICMBio) sob a licenga
n® 91311-2 (Anexo A). Os materiais utilizados foram, portanto, cedidos pelo RAN/ICMBio

para realizacao da pesquisa (Anexo B).
4.1 CARACTERIZACAO DA AREA DE ESTUDO

Os espécimes foram capturados em quatro ambientes hidrograficos distintos da Bacia
Hidrografica do Rio Iguagu: Ilha Geninho (25°36'02"S 53°48'48"W), Rio Floriano (25°32'10"S
53°48'36"W), Rio Silva Jardim (25°34'56"S 53°5429"W) e, finalmente, Ilha do Sol
(25°33'30"S 54°04'07"W) (Figura 1).

Os rios Floriano e Silva Jardim sdo tributarios do Rio Iguagu, localizados em uma zona
critica de transi¢do entre fragmentos florestais nativos e areas ambientalmente impactadas. A
sub-bacia do Rio Floriano (FL-r) estd inteiramente dentro do PNI, especificamente em sua zona
intangivel, a qual objetiva manter os atributos naturais em seu estado mais primitivo. Dessa
forma, ¢ possivel sua utilizagdo como area de referéncia ou controle para definicdo de
parametros de conservacao € monitoramento (Silva et al., 2022). Em contraste, a nascente € o
trecho inicial do Rio Silva Jardim (SJ-r) estdo localizados fora dos limites do PNI, em uma
regido ocupada por atividades agricolas e pastoris, tornando-o mais vulneravel a interferéncia
antropica. Consequentemente, a cobertura vegetal das duas sub-bacias, calculada a partir dos
dados do MapBiomas (2024), difere significativamente: 99,31% no rio Floriano e 45,89% no
rio Silva Jardim.

Ja as Ilhas do Sol (SOL-1) e Geninho (GEN-i) estdo localizadas no leito principal do Rio
Iguagu, e recebem influéncia direta de efluentes oriundos de margens com caracteristicas
ambientais contrastantes. No lado norte do rio, estd localizado o PNI, enquanto o lado sul ¢
marcado por intensa atividade agropecuaria e presenga de empreendimentos industriais, com
baixa cobertura vegetal. Essa configuragdo geografica faz com que SOL-i ¢ GEN-i estejam
submetidas a um regime hidrico misto, combinando a influéncia de aguas mais preservadas,
oriundas da zona protegida do PNI, com 4guas de maior carga antropica vindas de areas ndo

protegidas.
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Figura 1 — Mapa demonstrativo dos quatro ambientes hidrograficos distintos do Rio Iguagu,

onde foram realizadas as coletas: Ilha Geninho, Rio Floriano, Rio Silva Jardim e Ilha do Sol
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Fonte: Arquivo pessoal (2025).

4.2 AMOSTRAGEM

Para a captura dos animais, foram utilizadas armadilhas do tipo covo (funnel trap),
medindo 80 x 46 x 20 cm, malha de 15 mm, iscadas com uma mistura de carne moida, figado
bovino, sardinha entalada, abacaxi e ragdo seca para gatos. As iscas eram armazenadas em

recipiente que ndo possibilitava o acesso dos cagados para real consumo do contetido. A fim de
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evitar afogamento dos quelonios, as armadilhas possuiam um sistema de flutuagao, que permitia
cerca de 30% de emersdo de sua estrutura. As armadilhas foram instaladas ao longo das margens
dos ambientes, registradas e numeradas em um equipamento de GPS, no periodo da manha
(8h), revisadas e retiradas apds 24 horas.

Os individuos que ndo pertenciam a espécie estudada, foram imediatamente devolvidos
ao ambiente natural. Os cdgados capturados foram contidos manualmente, identificados e
etiquetados quanto ao local da armadilha e levados a base de pesquisa do ICMBio.
Posteriormente, foram registrados os parametros biométricos, com o auxilio de um paquimetro
digital, incluindo comprimento e largura méxima da carapaga, comprimento e largura maxima
do plastrdo (em centimetros) e massa corporal (em gramas).

A determinacdo do sexo foi baseada no comprimento da cauda e na posi¢do da cloaca
em relagdo a carapaga, conforme descrito por Rueda-Almonacid et al. (2007). Além disso, foi
realizada a inspe¢do visual de alteragdes, como a presenca de lesdes, deformidades na carapaca
e namero de ectoparasitos.

A coleta de sangue foi realizada por puncao do seio venoso cervical dorsal, respeitando
os limites de 0,5 a, no maximo, 0,8% do peso corporal em gramas. Para tanto, foi feita a
antissepsia da regido e utilizada uma seringa descartavel 1 mL equipada com uma agulha 21
G1 Y (calibre 30 x 0,8 mm).

Imediatamente apds a coleta, dois esfregacos sanguineos foram preparados utilizando
laminas de vidro com ponta fosca 27 x 76 mm limpas identificadas e deixadas para secagem
sob temperatura ambiente. Apds realizados todos os procedimentos previstos pelo Programa de
Monitoramento, os animais foram devolvidos no exato local de suas capturas, com o auxilio

das marcagoes de GPS.

4.3 ANALISES LABORATORIAIS

As analises laboratoriais foram realizadas no Laboratorio de Analises Clinicas da
Universidade Federal da Fronteira Sul. As laminas de esfregacos sanguineos foram fixadas com
metanol absoluto por 10 minutos e coradas pelo método de May-Griinwald Giemsa.
Posteriormente, foram analisadas em microscopio optico com ampliagao de 1000x e imersao
em Oleo para laminas, seguindo a técnica de Zig-Zag, para evitar repetigdes. As laminas
codificadas e randomizadas foram pontuadas as cegas por um unico observador. Para cada
individuo, 3.000 eritrécitos foram avaliados para quantificar a presenca de alteragdes

genotoxicas e de hemoparasitos.
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4.3.1 INDICADORES DE GENOTOXICIDADE

Os critérios para pontuacdo dos micronucleos (MNs) seguiram o proposto por Fenech
(2000), de modo que foram considerados apenas aqueles que apresentaram as seguintes
carateristicas: (i) didmetro entre 1/16 e 1/3 do didmetro médio do nucleo principal; (ii) auséncia
de refratariedade do MNss; (iii) ndo conexao ou sobreposicdo com o nucleo principal (limites
bem distinguiveis) e, por fim, (iv) coloracdo idéntica ou mais intensa ao nticleo principal.

As anormalidades nucleares foram classificadas de acordo com Carrasco et al. (1990) e
Strunjak-Perovic et al. (2009), compreendendo distintos tipos morfologicos. Os nucleos
blebbed (bolhas) (i) foram caracterizados de pequenas protrusdes até estruturas em forma de
haste com um término arredondado completamente circunscritos com membrana nuclear.
Nucleos lobados (ii) foram determinados quando apresentavam evaginagdes maiores que as
“bolhas” descritas acima, mas sem a mesma estrutura detalhada. Nucleos vacuolados (iii)
aberturas bem definidas, desprovidas de qualquer material visivel. Os nicleos entalhados (iv)
foram caracterizados pela presenga de uma fenda bem definida, de largura uniforme, que se
estendia at¢é uma profundidade apreciavel no nucleo. Células binucleadas (v) foram
identificadas pela presenga de dois nucleos, de tamanhos e coloragao similares. Além dessas
alteragdes, outras formas atipicas foram registradas, incluindo nticleo em forma de rim (vi),

deslocado (vii), nticleo redondo (viii) e eritrocitos anucleados (ix).

4.3.2 PESQUISA DE HEMOGREGARINA

A pesquisa de hemogregarinas foi realizada por meio da analise morfoldgica direta de
esfregacos sanguineos corados, empregando o mesmo conjunto de laminas utilizadas na
avaliacdo dos indicadores de genotoxicidade, bem como a mesma metodologia de leitura.
Foram avaliadas a presenga e a morfologia dos hemoparasitos, além da quantificacdo dos
mesmos. As analises permitiram, portanto, estimar a ocorréncia de infec¢do nos animais e

estimar a intensidade parasitaria.

4.4 ANALISE ESTATISTICA

Todas as analises estatisticas foram conduzidas no sofiware RStudio (R Core Team,
2023), utilizando os pacotes tidyverse, vegan, car, rstatix, FSA e ggpubr. Para avaliar a
normalidade da distribui¢ao dos dados de cada varidvel continua, aplicou-se o teste de Shapiro-

Wilk. A homogeneidade das variancias foi testada com o teste de Levene. Com base nos
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pressupostos da normalidade, os dados foram expressos em média + DP (desvio-padrdo) ou
mediana e intervalo interquartil [25-75].

