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RESUMO

Os ostracodes sdo microcrustaceos predominantemente bentdnicos que deixaram rico
registro fdssil, constituindo-se em importante ferramenta para a interpretagdo
paleoambiental e bioestratigrafica. Estudos que tratam dos ostracodes recentes sdo de
grande importancia a Paleomicrontologia, pois muitos géneros e até mesmo espécies do
Cenozoico ainda sdo encontrados nos mares atuais. Diversos estudos versam sobre 0s
Ostracoda na plataforma continental e talude superior no Brasil, mas sdo raras as
pesquisas nas aguas mais rasas do infralitoral. O principal objetivo deste estudo foi
identificar e ilustrar a riqueza de espécies ao longo de uma ampla area litoranea do sul
do Brasil, cuja costa é formada por numerosas pequenas praias guardadas por
promontdrios rochosos. Discutir aspectos relacionados a zoo- e a paleozoogeografia em
especial dos elementos autdctones desta ostracofauna, além de introduzir a discussdo
sobre a fidelidade composicional entre associacdo viva e morta na area de estudo, estdo
entre os objetivos subsequentes. Dezoito familias, 33 géneros e 46 espécies foram
identificados nesse estudo. A familia Hemicytheridae é a mais representativa com 18
espécies, seguida por Cytheruridae com seis espécies. Duas espécies do género
Xestoleberis Sars foram identificadas como provaveis novos taxons para
Xestoleberididae. Preliminarmente, a fidelidade composicional é baixa, com maior
rigueza na associacdo morta, bem como grande dominancia e baixa riqueza na

associacdo viva, um padrdo esperado para zonas marinhas rasas como o infralitoral.

Palavras-chave: sublitoral rochoso, ostracodes, potencial de preservacao, taxonomia.



ABSTRACT

Ostracoda are microcrustaceans with predominantly benthic habit which exhibit an
abundant fossil record and constitute an important tool for paleoenvironmental and
biostratigraphic studies. Research about recent ostracodes are extremely relevant to
Paleomicrontology since many genera and even species from Cenozoic are still found
nowadays. Several studies on Ostracoda from Brazil have focused on continental shelf
and upper slope. The present work aims to identify and illustrate the species richness
over a broad coastal area from southern Brazil, which coast is represented by numerous
small sandy beaches guarded by rock promontories. Also, discuss zoo- and
paleozoogeographic aspects, mainly related to autochthonous elements of this
ostracofauna, and to introduce the discussion of compositional fidelity between living
and dead ostracode assemblages, are among the subsequent objectives. Eighteen
families, 33 genera and 46 species were identified. The family Hemicytheridae is the
most representative with 18 species followed by Cytheruridae with six species. Two
Xestoleberididae species herein identified are probably new taxa. A preliminary
analysis showed low compositional fidelity with richness higher in death than in living
assemblages. The living assemblage showed high dominance and low richness. This

pattern is common for shallow marine zones such the infralittoral.

Key words: Rocky sublittoral, ostracodes, preservation potential, taxonomy.
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1. INTRODUCAO

Ostracodes sdo microcrustaceos que possuem o corpo envolto por uma
carapaga quitino-calcitica bivalve, medindo na sua forma adulta, na maioria das
espécies, entre 0,5 e 1,5 mm de comprimento. Como todos os artropodes, realizam
mudas (ecdises), sendo que para chegar a fase adulta um ostracode passa por até oito
estagios de crescimento. O corpo € dividido em céfalo e térax com cinco a oito pares de
apéndices nos adultos, mais a furca (Coimbra & Bergue, 2011). Apresentam registro
desde o Paleozoico até o Recente, contribuindo com importante parcela de informacéo
em estudos de interpretacdo paleoambiental multiproxies, bem como na elaboracgéo de
arcaboucos bioestratigraficos, constituindo-se em fdsseis-guia tanto em bacias marinhas
quanto continentais. No contexto féssil, ainda sdo frequentemente utilizados em estudos

paleoceanograficos e paleoclimaticos (Bergue, 2006, Bergue & Coimbra, 2008).

Como organismos de ampla plasticidade ecol6gica, os ostracodes ocupam
diversos ambientes, desde solos Umidos, tanques de bromélias, lagos, lagoas, estuarios,
até sua majoritaria ocupacao no ambiente marinho onde, de forma benténica, reside a
quase totalidade dos taxons viventes. Estudos com ostracodes recentes e fosseis, no
Brasil, sdo mais abundantes na regido da plataforma continental e talude superior,
embora também existam publicacdes sobre a ostracofauna brasileira tipica de lagos,
estuarios, corpos d’agua efémeros, humo de Mata Atlantica, paleolagos, etc. (Coimbra

& Bergue, 2011 e referéncias).

Estudos de faunas recentes sdo de grande valor a Paleomicrontologia, pois
muitos taxons atuais apresentam comportamento ecol6gico similar aos seus ancestrais

fosseis, permitindo a aplicagdo do Principio do Uniformitarismo em analises



paleoambientais. Entretanto, sabe-se que esta metodologia deve ser aplicada com certa
cautela, devido aos vieses tafondmicos que podem conduzir a erros de interpretacdo

(Coimbra et al., 2006).

Em &guas rasas do litoral brasileiro sdo raros os estudos com Ostracoda, mais
raros ainda no infralitoral. Essa falta de conhecimento sobre a fauna de ostracodes desta
faixa litoranea legitima estudos direcionados ao levantamento taxonémico, biogeografia

e composicdo de comunidades (vivas e mortas) dos ostracodes ali residentes.

