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RESUMO

Ainda que raros, os tragos de parasitismo oriundos do registro fossil representam uma
interagdo ubiqua na biosfera. O estudo da interagao parasita-hospedeiro no registro
féssil € uma importante fonte de informagdes paleoecoldgicas. O objetivo principal
deste trabalho é apurar valores para a taxa de prevaléncia de tragcos preservados em
valvas de moluscos marinhos, ao longo do litoral norte do Rio Grande do Sul, Brasil,
provenientes de setores atuais com comportamento de empilhamento predominante
retrogradantes e progradantes. Além disto, verificar como se relaciona o tamanho
corporal dos hospedeiros e a abundancia dos tragos, bem como qual o setor da valva
ocorre o0 assentamento dos parasitas e como estes tracos se distribuem entre os
hospedeiros. A interagdo aqui encontrada, ocorre entre a espécie de bivalve Donax
hanleyanus e parasitas da familia Gymnophallidae. D. hanleyanus habita a zona de
intermarés de praias dissipativas, chegando a idade adulta com tamanhos iguais ou
superiores a 15 mm. Os parasitas trematédeos da familia Gymnophallidae possuem
ciclo de vida com até trés hospedeiros, tendo espécies de bivalves como primeiro e,
por vezes, segundo hospedeiro intermediario, finalizando seu ciclo de vida em uma
ave ou mamifero. Os tragos possibilitaram apurar valores maiores de prevaléncia e de
abundancia em espécimes de tamanhos maiores (adultos) de D. hanleyanus.
Complementarmente, foi possivel identificar o meio extra palial como local prioritario
para o assentamento dos parasitas. Adicionalmente, identificamos um alto padrao de
agregacéao de parasitas entre os hospedeiros e a ndo seletividade de valvas, o que
nos permite destacar a eficacia do uso de tragcos como proxy para estudos no registro
féssil. Obtivemos um valor global de prevaléncia de 0,599, contudo, quando se trata
dos setores, nao ha relagao significativa com o padrao de empilhamento sedimentar.
Tais dados nos indicam que a escala local e os fatores autogénicos atuantes se
sobrepdem as caracteristicas estratigraficas de empilhamento. Nosso estudo reforga
a importancia de pesquisas que visem compreender os padroes de parasitismo

contidos no registro féssil.

Palavras-chave: Interacbes ecoldgicas. Registro Féssil. Moluscos. Litoral Norte do
Rio Grande do Sul.



ABSTRACT

Traces of parasitism from the fossil record, despite being rare, represent a ubiquitous
interaction in the biosphere. The study of parasite-host interaction in the fossil record
has been an important source of paleoecological information. The main objective of
this dissertation is to establish prevalence values for traces preserved in marine
mollusk valves along the northern coast of Rio Grande do Sul, Brazil, from past to
ongoing sectors with predominantly retrogradational and progradational patterns. In
addition, we verify the relationship between host body size and the abundance of
traces, as well as in which sector of the valve the parasites settle and how these traces
are distributed among the hosts. The interaction occurs between the bivalve Donax
hanleyanus and parasites of the family Gymnophallidae. D. hanleyanus inhabits the
intertidal zone of dissipative beaches, reaching maturity with sizes of 15 mm or more.
The trematode parasites of the Gymnophallidae family have a life cycle with up to three
hosts, with a bivalve species as the first and sometimes second intermediate hosts,
concluding their life cycle in a bird or a mammal. The traces made it possible to
determine higher prevalence and abundance values in larger specimens (adults) of D.
hanleyanus. Complementarily, it was possible to identify the extrapalial as a priority
site for parasite settlement. Furthermore, we found a high pattern of parasite
aggregation among hosts and non-selectivity of valves, which allows us to highlight the
effectiveness of using traits as a proxy for studies in the fossil record. We obtained an
overall prevalence of 0.599. However, there is no significant relationship between
prevalence and sediment stacking pattern. These data indicate that the local scale and
the acting autogenic factors overlap with the stratigraphic pattern. Our study reinforces

the importance of understanding the patterns of parasitism in the fossil record.

Keywords: Ecological interactions. Fossil Record. Mollusks. North Coast of Rio
Grande do Sul.
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1 INTRODUGAO

1.1 Consideragoes Iniciais

As interagdes ecoldgicas possuem diferentes formas de classificagéo, podendo
ser inferidas de acordo com o tipo de associagao, forga ou simetria (Morales-Castilla
et al., 2015). Interacbes onde apenas um dos participantes se beneficia, como
parasitismo e predagao, sdo importantes ecologicamente e tem um papel fundamental
na coevolugdo (Baumiller & Gahn, 2002). Embora a interagdo parasita-hospedeiro
também demonstre o mecanismo de selecdo natural, a interacdo presa-predador
concentra a maior parte das investigacbes até o momento (e.g., Vermeij, 1977;
Huntley & Kowaleski, 2007; Stanley, 2008). Isso se deve em razao do registro fossil
da interagdo presa-predador estar relativamente melhor representado (Klompmaker
et al., 2019; Farrar et al., 2020).

Parasitismo costuma receber atengao apenas quando se torna danoso, porém
a interagao é globalmente conhecida (Marcogliese, 2004, 2005). Parasitas podem
afetar a biologia, interferindo na reprodugao, no crescimento e até mesmo provocar
mudangas no comportamento do hospedeiro (Littlewood & Donovan, 2003;
Marcogliese, 2004). Para além dos danos biolégicos, os parasitas sdo capazes de
intervir na estrutura das comunidades, podendo influenciar a riqueza das espécies,
sobretudo aquelas bentbénicas (Mouritsen & Poulin, 2002, 2005). Os parasitas séo
suscetiveis a mudancas climaticas, tendo a temperatura e a salinidade como
principais fatores capazes de alterar o seu ciclo de vida (Studer et al., 2010; Byers,
2021). Contudo, mudangas como alteragéo do ciclo hidrolégico e elevacéo do nivel do
mar podem modificar ndo apenas o ciclo de vida do parasita, como também do
hospedeiro, carecendo de estudos que integrem ambos ciclos (Marcogliese, 2008,
2016).

Os trabalhos acerca do parasitismo no registro fossil sdo escassos, por conta
do baixo potencial de preservacio, pois sdo animais de corpo mole. A maioria dos
estudos sdo baseados no uso dos tragos deixados em seus hospedeiros (Littlewood
& Donovan, 2003). Os tracos encontrados demonstram mecanismos de defesa
produzidos por seus hospedeiros, reforcando que a interagao ocorreu durante a vida
do organismo parasitado (Huntley & De Baets, 2015). A variedade de tragos é

significativa. Recentemente, por exemplo, Marini et al. (2022) identificaram tragos
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classificados como U-shape produzidos por Caulostrepsis sp. em bivalves da espécie
Mactra isabelleana d'Orbigny, 1846, no litoral sul do Rio Grande do Sul, Brasil. O
mesmo trago também ja foi descrito para o braquiépode Bouchardia rosea (Mawe,
1823) na Baia de Ubatuba, SP (Rodrigues et al., 2008). Ainda na América do Sul,
ltuarte et al. (2005) descreveram tragos classificados como igloo-shaped, produzidos
por parasitas trematddeos em valvas de bivalves recentes e holocénicos.

As interacdes entre parasitas trematddeos e moluscos bivalves, por meio do
estudo dos tracos, séo relativamente bem conhecidas para o Hemisfério Norte, onde
o registro estratigrafico do Holoceno tem permitido estabelecer relagdes entre eventos
ambientais e taxas de prevaléncia de parasitismo (Huntley & Scarponi, 2012, 2021;
Scarponi et al.,, 2017). Os estudos conduzidos no Mar Adriatico, por exemplo,
elucidaram selecao taxonémica, seletividade por tamanho dos hospedeiros e padroes
de comportamento dos parasitas (Huntley & Scarponi, 2012, 2021). Recentemente,
essas interacdes vém recebendo muita atencao, devido aos dados obtidos a acerca
da relagao entre a taxa de prevaléncia e momentos de elevagéao relativa do nivel do
mar (Huntley et al., 2014; Scarponi et al., 2017) Considerando o cenario atual e futuro
de mudancas climaticas e oscilagbes do nivel do mar, este trabalho amplia a escala
espacial desses estudos para o Hemisfério sul, demonstrando que fatores locais da

dinamica costeira podem obliterar padrbes previamente encontrados.

1.2 Objetivos

O objetivo principal deste trabalho € estimar a prevaléncia dos tragos de
parasitas preservados em valvas de moluscos bivalves e compreender como a
interacdo se comporta ao longo de setores costeiros com comportamento de
empilhamento sedimentar atual progradante e retrogradante, no litoral norte do Rio
Grande do Sul. Para tal, os seguintes objetivos especificos foram estabelecidos:

¢ Identificar as espécies de moluscos encontrados;

e Estimar o tamanho corporal das valvas coletadas;

e Estimar a abundancia dos tragos encontrados nas valvas coletadas;

e Verificar a localizacao e distribuicao dos tragos;

e |dentificar padrbes de parasitismo.
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1.2 Estado da arte

1.2.1 Parasitas trematédeos

Os parasitas trematdédeos possuem ciclo de vida complexo, com primeiro e
segundo hospedeiro intermediarios, terminando em um hospedeiro definitivo (Cribb et
al., 2003). O primeiro hospedeiro € um bivalve, o segundo um gastropode ou um
bivalve, ou ainda um poliqueta e o hospedeiro definitivo comumente € uma ave
(Galaktionov, 2007). Se tratando deste estudo, os tragos usualmente encontrados sao
caracteristicos da familia Gymnophallidae (Huntley & Scarponi, 2012, 2015, 2021). Os
parasitas desta familia sdo normalmente encontrados na porgao extra palial de seus
hospedeiros bivalves, apds serem ingeridos ou penetrarem no meio extra palial (Cribb
et al., 2003; ltuarte et al., 2009).