A fim de detectar as diferencas entre os grupos ambientais, optou-se pela realizagcdo do
teste nao paramétrico de Kruskal-Wallis, complementado pelo teste post hoc de Dunn com
correcao de Bonferroni. As correlagcdes entre as variaveis continuas (como frequéncia de
biomarcadores genotdxicos, intensidade de ecto e hemoparasitos e medidas biométricas) foram
investigadas por meio dos testes de correlacdo de Spearman.

Para variaveis categoricas, as associagdes entre os grupos e a ocorréncia de infec¢ao por
hemogregarinas e infestagdo por sanguessugas foram avaliadas por meio do teste do qui-
quadrado. Adicionalmente, foi testada a associagdo entre a presenca de hemogregarinas e a
infestacdo por sanguessugas utilizando o mesmo teste, considerando ambas as varidveis como

dicotOomicas.
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5 RESULTADOS

Os resultados da pesquisa foram descritos na forma de dois artigos cientificos, conforme
estabelece a normatizacao de trabalhos académicos do Programa de P6s-graduacdo em Saude,
Bem-estar e Produgao Animal Sustentavel na Fronteira Sul (PPG-SBPAS).

Os dados e discussoes referentes a avaliagdo de genotoxicidade estdo relatadas na
Sessdo 6. Artigo I, seguindo as normas pertinentes do periddico “Environmental Science and
Pollution Research” (Anexo C). J& os dados e discussdes pertinentes a pesquisa de
hemogregarinas encontram-se na Sessdo 7. Artigo II, nas normas pertinentes do periddico

“Parasitology Research” (Anexo D).
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Abstract

This study evaluated genotoxicity indicators (micronuclei (MNs) and nuclear abnormalities
(NAs)) in populations of Phrynops geoffroanus from four distinct environments in the Lower
Iguagu River. A total of 56 animals were collected from the Silva Jardim River (SJ-r), Floriano
River (FL-r), and Geninho (GEN-i) and Sol (SOL-i) islands. Mean MN frequency varied among
groups, being 0.29 £+ 0.63 in SJ-r, 0.38 £ 0.50 in FL-r, 0.25 £ 0.39 in SOL-i, and absent in GEN-
1, with no statistically significant differences between sites (p = 0.32). NAs were detected in 32
individuals, with a mean frequency of 7.2 per 1,000 cells, also showing no significant variation
among environments (p = 0.81). These results suggest relative homogeneity among sampled
environments, possibly influenced by the filtering role of the Iguagu National Park, which
mitigates contamination originating from adjacent rural properties. Despite low frequencies of
indicators of genotoxic damage observed, the presence of nuclear alterations typical of genetic
stress reinforces the importance of continuous monitoring of these environments and
conservation of protected areas to maintain ecological integrity.

Keywords: erythrocytic, micronuclei, nuclear abnormalities, Iguacu National Park, freshwater

turtles
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Introduction

The Iguacu River is one of the main watercourses in the southern region of Brazil, with
a drainage basin of approximately 70,800 km? encompassing the states of Parand, Santa
Catarina, and part of northeastern Argentina. Originating in the municipality of Curitiba, in the
state of Parana (PR), the river stretches for 1,320 km and is traditionally divided into three
segments: Upper, Middle, and Lower Iguacu (Lehun et al. 2021).

The Upper Iguagu encompasses the stretch between its source and the city of Porto
Amazonas, characterized by urbanized areas, the presence of dams, and high anthropogenic
impact (Morais et al. 2024; Lehun et al. 2021). The Middle Iguagu extends to the region of
Unido da Vitdria, traversing areas that include remnants of Atlantic Forest and agricultural land
use. Finally, the Lower Iguagu, the terminal section before the confluence with the Parana
River, runs through the vicinity of Iguagu National Park (INP), an area of significant ecological
preservation (Morais et al. 2024).

According to data from MapBiomas Brasil (2024), despite hosting the Iguagu National
Park (INP) as an important conservation unit, the Lower Iguacu region had only 28.80% forest
cover in 2023. In contrast, approximately 67.58% of its hydrographic area is predominantly
occupied by agricultural fields and pasture.

Agricultural occupation, pasture establishment, and land use directly influence the
contamination of freshwater ecosystems (Singh et al. 2022; Yamamoto et al. 2018). Fertilizers
and pesticides are considered the main pollutants derived from these activities (Jadon et al.
2022; Santos and Laranja 2024). These substances often contain chemical compounds such as
heavy metals, which are known to be associated with adverse health effects in exposed
organisms, promoting physiological imbalances, genetic instability, and impairments in growth
and development (Crespo-Lopez et al. 2011; Poletta et al. 2013).

In this context, the use of biomarkers to assess environmental quality and species health
status enables the early detection of biological damage caused by such chemical substances or
other environmental stressors (Crespo-Lopez et al. 2011; Frossard et al. 2021; Poletta et al.
2013; Silva et al. 2024).

DNA damage assessment has been widely used as a method to quantify cellular events
induced by aquatic contaminants (Park and Choi 2007; Silva et al. 2024). Among the main
available tests are the quantification of micronuclei (MNs) and other nuclear abnormalities

(NAs) in erythrocytes, which are capable of indicating genotoxic and mutagenic effects
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(Bonassi and Au 2002; Poletta et al. 2013). These are also simple, minimally invasive methods
that do not require animal euthanasia (Poletta et al. 2013).

For the effective application of such biomarkers, it is essential to select sentinel
organisms that are representative of the studied environments and responsive to environmental
changes. The Geoffroy’s Side-necked Turtle [Phrynops geoffroanus (Schweigger, 1812)] is a
freshwater chelonian endemic to South America (Vogt et al. 2023). With generalist habits, it is
widely distributed throughout Brazil and inhabits a broad range of habitats (Venancio et al.
2013; Vogt et al. 2023). These traits, combined with its opportunistic diet, long life spans and
high site fidelity make the species an ideal for monitoring ambiental areas (Zapata et al. 2016;
Castafio et al. 2020).

The present study aimed to report genotoxicity indicators in Phrynops geoffroanus
populations from four distinct hydrographic environments of the Iguagu River, in order to
investigate the environmental impacts to which the species is exposed. The results aim to
contribute to the understanding of this chelonian’s use as a bioindicator of impacted ecosystem

quality and to support conservation and management strategies.

Materials and Methods

Animal capture and biological sampling activities were conducted as part of the Action
Plan for the Conservation of Southern Herpetofauna coordinated by the Research and
Conservation Center for Reptiles and Amphibians (ICMBi0o/RAN), and were authorized by the
Biodiversity Information and Authorization System (SISBIO/ICMBio) under permit n°. 91311-
2.

Study Area Characterization

Specimens were captured in four distinct hydrographic environments of the Iguacu
River: Geninho Island (25°36'02"S 53°48'48"W), Floriano River (25°32'10"S 53°48'36"W),
Silva Jardim River (25°34'56"S 53°5429"W), and, finally, Sol Island (25°33'30"S 54°04'07"W)
(Figure 1).

The Floriano and Silva Jardim rivers are tributaries of the Lower Iguacu located in a
critical transition zone between native forest fragments and environmentally impacted areas.

The Floriano River (FL-r) sub-basin lies entirely within the strict protected zone of the INP,
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favoring its use as a reference or control area for defining conservation and monitoring
parameters (Silva et al. 2022).

In contrast, the headwaters and initial stretch of the Silva Jardim River (SJ-r) are located
outside the park boundaries, in a region occupied by agricultural and pastoral activities, making
it more vulnerable to anthropogenic interference. Consequently, the vegetation cover of the two
sub-basins differs significantly: 99.31% in the Floriano River and 45.89% in the Silva Jardim
River.

Sol Island (SOL-1) and Geninho Island (GEN-i) are located in the main channel of the
Lower Iguacu River and are directly influenced by tributaries whose banks exhibit contrasting
environmental characteristics. The northern bank of the river lies within the boundaries of PNI,
the southern bank is characterized by intensive agricultural and industrial use. This
geographical configuration exposes the islands to a mixed hydrological regime, combining
inputs from relatively pristine waters originating in the protected zone of the PNI with more

anthropogenically impacted waters from unprotected surrounding areas.

Figure 1 — Sampling sites where Phrynops geoffroanus individuals were captured in the

Lower Iguagu River, Parand, Brazil.
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Capture, Biometric Measurements, and Blood Sampling

For animal capture, funnel traps were used in the control area, baited with a mixture of
ground beef, bovine liver, pineapple, canned sardines and dry cat food. Each captured
individual was individually marked by making unique combinations of notches on the marginal
scutes of their carapace, allowing for future identification (Ferner 1979). Subsequently,
biometric parameters were recorded, including maximum carapace length (MCL) and width
(MCW), maximum plastron length (MPL) and width (MPW) (in centimeters), and body mass
(in grams).