2. OBJETIVOS

2.1. Objetivo Geral
Este trabalho teve como principal objetivo determinar em nivel taxondmico
mais baixo possivel a composicdo da ostracofauna do sublitoral rochoso de Santa
Catarina, mais especificamente, do fital e dos sedimentos do infralitoral de 18 praias de
0ito municipios compreendidos entre as latitudes 26°10°/27°50°S. O presente inventario
inclui tanto as espécies coletadas vivas quanto as representadas apenas por carapacas

vazias e/ou valvas isoladas.

2.2. Objetivos Especificos
e Identificar possiveis espécies novas, assim como taxons inéditos para a regido
estudada.
e Discutir aspectos da zoo- e paleozoogeografia em especial das espécies que

apresentaram individuos vivos.
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e llustrar com fotomicrografias em MEV (Microscopio Eletrdnico de
Varredura) todas as espécies identificadas tanto na assembleia viva quanto na
assembleia morta.

e Realizar um estudo preliminar sobre a fidelidade composicional das

associacOes de ostracodes na regido analisada.

3. AREA DE ESTUDO

Os habitats costeiros bentdnicos estdo entre os ambientes marinhos mais
produtivos do planeta. Segundo Coutinho (2004), baseado na presenca de costbes
rochosos e de seus respectivos organismos bentonicos, podemos dividir a zona costeira
brasileira em trés areas principais. A primeira seria uma zona que vai do Amapa ao
norte da Bahia e que se caracteriza por uma costa de sedimentos ndo consolidados ou,
quando consolidados, formados predominantemente por arrecifes de arenito incrustados
por algas calcarias e corais. A segunda é a zona costeira do norte da Bahia, onde ja sdo
comuns afloramentos do cristalino formando costdes rochosos, até o sul da Ilha de
Santa Catarina, onde estd a cidade de Floriandpolis, que se caracteriza por grande
disponibilidade de substrato rochoso, tanto na borda continental, recortada por inimeras
baias e enseadas, com praias pequenas separadas por espordes rochosos, como também
nas numerosas ilhas e ilhotas que ocorrem na regido. E a Gltima zona compreende a area
do sul de Santa Catarina até a regido de Torres (RS). Esta regido caracteriza-se por
extensas praias arenosas e raros afloramentos do escudo cristalino no continente e em

ilhas.

Dentre os ecossistemas da regido entremarés e habitats da zona costeira, 0s

costdes rochosos séo considerados um dos mais importantes por conterem uma alta



11

riqueza de espécies de significativo valor ecoldgico e, ndo raro, também econémico
(Coutinho, 2004). Ainda segundo Coutinho (2004), os costbes rochosos podem,
simplificadamente, ser classificados como supralitoral (= orla litoranea), médio litoral
(= regido eulitoranea) e infralitoral (= regido sublitorénea), estando os costdes rochosos
verdadeiros presentes quase que exclusivamente nas regides sudeste e sul da costa
brasileira. As amostragens foram realizadas na regido sublitoranea (zona do infralitoral)
de Santa Catarina, em uma area compreendida entre as latitudes 26°10°/27°50°S (Fig.
1). A zona do infralitoral estende-se deste o limite do médio litoral até o
desaparecimento das algas. Em termos de profundidade, sua posi¢do é bem variada.
Contudo, normalmente considera-se que a regido do infralitoral estende-se até 10-15

metros de profundidade (Coutinho, 2004).

49°300" W 49°y

Allartic
Geean

Study
Area

27°8

Santa Catarina State

Figura 1. Localizagdo dos municipios com praias amostradas, Santa Catarina, Brasil.
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De acordo com Coutinho (2000), a area de estudo esta inserida dentro do
compartimento Costa Sudeste (Cabo Frio — Cabo de Santa Marta). Este trecho
caracteriza-se por praias arenosas, com a presenga intermitente de pontais rochosos. As
planicies costeiras, limitadas pelos costdes rochosos da Serra do Mar, sdo compostas
por sistemas de laguna/barreira, simples ou multiplos, ou por sistemas de corddes
litordneos regressivos, pleistocénicos ou holocénicos, ou somente holocénicos, sendo
parcialmente retrabalhados pelo vento (Coutinho, 2000).

A maior parte do litoral brasileiro, inclusive a costa catarinense, apresenta
amplitudes de marés inferiores a 2 m (micromarés) (Tessler & Goya, 2005). De acordo
com Pereira et. al. (2009), a temperatura superficial média (TSM), na regido da area de
estudo, varia de 21° a 24°C nos meses de abril e maio, periodo em que foram realizadas
as coletas no ano de 2009.

As algas de infralitoral da regido estudada séo caracterizadas por representantes
dos trés grupos de macroalgas marinhas: Clorophyta (algas verdes), Phaeophyta (algas
pardas) e Rhodophyta (algas vermelhas). VVrias espécies foram coletadas no estudo em
questdo, entretanto, falhas técnicas para uma melhor preservacdo das algas em campo,
dificultaram a identificacdo da maioria em laboratério. O autor identificou algumas
algas com base nos restos preservados, guiando-se pelo trabalho exaustivo de Pupo et
al. (2011), que trata das algas marinhas de Santa Catarina. Contudo, como estas
identificacbes fazem parte de um estudo ainda em andamento, optou-se por nao detalha-
las na presente dissertacdo. Entretanto é possivel adiantar que, dentre as algas verdes
(Clorophyta), foi registrada a ocorréncia de Ulva fasciata e Ulva flexuosa, que
apareceram associadas a espécies do género Cladophora, como C. vagabunda
(cosmopolita) e C. prolifera. Bryopsis pennata tambeém ocorreu nesta regido sempre

associada a outras algas. Sargassum (Phaeophyta), que provavelmente é o género de
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alga mais comum da regido do infralitoral nas regifes tropicais e subtropicais da costa
brasileira (Coutinho, 2004), é amplamente reconhecido pela sua dificil determinagdo
especifica, tendo sido também coletado neste estudo. As algas coralindceas incrustantes
(Rhodopyta), dominantes em vérias zonas do infralitoral, segundo Coutinho (2004),
podem estar acompanhadas por tufos de algas dos géneros Jania e Hypnea (J. rubens e
H. musciformis, identificadas nas coletas desta dissertacdo), mais os géneros Ceramium,

Polysiphonia, Centroceras, Laurencia, Padina, Galaxaura, etc.