1.2.2 Moluscos bivalves

O hospedeiro da interagdo aqui estudada € a espécie de bivalve Donax
hanleyanus (Philippi, 1845). Os bivalves desta espécie estdo distribuidos por toda
costa do Atlantico Sul, de Caravelas, na Bahia (Brasil), até as praias de Buenos Aires,
na Argentina (Cardoso & Veloso, 2003; Thompson & De Bock, 2009). A espécie é
filtradora e habita a zona intermarés, escavando profundidades superficiais (Gianuca,
1985; Gil & Thomé, 2004; Delgado & Defeo, 2007). D. hanleyanus € conhecido por
habitar praias com diversos estados morfodindmicos (Celentano et al., 2022),
residindo em ambientes com alta energia, exposto a ondas e com alto fluxo de
sedimentos (Marcomini et al., 2002; Thompson & De Bock, 2009). Estes bivalves séo
classificados de acordo com o seu tamanho, entre recrutas (1 a 5 mm), juvenis (5,5 a
15 mm) e adultos (>15 mm) (Defeo & De Alava, 1995). Diversos trabalhos relacionam
a classe dos individuos com o estado morfodindmico do local onde ocorrem (e.g.,
Herrmann et al., 2009; Risoli et al., 2022). Para as praias do Uruguai, essa relagao
esta mais ligada ao tamanho dos individuos, onde adultos possuem maior abundancia
em setores reflectivos, enquanto tamanhos menores sdao mais abundantes em praias
dissipativas (Delgado & Defeo, 2007). Contudo, para as praias brasileiras, Cardoso &
Veloso (2003) nao identificaram essa relagdo, muito embora verificaram efeitos
negativos na abundancia da espécie devido a sua coocorréncia com o crustaceo
Emerita brasiliensis Schmitt, 1935. Esta coocorréncia regula a abundéncia de D.

hanleyanus, fato também verificado para o bivalve Amarilladesma mactroides (Reeve,
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1854) (Herrmann et al., 2009). Em ambos os casos, este padrdo ocorre devido a
competicdo por alimento e por local de colonizagdo (Defeo & De Alava, 1995).
Ademais, recentemente, Bom & Colling (2022) demonstraram o uso de D. hanleyanus
e A. mactroides como indicadores de disturbios ocasionados por veiculos que ocupam

a linha de praia, sendo a classe dos recrutas a mais impactada.

1.2.3 Trematédeos-Bivalves

Ruiz & Lindeberg (1989) foram pioneiros ao utilizar os tragos induzidos por
trematédeos em valvas de bivalves como fonte de informagdes paleoecoldgicas e
evolutivas. O registro mais antigo de tragos de trematédeos em bivalves data do inicio
do Eoceno (~56 Ma) na Inglaterra, sugerindo um ambiente marinho raso com aves se
alimentando de bivalves (Todd & Harper, 2011).

O tipo de estrutura produzida como mecanismo de defesa pelos hospedeiros
pode variar de acordo com a localizacado do estabelecimento do parasita e da espécie
do hospedeiro (ltuarte et al., 2005; Vazquez et al., 2006). Contudo, tracos classificados
como pits e igloo-shapes podem ser considerados diagnosticos dos trematodeos da
familia Gymnophallidae para hospedeiros fosseis e modernos (Huntley & De Baets,
2015). Os pits foram primeiramente descritos por Ruiz & Lindeberg (1989) para o
Eoceno (Luteciano), tendo sua distribuicdo recentemente estendida até o Ipresiano
(Todd & Harper, 2011). Este tragco € caracterizado por elevagbes ovaladas, e
demonstram mais uma forma de tentar encapsular o parasita (Huntley & De Baets,
2015) (Figs. 1A e 1B). Existem registros de igloo-shapes em bivalves de agua doce
datados do Cretaceo norte americano, onde os autores consideram um novo marco
para o entendimento da evolug&o e da ecologia dos trematodeos (Rogers et al., 2018).
Este traco representa a tentativa do hospedeiro de isolar o parasita, sendo
caracterizado por uma cobertura circular, por vezes alongada e com uma abertura
lateral (ltuarte et al., 2001; ltuarte et al., 2005) (Figs. 1C e D).
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Figura 1 - Diferentes tipos de tragos relacionados as espécies de bivalves. A) Vista
do interior da valva do bivalve Chamalea gallina, exibindo os tragos do tipo pits de
parasitas trematédeos, provenientes do Holoceno da ltalia (cortesia de Daniele
Scarponi. B) Vista do interior da valva de Leukoma thaca com pits com coloragéo
marrom alaranjada (modificada de Montenegro et al., 2021). C) Igloo-shape no interior
da valva recente de Neolepton bennetti originaria das Ilhas Malvinas (modificada de
ltuarte et al., 2005). D) Imagem de microscopia eletronica de varredura da valva de
Cyamiomactra sp. exibindo a abertura do trago tipo igloo-shape (modificada de ltuarte
et al., 2005).

Os trematddeos, principalmente aqueles da familia Gymnophallidae, sao
encontrados infestando bivalves atuais, como demonstram os estudos realizados
envolvendo os bivalves Tagelus plebeius ([Lightfoot], 1786) e Leukoma thaca (Molina,
1782) (Fig. 1B) (ltuarte et al., 2001; Vazquez et al., 2006; Montenegro et al., 2021).
Em consonancia com os estudos citados, tragos encontrados no registro fossil e em
valvas recentes, provenientes de associagées mortas, sdo similares aos encontrados
em estudos atuais, caso da espécie Chamelea gallina (Linnaeus, 1758) (Fig. 1) (Ituarte
et al., 2005; Huntley & Scarponi, 2012, 2015, 2021).
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2 MATERIAL E METODOS

2.1 Area de estudo

A area estudo se concentra entre os municipios de Torres, ao norte; e Balneario
Dunas Altas, pertencente ao municipio de Palmares do Sul, ao sul. Estes municipios
compdem o setor norte da Planicie Costeira do Rio Grande do Sul (PCRS), sul do
Brasil.

A costa atual da PCRS é levemente ondulada com orientagdo NE-SW, em um
total de 620 km (Tomazelli & Villwock, 2000; Rosa, 2012). Possui um regime de
micromarés com uma amplitude média de 0,5 metros regida por condi¢des
astronémicas (Dillenburg et al., 2009). As praias sao classificadas como dissipativas
a intermediarias, experimentando ondas de swell e ondas formadas por ventos locais,
que acabam por controlar o transporte e a deposi¢cdo dos sedimentos (Tomazelli &
Villwock, 1992; Dillenburg et al., 2000, 2009). O padrao de vento € bimodal, com
predominio de vento oriundo de NE, durante os meses de setembro e mar¢o. Durante
0s meses de abril e agosto predominam vento de S e SW (Dillenburg et al., 2009). O
clima na Planicie Costeira, conforme classificagdo de Koppen (1948), varia entre
climas temperados a subtropicais. As chuvas sdo bem distribuidas, porém no litoral
norte ocorrem as maiores precipitagdes devido a proximidade com as escarpas da
Serra Geral (Dillenburg et al., 2009).

2.2 Contexto Geolégico

A PCRS exprime a porcdo emersa da Bacia de Pelotas, concentrando
sedimentos majoritariamente terrigenos desde sua formagao no Cretaceo Inferior,
abrigando um dos registros mais completos de sedimentagdo do Quaternario
brasileiro (Tomazelli et al., 2000).

A PCRS possui dois sistemas deposicionais: o Sistema de Leques Aluviais e
o Sistema Laguna-Barreira. O Sistema de Leques Aluviais se originou pelos processos
de transporte, como por exemplo, a queda de blocos que se desprenderam da encosta
de terras mais altas, e que escalonam para depdsitos transportados e assentam-se
em aluvides (Vilwock & Tomazelli, 2007).

Segundo Tomazelli & Villwock (2000), os Sistemas Laguna-Barreira se
formaram devido aos ciclos de oscilagbes glacio-eustaticas, durante maximos

transgressivos no Quaternario. O Sistema Laguna-Barreira | € o mais antigo (325 ka)
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e 0 mais interior, sendo formado durante o primeiro evento transgressivo-regressivo
no Pleistoceno, possuindo suas praias proximas a borda da bacia (Tomazelli &
Villwock, 2000; Lopes et al., 2010; Rosa, 2012). Sua formagao esta ligada ao depésito
de sedimento edlicos sobre o embasamento (Tomazelli & Villwock, 2000, 2005; Lopes
et al., 2010; Rosa, 2012).

O Sistema Laguna-Barreira |l foi formado no segundo evento transgressivo-
regressivo durante o Pleistoceno, tendo sua idade estimada em 200 ka, tendo papel
na formag&o da Lagoa Mirim (Tomazelli; et al., 2000; Lopes et al., 2010, 2014; Rosa,
2012).0 Sistema Laguna-Barreira Il representa o terceiro evento transgressivo-
regressivo do Pleistoceno, ha 125 ka, sendo a barreira mais bem preservada e
responsavel pela formagao da Lagoa dos Patos e Mirim (Tomazelli et al., 2000). Este
sistema conta com diversos afloramentos contento icnofésseis de Ophiomorpha,
indicando um nivel de mar de aproximadamente 6-8 metros acima do atual (Tomazelli
& Dillenburg 2007; Rosa et al., 2017).

O Sistema Laguna-Barreira IV é o mais recente, tendo se formado no decorrer
do Holoceno, cerca de 7 ka, durante as fases finais da Transgressdo Marinha Pos-
Glacial, tendo seu pico transgressivo ha ~6 ka, com o nivel do mar 1-4 metros acima
do atual (Angulo et al., 2006; Barboza et al., 2021). Este sistema ocupa toda a
extensao da costa atual, possuindo proje¢cdes em direcdo a bacia e reentrancias em
direcdo ao continente, que acabam por influenciar o padrdo deposicional da costa
(Dillenburg et al., 2000, 2009; Dillenburg & Barboza 2014; Rosa et al., 2017).

Dillenburg et al. (2009) subdividiram a costa em cinco setores, baseado em
dados ja publicados de outros autores, com adicdo de imagens aéreas e de satélite.
Dois dos setores abrangem a area abordada neste trabalho. O setor que abrange a
area de Torres a Tramandai exibe uma linha de costa cdncava, indicando uma barreira
regressiva, que durante a progradagao foi recoberta por diversos campos de dunas
(Dillenburg et al., 2000, 2009; Dillenburg & Barboza, 2014). Em sua porcéo leste, este
setor tem em sua estratigrafia depdsitos edlicos sobre depdsitos praiais, onde a
progradagao se deu pelo aporte positivo de sedimentos, devido ao embaiamento do
local (Dillenburg et al., 2000; Travessas et al., 2005).

O setor que compreende a area de Tramandai a Mostardas, a linha de costa é
convexa em diregdo a bacia, com dunas transgressivas que chegam até a barreira
Pleistocénica. Esse setor tem um comportamento retrogradacional. No trecho que

corresponde ao Balneario Jardim do Eden, lamas lagunares afloram, evidenciando
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erosdo (Dillenburg et al., 2000, 2009; Travessas et al., 2005). Estes indicativos
demonstram um balango negativo de sedimentos, em momentos em que a erosao foi
mais elevada que o ritmo de subida do nivel do mar (Dillenburg et al., 2000, 2009;

Travessas et al., 2005).