Sex determination was based on tail length and the position of the cloaca relative to the
carapace, as described by Rueda-Almonacid et al. (2007), (e.g. in Chelidae, males exhibit
longer tails than females; Brito et al. 2022). Additionally, external visual alterations were noted,
such as the presence of lesions, carapace deformities, and visible ectoparasites. Blood collection
was performed by puncture of the dorsal cervical venous sinus, using a 1 mL heparinized
disposable syringe fitted with a 30 x 0,8 mm gauge needle. For each animal, two blood smears

were prepared immediately after collection using clean microscope slides.

Genotoxic Analyses

Blood smear slides were fixed with absolute methanol for 10 minutes and stained using
the May-Griinwald Giemsa method. Subsequently, the slides were analyzed under a light
microscope using a 1000x oil immersion objective. For each individual, 3,000 erythrocytes
were evaluated to quantify the presence of micronuclei (MNs) and nuclear abnormalities (NAs).

MNs were scored following the criteria proposed by Fenech (2000), whereby only those
presenting the following features were considered: (i) a diameter between 1/16 and 1/3 of the
mean diameter of the main nucleus; (ii) absence of refractility; (iii) no physical connection or
overlap with the main nucleus, with clearly distinguishable boundaries; and (iv) coloration
equal to or more intense than that of the main nucleus.

Nuclear abnormalities were classified according to the morphological criteria described
by Carrasco et al. (1990) and Strunjak-Perovi¢ et al. (2009), encompassing distinct structural
alterations. Blebbed nuclei (i) were characterized by small protrusions of the nuclear membrane,
ranging from minor bulges to elongated stalk-like structures with rounded ends, fully enclosed
by nuclear membrane. Lobulated nuclei (i1) were defined by the presence of larger evaginations

compared to blebs, lacking detailed compartmentalization. Vacuolated nuclei (iii) exhibited
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well-defined internal voids devoid of visible cytoplasmic or chromatin material. Notched nuclei
(iv) were identified by deep, uniform-width indentations that extended into the nuclear area.
Binucleated cells (v) displayed two nuclei of similar size, shape, and staining intensity within
the same cytoplasm. Additionally, atypical nuclear morphologies were recorded, including
kidney-shaped (vi), displaced (vii), round nuclei (viii), and anucleated erythrocytes (ix). All
morphological analyses were performed by a single pathologist evaluator with experience in

blood smear interpretation ensuring standardization and reliability of the data obtained.

Statistical Analysis and Data Interpretation

Data were tested for normality using the Shapiro-Wilk test. Results were expressed as
mean + standard deviation (SD) for parametric data or median [interquartile range 25-75] for
non-parametric data. For comparison purposes, the assessment of genotoxic potential was
performed following the formula proposed by Zapata et al. (2016), expressed as MNs per 1,000
cells: MN frequency = (number of cells containing micronuclei x 1000) / total number of cells
counted. Kruskal-Wallis tests were used to compare MN and NA counts among sampling sites.
Spearman’s rank correlation tests were applied to assess associations between MN test results
and NAs, as well as to examine their relationship with turtle body size. In all cases, a 95%
confidence level (p < 0.05) was considered statistically significant. Statistical analyses were

conducted using RStudio software (version 2025.05.1+513).

Results and Discussion

In total, data and biological samples from 56 individuals of Phrynops geoffroanus
captured during the monitoring period were analyzed. The data obtained regarding body
parameters and general condition of the animals are presented in Table 1. Several individuals
exhibited lesions, both acquired and congenital, affecting structures such as the carapace,
plastron, and limbs.

Females (n = 30) were smaller and lighter than males (n = 11), with statistical
significance determined at p <.001, consistent with findings reported in previous literature for
the species (Souza and Abe 2000; Rueda-Almonacid et al. 2007). Others 15 specimens were

classified as juveniles or could not be sexed.
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Table 1 — Biometric data of Phrynops geoffroanus individuals captured in the Lower Iguacu

River, Parana, Brazil

Female (n=30) Male (n=11) No sexed (n=15)
MCL (cm) 172.12 [153.18 - 213.37]* 246.39 +.70.56* 118.58 [108.81 - 138.88]*
MCW (cm) 141.80 [132.62 - 175.38]* 186.35 + 45.64* 100.67 [94.02 - 112.56]*
MPL (cm) 168.54 + 39.83* 206.25 £ 63.07* 108.59 [99.86 - 115.67]*
MPW (cm) 113.24 [103.64 - 141.15]* 146.51 +37.03* 76.13 [70.93 - 84.50]*
BM (g) 540 [389 — 1007.5]* 1468.64 + 1063.76* 170 [138.75 - 225]*

Note: maximum carapace length (MCL) and width (MCW), maximum plastron length (MPL) and width (MPW)
and body mass (BM). Asterisks indicate significance values (p < 0.001).

In studies evaluating genotoxicity in reptiles, baseline values of MNs and NAs were
considered independent of clutch origin, sex, and body size. This not only demonstrates the
suitability of these techniques as accurate biomonitoring tools, but also highlights the feasibility
of studies without strict sample stratification (Poletta et al. 2013). Accordingly, and due to
differences in sample size among environments, males, females, and unsexed individuals were
analyzed together for the genotoxic assessments.

Based on their capture site, individuals were assigned to four groups: Silva Jardim River
(SJ-r), Floriano River (FL-r), Geninho Island (GEN-i), and Sol Island (SOL-1). The number of
individuals varied across environments. The majority of turtles were captured at tributaries,
with 29 individuals in SJ-r and 14 in FL-r. In contrast, fewer animals were recorded in island
environments, with 8 individuals in SOL-1 and 5 in GEN-i.

Although considered a highly adaptable species, the Geoffroy’s side-necked turtle is
most commonly found in slow-moving rivers, streams, and lagoons bordered by gallery forests
with closed canopy cover (Souza and Abe 2000; Rueda-Almonacid et al. 2007; Miiller et al.
2019). Geninho and Sol Islands are located in the main channel of the Lower Iguagu River, an
area characterized by natural rapids and abrupt water level fluctuations influenced by the
operation of the Lower Iguagu Hydroelectric Power Plant (IAT 2016; Lehun et al. 2021). These
fluctuations may reduce habitat stability, affecting the availability of basking, refuge, and
foraging sites, as well as impairing turtle movement and residency in these areas (Barcenas-
Garcia et al. 2022).

In contrast, tributary rivers such as the Floriano and Silva Jardim exhibit narrower, more
sheltered channels with less direct influence from hydroelectric operations and greater riparian

vegetation cover, as they are protected within the boundaries of the Iguacu National Park



35

(MapBiomas 2024). Thus, the higher density of individuals recorded in these tributaries may
reflect not only an ecological preference for physical stability and resource availability, but also
possible indirect effects of anthropogenic pressures such as damming and alterations in the
flood pulse within the main stretches of the Iguagu River (Barcenas-Garcia et al. 2022).

Micronuclei (MNs) were observed in 17 of the 56 individuals analyzed. Among the
sampling groups, FL-r showed the highest proportion of individuals with MNs, with 42.8%
(6/14) of the animals exhibiting this erythrocytic alteration. In contrast, no MNs were observed
in any individuals from the GEN-i group.

The mean MN frequency per 1,000 erythrocytes varied among groups: 0.29 £ 0.63 in
SJ-r (range: 0 to 3 MNs/1,000 cells), 0.38 = 0.50 in FL-r (0 to 1 MN/1,000), 0.25 £+ 0.39 in
SOL-1 (0 to 1 MN/1,000), and complete absence in GEN-i. Despite these numerical differences,
no statistically significant difference was detected among groups (p = 0.32), which may be
attributed to both the low magnitude of values and the high intraindividual variability, as well

as the relatively small sample size in the island groups (Figure 2).

Figure 2 — Comparison of mean frequencies of micronucleus (MNs) among groups of

Phrynops geoffroanus from different hydrographic environments of the Lower Iguagu River
Group 1 soL-i B sJr B FLr B GEN-i
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Note: Groups correspond to sampling sites: Silva Jardim River (SJ-r), Floriano River (FL-r), Geninho Island
(GEN-i), and Sol Island (SOL-1).
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Analysis of morphometric parameters showed no significant correlation with MN
frequency, including carapace length, carapace width, and body mass (p > 0.3 for all
comparisons). These findings are consistent with previous studies that found no direct
relationship between the physical size of chelonians and the occurrence of genetic damage
(Zapata et al. 2016).

Micronuclei are considered markers of the final stage of DNA damage, arising during
cell division as a consequence of chromosome breakage or the loss of fragments that are not
incorporated into the main nucleus (Fenech 2000; Silva et al. 2024). Other studies on genotoxic
damage have reported baseline mean frequencies of 0.78 + 0.58 in Trachemys callirostris, 3.56
+ 1.39, in Phrynops hilarii, and 1.2 in Trachemys dorbigni (Latorre et al. 2015; Zapata et al.
2016). MN frequencies below 3 per 1,000 cells have been described as expected in wild, healthy
reptile populations (Borges et al. 2022; Castafio et al. 2020; Poletta et al. 2013). Therefore, the
low frequency observed in the animals of this study may reflect a basal condition, compatible
with the normal functioning of cellular repair mechanisms.