4. MATERIAL E METODOS

4.1. Amostragem no infralitoral de praias rochosas de Santa Catarina
O material de estudo é proveniente de 62 amostragens realizadas ao longo do
litoral de Santa Catarina (26°10'/27°50'S — 48°26'/48°40'W), no infralitoral superior de

18 praias rochosas, em algas e em sedimentos de fundo (Fig. 1).

Todas as amostras foram coletadas a mao, imediatamente apds a marca da
maré baixa, atingindo até 3 m de profundidade. No entanto, é importante notar que
alguns sitios de algas podem ter sofrido exposicdo subaérea durante 0 maximo da maré
baixa. Foram utilizados métodos de coleta semelhantes aos de outros estudos de
ostracodes do infralitoral (e.g. Whatley & Wall 1975, Frame et al., 2007). Os ramos das
algas arborescentes foram envolvidos em saco de plastico e, em seguida, este pedaco da
alga foi cortado da planta. Por sua vez, as algas rasteiras, em geral constituidas por
esteiras densas de varias espécies, foram amostradas por raspagem e depois ensacadas.

As 52 amostras de algas foram fixadas em 8% de formaldeido no campo (Fig. 2).

As dez amostras de sedimento foram coletadas com a ajuda de uma pequena pa.

Pelo menos duas réplicas foram tomadas por localidade. O fundo da regido estudada
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apresenta predominéncia de areia, principalmente de areia média a fina. Os sedimentos

também foram fixados em 8% de formaldeido no campo (Fig. 2).

Figura 2. Exemplos do acondicionamento do material em campo.

4.2. Preparacéo, triagem e aquisicao de imagens.

Em laborat6rio o material foi transferido para alcool 70% e, posteriormente,
preparado seguindo o método usual para triagem e estudo de ostracodes recentes (Fig.
3). Foram observadas as seguintes etapas: lavagem do material (sedimentos ou algas)
em &gua corrente, passando o mesmo por peneiras com diferentes medidas de malha
(0,250 mm, 0,177 mm, 0,074 mm) e separando a fracdo granulométrica de interesse
(malhas 0,250 e 0,177 mm); acondicionamento do material peneirado em frascos
contendo alcool 70%; triagem do material amostrado sob estereomicroscdpio para
recuperacdo de espécimes contendo as partes moles ou somente carapacas vazias e/ou
valvas; colagem dos espécimes em laminas para microfdsseis calcarios quando apenas

carapacas vazias e/ou valvas foram recuperadas; acondicionamento em alcool 70%, em
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pequenos potes de vidro com tampa, quando o corpo do animal estava preservado
dentro da carapaca.

Para a recuperacdo dos ostracodes amostrados em algas, foi triado todo o
contetdo preparado de cada amostra, sem prévia padronizacdo. Dos sedimentos foi

fracionada uma porcao de 30 ml de cada amostra para posterior triagem.

Figura 3. Sintese dos procedimentos realizados em laboratério, seguindo o método usual para preparagdo,
triagem e estocagem de espécimes vivos em alcool 70% e de carapacas vazias e valvas isoladas em

laminas de células maltiplas.

A aquisicdo de imagens se deu por meio de Microscopia Optica (MO), no
Laboratério de Microfdsseis Calcarios — UFRGS, e Microscopio Eletrénico de
Varredura (MEV), no Centro de Microscopia e Microanalise (CMM) — UFRGS. As
imagens em MO foram utilizadas apenas para uns poucos taxons de identificacdo mais
complexa. Para ilustrar as espécies no artigo que acompanha a presente dissertacao,
foram utilizadas apenas as imagens em MEV.

As referéncias seguiram o padrdo da revista Iheringia, Série Zoologia.
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5. ESTADO DA ARTE

O estudo com ostracodes no Brasil teve sua primeira publicacdo com Jones
(1860), estudando o Cretaceo da Bahia. Pouco depois, em 1880, Brady em seu estudo
monumental sobre ostracodes coletados na expedicdo H. M. S. Challenger, descreveu
algumas espécies de ostracodes marinhos de &guas profundas do norte e nordeste do
pais. Mais de meio século depois foi quando se iniciou de forma mais permanente o
estudo com o grupo no Brasil. Em 1955, Hartmann publicou o primeiro artigo tratando
da ostracofauna marinha rasa e mixoalina do Brasil, descrevendo espécies para o litoral
do estado de S&o Paulo. Posteriormente, autores brasileiros comecaram a ganhar
protagonismo com o estudo do grupo no pais, tendo no trabalho de Pinto et al. (1978)
um marco na identificacdo de numerosos géneros de ostracodes registrados ao longo da
plataforma continental do extremo norte (Amapd) ao sul do Rio Grande do Sul. Nas
décadas subsequentes, no que se refere essencialmente ao estudo de ostracodes
marinhos recentes ao longo da plataforma continental do Brasil, destacam-se 0s
pesquisadores Lilia Pinto de Ornellas, Ivone Purper, Yvonne T. Sanguinetti, Jodo Carlos
Coimbra e Maria Inés Feijé6 Ramos, que ampliaram o leque de estudos taxondmicos e
zoogeograficos deste grupo de microcrustaceos, sendo seguidos por Dermeval
Aparecido do Carmo, Cristianini Trescastro Bergue, Simone Nunes Brandao, Claudia
Pinto Machado, dentre outros. Muitos destes trabalhos tiveram também a participacdo
de pesquisadores estrangeiros, notadamente a mexicana Ana Luiza Carrefio e Robin
Charles Whatley. Contudo, apenas Branddo (2005) e Coimbra & Bergue (2011)
estudaram ambiente similar ao amostrado nesta dissertacdo. Branddo (2005) descreveu