2.3 Coleta de dados
Em onze pontos foram realizadas coletas entre os municipios de Tramandai e
Balneario Dunas Altas, em Palmares do Sul, sendo denominada de area sul, onde

predominam setores com comportamento atual retrogradacional (Fig. 2).
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Figura 2 - Localizagdo dos pontos de coleta do setor sul (modificada de
Santos, 2020).

Outros dezesseis pontos foram coletados entre os municipios de Imbé e Torres,
sendo denominada area norte, onde predominam setores progradacionais (Fig. 3).
Para ambos setores o mesmo protocolo foi seguido: a cada 5 km na face da praia,
com o uso de um quadrante de 1 m? (Fig. 4), foram coletados todos os moluscos
presentes na superficie (até 1 cm) e armazenados em potes. Apdés o campo, as
amostras foram lavadas, dispostas em bandejas para secagem e novamente
acondicionadas em potes com a identificagcdo do ponto de coleta no Laboratério de

Sedimentologia (UFRGS-CECLIMAR). Todo material esta sendo tombado na colegao
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cientifica de Malacologia do Museu de Ciéncias Naturais (MUCIN), UFRGS -
CECLIMAR.

50°30'W  50°25'W S0°20'W 50°15'W S0°10'W 50°5'W S0°W 49°55'W 49°50'W 49°45'W 49°40'W 49°35'W

BRASIL

Q@
Setor Norte

N

Figura 3 - Localizagdo dos pontos de coleta do setor norte (modificada de Santos,
2020).

Os espécimes de moluscos encontrados foram identificados ao menor nivel
taxondmico exequivel, de acordo com Wiggers (2003), Pimpao (2004) e Rios (2009).
Para todas as conchas foram tomadas medidas de comprimento (C) e altura (H)
maxima, em milimetros (Fig. 5), por meio de um paquimetro digital, com erro de até
0,1 mm. A partir dessas medidas, o tamanho corporal para cada individuo foi
estimado, através da média geométrica, de acordo com Kosnik et al. (2006). O
tamanho corporal foi calculado para todas as valvas com baixo grau de fragmentacao
(<10%, Zuschin et al., 2003).
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Figura 4 - Quadrante de 1 m? utilizado para coletada dos moluscos presentes na
superficie (até 1 cm).

5 mm

Figura 5 - Medidas do tamanho corporal (altura — H; comprimento — C) de uma valva
direita (v.d.) do molusco bivalve Donax hanleyanus.
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Todas as valvas foram observadas em microscopio estereoscopio quanto a
presenca de qualquer tipo de traco que indique a presencga de parasitas. Além da
busca e identificagdo, os tragcos encontrados também foram quantificados e seu local
de ocorréncia registrado (interior da linha palial, seio palial, cicatrizes dos musculos
adutores e nas margens da valva). Para assegurar que apenas individuos fossem
contabilizados, o numero de organismos foi estimado como o numero de valvas
fechadas mais as valvas desarticuladas que apresentaram a maior frequéncia: diretas

ou esquerdas.

2.4 Andlise de dados

A prevaléncia de infestacao foi calculada por meio da divisdo do numero total
de individuos infestados pelo numero total de espécimes (para cada setor da costa e
para cada amostra) (Huntley & Scarponi 2012). Um intervalo de confianga de 95% foi
estimado para cada amostra através da fungéo “prop.test” do pacote basico do R (R
Core Team, 2022). Para comparar a prevaléncia entre os setores, foi realizado teste
nao parameétrico de Mann-Whitney-Wilcoxon, apés transformagdo em arco seno
(Huntley & Scarponi, 2015).

As medidas obtidas para tamanho e comprimento, foram comparadas por meio
de uma regressao de eixo principal reduzido (RMA, do inglés, reduced major axis
regression), considerando possiveis erros de mensuragdo em ambos 0s eixos (Smith,
2009). A RMA foi executada usando o pacote “Imodel2” do R com 9999 permutagdes
(Legendre, 2018). Para verificar a seletividade quanto ao tamanho corporal dos
hospedeiros, foi conduzido o teste t para comparar o tamanho corporal médio dos
individuos com tragos com aqueles sem tragos preservados. Uma vez que teste t é
sensivel ao tamanho amostral (Holland, 2019), a amostra com maior n amostral
relativo foi reamostrada ao tamanho da menor amostra sem substituicao, previamente
a realizacao do teste. Esse mesmo teste foi realizado separadamente para os setores
da costa (progradante e retrogradante).

A abundancia de tragos, aqui chamados de pits, foi calculada como o niumero
total de pits em uma valva. Quanto a abundancia relativa, o calculo foi feito pela diviséo
do numero total de pits da amostra dividido pelo niumero total de individuos (Huntley
& Scarponi, 2021). O calculo para estimar a ocorréncia da agregacéo foi realizado por
meio da razdo entre a variancia e a média da abundancia de tracos (Wilson et al.,

2002). Através de um modelo de regressao linear usando transformagéao logaritmica,
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obtivemos a inclinagdo da reta entre a varidncia e a abundancia média (Shaw &
Dobson, 1995; Wilson et al., 2002; Johnson & Hoverman, 2014). Valores de inclinagao
maiores que um comprovam a ocorréncia da agregacdo dos parasitas entre
hospedeiros (Wilson et al., 2002). A assimetria da distribuicdo da abundéncia do
numero de tragos por concha foi realizada utilizando a fungéo “skewness” do pacote

“‘moments” do R (Komsta & Novomestky, 2022).

3 RESULTADOS E DISCUSSAO

Embora obtivemos um total de 22 espécies, apenas a espécie D. hanleyanus
apresentou tragos da interacdo com trematédeos, caracterizados por seu formato
ovalado e bordas finas elevadas representando a tentativa do hospedeiro ainda vivo
de isolar o parasita. Organismos infestados estdo propensos a serem manipulados de
alguma forma pelos parasitas, para que assim, eles completem seu ciclo de vida
(Poulin, 2010). Esse fato foi demonstrado em organismos infestados de Tagelus
plebeius ([Lightfoot], 1786), onde os parasitas foram responsaveis por um aumento na
frequéncia de filtragdo, tornando, devido a sua exposicdo mais frequente, mais
vulneravel aos predadores (Addino et al., 2010).

D. hanleyanus € uma das principais fontes de alimento de diversas aves
marinhas na costa do RS, entre elas o piru-piru (Haematopus palliatus (Temminck,
1820)) (Linhares et al., 2021). Ao mesmo tempo que a predagao por aves marinhas é
fundamental para o ciclo de vida do parasita, pode também se tornar um viés de
preservagcao negativa, fragmentando as valvas onde se encontram os tracos (e.g.,
Cadée 1989, 1994, 1995; Zuschin et al., 2003).

O valor de prevaléncia total de parasitismo foi de 0,599. Quanto aos setores, a
prevaléncia para o setor predominantemente progradante foi de 0,639, enquanto para
o setor predominantemente retrogradante foi de 0,540. Nossos resultados séao
levemente mais elevados do que aqueles obtidos por Scarponi et al. (2017) e por
Huntley & Scarponi (2021). Apesar do setor predominantemente progradante
apresentar valores de prevaléncia levemente mais expressivos, quando comparados
ao setor predominantemente retrogradante, eles se mostraram estatisticamente
similares (p = 0.083). Nossos dados parecem demonstrar uma relagcédo fraca entre

padroes de empilhamento sedimentar atual e valores de prevaléncia, em dissonancia
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com aqueles demonstrados para o Mar Adriatico (Scarponi et al., 2017; Huntley &
Scarponi, 2021).

A linha de costa do Rio Grande do Sul possui proje¢cdes onde a maior energia
de onda propicia elevados valores de erosdo, originando uma barreira
retrogradacional. J& os embaiamentos s&o atingidos por ondas de menor energia e,
assim, geram uma barreira progradacional (Dillenburg et al., 2000; Martinho et al.,
2010; Dillenburg & Barboza, 2014; Rosa et al., 2017). O aporte de sedimentos para a
costa também ¢é baixo, pois a descarga de sedimentos se encontra represada em
lagoas originadas pelo sistema de laguna-barreira (Tomazelli et al., 1998). Ao longo
da costa, ha a ocorréncia de ondulagdes oriundas de sul, que embora menos
frequentes, transportam mais de 30% de sedimento em diregéo nordeste, viabilizando
a deriva litoranea (Tomazelli & Villwock 1992; Lima et al., 2001; Toldo et al., 2006).
Portanto, o balango de sedimentos da costa é altamente influenciado pela topografia
antecedente e pela deriva litoranea (Dillenburg et al., 2000). Ainda, a quantidade de
sedimentos carreados no transporte longitudinal € maior onde a linha de costa possui
projecdes; menor onde ha embaiamentos (Martinho et al., 2009). Todos estes fatores
parecem demonstrar que a morfologia da costa, em conjunto com a deriva litoranea,
€ determinante para o entendimento dos valores de prevaléncia de parasitismo
obtidos para a costa do Rio Grande do Sul. A deriva litoranea resultante de sudoeste
para nordeste, que atua por toda extensdo da costa, € capaz de realizar transporte
nao apenas de sedimentos, mas também de bioclastos, dessa forma, podendo
deslocar as valvas do setor retrogradacional, em direcdo ao setor progradacional.
Destacamos ainda que estes padrdes (deriva litoranea e topografia antecedente) tém
influenciado a evolugao da barreira Holocénica durante os ultimos 5 ka (Dillenburg et
al., 2000; Martinho et al., 2009; Dillenburg & Barboza, 2014).

Referente a distribuicdo dos tragos, alguns padrées se sobrepdéem, como o
padrdao de agregacdao dos parasitas. Agregacdo se manifesta quando muitos
individuos possuem um numero reduzido de parasitas, enquanto poucos individuos
abrigam um elevado numero (Shaw & Dobson, 1995; Shaw et al., 1998). O valor que
obtivemos para a inclinagdo da curva de regressdo foi de 2.029, resultado
relativamente alto, quando comparado a estudos prévios sobre o tema (e.g., Johnson
& Hoverman, 2014; Huntley & Scarponi, 2021). Diversos fatores heterogénicos
influenciam a agregacao dos parasitas, entre eles, sexo, idade, condigdo corporal e

genética do hospedeiro (Wilson et al., 2002). Contudo, é importante considerar a
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sazonalidade e o momento em que o hospedeiro esta exposto ao parasita, pois os
processos tendem a ocorrer em conjunto com os fatores heterogénicos (Wilson et al.,
2002; Raffel et al., 2011). A agregacdo pode apontar como a populagcdo esta
estruturada, pois populagdes onde o valor de agregacdo € alto, os parasitas s&o
capazes de atuar como reguladores do crescimento populacional (Anderson & May,
1978; Adler & Kretzschmar, 1992).