Regarding nuclear abnormalities (NAs), all previously described categories were
observed, including vacuolated, anucleated, and binucleated erythrocytes, as well as blebbed,
round, kidney-shaped, notched, lobed, and displaced nuclei (Figure 3). Among the 56
individuals analyzed, 32 exhibited at least one of these alterations, with a total mean frequency

of 7.2%.

Figure 3 — Photomicrographs of genotoxic indicators observed in erythrocytes of Phrynops

geoffroanus captured in the Lower Iguacu River, Parana, Brazil
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Note: (A) Micronucleus; (B—J) Nuclear Abnormalities, including (B) round nucleus, (C) anucleated cell, (D)
blebbed nucleus, (E) displaced nucleus, (F) notched nucleus, (G) vacuolated nucleus, (H) binucleated erythrocytes,
() lobed nucleus, and (J) kidney-shaped nucleus. Staining: May-Griinwald-Giemsa; Objective: 100x with
immersion oil.
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Mean frequencies of NAs showed slight variation among groups: 0.65 + 0.82 in SJ-r
(range: 0 to 3 NAs/1,000 cells), 0.59 = 1.07 in FL-r (0 to 4 NAs/1,000), 1.21 = 1.56 in SOL-i
(0 to 4 NAs/1,000), and 0.67 + 1.16 in GEN-i (0 to 3 NAs/1,000). Although statistical analysis
did not reveal significant differences among environments (p = 0.81), the presence of these
alterations is biologically relevant, as they are associated with disturbances in the early stages
of cell division, particularly in DNA replication and chromosomal segregation processes

(Poletta et al. 2013; Mitkovska and Chassovnikarova 2020).

Figure 4 — Comparison of mean frequencies of nuclear abnormalities (NAs) among groups of

Phrynops geoffroanus from different hydrographic environments of the Lower Iguacu River.
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Note: Groups correspond to sampling sites: Silva Jardim River (SJ-r), Floriano River (FL-r), Geninho Island

(GEN-i), and Sol Island (SOL-1).

Among the identified abnormalities, blebbed nuclei were by far the most frequent type,
with a mean of 0.26 + 0.44 per 1,000 cells, observed in 39.29% of the individuals. This finding

corroborates the results of Silva et al. (2024), who also reported a predominance of this
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alteration in Trachemys dorbigni collected from environments with anthropogenic disturbance.
This nuclear alteration is considered an early indicator of genomic instability and has been
associated with environmental exposure to xenobiotics, particularly pesticides and heavy metals
(Mitkovska and Chassovnikarova 2020; Borges et al. 2022).

The correlation test revealed a positive association between micronucleus and NA
counts (p = 0.001; p = 0.430). The correlation between these biomarkers has been reported in
other studies involving reptiles and fish exposed to persistent organic pollutants, heavy metals,
and urban waste (Corredor-Santamaria et al. 2016; Silva et al. 2024), reinforcing their utility as
complementary tools in ecotoxicological biomonitoring programs.

The absence of significant differences in genotoxic biomarkers among the evaluated
environments may be related to the role of the Iguagu National Park (INP) as an “ecological
filter,” since all four sampling sites are located within or adjacent to the park boundaries (Silva
et al. 2022). The results suggest that natural protective mechanisms provided by remnants of
native vegetation, combined with the park's status as a conservation unit, may help mitigate the
influx of diffuse pollutants from surrounding areas, particularly those originating from nearby
rural properties (Duan et al. 2021; Wang et al. 2024).

However, the influence of agricultural activities near the boundaries of the INP should
not be underestimated. Adjacent farms, often associated with intensive use of fertilizers and
pesticides, may represent a constant source of contaminants entering the tributaries and,
consequently, the main channel of the Iguacu River through processes such as leaching and
surface runoff, especially during periods of heavy rainfall (Lehun et al. 2021; Wang et al. 2024).

Furthermore, in both the MN and AN evaluations, numerous outliers were observed
(Figure 4). Although such values may reflect genuine biological variation, their high frequency
in this study suggests a notable limitation related to sample size, which compromises
representativeness and restricts the power of statistical analyses. Additionally, the low sampling
density, particularly in the island areas, may have obscured ecologically relevant patterns and
hindered the detection of significant differences among groups.

Phrynops geoffroanus, a freshwater turtle species widely distributed in South America,
exhibits generalist habits and an opportunistic omnivorous diet, feeding on invertebrates, fish,
fruits, and even carrion (Ribeiro et al. 2017). While this ecological plasticity favors adaptation
to a variety of habitats, it also increases the species' susceptibility to contaminant
bioaccumulation in aquatic ecosystems, whether through ingestion, dermal contact, or
respiration (Venancio et al. 2013). Although the species is not currently classified as threatened

and shows some resilience to environmental disturbances, the results obtained in this study may
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serve as a baseline for future long-term monitoring efforts. These data are also relevant for
guiding conservation unit management strategies, providing evidence regarding the ecological

tolerance limits of the species in the face of chronic contaminant exposure.

Conclusion

This study highlights the usefulness of Phrynops geoffroanus as a bioindicator of
environmental quality in aquatic habitats of the Lower Iguacu River. The low frequency of
genotoxic biomarkers and the absence of significant differences among groups suggest that
Iguagu National Park may function as a barrier to environmental contamination. Conversely,
this pattern may also reflect, and reinforce, the idea that this species is well adapted to
anthropogenically altered environments. These findings underscore the importance of
maintaining and monitoring protected areas, particularly those bordering agricultural
landscapes. Future research involving broader sampling efforts and interregional and
interspecific comparisons is recommended to enhance understanding of the environmental
impacts on freshwater turtle populations, reduce potential biases related to species adaptability,

and inform effective conservation strategies.
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Abstract

This study aimed to investigate the occurrence and parasitemia of hemogregarines in Phrynops
geoffroanus individuals collected from hydrographic environments, as well as to evaluate the
association between infection, host biometric parameters, and leech infestation. 58 individuals
were captured across two islands and two tributaries of the Iguacgu River, and 3,000 erythrocytes
per animal were analyzed on blood smears. A high infection ocurrence was observed (82.76%),
but the mean parasitemia was low (0.33%). No differences in infection rates were found among
sampling sites (y* = 4.89; p = 0.18). A positive correlation was found between hemogregarine
infection and host body size (rs = 0.632; p < 0.001), suggesting that larger or older individuals
are more likely to be infected. Leech infestation was recorded in 20.69% of the turtles, with
similar frequencies among the sampled environments. The presence of leeches was positively
correlated with both host body size (rs=0.512; p < 0.001) and hemogregarine infection (rs =
0.267; p = 0.043), reinforcing the role of leeches as biological vectors. The detection of leeches
within a protected area such as PNI suggests low levels of agrochemicals that are toxic to these
vectors, such as atrazine, highlighting the park’s buffering role against anthropogenic pressures.
These findings wunderscore the importance of eco-epidemiological surveillance of
hemoparasites in aquatic reptiles and support the use of P. geoffroanus as a bioindicator of
environmental health in transitional zones between protected areas and agricultural landscapes.

Keywords: eco-epidemiology; freshwater turtle; leech; Iguagu National Park
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Introduction

Hemogregarines are intracellular blood parasites of the filo Apicomplexa, widely
distributed among various ectothermic vertebrates such as fish, amphibians, and reptiles
(Telford 2009; Nardini et al. 2013). These hemoparasites exhibit a heteroxenous life cycle that
involves biological vectors for maturation, reproduction, and transmission to the vertebrate host
(Nardini et al. 2013; O’Donoghue 2017).

In chelonians, hemogregarine infections have been reported at varying frequencies,
influenced by factors such as age, body size, seasonality, vector presence in the environment,
and the characteristics of aquatic habitat (Brites and Rantin 2004; Picelli et al. 2015; Oliveira
et al. 2018; Ungari et al. 2018).

Although hemogregarines are considered to have low pathogenicity, studies suggest that
intense or chronic infections may result in important subclinical effects, including
hematological, biochemical and reproductive alterations, particularly in individuals exposed to
environmental stressors (Nardini et al. 2013; O’Donoghue 2017).

Therefore, their occurrence in natural freshwater populations can provide valuable
insights into host—environment interactions, as well as the factors that influence population
health, ecological balance, and parasite dynamics (Brites and Rantin 2004; McCoy et al. 2007;
Cortelezzi et al. 2018).