trés espécies de Macrocyprina (realocadas no género Yemanja por Bradao, 2010), sendo
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uma para Armacao dos Buzios, litoral do Rio de Janeiro, cujo material-tipo foi coletado
em fital. O artigo de Coimbra & Bergue (2011) sera abaixo melhor discutido.

Estudos com ostracodes de &guas rasas em costdes rochosos no Brasil
iniciaram com o Programa BIOTA/FAPESP, coordenado por Carlos Alfredo Joly, que
possibilitou a realizagdo do projeto “Biodiversidade e ecossistemas bentdnicos marinhos
do litoral norte de S&o Paulo” (veja Amaral & Nallin, 2011 para mais detalhes). Esse
projeto analisou a macrofauna e a meiofauna de costfes rochosos, fauna associada a
substratos bioldgicos, praias arenosas e sublitoral ndo consolidado. Cabe salientar que
apenas o material formado por espécimes vivos foi analisado neste projeto. Como parte
deste inventariamento, Coimbra & Bergue (2011) analisaram a classe Ostracoda, dentre
os invertebrados pertencentes a meiofauna do ecossistema ‘“costdo rochoso” do
sublitoral rochoso do norte de S&o Paulo. A analise do material, previamente preparado
e triado pelo grupo da Dra. Antonia Cecilia Z. Amaral, do Departamento de Zoologia,
da UNICAMP, revelou uma diversidade baixa de espécies. Para o estado de Santa
Catarina, apesar da ampla possibilidade de estudos da meiofauna do infralitoral rochoso,
ndo havia nenhum trabalho sobre ostracodes até a descricdo de Auricythere sublitoralis
por Morais & Coimbra (2014). Os autores descreveram este novo género e espécie para
a familia Hemicytheridae, além de terem informado a presenca de outras 15 familias.
Na oportunidade, o estudo dos géneros e das espécies destas familias estava no seu

inicio. Este material é o que gerou a presente dissertacao.

6. RESULTADOS
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6.1. Artigo

O artigo intitulado A commented and illustrated inventory of ostracodes
(Ostracoda, Crustacea) from the infralittoral zone of Santa Catarina State, Brazil,
estd anexado a esta dissertacdo, sendo o principal resultado aqui atingido. Neste estudo
foram inventariados 0s ostracodes vivos e mortos recuperados das 62 amostras de algas
e sedimentos acima ja discutidas. Foram identificadas 18 familias, 33 géneros e 46
espécies, sendo a maioria (29 espécies) representada apenas por carapagas vazias e/ou
valvas isoladas. Dentre as 16 espécies com individuos vivos, os autores consideraram
apenas sete autoctones. Ostracodes vivos foram registrados quase exclusivamente em
substrato formado por assembleias mistas de algas rasteiras e em Sargassum. As
espécies mais abundantes foram Caudites seminudus Whatley & Keeler, 1989, Aurila
ornellasae Coimbra & Bergue, 2003 e Xestoleberis sp. 2, nesta ordem, sendo A.
ornellasae a com distribuicdo mais ampla na &rea amostrada. Aspectos paleontoldgicos

e zoogeograficos de algumas espécies foram também brevemente discutidos.

6.2. Aspectos gerais da fidelidade composicional dos ostracodes

Fidelidade composicional ou quantitativa € um ramo da tafonomia que busca
estimar o quanto da informacdo bioldgica pode ser preservada (ou perdida) no registro
fossil, utilizando ambientes recentes que possuem maior resolucdo de informacéo
ecoldgica. Entretanto, comparac@es diretas entre a composi¢do da comunidade viva e
sua respectiva associacao féssil nem sempre séo possiveis, porque normalmente ndo ha
dados disponiveis (como em Valentine et al., 2006; veja também Erthal et al., 2011).
Com isso, estudos que comparem a associagdo viva com a morta sdo mais utilizados,

possibilitando a quantificacdo do potencial de preservacdo da informacdo bioldgica,



19

além de determinar com maior precisdo o grau de autoctonia/aloctonia da fauna do local
(Kidwell, 2013).

Estudos com associagfes de moluscos marinhos mostraram que as
acumulacdes de restos mortos, em geral, apresentam maior diversidade que a associagdo
viva, pois a lenta destruicdo e grande producdo de carbonato biogénico favorecem a
preservacao dos restos (Kidwell et al., 2005). J& no ambiente continental, as associa¢oes
mortas sdo menos diversas que as associag¢fes vivas originais devido a rapida dissolucao

causada pelas aguas mais acidas, bem como transporte (Erthal et al., 2011).