No que concerne aos tracos encontrados, podemos inferir diversas
informacdes. A média do tamanho corporal dos individuos infestados foi de 16,45 mm,
enquanto para os individuos nao infestados foi de 15,71 mm. Estes dados
demonstram que os individuos infestados sao relativamente maiores, quando
comparados aos individuos nao infestados. Com relagdo a quantidade de tragos,
constatamos um declinio no numero de tragos quando o hospedeiro atinge o tamanho
corporal de 20 mm. Este padrdo, entre intensidade de parasitas e a idade do
hospedeiro, pode estar atrelado a aquisicao de imunidade, morte ou predisposicao a
infestacdo por parte do hospedeiro (Hudson & Dobson, 1995; Wilson et al,
2002; Raffel et al., 2011). Nao existe preferéncia de tragos entre a valvas direitas ou
esquerdas, corroborando com as proposigdes elaboradas por Huntley (2007).

O meio extra palial abriga cerca de 70% dos tragos de trematddeos, seguido
pelo setor que demarca o seio palial na parte posterior, 25,5%, com cerca de 3,4 %
dos tragos na margem da concha, e raros no musculo adutor posterior (0,8 %) e
anterior (0,3%). Os parasitas da familia Gymnophallidae tendem a colonizar o meio
extra palial quando metacercarias (Lauckner, 1983; ltuarte et al., 2001; Cremonte &
ltuarte, 2003; Cremonte, 2004). Para o setor da valva com a segunda maior ocorréncia
de tracos (25,5%), que abrange a porgédo posterior do seio palial, autores como
Lauckner (1983) e ltuarte et al. (2009) identificaram metacercarias proximas ao seio
palial, em locais correspondentes a setorizacdo utilizada neste trabalho, em

hospedeiros que possuiam altos niveis de infestacao e em idade avancada.

4 CONSIDERAGOES FINAIS

A interacdo parasita-hospedeiro esta presente em moluscos bivalves coletados
em setores progradantes e retrogradantes do litoral sul do Brasil, identificados por

meio dos tragos correspondentes aos produzidos por metacercarias da familia
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Gymnophallidae. Esses tragos foram encontrados apenas nas valvas do molusco
bivalve Donax hanleyanus. I1sso reforga que existe selegao taxonémica exercida pelos
parasitas. E a primeira vez que estes tracos sdo descritos para conchas vazias do
litoral brasileiro. O valor geral de prevaléncia é relativamente mais alto quando
comparado aos estudos prévios sobre o tema. Nosso estudo aponta que fatores locais
da costa exercem controle sobre a resolugao espacial e assim, influenciam os padroes
de prevaléncia associados ao comportamento da linha de costa atual e possivelmente
o registro fossil resultante.

Com nossos dados demonstramos ainda que os parasitas trematddeos
selecionam seus hospedeiros pelo seu tamanho corporal, até o tamanho de 20 mm,
quando a quantidade de tracos declina. Verificamos que os parasitas estao altamente
agregados entre os seus hospedeiros. Dados como a ndo seletividade de valvas e no
gue concerne a agregacao, reforgam o uso dos tragos como um proxy valioso para o
estudo da interagcao no registro fossil. Constatamos que ha um local preferencial de
assentamento das metacercarias, o meio extra palial, padrédo este ja conhecido para
bivalves modernos.

Ponderando sobre a quantidade de informacdes retiradas do registro fossil,
podemos inferir como os parasitas respondem as mudancas climaticas e também
aquelas ocorridas no ambiente em momentos de variagdes no nivel relativo do mar, e
assim, tornar exequivel medidas de conservacido e preservagcao dos servigos
ecossistémicos, pertinentes a manutencao da sociedade, frente as consequéncias do
aquecimento global em curso. Sumariamente, os resultados apresentados e
discutidos aqui reforgam a importancia de estudos que avaliem de forma quantitativa
a interagdo parasitismo-hospedeiro, visto a enorme gama de informagdes que

podemos inferir em um cenario de mudancas globais.
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Abstract —Traces of parasitism found in fossil records are considered rare. Digenetic
trematodes are of particular interest in this context. Understanding the dynamics of this
interaction is essential, as it may be linked to global patterns of sea level rise and
temperature change. This study evaluated the prevalence of traces of parasitism
preserved in mollusk shells collected from coastal regions with recent and ongoing
retrogradational and progradational patterns on the north coast of Rio Grande do Sul,
Brazil. It investigated the relationship between host body size and parasite abundance,
and the distribution of parasite traces within the valves of the host organism. By
analyzing the traces of trematode parasites found only in the valves of the bivalve
mollusk Donax hanleyanus, we determined that the prevalence and abundance of
parasites was higher in hosts with larger body sizes and, therefore, older ages, and
that the extra pallial environment is the preferred location for parasite settlement. We
observed a strong pattern of aggregation among hosts and a lack of selectivity for
specific shells (left or right), which supports the use of parasite traces as a proxy for
studies in the fossil record. The overall prevalence (0.599) was found to be high, but
no clear relationship was established with the dominant sediment stacking pattern.
This suggests that, at a local scale, autogenic factors overlap with stratigraphic
variations in relative sea level. The findings highlight the need for continued research

for a deeper understanding of parasitism patterns in the fossil record.

Keywords: Stratigraphic paleobiology, Trematoda, South America.
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INTRODUCTION

Ecological interactions that involve competition, such as parasitism and predation, are
fundamental drivers of ecosystem dynamics throughout the history of life on Earth
(e.g., Van Valen 1973; Vermeij 1977). Both of these interactions are evolutionary
phenomena. However, while predation results in the death of the prey, parasitism
involves the utilization of the host, which may or may not result in the host's death
(Clarke 1954; Baumiller and Gahn 2002).

Previous research has demonstrated that ecological interactions preserved in the fossil
record play a key role in both escalation theory (Vermeij 1977) and the Red Queen
hypothesis (Van Valen 1973). Historically, most studies in this field have focused on
prey—predator interactions (e.g., Kelley et al. 2003; Huntley and Kowalewski 2007;
Stanley 2008; Klompmaker et al. 2017, 2019), likely due to their greater preservation
potential in the fossil record (Farrar et al. 2020). However, more recent studies have
shifted their focus to host—parasite interactions, primarily through the examination of
small marks, blisters, and sheets on the shells of bivalve mollusks (e.g., Huntley 2007;
Huntley and Scarponi 2012, 2015; Marini et al. 2022) and brachiopods (Rodrigues et
al. 2008).

Parasitism can have a wide range of effects on populations, including feminization,
reduced fertility, disease, extinction events, speciation, and increased evolutionary
rates (Littlewood and Donovan 2003). Previous research has demonstrated that
parasites can significantly influence the structure and functioning of marine
invertebrate communities, particularly in unconsolidated sediment environments (e.g.,
Mouritsen and Poulin 2005; Hudson et al. 2006). Additionally, parasites can impact
certain abilities of their hosts, such as mobility, which can lead to changes in host
species abundance and interactions (Mouritsen and Poulin 2005). The influence of
climatic conditions on the maintenance of these interactions is also noteworthy, as it
can affect the transmission of parasites between populations, disrupting the way these
interactions occur and leading to epidemics and increasing the risk of host extinction
(Hudson et al. 2006; Tjendra et al. 2020). For instance, some studies have found that

temperature increases caused by climate change can interfere with the life cycle of
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parasites, such as trematodes, particularly in their infectious stages (e.g., Mouritsen
and Poulin 2005; Studer et al. 2010; Diaz-Morales et al. 2022).

Trematode parasites, particularly those in the subclass Digenea, have a complex life
cycle in which the first intermediate host, typically a gastropod, gives rise to cercariae
that infect the second host, in this case, a bivalve (Ruiz and Lindberg 1989; Cribb et
al. 2003; Pinto and Melo 2013). The cycle is completed when the metacercariae-
infected host is consumed by the definitive host, commonly a bird or mammal
(Swennen 1969; Cribb et al. 2003; Littlewood and Donovan 2003). As metacercariae,
they infest the extra-pallial region of the valves of bivalves, causing geochemical
changes that often leave behind preservable traces, allowing the study of host—
parasite interactions in the sedimentary record (Huntley and Scarponi 2015, 2021;
Leung 2017). This is a promising area of research as studies on body fossils of
parasites are relatively uncommon and have been limited to sites of exceptional fossil

preservation (Konservate-Lagerstétten) (e.g., Maas et al. 2006).

Ruiz and Lindberg (1989) were the first to describe trematodes in bivalves in the fossil
record, suggesting that interactions with these parasites can provide paleo-
environmental and evolutionary information about their hosts. Since then, similar
studies have been conducted on brachiopods, where the interaction occurs with
polychaete parasites (Spionidae) (Rodrigues et al. 2008), and in mollusks (e.g.,
Huntley and Scarponi 2012; Marini et al. 2022). More recent studies have also
analyzed the association between prevalence values and stratigraphic events
correlated with moments of maximum flooding caused by climate change, which may
indicate a possible future scenario, if the ongoing changes in the "Anthropocene"
continue at this intensity (e.g., Huntley 2007; Huntley et al. 2014; Huntley and Scarponi
2015, 2021; Scarponi et al. 2017).

As previously mentioned, recent studies on traces of parasitism in the fossil record
have primarily focused on mollusks, particularly bivalves, in the Northern Hemisphere
(e.g., Huntley and Scarponi 2015, 2021; Scarponi et al. 2017), except for Marini et al.
(2022). Despite an increase in research on these interactions, they are still considered
rare, despite their significant importance to society. This study aimed to add to the

understanding of these interactions. To do this, we studied coastal sectors in southern
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Brazil that currently and in the recent past (Holocene) have both retrogradational and
progradational behavior, and we analyzed traces that could indicate the presence of
host—parasite interactions between bivalve mollusks and trematode parasites in these
sectors. We analyzed and quantified the types of traces and their location in the valves,
as well as the body size of the host, seeking to relate this data with prevalence values
and how they influence the host's behavior. Our results demonstrated that these
interactions are present in the Southern Hemisphere. Still, we were not able to
establish a distinct relationship between the prevalence of parasitism and the
predominant stacking pattern when compared to previous studies. However, this work
emphasizes the need for more integrated studies and a closer examination of these

interactions.

MATERIALS AND METHODS

Study Area

The study area was located on the north coast of Rio Grande do Sul, Brazil, and
covered the municipalities of Torres in the north and Palmares do Sul in the south (Fig.
1). This area is part of the northern sector of the coastal plain of Rio Grande do Sul
(CPRS). The CPRS is located on the onshore portion of the Pelotas Basin and contains
primarily sediment from the land, dating back to the Lower Cretaceous period. The
area has one of the most complete records of Quaternary sedimentation, which can

be observed in the most recent portion of the coastal plain (Tomazelli 2000).