The Geoffroy’s side-necked turtle [Phrynops geoffroanus (Schweigger, 1812)] is a
freshwater species widely distributed across rivers and streams in South America. It is an
opportunistic carnivore, relatively tolerant to impacted environments, and commonly found in
urban areas (Souza & Abe, 2000). However, this tolerance does not exempt it from experiencing

sublethal effects caused by pollutants (Venancio et al. 2013; Vogt et al. 2023).
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Iguacu National Park (PNI), one of the largest remaining tracts of Atlantic Forest in
southern Brazil, is a priority area for the conservation and monitoring of wildlife and
environmental health (Lehun et al. 2021). However, its borders and surrounding areas are
subject to intense agricultural activity, making it vulnerable to water contamination, habitat
loss, and exposure to agrochemicals that may directly or indirectly affect aquatic biodiversity
(Morais et al. 2024).

This study aimed to describe the occurrence and parasitemia of hemogregarines in free-
ranging P. geoffroanus individuals captured in different hydrographic environments within
PNI, as well as to assess the associations between infection, host biometric parameters, and
leech infestation. The findings can contribute to a better understanding of parasite ecology in

freshwater turtles, parasitological patterns, and their potential implications for wildlife health.

Materials and Methods

Study Area and Animal Sampling

The study was conducted between March and April 2025 in areas of the Iguacu National
Park (PNI), located in southwestern Parand, Brazil. The park harbors one of the most important
remnants of Atlantic Forest and represents a transitional zone between preserved environments
and regions subjected to intensive agricultural and livestock activities.

Sampling was organized into four sites: two islands located in the main channel of the
Iguacu River, Ilha do Sol (SOL-i) and Ilha do Geninho (GEN-i); and two of its tributaries, the
Silva Jardim River (SJ-r) and the Floriano River (FL-r). The FL-r is located entirely within the
boundaries of the PNI, in a strictly protected area composed of preserved native vegetation
(Silva et al. 2022). In contrast, the headwaters and upper section of the SJ-r are situated outside

the park, in a region occupied by agricultural and pastoral activities, making it more vulnerable
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to contamination and anthropogenic disturbance. SOL-i and GEN-i are located in the main
channel of the Lower Iguacu River and represents a mixed hydrological regime.

Turtles were captured using funnel traps placed along the banks and shallow zones of
the water bodies. The bait consisted of a mixture of ground beef, bovine liver, pineapple, canned
sardines and dry cat food. Each captured individuals was individually marked by making unique
combinations of notches on the marginal scutes of their carapace, allowing for future
identification (Ferner 1979). Biometric measurements were then taken, including maximum
carapace length and width (in centimeters) and body mass (in grams). Sex was determined
based on tail length and the position of the cloaca, as described by Rueda-Almonacid et al.
(2007). Additionally, each turtle was visually inspected for the presence of external
ectoparasites, such as leeches, and both the number of parasites and their attachment sites on

the host were recorded.

Blood Collection and Sample Preparation

Blood samples were collected by venipuncture of the dorsal cervical sinus using sterile
heparinized syringes (1 mL) fitted with 30 x 0,8 mm gauge needles. Blood smears were
prepared immediately after collection on clean, air-dried glass slides. The slides were fixed in
absolute methanol for 10 minutes and stained using the May-Griinwald-Giemsa method.
Smears were subsequently examined under a light microscope at 1000% magnification using oil

immersion.
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Parasitological Assessment

Individuals were considered positive for hemogregarines when intracellular structures
consistent with any developmental stage of the parasite were observed. Parasitic intensity was
determined based on the number of parasitic forms detected per 3,000 erythrocytes per
individual (Godfrey et al. 1987). Occurrence was calculated as the proportion of infected
individuals within the sampled population.

Data normality was assessed using the Shapiro—Wilk test, and homogeneity of variances
using Levene’s test. Based on these results, data were expressed as mean + standard deviation
(SD) for parametric variables or as median and interquartile range [25—75] for non-parametric
data. Differences in infection rate and parasitic intensity among sampling sites were analyzed
using the Kruskal-Wallis test, according to statistical assumptions. For categorical variables,
such as the presence of hemogregarines or leeches, Pearson’s chi-square test was applied.
Correlations between parasitic infection and biometric parameters or leech burden were
assessed using Spearman’s rank correlation test. All statistical analyses were performed in R
(R Core Team, 2023), using the packages tidyverse, vegan, car, and ggpubr. Statistical

significance was set at p < 0.05.

Results and discussion

This is the first report of hemogregarine occurrence and parasitemia in free-ranging
Phrynops geoffroanus within the Iguagu National Park (PNI). In total, data and biological
samples from 58 individuals captured during the monitoring period were analyzed. Information
on body parameters and general condition is presented in Table 1. Females (n=31) were

significantly smaller and lighter than males (n = 12), with statistical significance at p< .001,
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consistent with previous findings for the species (Souza and Abe 2001; Rueda-Almonacid et al.

2007). An additional 15 individuals were classified as juveniles or could not be sexed.

Table 1 — Biometric data of Phrynops geoffroanus individuals captured in the Lower Iguacu

River, Parana, Brazil.

Female (n=31) Male (n=12) No sexed (n=15)
MCL (cm) 171.44 [153.15 - 206.20] 249.53 + 68.15 118.58 [108.81 - 138.88]
MCW (cm) 141.47 [132.63 - 174.98] 189.75 £ 45.09 100.67 [94.02 - 112.56]
MPL (cm) 168.14 +39.28 209.84 +61.40 108.59 [99.86 - 115.67]
MPW (cm) 112.88 [103.76 - 140.05] 147.89 + 35.63 76.13 [70.93 - 84.50]
BM (g) 530 [393 - 1005] 1502.08 + 1020.85 170 [138.75 - 225]

Note: maximum carapace length (MCL) and width (MCW), maximum plastron length (MPL) and width (MPW)

and body mass (BM).

A hemogregarine infection ocurrence among the individuals examined was 82.76%
(48/58). This finding reveals a high infection rate, whereas other studies have reported
ocurrences below 30% or even a complete absence of infection in P. geoffroanus populations
(Brites and Rantin 2004; Oliveira et al. 2018). In contrast, the mean parasitemia intensity among
infected turtles was 0.33% per animal. This represents one of the lowest levels of parasitic
intensity recorded in freshwater turtles from natural environments in Brazil (Picelli et al. 2015;
Oliveira et al. 2018). Nonetheless, values below 0.34% have been reported for three freshwater
turtle species in Costa Rica (Central America) (Rossow et al. 2013).

Different blood stages of Haemogregarina sp. were observed within erythrocytes;
however, none were found in leukocytes (Figure 1). Trophozoites were small, lacked a visible

nucleus, and exhibited an eccentric cytoplasmic vacuole without displacing the host cell
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nucleus. Pre-meronts appeared larger, with dispersed chromatin in the parasite’s cytoplasm and
variable vacuolation. Immature gamonts were curved, contained parasitophorous vacuoles, and
had diffuse chromatin. Mature gamonts caused noticeable erythrocyte deformation and nuclear

displacement (Goes et al. 2018; Ungari et al. 2018).

Figure 1 — Photomicrographs of blood stages of Haemogregarina sp. observed in erythrocytes

of Phrynops geoffroanus captured in the Lower Iguagu River, Parand, Brazil.
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Note: (A) trophozoites; (B) meronts; (C) vacuolated gamonts; and (D) mature gamonts. Staining: May-Griinwald-

Giemsa; Objective: 100 with immersion oil.

Most clinical studies have also been limited to the morphological stages of the
intraerythrocytic life cycle, as these are easily detected in peripheral blood smears

(O’Donoghue, 2017). Given the wide range of described species, there is considerable
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inconsistency in the literature regarding the morphological identification of infective forms,
which underscores the need for molecular techniques to diagnose the different species

(Dvorakova et al., 2015; Rakhshandehroo, Sharifiyazdi & Ahmadi, 2016).

Among the sampling sites, infection was most prevalent in the GEN-1 (100%; 5/5) and
FL-r (93.33%; 14/15) groups, while SJ-r and SOL-i showed lower rates of 76.67% and 75%,
respectively (Figure 2). Despite the variation in percentages, no statistically significant

differences were found between groups (x> = 4.89; df = 3; p = 0.18).

Figure 2 — Comparison of infected animals with hemogregarine among groups of Phrynops

geoffroanus from different hydrographic environments of the Lower Iguacu River.
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(GEN-i), and Sol Island (SOL-i).
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A strong positive correlation was observed between hemogregarine infection and
biometric parameters (rs= 0.632; p <0.001), suggesting that larger or older individuals are more
likely to be infected. This pattern has also been described in other turtle species, such as
Podocnemis unifilis, Podocnemis expansa and Mesoclemmys vanderhaegei, where age and
body size were associated with increased parasite loads (Picelli et al. 2015; Goes et al. 2018;
Ungari et al. 2023).