Uma definicdo de fidelidade baseada em trés informacgdes basicas foi proposta
por Kidwell & Bosence (1991): 1- nimero de espécies encontradas apenas vivas (NL);
2- numero de espécies encontradas apenas mortas (ND), e 3- numero de espécies
compartilhadas entre associacdo viva e morta (NS). Com base nessas informacdes,
calcula-se indices (F1, F2 e F3) assim definidos: F1 (porcentagem de espécies
amostradas vivas que sdo também encontradas mortas no mesmo local); F2
(porcentagem de espécies mortas que também sdo encontradas vivas no mesmo local) e
F3 (porcentagem de individuos da associacdo morta que pertencem a espécies

encontradas vivas).

Somente dois estudos tratam de fidelidade quantitativa de ostracodes, um em
ambiente continental, num lago africano (Alin & Cohen, 2004), e outro em lagunas
hipersalinas no Caribe (Michelson & Park, 2013). Alin & Cohen (2004) estudaram a
fidelidade da fauna de ostracodes do Lago Tanganyika, enquanto Michelson & Park
(2013) analisaram amostras de lagunas da Ilha San Salvador, nas Bahamas. Em ambos
0s estudos as associacBes mortas mostraram alta fidelidade & comunidade viva em

escala de habitat (local).
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Tabela 1. Métodos de analise de fidelidade entre associacdo viva e morta (conforme Kidwell &
Bosence, 1991).

indice Tipo de Anélise Equacao
Percentagem de espécies
encontradas  vivas  que

FL também estdo na associagio [(Nsx 100)/ (N.+ Ns)]
morta.
Percentagem de espécies

2 encontradas ~ mortas  que [(Nsx 100)/ (No+ No)]

também sdo encontradas
vivas.

Percentagem de individuos
F3 mortos que pertencem a
espécies encontradas vivas.

[(individuos mortos de Ns X 100)/
(individuos mortos de ND+ NS)]

Tabela 2. Fidelidade de ostracodes encontrados vivos e mortos em ambientes litordneos de Santa
Catarina, Sul do Brasil. F1= proporc¢do de espécies encontradas vivas que também é encontrada morta;
F2= proporcdo de espécies encontradas mortas que também é encontrada viva; F3= propor¢do de
organismos encontrados mortos que pertencem a espécies encontradas vivas, num mesmo local/praia.
Valores estdo expressos em %. S= NUmero de espécies encontradas vivas e/ou mortas. N= Total de
individuos vivos. F3*= Analise restritiva (considerando nimero minimo= valvas em maior nimero +
n° de carapacas). - = Sem coleta/dados de areia ou alga.

Coordenadas AREIA ALGA AREIA+ALGA

PRAIA Lat./Long. F1 F2 F3 F3* S N F1 F2 F3 F3* S N F1 F2 F3 F3*
Itaguacu 26°10'S/48°31'0 - - - - - - 0 0 0 0 2 2 - - - -
Forte 26°10'S/48°32°0 - - - - - - 50 50 57 60 6 5 - - - -
Enseada 26°13'S/48°30'0 - - - - - - 33 50 67 50 4 16 - - - -
Prainha 26°14'S/48°30'0 0 0 0 0 1 1 - - - - - - - - - -
Centro 26°37'S/48°40°0 - - - - - - 0 0 0 0 3 3 - - - -
Grant 26°415'/48°40°'0 0 0 0 0 3 0 33 40 62,5 57 9 7 33 25 42 40
Laranjeiras 26°59'S/48°35'0 - - - - - - 100 100 100 100 2 20 - - - -
Estaleirinho  27°02'S/48°35'0 - - - - - - 0 0 0 0 6 0 - - - -
Estaleiro 27°07's/48°31'0 - - - - - - 83 22 48 46 24 177 - - - -

Sepultura 27°08'S/48°28'0 67 22 34,5 30 10 10 100 43 89 84 21 739 100 48 88

Tainha 27°12°S/48°30°0 - - - - - - 67 33 100 100 16 37 - - -
R. Marés 27°18'S/48°33'0 0 0 0 0 3 0 0 0 0 0 1 0 0 0 0
Palmas 27°20'S/48°31'0 - - - - - - 100 25 20 20 4 6 - - -
B. Golfinhos  27°24’5/48°33'0 - - - - - - 33 100 100 100 3 18 - - -

P.das Canas 27°23'5/48°26'0 0 0 0 0 9 0 - - - - - - - - -
Armacao 27°43'S/48°30°0 - - - - - - 100 30 32,5 31 20 13 - - -
Naufragados  27°50'5/48°33'0 0 0 0 0 6 0 75 43 6 6 8 56 100 33 55

P. Papagaio = 27°50'S/48°34'0 100 25 60 67 4 1 50 50 50 50 3 2 50 50 58

53

64

) N
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Das 46 espécies identificadas na area de estudo, apenas 16 apresentavam
organismos vivos, com poucos exemplares (Tab. 2). Entretanto, o estudo de Michaelson
& Park (2013) apresentou altos indices de fidelidade entre associa¢des vivas e mortas,
mas a proporgao de vivos pode estar superestimada devido ao uso do corante rosa de
bengala, que pode corar perifiton retido na superficie de carapacas vazias, por exemplo.
Ou seja, pode-se assumir como um padrdo os baixos numeros de organismos Vvivos (0

que também & verdadeiro em moluscos marinhos; Kidwell & Tomasovych, 2013).