The study area was located within the Laguna-Barrier System |V, the most recent of a
complex sedimentary structure of coastal barriers and back barriers formed in
response to changes in relative sea level during the Late Quaternary (Tomazelli et al.
2000). System IV formed during the Holocene, between 7.8—7.2 ka, during the final
stages of the Post-Glacial Marine Transgression, reaching its transgressive peak at
5.6 ka with sea level 1-4 meters above current levels (Angulo et al. 2006; Dillenburg
et al. 2009; Dillenburg et al. 2013). This system occupies the entire current coast,
resulting in two projections toward the basin and two indentations toward the mainland
(Villwock and Tomazelli 2007; Dillenburg et al. 2009; Dillenburg and Barboza 2014;
Rosa et al. 2017).
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According to Dillenburg et al. (2000), the Holocene coastal barriers in Rio Grande do
Sul display progradational and retrogradational stacking patterns. This study area has
two sections. The first section is between the cities of Imbé and Torres, and it has a
slightly concave coastline, with the greatest progradation occurring in Balneario de
Curumim (Dillenburg et al. 2000, 2009). The second sector covers the area from
Tramandai to Palmares do Sul, where the coastline is slightly convex toward the basin
(Dillenburg et al. 2009). At the Jardim do Eden beach, south of Tramandai, outcrops
of lagoon muds are found, indicating that the transgression occurred due to a negative
sediment balance (Travessas et al. 2005). Similarly, the municipality of Cidreira is
exposed to stronger waves and has a high rate of retrogradation (Dillenburg et al. 2000;
Travessas et al. 2005). This sector has a predominantly retrogradational pattern and

eroding coastline (Esteves et al. 2006; Martinho et al. 2008).

Data Collection and Analysis

Samples were collected from 16 different locations between the municipalities of Imbé
and Torres in southern Brazil, which is referred to as the "north area" and has a
predominantly progradational coastline (as shown in Fig. 1). Additionally, samples
were collected from 11 locations between the municipalities of Tramandai and
Balneario Dunas Altas, in Palmares do Sul, which is referred to as the "south area"
and has a predominantly retrogradational coastline (as shown in Fig. 1). Sampling was
done every 5 km by using a 1 square meter quadrant to collect all mollusks present on
the surface (up to 1 cm deep) of the beach. The collected samples were stored in pots.
In the laboratory, the samples were cleaned, placed on trays to dry, and then re-stored

in pots with the collection location marked.

The mollusk specimens collected were identified to the most specific taxonomic level
possible, using local literature references (Wiggers 2003; Pimp&o 2004; Rios 2009).
The maximum length (L) and height (H) of each valve were measured in millimeters
using a digital caliper with an accuracy of up to 0.1 mm. From these measurements,
the body size of each specimen was estimated using the geometric mean method
(Kosnik et al. 2006). Body size was calculated only for valves with less than 10%
fragmentation (Zuschin et al. 2003).
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Each specimen was examined under a stereomicroscope (10x magnification) for the
presence of potential interaction traces by observing geochemical changes caused by
parasites, which are interpreted as a defense mechanism (ltuarte et al. 2001; ltuarte
et al. 2005). Two main types of parasites commonly leave their traces preserved in the
shells of bivalve mollusks: i) trematode parasites, which are known to produce pits,
pearls, and igloo-blisters traces (Huntley and Scarponi 2012; Roger et al. 2018); and
i) some polychaetes that produce tube-shaped and U-shaped traces, and may also
present structures called mud-blisters on the inner part of the shell (Blake and Evans
1973; Ruiz and Lindberg 1989; Rodrigues et al. 2008).

A thorough examination for traces was conducted on both the internal and external
surfaces of the valves. Each specimen was classified based on the presence or
absence of traces, as well as the type of trace found, its location on the valve (interior
of the pallial line, pallial sinus, scars of the adductor muscles, or on the margins of the
valve), and when identified, the traces were quantified (Cremonte and ltuarte 2003;
Huntley and Scarponi 2012, 2021). In order to confirm the origin of the characteristics,
our set of specimens was compared to specimens of Chamelea gallina (Linnaeus,
1758) from previous studies in the Mediterranean Sea (e.g., Scarponi et al. 2017;

Huntley and Scarponi 2021).

Numerical Analyses

The prevalence of infestation was calculated by dividing the number of infested
individuals by the total number of specimens (for each sector of the coast and per
sample) (Huntley and Scarponi 2012). A 95% confidence interval was calculated per
sample using the "prop.test" function of the basic R (R Core Team 2022). The
abundance of trematode traces was calculated as the total number of pits in a valve,
while the mean abundance was calculated as the total number of traces in a sample
divided by the total number of individuals (including individuals without traces) (Huntley
and Scarponi 2021). To ensure that only individuals were counted, the number of
organisms was estimated as the number of closed valves plus the number of

disarticulated valves that were most frequent: right or left.
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Size measurements (length and height) were previously compared with body size
(Kosnik et al. 2006) using a reduced major axis (RMA) regression, which takes into
account potential errors in both axes (Smith 2009). These measurement errors can be
visually identified as outliers in the graph prior to other numerical analyses. Body size
was chosen as it is a more general measure that can be compared with other
taxonomic groups (e.g., Smith et al. 2016) due to the ubiquity of the parasites. The
RMA analysis was performed using the "Imodel2" package with 9,999 permutations
(Legendre 2018).

A potential selectivity of parasite prevalence in relation to host size was investigated
through a parametric comparison of the distribution of mean body sizes. A t-test was
conducted between individuals with preserved traces and those without preserved
traces. Since the t-test is sensitive to sample size (Holland 2019), before conducting
the test, the sample with the largest relative n was resampled to the smallest sample

size without replacement.

The prevalence of parasitism was evaluated between the two sectors using the non-
parametric Mann—-Whitney—Wilcoxon test, which was preceded by an arcsine
transformation to minimize extreme values in the distribution (Huntley and Scarponi
2015). Both parametric (t-test) and non-parametric (Mann—Whitney—Wilcoxon) tests
were conducted for each coastal sector (progradational or retrogradational) to
determine if this pattern was specific to a particular stratigraphical pattern. Correlations
between variables were calculated using the “cor.test” function. Skewness was
calculated using the “skewness” function from the “moments” package (Komsta and
Novomestky 2022). The variation of traces between shell sectors was assessed using
the Kruskal-Wallis rank sum test. All numerical analyses and graphs were generated
in the R language (R Core Team 2022).

RESULTS

A total of 754 mollusk shells were collected, comprised of 22 species (Table 1), from
27 samples (Table 2). Among the sectors, the retrogradational sector had the highest
species diversity, with 17 species, while the progradational sector had 11 species

(Table 1). As for the frequency of species, in both sectors, D. hanleyanus had the
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highest relative frequency (Table 1). Specimens of this species were the only ones that
exhibited traces of parasitism, limited to trematodes. No traces associated with
polychaetes were found. The traces found in D. hanleyanus, as described by Huntley
and De Baets (2015), had an oval shape, sometimes circular, with thin raised edges,
referred to as pits; this type of trace implies that the host was still alive during the

interaction and trying to isolate the parasite (Fig. 2).

Out of the total shells of D. hanleyanus, there were 384 right valves and 188 left valves,
with 52 valves being articulated. This means that our sample universe consisted of at
least 436 individuals (219 in the progradational sector and 217 in the retrogradational
sector). Of these, 261 exhibited traces of parasitism, while 175 did not. There was no
preference for parasitism traces in relation to valves (Mann—Whitney test, p = 0.233).
The overall prevalence of parasitism in individuals of D. hanleyanus was 0.599, with
values varying between samples, with the highest value being 0.800 and the lowest
being 0.238 (Table 2). The overall prevalence for the predominantly progradational
sector was 0.639, while for the predominantly retrogradational sector it was 0.540. The
prevalence between sectors yielded threshold results that did not allow us to reject the
null hypothesis (Mann—Whitney test after arcsine transformation, p = 0.083). The mean

abundance of traces per sample ranged from 0.250 to 8.375 (Table 2).

The body size of D. hanleyanus specimens was positively correlated with valve length
(Fig. 3A; r = 0.995). Most specimens were similar in size to adults of the species
(93.1%; > 15 mm in length) (Defeo and Alava 1995), while few were juveniles (Fig.

3B). No recruit specimens were identified in our samples.

The mean body size for infested individuals was 16.45 mm, while for non-infested
individuals it was 15.71 mm. Body size among individuals with traces compared to
those without traces showed results that rejected the null hypothesis (t = -2.788, df =
310.51, p = 0.006). Similarly, when we compared the mean body size of infested and
non-infested individuals between the retrogradational and progradational sectors, we
found that the results were statistically significant only for the progradational sector (¢
=-3.763, df = 151.89, p = 0.0002; retrogradational, t = -0.027, df = 199.66, p = 0.978)
(Fig. 4).



43

The number of trematode traces appeared to be increasing, although the change was
almost undetectable when considering body size (r = 0.010, p = 0.8655; Fig. 5A).
However, there was a decrease in the number of traces in individuals with a body size
of 20 mm or more (Fig. 5A). The distribution of traces was skewed to the right (g1 =
1.091; Fig. 5B). When looking at the samples (n = 25), there was a positive correlation
between the variance (log 10) and the mean abundance (log 10) (r = 0.959), with a slope
of 2.029 (Fig. 6).

We observed a different distribution of trematode traces across the interior of the
shells. The extrapallial space had the highest concentration of traces (70%), followed
by the sector that outlines the pallial sinus posteriorly (25.5%), the margin of the shell
(3.4%), and the posterior (0.8%) and anterior adductor muscles (0.3%) (Fig. 7B). Our
findings indicated that the number of traces across the different areas of the shell was
not equal, thus rejecting the null hypothesis (Kruskal-Wallis, p < 0.001). However,

there were no significant differences between the sectors (Kruskal-Wallis, p > 0.05).