Additionally, a strong correlation was found between leech infestation and body size
(r=0.512; p <.001), indicating that larger individuals are more frequently parasitized by these
vectors. Thus, in environments where leeches are present, hemogregarine infections may occur
continuously, maintaining persistent parasitemia levels (Siddall and Desser 2001; McCoy et al.
2007; Picelli et al. 2015).

Leech infestation was recorded in only 20.69% (12/58) of the individuals, with similar
frequencies across environments: FL-r (20%), GEN-i (20%), SOL-i (23.33%), and SJ-r
(12.5%). The sampling period encompassed the beginning and end of the summer season; thus,
the low infestation rates are likely related to the reproductive behavior of the turtles. During
this time, individuals spend more time in terrestrial environments, which reduces both their
exposure to and the presence of these aquatic ectoparasites (Koffler et al. 1978; Brites and
Rantin 2004; McCoy et al. 2007).

The most commonly parasitized regions were the pelvic and thoracic limb cavities,
consistent with findings reported by Brites and Rantin (2004). These areas provide greater
attachment opportunities for leeches and offer protection from external factors, such as
abrasion, water flow, and desiccation during basking periods (Brites and Rantin 2004). The
same authors reported the absence of leech attachment in the cervical region of the species,

attributed to the neck-retraction mechanism (Pleurodira) and the thick skin in that area.
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However, in the present study, leeches were observed on the cervical region of four individuals.
No infestations were recorded on the carapace, oral cavity, or cloaca.

Brites and Rantin (2004) demonstrated a relationship between leech presence and high
parasitemia rates in P. geoffroanus specimens collected from urban environments. The authors
suggested that this association was related to higher levels of organic pollutants, particularly
organochlorine compounds, which promote the proliferation of these ectoparasites. In contrast,
in rural areas with high levels of atrazine-based pesticide residues, the absence of leeches was
attributed to the herbicide’s toxicity, which negatively affects their survival (Brites and Rantin
2004; Cortelezzi et al. 2018). Similarly, studies that reported an absence of hemogregarine
infection in P. expansa and P. geoffroanus have linked this to the absence of leech infestation
in the individuals or their surrounding environment (Picelli et al. 2015; Oliveira et al. 2018).

In the present study, leech presence was positively associated with hemogregarine
infection (rs=0.267; p = 0.043), supporting the hypothesis that these ectoparasites act as vectors
(Figure 3) (Siddall and Desser 2001; Telford 2009). The observed data dispersion, marked by
a high frequency of individuals without visible leech infestation yet presenting hemogregarine
infection, supports the hypothesis of seasonal variation in ectoparasite occurrence (Koffler et
al. 1978; Brites and Rantin 2004; McCoy et al. 2007). This pattern suggests that individuals

exhibiting high parasitemia levels were likely exposed to leeches prior to the sampling period.
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Figure 3 — Correlation graph of infected animals with hemogregarine and leech from
hydrographic environments of the Lower Iguagu River
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Conclusion

This study reports a high occurrence of hemogregarine infection in free-ranging
Phrynops geoffroanus from Iguagu National Park (PNI), coupled with low parasitemia
intensity. Infection was positively correlated with body size and leech infestation, reinforcing
the role of these ectoparasites as vectors and suggests that PNI maintains ecological conditions
to their persistence. The study absence of molecular techniques for hemogregarine
identification at the genus and species levels, which restricted the taxonomic resolution of the
parasites observed.

In addition, the sampling was carried out exclusively in protected environments, which,

although located in sub-basins subjected to different degrees of anthropogenic influence, did
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not include highly degraded areas. These factors may limit broader ecological inferences;
however, they do not diminish the relevance of the findings, which provide novel insights into
host-parasite interactions in chelonians from a region of high conservation value. These
findings highlight the importance of continued investigation into the ecological role of vectors,
as well as the potential chronic pathophysiological effects of hemoparasites in wild turtle

populations.
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8 CONSIDERACOES FINAIS

A presente pesquisa destaca a baixa frequéncia de biomarcadores genotdxicos e
auséncia de diferencas entre os pontos hidrograficos sugerem que o Parque Nacional do Iguagu
pode atuar como uma barreira a contaminagdo. Enquanto isso, a alta ocorréncia de infec¢ao por
hemogregarinas esteve correlacionada com a infestagdo por sanguessugas, o que demonstra
condi¢des ecoldgicas propicias a persisténcia do vetor. Por fim, ressalta-se a importancia da
investigacao continua e do monitoramento de areas protegidas, particularmente aquelas que
fazem fronteira com atividades agricolas, bem como dos potenciais efeitos sofridos pelas
populagdes silvestres. Pesquisas futuras devem focar em amostragens de longo-tempo a fim de

fortalecer a compreensao dos efeitos e para subsidiar estratégias de conservacao eficazes.
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2 |Parque Nacicnal do lguagu PR Mata Atlantica Nao Dentro de UC Federal
Atividades
# | Atividade Grupo de Atividade
1 | Levantamento de dados abidticos em UC federal Dentro g UC Federal
2 |Captura de animais silvestres in situ Dentro de UC Federal
3 | Captura de animais silvestres in situ Fora de UC Federal
4 Colowvmspono de amostras Mo!bgk:as n situ Fora de UC Federal
5 de iclogicas in situ Dentro de UC Federal
[] Marcar,‘io de animais silvestres in situ Dentro de UC Federal
7 |Marcacao de animals silvestres in situ Fora de UC Federal
8 | Observagdo e gravagido de imagem cu som de tixon em UC Dentro de UC Federal

federal

Este documento foi expedido com base na Instrugdo Normabiva n® Portaria ICMBio n® 748/2022. Alravés do cddigo de autenhicagdo
abaixo, Qualquer cidaddo podera vevificar a autenticidade ou reguandade dasfe documenfo, por male da pagina do SisblaACMBio na intemert
(waww.icmbio.gov. brsistio),

Cédigo de autenticacio: 0913110220250331 Péagina 3/5
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Ministério do Melo Amblente - MMA
Instituto Chico Mendes de Conservacdo da Blodiversidade - ICMBlo
Sistema de Autorizacio e Informacéo em Blodlversidade - SISBIO

Autorizagdo para atividades com finalidade cientifica

Namero: 91311-2 I Data da Emissdo: 31/03/2025 16:32:58 I Validade*: 07/12/2024

De acordo com o art. 31 da Portarla ICMBlo n® 748/2022, esta autorizacao possul vigéncla equivalente ao previsto no cronograma
de atlvidades do projeto @ validade de um ano, devendo ser revalldada anualmente, através da apresentagio do relatério anual de
atividades, no prazo de até 30 dias apos o aniversdrio de sua emissdo.

Dados do titular £ - n l -

Nome: Ana Pauta Gomes Lustosa == ' — [ ICPF 633.493.451-15

Titulo do Projato: Monitoramento de queiodos so0b aomnlos nfvo(a de Impacto de hidrelétricas no. Pa:we Nacional do Iguagu

Nome da Instituigdo: Institulo Chico Mendes de Conservagdo da Biodiversidade [CNPJ. 08.829.9740001-94

Atividades X Taxons

# |Atividade Téxon Qtde.

1 |Marcagao de animais silvestres n situ Phrynops wiliamsi -

2 | Captura de animais silvestres in sity Phryncps wiliamsi -

3 | Coletatr de bioldgicas in situ Phrynops wiliamsi -

4 Obsewacao @ gravagao de imagam ou som de 1axon am Phrynops wiliamsi -

UC federal
5 | Observagao e gravagio de Imagem ou som de taxon am Testudnidas -
UC tederal

& | Coletat de biclogicas in situ Testudnidae .

7 | Capiura de ammas silvestras in sity Testudnidae -

8 |Marcacao de animals silvestres n situ Testudndae -

A quanidade previsty =5 & obnasidvia para athidades do oo C sporfe de esp da fauna s\ in s¥y” Essa quantidade abrange uma porglo

famranal minkma, que pode sev uma Unidade de Conservagdo Fadeval ou um Musoipio.

Aqu g por espdcie X X ano.