Locais mais abrigados de correntes, ou com maior densidade/diversidade de
algas — e assim substrato para os ostracodes (como na praia de Armacgéo), parecem
favorecer o desenvolvimento/manutencdo de espécies. Essas comunidades possuem
maior chance de serem encontradas na acumulacdo de restos mortos. Quanto maior o
nimero de espécies (riqueza) da praia/local, maior o potencial de preservacdo da
comunidade viva na acumulago de restos mortos; esse inclusive é o principal problema
no uso dos indices F1, F2, F3, pois os valores sdo altamente dependentes do tamanho

amostral (Olszewski & Kidwell, 2007).

Na praia de Naufragados verifica-se um padrdo interessante: em algas, cerca de
75% das espécies vivas também é encontrada na acumulacdo de restos mortos. Quando
as amostras de sedimento sdo somadas com as amostras de algas, essa propor¢ao atinge
100%. Isso pode significar que as espécies que vivem em algas podem ser depositadas
no sedimento adjacente ap6s a morte. Ou seja, talvez esta praia represente um ambiente
favoravel a preservacdo de ostracodes, incluindo uma grande variedade de algas para
sustentar uma comunidade diversificada. Além disso, o fato de estar mais protegida de
regimes hidrodindmicos agressivos permite a deposicdo de sedimentos mais finos,
favoraveis ao acumulo de carapacas e valvas de ostracodes. Em reconstitui¢oes

paleobioldgicas, ambientes sedimentares dessa natureza certamente mostram uma
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paleocomunidade bastante fiel a composicéo original da fauna. Contudo, sdo necessarias
analises muito mais aprofundadas, incluindo um maior ndmero de locais amostrados,
para estabelecer uma boa estimativa do potencial de preservacdo de ostracodes em

ambientes costeiros.
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8. ARTIGO

A commented and illustrated inventory of ostracodes (Ostracoda,
Crustacea) from the infralittoral zone of Santa Catarina State, Brazil

Anderson L. M. de Morais & Jodo C. Coimbra

Universidade Federal do Rio Grande do Sul, Departamento de Paleontologia e Estratigrafia, Caixa Postal
15001, 91501-970, Porto Alegre, RS, Brazil. (crescermorais@hotmail.com; joao.coimbra@ufrgs.br)

ABSTRACT. The infralittoral guarded by rock promontories are one of the most
productive and important coastal ecosystems. It is home of numerous benthic species of
recognized ecological and economic value, such as mussels, oysters, crustaceans and
algae. However, the composition and ecology of ostracodes of the rocky infralittoral are
little known not only in Brazil, but also around the world. In this study, live and dead
ostracodes recovered from 62 samples of algae and sediments from the rocky upper
infralittoral (< 3 m depth) of the central and northern regions of Santa Catarina State
(26°10/27°50'S — 48°26'/48°40'W), southern Brazil, were inventoried. A total number
of 18 families, 33 genera and 46 species were identified, most of them (29 species)
represented only by empty shells and/or isolated shells. Among the 16 species with
living specimens, the authors considered only seven autochthonous species. Live
ostracodes were recorded almost exclusively on substrates formed by multi-species
mats of turf algae and in Sargassum. The most abundant species were Caudites
seminudus WHATLEY & KEELER, Aurila ornellasae COIMBRA & BERGUE and
Xestoleberis sp. 2, in this order. A. ornellasae was the most widely distributed ostracode
in the sampled area. The paleontological and zoogeographical aspects of some species

were briefly discussed.

KEYWORDS. Atlantic Ocean, benthic ostracodes, southern Brazil, zoogeography.
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RESUMO. O infralitoral abrigado por costbes rochosos é um dos mais produtivos e
importantes ambientes costeiros. Nele habitam numerosas espécies bentbnicas nédo
somente de valor ecol6gico, mas também econémico, como mexilhGes, ostras,
crustaceos e algas. Contudo, a composi¢do e ecologia da ostracofauna do infralitoral
rochoso séo pouco conhecidas no Brasil e no mundo. Neste estudo foram inventariados
0s ostracodes vivos e mortos recuperados de 62 amostras de algas e sedimentos do
infralitoral rochoso superior (< 3 m de profundidade) das regides central e norte do
Estado de Santa Catarina (26°10°/27°50°S — 48°26°/48°40°W), sul do Brasil. Foram
identificadas 18 familias, 33 géneros e 46 espécies, sendo a maioria (29 espécies)
representada apenas por carapacgas vazias e/ou valvas isoladas. Dentre as 16 espécies
com individuos vivos, os autores consideraram apenas sete autdctones. Ostracodes
vivos foram registrados quase exclusivamente em substrato formado por assembleias
mistas de algas rasteiras e em Sargassum. As espécies mais abundantes foram Caudites
seminudus WHATLEY & KEELER, Aurila ornellasae COIMBRA & BERGUE e Xestoleberis
sp. 2, nesta ordem, sendo A. ornellasae a com distribuicdo mais ampla na area
amostrada. Aspectos paleontoldgicos e zoogeograficos de algumas especies foram

brevemente discutidos.

PALAVRAS-CHAVE. Oceano Atlantico, ostracodes bentbnicos, sul do Brasil,
zoogeografia.

INTRODUCTION

The research of marine ostracodes in Brazil had three beginnings: BRADY
(1880), HARTMANN (1955) and PINTO et al. (1978). The last one was a landmark and
since then many studies have been published on ostracodes recorded along the entire

Brazilian margin. Most of the papers deal with species recorded on the continental shelf,
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and more recently on the slope. For a more detailed review, see MORAIS & COIMBRA

(2014) and Luz & CoiMBRA (2015).