DISCUSSION

The trace pattern identified in this study is often associated with digenetic trematodes
of the family Gymnophallidae (Huntley and De Baets 2015; Fig. 2). There have been
several cases of trematode parasite infections reported in bivalves of the Donacidae
family (e.g., Ansell 1983; Lauckner 1983; Hill-Spanik et al. 2021). The presence of
traces exclusively in D. hanleyanus valves may suggest a potential specificity, as
suggested by Huntley and Scarponi (2012). Donacidae species typically inhabit
intertidal zones of dissipative beaches, burying themselves up to 5 cm into the
sediment (Herrmann et al. 2009) and are a major energy source for higher trophic
levels (Gianuca 1985). In these coastal areas, prey (invertebrates) and both local and
migratory seabirds (predators) are sympatric (Neves and Bemvenuti 2006; Muller and
Barros 2013). This prey—predator convergence completes the parasite cycle when a
bird consumes the intermediate host (e.g., a bivalve). In our study area, for example,
D. hanleyanus is one of the main sources of food for resident seabirds such as the
American oystercatcher (Haematopus palliatus (Temminck, 1820)) (Linhares et al.
2021). Infected organisms are often manipulated in some way by the parasites for them

to complete their life cycle (Poulin 2010). The encystment of the parasite in the feet of
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the bivalves can cause this manipulation. However, the Gymnophallidae family is
known to target the extrapallial space of its hosts (Lauckner 1983). However, the
underlying mechanism of this manipulation remains a topic of ongoing research. The
presence of specific traces in a single species may indicate that this selective strategy
is not random. For example, organisms infested with Tagelus plebeius ([Lightfoot],
1786) may be more susceptible to predation by H. palliatus (Addino et al. 2010).
Moreover, the co-occurrence of D. hanleyanus and T. plebeius is inversely
proportional, which may indicate interspecific competition between them (Defeo and
Alava 1995), even though both are recognized hosts (Defeo and Alava 1995).
However, it is worth noting that while predation by seabirds completes the life cycle of
trematodes, it can also lead to a negative preservation bias of infested specimens due
to the increased fragmentation of these shells by birds (e.g., Cadée 1989, 1994, 1995;
Zuschin et al. 2003).

The absolute prevalence values obtained in our study were slightly higher than those
reported in the Adriatic Sea (Scarponi et al. 2017; Huntley and Scarponi 2021). The
north sector of our study area, predominantly progradational, exhibited slightly higher
values. However, not statistically significant compared to the south sector, which is
predominantly retrogradational (Fig. 8). Our findings do not demonstrate a clear
association between sediment stacking pattern and prevalence, as previously
observed in studies of the Adriatic coast (Scarponi et al. 2017; Huntley and Scarponi
2021).

The Po Delta in the northern Adriatic Sea is dominated by waves and has a high
sedimentary input from the rivers in the Po River basin (Correggiari et al. 2005; Stefani
and Vincenzi 2005; Amorosi et al. 2019). In contrast, the coast of Rio Grande do Sul
has a sandy coast that is also dominated by waves but has a reduced sedimentary
input (Tomazelli et al. 1998; Dillenburg et al. 2009). This area has a hydrographic
system with rivers, but the sediment discharge is blocked by the lagoon-barrier system
(Tomazelli 1998). Thus, littoral drift and the existing topography are autogenic
determinant factors in the sediment balance along the coast (Dillenburg et al. 2000).
Most of the swells that hit the coast of Rio Grande do Sul have a north-northeast origin,
but those that come from the south, though less frequent, can transport more than 30%

of the sediment in a northeast direction, allowing for the littoral drift in that direction
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(Tomazelli and Villwock 1992; Lima et al. 2001; Toldo et al. 2006) (Fig. 8). The RS
coastline has projections associated with a convex shoreline, which leads to higher
wave energy, resulting in erosion and a retrogradational barrier. On the other hand,
the embayment is associated with a concave shoreline, where the waves reach the
shore with less energy, leading to a progradational barrier (Dillenburg et al. 2000;
Martinho et al. 2010; Dillenburg and Barboza 2014; Rosa et al. 2017) (Fig. 8). Martinho
et al. (2009) observed that the amount of sediment transported along a coastline was
greater where the coast was convex than where it was concave. Dillenburg et al. (2000)
also noted that the study area had both progradational and retrogradational stacking
patterns, as well as transitional sectors with agradational behavior. We can infer that
the shape of the coast and the littoral drift are significant factors in understanding the
prevalence values found, since the littoral drift can transport sediment and bioclastic
material from retrogradational to progradational sectors, in agreement with the
prevailing direction of drift toward the northeast. The Holocene coastal barrier in Rio
Grande do Sul has been greatly impacted by the combined effect of coastal drift and
the pre-existing topography over the last 5,000 years, with the drift being particularly
influential when sea level changes slowed down (Dillenburg et al. 2000; Martinho et al.
2009; Dillenburg and Barboza 2014). Additionally, some sections of the sector have
been found to be still actively prograding (Esteves et al. 2006). Recent research did
not identify any alterations to the sedimentary record due to the increase in sea level

caused by global warming (Barboza et al. 2021).

When considering the entire sample of individuals, those that were infested tended to
be larger than those that were not. The progradational sector, even when the results
were marginal, showed a clear selectivity in terms of the size of the infested individuals.
It is known that age and size go hand in hand, so older and larger individuals are more
likely to accumulate parasites than younger, smaller ones (ltuarte et al. 2009; Huntley
and Scarponi 2012, 2021). Additionally, the same process that makes hosts more
vulnerable to predators also increases their susceptibility to cercariae, as larger

individuals have higher filtration rates, thus raising the potential for infestation.

We found that, while the number of traces increased with body size, from 20 mm
onward the trend reversed. Hudson and Dobson (1995) observed a relationship

between host age and parasite intensity that produces distinct patterns. Among these
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patterns, one demonstrates a decrease in the number of parasites as the age of the
hosts increases, which is likely due to the death of the host, the acquisition of immunity,
or some predisposition to infestation (Hudson and Dobson 1995; Wilson et al. 2002;
Raffel et al. 2011). It was evident that there was no preference between left and right
valves. This is supported by Huntley's (2007) interpretation, which suggests that there
is no evidence of one valve being more advantageous than the other from the same
organism. This further reinforces the notion that valves can be used to study
interactions by traces in fossil records. Moreover, the non-discriminatory nature of
valves is a useful tool for fossils or sub-fossils, as it allows us to assume that an infected
valve is representative of a preserved infected organism (Huntley 2007; Huntley and
Scarponi 2012).

Our analyses of the distribution of the traces revealed a pattern of aggregation of the
parasites. This aggregation is evidenced when a large proportion of individuals have a
small number of parasites, while a small number of individuals have a large number of
parasites (Shaw and Dobson 1995; Shaw et al. 1998). The degree of aggregation can
be measured by the variance ratio to the mean, with values greater than one indicating
aggregation (Wilson et al. 2002). Similar to Huntley and Scarponi (2021), we used the
mean abundance, which is the number of traces found in each individual valve. As our
data were collected from various locations and a substantial number of samples, we
applied a linear regression model with logarithmic transformation to calculate the slope
between the mean abundance and the variance (Shaw and Dobson 1995; Wilson et
al. 2002; Johnson and Hoverman 2014). The resulting slope value was relatively high
(Fig. 6) when compared to other studies of aggregation (e.g., Johnson and Hoverman
2014; Huntley and Scarponi 2021). The aggregation of parasites is caused by a variety
of heterogeneous factors, including host gender, age, body condition, and genetics
(Wilson et al. 2002). Seasonality and the period in which the host is exposed to the
parasite also contribute to this aggregation (Wilson et al. 2002; Raffel et al. 2011). High
levels of aggregation can lead to increased mortality rates, whereas moderate levels
are optimal for selection (Shaw and Dobson 1995; Poulin 2007). The degree of
aggregation found in our study may also provide insight into population structure, as
strongly aggregated parasites can act as regulators of population growth and exert
some control over population stability (Anderson and May 1978; Adler and

Kretzschmar 1992). Additionally, the distribution of parasites among hosts can reveal
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the dynamics of coevolutionary processes, including the defense mechanisms
developed by hosts (Morand and Krasnov 2008). It is important to note that our data
on parasite abundance were based on the presence or absence of preserved traces

(e.g., Huntley and Scarponi 2021).

Our data demonstrated a selection as to where the parasite settled. By analyzing the
traces, we found that 70% of the parasites of the Gymnophallidae family tended to
prefer to colonize the extrapallial environment when metacercariae. This preference
was also found by ltuarte et al. (2005) in Holocene valves of Cyamiomactra sp. with
traces in the extrapallial space corresponding to the family Gymnophallidae. In cases
of high infestation or in older individuals, metacercariae can also be found in the vicinity
of the pallial sinus, as reported by Lauckner (1983) and ltuarte et al. (2009). Our data
also corresponded to the areas mentioned by these authors, where the pallial sinus
area had a preference of 25.5%. Tagelus plebeius individuals that are older and heavily
infested with Gymnophallids can develop blisters and orange-brown pigmentation in
the pallial sinus, as reported by ltuarte et al. (2009). However, Laucker (1983) reported
that the metacercariae of the Gymnophalluus strigatus preferentially colonize the
extrapallial environment of valves of the Donacidae family in the Mediterranean Sea
and the European Atlantic. The way in which the host responds may vary according to
the species and even the place where the parasite is established, although there are
similarities between the types of induced reaction (ltuarte et al. 2001; Cremonte and
ltuarte 2003; ltuarte et al. 2005; Vazquez et al. 2006). According to ltuarte et al. (2005),
understanding the different responses induced by gymnophallids can provide insight

into the evolutionary history of the host—parasite interaction.

CONCLUSION

Traces of metacercariae of the Gymnophallidae family were found exclusively in valves
of Donax hanleyanus along the retrogradational, and progradational sectors of the
coast of Rio Grande do Sul, southern Brazil, suggesting a specific host preference by
trematode parasites. This is the first time that these traces have been observed on the
Brazilian coast. A relatively higher parasite prevalence was observed in the
progradational sector compared to the retrogradational sector, which differs from

previous research findings. Previous research has shown that time-averaging does not
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significantly impact the prevalence rate of the parasite (e.g., Huntley and Scarponi
2012, 2015). However, our findings indicated that local factors such as the
predominant shoreline behavior and sedimentary processes may play a significant role
in determining the spatial distribution of the parasite, potentially confusing any patterns
of prevalence related to the predominant shoreline behavior and its associated fossil
record. Nevertheless, further research into the local characteristics of this region is
needed to understand better how the parasite—host interaction behaves along the

resulting sedimentary record in this region.

Trematodes prefer larger hosts, as infested individuals tend to be larger than non-
infested ones, up to a maximum size of 20 mm, beyond which trace abundance
decreases significantly. However, they do not prefer either the right or left valve. The
distribution of traces indicates a high degree of aggregation of parasites among their
hosts. This non-selectivity of valves and the aggregation of traces suggest that the use
of traces could be a reliable indicator of interactions in the fossil record. The extrapallial
space of the valve appears to be the location where the highest number of traces are
concentrated, as has been observed in modern bivalves. However, it is important to
note that taphonomic biases may affect the degree of preservation of traces on

parasitized valves, although they do not appear to have a major impact.