Materiais e Métodos

# |Tipo de Método (Grupo taxondmico) Materiais

1 |A biclogicas (Répte: Animal encontrado morto ou partes (carcaca) ‘pele, Frag de
tecido/orglo, Sangue, Outras amostras bloldgicas({Fragmento de
fecido e fragmento de carapaga), Ecloparasita, Ovos, Secregdo,
Fezes

2 | Método de captura‘coleta (Mmois) Funil trap, Puca, Outros métodos de capiura/coleta(Tramed net)

3 | Método de cagdo (Répieis) Corte de escudes marginais

4 | Método de cbservacdo e registro (Répleis) Folo-idertéicagio

Destino do material biolégico coletado

# | Nome local destino Tipo destino

1 | UNIVERSIDADE ESTADUAL DE MARINGA Laboratdrio

2 |ASSOCIACAQ INSTITUTO TECNOLOGICO VALE - ITV Outro

3 |Instauto Chico Mendes de Consarvagio da Biodiversidade Laboratdrio

Este documento foi expedido com base na Instrugdo Normabiva n® Portaria ICMBio n® 748/2022. Alravés do cddigo de autenhicagdo
abaixo, Qualquer cidaddo podera vevificar a autenticidade ou reguandade dasfe documenfo, por male da pagina do SisblaACMBio na intemert
(waww.icmbio.gov. brsistio),

Cédigo de autenticacio: 0913110220250331 Péagina 4/5
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ANEXO B - Declaracao de colaboracio e recebimento de material biologico

02071.000040/2022-67
Numero SEI:021293230

Programa de tegndace 53 KMl O

MINISTERIO DO MEIO AMBIENTE E MUDANGCA DO CLIMA
INSTITUTO CHICO MENDES DE CONSERVAGCAO DA BIODIVERSIDADE

CENTRO NACIONAL DE PESQUISA E CONSERVACAO DE REPTEIS E ANFIBIOS -
RAN

Rua 2,49, Edif. Walter Bittar, 2° Andar, - Bairro Setor Central - Goiania - CEP 74013-
020

Telefone: (61)2028-8880/(61)2028-8708

DECLARACAO

Goiania, na data da assinatura eletrénica.

Declaracdo de colaborac¢ao entre o ICMBio/RAN e o Prof. Dr. Dr. Paulo Henrique
Braz em acobes relacionadas a conservacao de queldnios.

Centro Nacional de Pesquisa e Conservagao de Répteis e Anfibios (ICMBio/RAN) certifica que o
Professor Dr. Paulo Henrigue Braz, C.P.F: 022.712.201-14, é parceiro do RAN na implementacao
dos Planos de Acao para a Conservagao da Herpetofauna do Sul e Plano de Agao para a
Conservacao da Herpetofauna do Sudeste.

Sempre que possivel, o professor acompanha as expedigdoes em campo e faz anélises
relacionadas a medicina da conservagao para subsidiar agoes de manejo e conservagao das
espécies alvo. Além disso, recebe material biolégico (sangue, esfregacos, fezes, secregdes, etc.)
para analises parasitarias e ecofisioldgicas.

O ICMBio ja elaborou 96 Planos de Acao para Espécies Ameacgadas de Extingao - PAN, trata-se
de um instrumento de gestdao e de politicas puablicas, construido de forma participativa, a ser
utilizado para o ordenamento e a priorizagao de agdes para a conservacac de espécies e
ambientes naturais, com um objetivo estabelecido em um horizonte temporal definido. Ou seja,
é um instrumento de gestao oficial do governo brasileiro, por meio de portaria publicada pelo
ICMBio.

No ambito do ICMBio/RAN, coordenamos quatro PAN, de maneira que o Dr. Paulo Henrique Braz
colabora na implementacao para a conservacao de queldnios alvo em dois deles (Herpetofauna
do Sul e Herpetofauna do Sudeste), com previsao de contribuir futuramente com agdes de
conservagao no segundo ciclo do Plano de Acao Nacional para a Conservacao da Ictiofauna,
Herpetofauna e Primatas do Cerrado, Pantanal e Amazénia, em agdes voltadas para o “cagado-
do-pantanal”.

Atenciosamente,



RAFAEL ANTONIO MACHADO BALESTRA
Coordenador do ICMBio/RAN

fj Coordenador(a), em 17/04/2025, as 15:36, conforme art. 12, Ill, "b", da Lei
11.419/2006.

i) m
”‘gﬁ-‘ A autenticidade do documento pode ser conferida no site

= https://sei.icmbio.gov.br/autenticidade informando o cédigo verificador
¥ 021293735 e o cédigo CRC C7AF74D9.

Documento assinado eletronicamente por Rafael Anténio Machado Balestra,

doclaracho 021293738 SEI 02071.000040/2022-67 / pg. 2
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ANEXO C — Normas da revista Environment Science and Pollution Research

10%07/2025, 16:40 Submission guidelines | Envi | Science and Pollution Research

Peer-reviewed contributions:

Research Articles (full papers)

Short Original Communications and Discussion Articles

Review Articles

Please ensure that the length of your paper is in harmony with your research
area and with the science presented.

All papers — excluding Editorials, Letters to the Editor, Conference Reports —
are subject to peer-review by a minimum of two and a maximum of three
experts.

Letters to the Editor

Please provide the following details within your manuscript:

full title of the article you are commenting on
corresponding author of the article you are commenting on

DOI of the article that you are commenting on

The title of your letter should be structured as follows:

Comments on “Title of the Article”

or

Answer to “Comments on “Title of the Article”

batps:/link speinger.com/journal' 1 1356/ submission-gusdelines MIFASop
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Make sure to cite the article or comment you are referring to in the reference

list of your letter.

Other contributions:

Apart from the strictly scientific contributions as research articles (short and
full papers) and reviews, ESPR publishes:

News & views from research and technology, legislation and regulation,
hardware and software, education, literature, institutions, organizations,
conferences.

Commentary and editorials round out the journal’s contents.

ESPR does not accept papers dealing with the functioning of diesel and engines
(only papers focused on emissions will be considered), nor dealing with
tourism, pharmacology, and mechanical engineering related to wind/solar
energy.

( Backtotop 1 )

Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been
published before; that it is not under consideration for publication anywhere
else; that its publication has been approved by all co-authors, if any, as well as
by the responsible authorities — tacitly or explicitly — at the institute where the
work has been carried out. The publisher will not be held legally responsible
should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already
been published elsewhere are required to obtain permission from the copyright

batps:/link speinger.com/journal/ 1 1356/ submission-guidelines MIFASop st
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owner(s) for both the print and online format and to include evidence that such

permission has been granted when submitting their papers. Any material
received without such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” and upload all of your
manuscript files following the instructions given on the screen.

Source Files

Please ensure you provide all relevant editable source files at every submission
and revision. Failing to submit a complete set of editable source files will result
in your article not being considered for review. For your manuscript text please
always submit in common word processing formats such as .docx or LaTeX.

Additional information to Online Submission

Please refer to the section below entitled “At revision stage” for specific
instructions regarding files to include upon submission of a revised article.

C Backtotop )

Title Page

The title page should include:

The name(s) of the author(s)

A concise and informative title
- Please avoid acronyms in the title of your article

- For local studies, please indicate the name of the region and country in the
title.

The affiliation(s) and address(es) of the author(s)
The e-mail address, telephone and fax numbers of the corresponding author

batps:Vlink speinger.com/journal/ 1 1356/submission-gusdelines TIFASop 5
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Reference list

The list of references should only include works that are cited in the text and
that have been published or accepted for publication. Personal communications
and unpublished works should only be mentioned in the text.

Reference list entries should be alphabetized by the last names of the first
author of each work. Please alphabetize according to the following rules: 1) For
one author, by name of author, then chronologically; 2) For two authors, by
name of author, then name of coauthor, then chronologically; 3) For more than
two authors, by name of first author, then chronologically.

If available, please always include DOIs as full DOI links in your reference list
(e.g. “https://doi.org/abc™).

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
(2009) Effect of high intensity intermittent training on heart rate variability
in prepubescent children. Eur ] Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al”
in long author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N
Engl ] Med 965:325-329

Article by DOI
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. ] Mol Med. https://doi.org/10.1007/s001090000086

Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter

batps:/link speinger.com/journal/ 1 1356/ submission-guidelines MIFASop 851
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Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of
modern genomics, 3rd edn. Wiley, New York, pp 230-257

Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California

Always use the standard abbreviation of a journal’s name according to the ISSN
List of Title Word Abbreviations, see

ISSN LTWA
If you are unsure, please use the full journal title.

Additional Information for Reference list

For three authors, by name of first author, then name of first coauthor, then
name of second coauthor, then chronologically. Etc...

The names of all authors should be provided, as the usage of “et al” in long
author lists is no longer accepted.

Specific Remarks

Online documents: wikipedia documents are not acceptable as references.

Language: References should be in English with an appropriate title in
English. If it’s in a different language the language should be indicatedZhu J,
Wu F-C, Deng Q-J, Shao S-X, Mo C-L, Pan X-L, Li W, Zhang R-Y (2009)
Environmental characteristics of water near the Xikuangshan antimony
mine. Acta Scientiae Circumstantiae 29:655-661 (in Chinese)

batps:Vlink speinger.com/journal/ 1 1356/submission-gusdelines TIFASop 981
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The names of ALL authors should be provided in full. The use of “etal” in
long author lists is not anymore accepted.