There is little information on the richness, abundance, and distribution of
ostracodes living in algal and on sediments along rocky beaches (e.g. WHATLEY &
WALL 1975, FRAME et al. 2007). In Brazil, before this paper, only COIMBRA & BERGUE
(2011) published an inventory on seed shrimps of such environment. The area studied
by them consists on a number of small sandy beaches guarded by rock promontories
localized along the northern coast of the State of Sdo Paulo. Although their sampling
was performed immediately after the low tidal mark, similarly to this study, they
analyzed only living material from biological substrates mainly algae, mussels,
polychaetes, barnacles and sponges. It was recorded a relatively small number of
species and specimens, except by Caudites seminudus WHATLEY & KEELER (1989),
Loxoconcha bullata HARTMANN, 1956 and Loxocorniculum sp. that were quite
numerous. A more detailed discussion on the results of the present paper and COIMBRA

& BERGUE (2011) will be presented later.

MOoRAIS & CoIMBRA (2014) described Auricythere sublitoralis gen. nov. and sp.
nov. based on the same samples herein studied. In addition, they analyzed more than
500 samples collected throughout the Brazilian continental shelf between Rio de Janeiro
(lat. 21°S/long.40°W) and Rio Grande do Sul states (lat. 35°S/long. 54°W), besides
dozens of samples from Sepetiba Bay and off Cabo Frio town, both in the State of Rio
de Janeiro. They concluded that this taxon is an ostracode typical of euhaline and

temperate very shallow waters, occurring mainly on phytal substrates.

The present work aims to provide the first exhaustive inventory of the living and
dead ostracofauna recovered from the upper rocky sublittoral (< 3 m water depth) of the

central and northern beaches of the State of Santa Catarina, southern Brazil. All material



30

was illustrated and taxonomical and (paleo) zoogeographical remarks were performed

for most species.

MATERIAL AND METHODS

The studied material came from phytal and bottom sediments collected in rocky
beaches of eight municipalities of the State of Santa Catarina, between the coordinates
26°10°/27°50°S and 48°26°/48°40°W (Fig. 1). The Serra do Mar is a mountain chain
covered mainly by forests that is close to the shoreline along the southern and
southeastern Brazilian coasts, including the study area, and has an outstanding terrestrial
biodiversity consisting mainly of flora, reptiles, birds, and mammals. The sampling
region is a narrow coastal plain with relatively small sandy beaches bounded by rocky
outcrops. This area is under a micro-tidal regime (amplitude < 2 m) and is inserted in
the Southeast Coastal Region (Cabo Frio — Cabo de Santa Marta) as discussed by
COUTINHO (2000) and TESSLER & GOYA (2005). The fieldwork was carried out in April
and May, months with seawater average surface temperature ranging from 21° to 24°C
(PEREIRA et al., 2009). Hesp et al. (2009) presents a more detailed information on the
study area. COUTINHO (2004) and Puro et al. (2011) present a survey of the marine

phytal from the State of Santa Catarina.

All samples were collected by hand, immediately after the low tidal mark,
reaching up to 3 m of depth. Nevertheless, it is important to note that a few algal sites
could be exposed subaerially during the lowest of the low tide. Standard methods
employed in other similar ostracode studies were followed (e.g. WHATLEY & WALL

1975, FRAME et al. 2007). Arborescent algae had some branches involved in a plastic
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bag and then this piece of seaweed was cut off from the plant. In turn, turf-forming
algae in general were constituted by dense multi-species mats and were sampled by
scraping and then bagged. The 52 algal samples were fixed in 8% formaldehyde in the
field. In the laboratory, the algal material was washed through a 0.250 mm mesh and all
specimens (living and dead) were picked under stereomicroscope. Live specimens were
stored in vials containing alcohol 70%, and empty carapaces and isolated valves were

glued in slides.

The ten sediment samples were collected with the help of a small shovel. At
least two replicate samples were taken by locality. The bottom of the studied region
show a predominance of sand, mainly medium-to-fine sandy sediment. Each sediment
sample was fractionated to 30 ml, then washed and sieved through a mesh of 0.250 mm.
Procedures for the storage of living and dead specimens followed the same protocols

above described for the algae material.

The sampling techniques used allowed the distinction between living and dead
ostracodes. Only carapaces containing the body with its appendices were considered
alive. Dead material was discriminated between empty carapaces, right valves and left

valves.

The suprageneric classification follows HORNE et al. (2002), except for the
family Thaerocytheridae that was not listed by them. A number of authors assume the
thaerocytherids as a clade within Trachyleberididae. All taxa identified, both living and
exclusively dead, are listed in Appendix 1. The examined and illustrated seed shrimps
are held in the collections of the ‘Museu de Paleontologia’, Universidade Federal do
Rio Grande do Sul (UFRGS), Section of Ostracoda, under curatorial numbers MP-O-

2613 to MP-0-2657. All SEM photographs were taken at the ‘Centro de Microscopia
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Eletronica’ at UFRGS. Morphological abbreviations: LV, left valve; RV, right valve;

CA, carapace; v, valve; @, female; &', male.

RESULTS AND DISCUSSION
Living fauna

Throughout the analysis, 46 species from 33 genera and 18 families were
identified, most of them (29 species) represented only by dead material (Tab. 1).
Thirteen out of 52 algae samples plus three out of ten sediment samples were ostracod-
barren. Despite the relatively smaller number of samples taken from bottom sediments,
it is noteworthy that living ostracodes were recovered almost exclusively on algae,
mainly in the turf algal samples. This result was already expected due to the greater
food availability and protection in a relatively dynamic environment as the study area
(see more discussion of this theme in WHATLEY & WALL, 1975, ATHERSUCH, 1979, and

FRAME et al., 2007).