Therefore, the fossil record can provide us with invaluable information regarding the
response of parasites to climate change as well as to environmental changes related
to relative variations in sea level. This information can be used to develop measures
for the conservation and preservation of ecosystem services that are essential for
society in light of the potential consequences of ongoing global warming. In conclusion,
the results presented and discussed in this paper further emphasize the importance of
conducting quantitative studies on the parasitism—host interaction, as they can provide
a wealth of information that can be used to make predictions in a changing global

environment.
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FIGURE CAPTION

Figure 1 - Study area in southern Brazil. A, Schematic map showing the study area.
B, Location of collected samples. The circles on the map represent the sample number
and their location. Due to the scale of the image and proximity between samples, the
circle representing sample number 1 for both sectors is shared. Created using

Basemap — ArcMap

Figure 2 - Valve of Donax hanleyanus with traces of trematodes. A, Overview of trace
location. B, Emphasis on the various traces induced by trematodes indicated by the

arrows. Scale: 5 mm.

Figure 3 - Body size distribution of shells of Donax hanleyanus. A, Correlation between
body size and valve length. B, Histogram of body size of individuals classified as

juveniles and adults.

Figure 4 - Body size distribution (mm) between infested and non-infested individuals

by coastline behavior.

Figure 5 - A, Number of trematode traces per valve of Donax hanleyanus in relation
to body size (mm). B, Frequency distribution of Donax hanleyanus valves based on

the number of trematode traces per valve (abundance).

Figure 6 - Analysis of mean pit abundance and variance of pit abundance at the
sample level. The dotted line indicates the best linear model. Samples with a 1:1 ratio

should show an equal distribution of trematode traces in shells.

Figure 7 - Right valve of the bivalve mollusk Donax hanleyanus. A, Demarcating the
location of the traces according to the morphology of the valve: 1 and 4 = adductor

muscle scars; 2 = pallial sinus; 3 = extrapallial space; 5 = valve margin. B,

Demarcations including the frequency of traces for each location.

Figure 8 - The local (autogenic) characteristics of the study area, such as the direction

and rate of longitudinal sediment transport, and their relationship to the prevalence of
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parasitism (as seen in Fig. 1) were also considered. Capital letters (B, C, D, and E)
represent the types of barrier described by Dillenburg et al. (2000). Arrows present in
the DLT line indicate the predominant direction of longitudinal sediment transport
(modified from Lima et al. 2001). The low, medium, and high LST classification
corresponds to the longitudinal sediment transport values (modified from Martinho et
al. 2009). PR represents the prevalence of parasitism in the predominantly

progradational and retrogradational sectors, respectively.

TABLE CAPTION

Table 1 - Species identified and their relative frequency (Fr) for the sectors.

Table 2 - Numerical summary of parasitism traces found in Donax hanleyanus by
sample. n whole indicates the total number of shells per sample. n pits is the number

of shells with at least one parasitism trace. Sum pits represents the total number of pits

in all shells. Mean abundance is the sum pits divided by n whole.
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Figure 7
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Species

Progradational - Fr (%) Retrogradational - Fr (%)

Class Gastropoda

Tonna galea 0.0 % 0.3 %
Semicassis granulata 0.0 % 0.3 %
Buccinanops cochlidium 0.0 % 0.3 %
Pachycymbiola sp. 0.0 % 0.3 %
Olivancillaria sp. 0.0 % 0.8 %
Class Bivalvia

Perna perna 0.0 % 0.3 %
Anadara brasiliana 0.0 % 0.3 %
Anadara chemnitzii 0.54 % 0.0 %
Lunarca ovalis 0.0 % 0.3 %
Crassostrea sp. 0.27 % 0.3 %
Divalinga quadrisulcata 0.27 % 0.0 %
Mactra isabelleana 2.45 % 8.0 %
Amarilladesma mactroides 0.82 % 3,6 %
Donax hanleyanus 94.02 % 83.7 %
Anomalocardia flexuosa 0.0 % 0.3 %
Chione cancellata 0.27 % 0.0 %
Eucallista purpurata 0.54 % 0.3 %
Pitar fulminatus 0.0 % 0.3 %
Pitar rostratus 0.27 % 0.5%
Transennella stimpsoni 0.27 % 0.0 %
Transenpitar americana 0.0 % 0.5%
Tivela sp. 0.27 % 0.0 %
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Table 2

Sample Sector n n Sum Prevalence (Cl, Mean

number whole pits pits t abundance
95 %)

1 retrogradational 8 4 17 0.500 (0.215 - 2.125
0.785)

2 retrogradational 16 10 69 0.625 (0.359 - 4.313
0.837)

3 retrogradational 25 13 170 0.520 (0.318 - 6.800
0.717)

4 retrogradational 25 14 186 0.560 (0.353 - 7.440
0.750)

5 retrogradational 35 17 108 0.486 (0.317 - 3.086
0.657)

6 retrogradational 27 14 76 0.556 (0.356 - 2.815
0.740)

7 retrogradational 4 1 1 0.250 (0.013 - 0.250
0.781)

8 retrogradational 29 15 180 0.621 (0.424 6.207
- 0.787)

9 retrogradational 21 11 72 0.619 (0.387 - 3.429
0.810)

10 retrogradational 21 10 54 0.524 (0.303 - 2.571
0.736)

11 retrogradational 6 4 47 0.238 (0.091 - 7.833
0.475)

1 progradational 17 12 77 0.706 (0.440 - 4.529
0.886)

3 progradational 13 7 102 0.538 (0.261 - 7.846
0.796)

4 progradational 9 6 67 0.667 (0.309 - 7.444
0.910)

5 progradational 10 8 51 0.800 (0.442 - 5.100
0.965)

6 progradational 4 2 16 0.500 (0.150 - 4.000
0.850)

7 progradational 7 4 11 0.571 (0.202 - 1.571

0.882)
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0.750 (0.356 - 8.375

0.955)
0.711(0.539-  5.316
0.840)
0.571(0.344 -  3.905
0.774)
0.667 (0.241-  3.667
0.940)
0.400 (0.073-  3.200
0.830)
0.689 (0.532-  3.578
0.814)

0.593(0.390-  3.926
0.770)

0.600 (0.170-  2.000
0.927)
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OPINION

Evaluation of Ph.D thesis titled PREDOMINANCE OF PARASITE TRACES IN
MARINE MOLLUSKS: NEW PARADIGMS FROM THE SOUTH AMERICAN
CONTINENT

Valentina’s thesis focuses on a relatively new sub-field of paleontology, which is
marine paleoparasitology. It documents in a quantitative manner occurrence of
trematode parasites as function of their distinctive traces left on bivalve hosts from
recent coastal environments of Brazil. While discussion on host selectivity of
trematodes, their distribution as a function of host age/dimension, and the most
important sedimentary dynamics/processes affecting the recovered parasitic trends
are well grounded. The comparison with previous studies from the N. Adriatic basin
IS, to me, not appropriate and should be avoided, as these N. Adriatic studies focus
on different temporal, stratigraphic, and geographical scales. An in depth
explanation is reported below, and my concerns and suggestions are detailed
below (my text is the one reported in italics and underlined).

Introduction

“Trematode parasites, particularly those in the subclass Digenea, have a complex
life cycle in which the first intermediate host, typically a gastropod, gives rise to
cercariae that infect the second host, in this case, a bivalve”

The life cycle of digenean parasites varies a lot. The one reported is the only one,
probably common, but there are others. Therefore, this entire paragraph needs to
be better focused.

“a bird or mammal”
| sugqgest ....a bird or other vertebrate

“As previously mentioned, recent studies on traces of parasitism in the fossil record
have primarily focused on mollusks, particularly bivalves, in the Northern
Hemisphere

(e.g., Huntley and Scarponi 2015, 2021; Scarponi et al. 2017), except for Marini et




al.(2022).”
| suggest expanding the reference here and elsewhere. E.qg., see volumes edited by
De Baets and Huntley Topics in Geobiology volumes 49 and 50

Materials and Methods

Study Area

“...Late Quaternary....”

....late Quaternary, not a formalized units

“....reaching its transgressive peak at...”
...reaching maximum transgression at....

This study area has two sections. The first section is between the cities of Imbé and
Torres, and it has a slightly concave coastline, with the greatest progradation
occurring in Balneario de Curumim (Dillenburg et al. 2000, 2009). The second
sector covers the area from Tramandai to Palmares do Sul, where the coastline is
slightly convex toward the basin (Dillenburg et al. 2009). At the Jardim do Eden
beach, south of Tramandai, outcrops of lagoon muds are found, indicating that the
transgression occurred due to a negative sediment balance (Travessas et al. 2005).
Similarly, the municipality of Cidreira is exposed to stronger waves and has a high
rate of retrogradation (Dillenburg et al. 2000; Travessas et al. 2005). This sector
has a predominantly retrogradational pattern and eroding coastline (Esteves et al.
2006; Martinho et al. 2008).

All information concerning localities reported here should also be indicated in Figure
1. Please change ...that the transgression occurred ... in erosion occurred.

Data Collection and Analysis

“Samples were collected from 16 different locations between the municipalities of
Imbé and Torres in southern Brazil, which is referred to as the "north area" and has
a predominantly progradational coastline (as shown in Fig. 1). Additionally, samples
were collected from 11 locations between the municipalities of Tramandai and
Balneario Dunas Altas, in Palmares do Sul, which is referred to as the "south area"
and has a predominantly retrogradational coastline (as shown in Fig. 1).”

This is a crucial point. The authors are comparing trematode dynamics within a
relatively short (150km long) sector of the same system, i.e., beach barriers, that
progrades and retrogrades in relation to inherited topography and related erosional
dynamics. The inland sedimentary load and eustatic sea-level dynamics are the
same for the entire study area sea-level, as well as probably fluvial influence
regarding nutrients, water temperature, and other environmental variables. In
conclusion, the candidate is evaluating variability in parasitic traces at a small-scale
geographic scale within the same system (not along stratal stacking patterns that
requires stratigraphic units as in Huntley and Scarponi 2012 or Scarponi et al.
2017). So the results of the Ph.D. investigation will give an overview of biotic
relations strongly driven by small-scale geographic patterns influenced by local
factors, such as local morphology, longshore currents strength, geomorphologic-
drive wave erosion, and anthropic pressure. The candidate rightly pointed it out in
the discussion chapter of her dissertation. However, comparing the results obtained
here with those mentioned by the candidate (i.e., Scarponi et al., 2017; Huntley and




Scarponi, 2012, 2015) is inappropriate and should be avoided or changed (see
below my explanation).