For original Research Articles (full papers) and short Original
Communications: No more than 5 self-citations are allowed per author (and
co-author) in the bibliography of their article.

C Backtotop T )

Statements & Declarations

The following statements must be included in your submitted manuscript
under the heading 'Statements and Declarations'. This should be placed after
the References section. Please note that submissions that do not include
required statements will be returned as incomplete.

Funding

Please describe any sources of funding that have supported the work. The
statement should include details of any grants received (please give the name of
the funding agency and grant number).

Example statements:

“This work was supported by [...] (Grant numbers [...] and [...]). Author A.B. has
received research support from Company A.”

“The authors declare that no funds, grants, or other support were received during the
preparation of this manuscript.”

Competing Interests

Authors are required to disclose financial or non-financial interests that are
directly or indirectly related to the work submitted for publication. Interests

batps:/link speinger.com/journal/ 1 1356/ submission-guidelines MIFASop 10451
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within the last 3 years of beginning the work (conducting the research and

preparing the work for submission) should be reported. Interests outside the 3-
year time frame must be disclosed if they could reasonably be perceived as
influencing the submitted work.

Example statements:

“Financial interests: Author A and B declare they have no financial interests. Author
C has received speaker and consultant honoraria from Company M. Dr. C has
received speaker honorarium and research funding from Company M and Company
N. Author D has received travel support from Company O. Non-financial interests:
Author D has served on advisory boards for Company M and Company N.”

“The authors have no relevant financial or non-financial interests to disclose.”

Please refer to the “Competing Interests” section below for more information
on how to complete these sections.

Author Contributions

Authors are encouraged to include a statement that specifies the contribution of
every author to the research and preparation of the manuscript.

Example statement:

“All authors contributed to the study conception and design. Material preparation,
data collection and analysis were performed by [full name], [full name] and [full
name]. The first draft of the manuscript was written by [full name] and all authors
commented on previous versions of the manuscript. All authors read and approved
the final manuscript.”

batps:/link speinger.com/journal/ 1 1356/ submission-guidelines MIFASop 1151
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Please refer to the “Authorship Principles ” section below for more information
on how to complete this section.

( Backtotop )

Tables

All tables are to be numbered using Arabic numerals.
Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the
components of the table.

Identify any previously published material by giving the original source in
the form of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included
beneath the table body.

C Backtotop )

Artwork and lllustrations Guidelines

Electronic Figure Submission
Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use
TIFF format. MS Office files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

batps:Vlink speinger.com/journal/ 1 1356/submission-gusdelines TIFASop 1251
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing
line drawing, extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for print and online publication.

Color illustrations should be submitted as RGB.

batps:Vlink speinger.com/journal/ 1 1356/submission-gusdelines TIFASop 13151
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Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork,
usually about 2—-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not
use 8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the
appendix figures, "A1, A2, A3, etc." Figures in online appendices
[Supplementary Information (SI)] should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the
figure depicts. Include the captions in the text file of the manuscript, not in
the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to
be placed at the end of the caption.

batps:/link speinger.com/journal/ 1 1356/ submission-guidelines MIFASop 1451
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Identify all elements found in the figure in the figure caption; and use boxes,

circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the
form of a reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted within the body of the text. Only if the file size
of the manuscript causes problems in uploading it, the large figures should
be submitted separately from the text.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column
text areas), or 174 mm (for single-column text areas) wide and not higher
than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher
than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must
obtain permission from the copyright owner(s) for both the print and online
format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have
occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of

your figures, please make sure that

batps:Vlink speinger.com/journal/ 1 1356/submission-gusdelines TIFASop 15551
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10%07/2025, 16:50 Submisss sdelines | Parasitology Re :

response to all reviewers’ remarks when you submit the revised manuscript.

C Backtotop )

Preprint Policy

Springer accepts posting of preprints of primary research manuscripts on
preprint servers, authors’ or institutional websites. Details of our policy on
posting, licensing, citation of preprints and communications with the media
about preprints of primary research manuscripts may be found here..

Authors should disclose details of preprint posting, including DOI and licensing
terms, upon submission of the manuscript or at any other point during
consideration at a Springer journal. Once the preprint is published, it is the
author’s responsibility to ensure that the preprint record is updated with a
publication reference, including the DOI and a URL link to the published version
of the article on the journal website.

Preprints may be cited in the reference list of articles under consideration at
Springer journals as shown below:

Babichev, S. A., Ries, J. & LvovsKky, A. I. Quantum scissors: teleportation of
single-mode optical states by means of a nonlocal single photon. Preprint at
http://arxiv.org/abs/quant-ph/0208066 (2002). .

Costs of Colour lllustrations

Online publication of color illustrations is always free of charge.

C Backtotop T )

Title Page

Please make sure your title page contains the following information.

batps:/link speing /journal'436/sub
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Title

The title should be concise and informative.

Author information

The name(s) of the author(s)

The affiliation(s) of the author(s), i.e. institution, (department), city, (state),
country

A clear indication and an active e-mail address of the corresponding author

If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be
published.

For authors that are (temporarily) unaffiliated we will only capture their city
and country of residence, not their e-mail address unless specifically requested.

Large Language Models (LLMs), such as ChatGPT, do not currently satisfy our
authorship criteria. Notably an attribution of authorship carries with it

accountability for the work, which cannot be effectively applied to LLMs. Use of
an LLM should be properly documented in the Methods section (and if a
Methods section is not available, in a suitable alternative part) of the
manuscript. The use of an LLM (or other AI-tool) for "AI assisted copy editing"
purposes does not need to be declared. In this context, we define the term "AI
assisted copy editing" as Al-assisted improvements to human-generated texts
for readability and style, and to ensure that the texts are free of errors in
grammar, spelling, punctuation and tone. These Al-assisted improvements
may include wording and formatting changes to the texts, but do not include
generative editorial work and autonomous content creation. In all cases, there

batps:/link speinger.com/journald36/subassion-guidelines 8157
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must be human accountability for the final version of the text and agreement
from the authors that the edits reflect their original work.

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain
any undefined abbreviations or unspecified references.

For life science journals only (when applicable)

Trial registration number and date of registration for prospectively
registered trials

Trial registration number and date of registration, followed by
“retrospectively registered”, for retrospectively registered trials

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

Statements and Declarations

The following statements should be included under the heading "Statements
and Declarations" for inclusion in the published paper. Please note that
submissions that do not include relevant declarations will be returned as
incomplete.

Competing Interests: Authors are required to disclose financial or non-
financial interests that are directly or indirectly related to the work
submitted for publication. Please refer to “Competing Interests and
Funding” below for more information on how to complete this section.

Please see the relevant sections in the submission guidelines for further
information as well as various examples of wording. Please revise/customize
the sample statements according to your own needs.

batps:/link speing journal'436/sub lon-guideli 987
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C Backtotop )

Text

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.
Use italics for emphasis.

Use the automatic page numbering function to number the pages.
Do not use field functions.

Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older
Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX. We
recommend using Springer Nature’s LaTeX template.

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently
thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the
citation of a reference included in the reference list. They should not consist

batps:/link speing: journal'436/sub lon-guideli 10457
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solely of a reference citation, and they should never include the bibliographic

details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values
and other statistical data). Footnotes to the title or the authors of the article are
not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate
section on the title page. The names of funding organizations should be written
in full.

Important note:

Authors are requested to use automatic continuous line numbering
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing
line drawing, extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the
main information will still be visible. Many colors are not distinguishable
from one another when converted to black and white. A simple way to check
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this is to make a xerographic copy to see if the necessary distinctions

between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the
captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork,
usually about 2—-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not
use 8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the
appendix figures,"Al, A2, A3, etc." Figures in online appendices
[Supplementary Information (SI)] should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the
figure depicts. Include the captions in the text file of the manuscript, not in
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the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to
be placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the
form of a reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted within the body of the text. Only if the file size
of the manuscript causes problems in uploading it, the large figures should
be submitted separately from the text.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column
text areas), or 174 mm (for single-column text areas) wide and not higher
than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher
than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must
obtain permission from the copyright owner(s) for both the print and online
format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have
occurred to receive these permissions. In such cases, material from other
sources should be used.
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Accessibility

In order to give people of all abilities and disabilities access to the content of
your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-
speech software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying
information (colorblind users would then be able to distinguish the visual
elements)

Any figure lettering has a contrast ratio of at least 4.5:1

Generative Al Images

Please check Springer’s policy on generative Al images and make sure your

work adheres to the principles described therein.
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Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.)
and other supplementary files to be published online along with an article or a
book chapter. This feature can add dimension to the author's article, as certain
information cannot be printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors
should read the journal’s Research data policy. We encourage research data to be
archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal
name, author names; affiliation and e-mail address of the corresponding
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