Specifically, the comparison of the spatial distribution of traces with that of Huntley
and Scarponi 2015; where the nearshore environments were from two distinct
domains characterized by different environmental conditions or with findings
reported in Huntley and Scarponi 2012 (that evaluate predation traces within
different systems tracts, multi-millennial scale units characterized by different stratal
stacking patterns) and Scarponi et al. 2017 (investigates parasitic prevalence in
parasequences developed over millennial-scale time spans), is not appropriate.
These studies, indeed, analyze parasitic prevalence at a larger geographic scale
(i.e., between different domains in Huntely and Scarponi, 2012 and here within a
single domain); or at different temporal scales (fossil deposits buried in the coastal
plain of the Adriatic that recorded different eustatic sea-level dynamics over the
entire Holocene, i.e., Huntley and Scarponi 2012; or last eustatic sea-level rise of
the last glacial-interglacial transition that originated the part of the investigated
parasequences Scarponi et al., 2017). So on different time scales with respect to
the findings here reported. Such evaluation requires evaluating parasitic traces in
cored deposits (where the input of present-day specimens is null, see my comment

below).

“...quadrant to collect all mollusks...”
Suggest to change in ...mollusk remains...as the input is from dead Donax shells
that are being stranded onshore by waves and not subfossil specimens.

“...to the most specific taxonomic...”
..to the lower...

“...by observing geochemical changes...”
...by following changes...

Please check or add a reference, as |I’'m not sure that all trematode taxa produce
pits,...

“...in the Mediterranean Sea (e.g., Scarponi et al. 2017;....”
Scarponi et al., 2017 evaluate trematodes in Abra segmentum, not C. gallina,.....
please change this.

Numerical Analyses

“...were conducted for each coastal sector (progradational or retrogradational) to
determine if this pattern was specific to a particular stratigraphical pattern.”

This is another critical point, | explain my concern here, but the author should
modify it also in other parts of her dissertation. This sentence should be rephrased,
as progradation or retrogradation at a small geographic scale is not equivalent to
progradational or retrogradational stacking patterns that in the Adriatic studies cited
developed in relation to the last glacial-interglacial transition. Most important, Stratal




stacking patterns describe the architecture of the sedimentary

record, and not active depositional surfaces like the one investigated here.

| would suggest changing it in“...were conducted for each coastal sector
(progradational or retrogradational) to determine if the two investigated areas
showed any statistical difference in parasitic infestation”

Results

“Among the sectors, the retrogradational sector....”

While retrogradational sector could be used, please evaluate if substituting
retrogradational with concave (or iindented) and progradational with convex could
be a viable option here and elsewhere in the text.

“....highest species diversity, with 17 species, while the progradational sector had
11 species (Table 1).”

Judging from table 1, the two sectors seem characterized by the same pool of
species. The difference might be due to low sample intensity in both sectors, as
species not present in one sector show a very low relative abundance in the other
sector.

“The overall prevalence of parasitism in individuals of D. hanleyanus was 0.599,
with...”

It is a high value. Do you have data on live-collected specimens of D. hanleyanus?
If not, this could be the next step of the research. Compare dead and live traces
along with radiocarbon dating of the dead shell examined.

“The mean abundance of traces per sample ranged from 0.250 to 8.375 (Table 2).”
While this info is reported in the result, it should also be discussed (along with total
abundance); please check the Discussion chapter.

Discussion

“For example, organisms infested with Tagelus plebeius ([Lightfoot],...”
Please check; it seems unclear to me, maybe ...... infested specimens of the bivalve
Tagelus pelbeius...

“Our findings do not demonstrate a clear association between sediment stacking
pattern and prevalence, as previously observed in studies of the Adriatic coast
(Scarponi et al. 2017; Huntley and Scarponi 2021).”

Given the way of collecting samples, i.e., stranded shells | suspect that an
overwhelming majority of Donax valves in both investigated sectors are coming
from present-day nearshore communities from the same domain with similar
environmental parameter (see comment above), the author is evaluating within-
domain parasite variability and comparison with parasite infestation in an explicit
sequence stratigraphic scheme (i.e., Scarponi et al., 2017; Huntley and Scarponi,
2021 should be avoided; see also comment above)

“The absolute prevalence values obtained in our study were slightly higher than
those reported in the Adriatic Sea (Scarponi et al. 2017; Huntley and Scarponi




2021). The north sector of our study area, predominantly progradational, exhibited
slightly higher values. However, not statistically significant compared to the south
sector, which is predominantly retrogradational (Fig. 8). Our findings do not
demonstrate a clear association between sediment stacking pattern and
prevalence, as previously observed in studies of the Adriatic coast (Scarponi et al.
2017; Huntley and Scarponi 2021). The Po Delta in the northern Adriatic Sea is
dominated by waves and has a high sedimentary input from the rivers in the Po
River basin (Correggiari et al. 2005; Stefani and Vincenzi 2005; Amorosi et al.
2019). In contrast, the coast of Rio Grande do Sul has a sandy coast that is also
dominated by waves but has a reduced sedimentary input (Tomazelli et al. 1998;
Dillenburg et al. 2009). This area has a hydrographic system with rivers, but the
sediment discharge is blocked by the lagoon-barrier system (Tomazelli 1998). Thus,
littoral drift and the existing topography are autogenic determinant factors in the
sediment balance along the coast (Dillenburg et al. 2000). Most of the swells that hit
the coast of Rio Grande do Sul have a north-northeast origin, but those that come
from the south, though less frequent, can transport more than 30% of the sediment
in a northeast direction, allowing for the littoral drift in that direction (Tomazelli and
Villwock 1992; Lima et al. 2001; Toldo et al. 2006) (Fig. 8). The RS coastline has
projections associated with a convex shoreline, which leads to higher wave energy,
resulting in erosion and a retrogradational barrier. On the other hand, the
embayment is associated with a concave shoreline, where the waves reach the
shore with less energy, leading to a progradational barrier (Dillenburg et al. 2000;
Martinho et al. 2010; Dillenburg and Barboza 2014; Rosa et al. 2017) (Fig. 8).
Martinho et al. (2009) observed that the amount of sediment transported along a
coastline was greater where the coast was convex than where it was concave.
Dillenburg et al. (2000) also noted that the study area had both progradational and
retrogradational stacking patterns, as well as transitional sectors with agradational
behavior. We can infer that the shape of the coast and the littoral drift are significant
factors in understanding the prevalence values found, since the littoral drift can
transport sediment and bioclastic material from retrogradational to progradational
sectors, in agreement with the prevailing direction of drift toward the northeast. The
Holocene coastal barrier in Rio Grande do Sul has been greatly impacted by the
combined effect of coastal drift and the pre-existing topography over the last 5,000
years, with the drift being particularly influential when sea level changes slowed
down (Dillenburg et al. 2000; Martinho et al. 2009; Dillenburg and Barboza 2014).
Additionally, some sections of the sector have been found to be still actively
prograding (Esteves et al. 2006). Recent research did not identify any alterations to
the sedimentary record due to the increase in sea level caused by global warming
(Barboza et al. 2021).

The authors are comparing trematode dynamics within a relatively short (150km
long) sector of the same system, i.e., beach barrier, that progrades and retrogrades
based on location-specific features (e.g., inherited topography and related erosional
dynamics). However, the source of their study, i.e., Donax shells, mainly come from
living mollusk communities in the same shallow marine environment, an upper
nearshore setting in both sectors of the coast. Evaluating the degree of mixing and
transportation is difficult (depending on the alongshore current carrying capacity
and resistance of such shells). As for an assessment of mixing radiometric data are
needed. So evaluation of parasitic traces is made within the same environment and
"probably" short temporal span.”

As mentioned above, the comparison reported here should be avoided.




The studies dealing with the fossiliferous succession of the Adriatic analyzed the
trend of stratal stacking pattern (that is, the long-term result of larger scale relative
or eustatic sea-level changes (not as here smaller scale and narrow time window).
On the other hand, the one dealing with coastal taphofacies (Huntely and Scarponi
2015) investigated dead shell assemblages in two different large-scale nearshore
settings characterized by other environmental variables (sedimentation nutrient,
fluvial influence, etc.). For these reasons, | would not compare the findings obtained
from Adriatic studies with this one. Instead, suggest erasing it and focusing on the
object of this study, which is local-scale variability (see my comment above).
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“PREVALENCIA DE TRACOS DE PARASITAS EM MOLUSCOS MARINHOS:
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Conceito: A

PARECER:
A dissertacdo aborda um tema pouco estudado com o enfoque em parasitologia na
paleontologia. Sendo assim, € um estudo importante para a area. Entretanto, um
conceito é abordado de forma incorreta. O uso de traco durante toda a dissertacéo
esta errado. Traco é o vestigio de uma atividade do animal. O que é chamado de
traco € um crescimento anémalo na concha. Alguns autores tém usado traco, mas
acredito que este erro deva ser evitado.
Na parte introdutdria da dissertacdo, a mestranda poderia ter explorado mais o
tema e ilustrado (com figuras e tabelas) melhor.
Para o artigo, acredito que deveriam de ter feito um MEV dos pits.
Considero a dissertacéo aprovada.
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Titulo da Dissertagao:

“PREVALENCIA DE TRAGOS DE PARASITAS EM MOLUSCOS MARINHOS:
NOVOS PARADIGMAS DO CONTINENTE SUL-AMERICANO”

Area de Concentracdo: Paleontologia

Autora: Valentina Silva dos Santos

Orientador: Prof. Dr. Matias do Nascimento Ritter

Examinador: Dr. Jorge Villegas-Martin

Data: 10/05/2023

Conceito: 9

PARECER:

O tema do projeto e nove doso e importante na area da bioerosao e pode ser de
interes tanto para as pessoas que trabalham bioeroséo, relagdes ecoldgicas,
paleobiologia e paleontologia geral onde os estudos s&o escassos. Em geral, a
linguagem e redacédo estdo corretas, fago algumas sugestdes em algumas partes,
onde em minha opinido ficaria mais clara a ideia que a estudante quis expressar.A
organizagdo do texto esta correta mostrando claramente a problematica a ser
aborda e os objetivos principais. Em geral as figuras tém qualidade e aparecem
para apoiar corretamente o texto. No entanto, sugiro adicionar citas em algumas
afirmacdes.

, revisar no texto porque em algumas ocasides parece dar a entender que o
produtor do trago foi o icnogenero, quando este se refere a classificagao
icnotaxonomica. Sugiro também detalhar em algumas informag¢des nos materiais e
meétodos e revisar o inglés do artigo. Outras sugestdes e recomendagdes sao
adicionados sobre o pdf, que em minha opinido melhorariam o texto (ver pdf).
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