Living ostracodes comprised 1,136 specimens distributed in 15 genera and seven
families. Among these, only seven species were considered autochthonous, here cited in
order of abundance: Caudites seminudus WHATLEY & KEELER, 1989, Aurila ornellasae
CoIMBRA & BERGUE, 2003, Xestoleberis sp. 1, Xestoleberis sp. 2, Loxoconcha bullata
HARTMANN, 1956, Auricythere sublitoralis MorAIS & CoiMBRA, 2014, and
Bairdoppilata sp.. Figure 2 and Table 2 summarize the distribution of living specimens
of the abovementioned species. Figures 3 to 75 show all species recorded in this study,

both living and dead remains.

Caudites seminudus WHATLEY & KEELER, 1989 is by far the most abundant

ostracode species in the analyzed samples, comprising 564 living specimens. However,
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around 85% of them were recovered from only two algae samples at Sepultura beach, in
the town of Bombinhas. CoIMBRA et al. (1992) registered for the first time this species
in Brazil based on two valves (one young) taken from bottom sediments among the
coral reefs of Tamandaré Bay, a quite small bay in Pernambuco, NE Brazil. MACHADO
et al. (2005) studying sediments off Cabo Frio town, Rio de Janeiro State, recovered
one valve of C. seminudus. CoIMBRA & BERGUE (2011) in an inventory of the
ostracodes from the biological substrates of the northern rocky shores of the State of
Sdo Paulo, recorded many living specimens of this species, most of them on algae.
CoiMBRA & CARRENO (2012) registered 18 carapaces and 28 valves of C. seminudus in
samples of dry bottom sediments of the Trindade island, at the tropical South Atlantic.
It is noteworthy that this species of Caudites was described by WHATLEY & KEELER
(1989) based on 129 specimens recorded in the intertidal zone of the Saint-Pierre
Harbor of the Réunion Island (Southwestern Indian Ocean), i.e., very far from the
Brazilian coast. MACHADO et al. (2005) and CoiMBRA & CARRENO (2012) hypothesized
that C. seminudus arrived at Trindade Island from the east on buoyant algae remains and
associated sediments via a process of island hopping during times of low sea level, an

idea reinforced by both the oceanic currents and wind flow pattern in the South Atlantic.

Aurila ornellasae CoiIMBRA & BERGUE, 2003 is the second more abundant
species in the present study. Although this species is relatively well distributed along
the entire sampled area, around 67% of its 276 living specimens were concentrated in
one algae sample at Sepultura beach, in the Bombinhas town. According to COIMBRA &
BERGUE (2003) and CoiMBRA & BERGUE (2011), few empty valves and living
specimens of A. ornellasae were identified in bottom sediments in the Alcatrazes Island
(Sao Paulo State) and Guanabara Bay (Rio de Janeiro State). The latter authors also

recovered 53 living specimens from algae in the coast of the northern S&o Paulo State.
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Surprisingly, this very speciose genus that also possesses a rich fossil record, is known
in Brazil only by A. ornellasae and the very rare Aurila sp. (for the last species see

Dias-BriTO et al., 1988, Sepetiba Bay, Rio de Janeiro State).

The genus Xestoleberis is easily found living on algae in very shallow marine
waters, although it also comprises many species occurring on the continental shelf and
even in the deep ocean. According to Luz & CoIMBRA (2015), this genus is well
represented along the entire Brazilian coast. However, on the southern shelf there is
only one abundant and well-distributed species, Xestoleberis umbonata WHATLEY et al.,
1998. In the present study two species of this genus were identified, both quite different
of X. umbonata. It is very likely that Xestoleberis sp. 1 and X. sp. 2 are new to science.
Xestoleberis sp. 1 should be an endemic phytal ostracode of the region of Porto Belo
and Bombinhas towns given that its 58 living specimens were only recorded in the
beaches of Estaleiro, Sepultura and Tainha. In turn, Xestoleberis sp. 2 although also
restricted to algae, was more abundant and relatively well-distributed. Of its 201 living
specimens, around 85% were registered in the same region of X. sp. 2, while 15% were
collected in the beaches of Armacdo and Naufragados in the southern Floriandpolis

island.

Loxoconcha bullata HARTMANN, 1956 was described from very shallow waters
of the northern Sdo Paulo State. CoIMBRA & BERGUE (2011) identified this euryhaline
species living on algae in the northern S&o Paulo State as well. It seems that this species
of loxoconchid is widely distributed since it was recorded along the coasts of eastern
and southern Brazil and in the northern Argentinian littoral (MACHADO et al., 2005,
CoimMBRA et al. 2006, 2007, WHATLEY et al., 1997). It is also noteworthy that L. bullata
is relatively abundant in the oceanic island of Trindade (for a more detailed discussion

see CoIMBRA & CARRENO, 2012). In the sampled area, its 34 living specimens were
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recovered from algae from the south of Floriandpolis island (Naufragados beach) to

Grant beach in the town of Barra Velha.

MoRAIS & CoIMBRA (2014) described the new genus and species Auricythere
sublitoralis based on the same material herein analyzed. Previously, this taxon was
recorded living in the Sepetiba Bay (DIAsS-BRITO et al., 1988) and only by empty shells
and isolated valves off Cabo Frio town (MACHADO et al., 2005), both in the State of Rio
de Janeiro. In the sampled area, A. sublitoralis was represented by 14 specimens, 13 of
which in the region of Bombinhas town and one in the Grant beach (Barra Velha town).

Two specimens were living on bottom sediments, while the rest were recorded in algae.

Bairdoppilata is a taxonomically problematical genus with many living and
fossil species around the world (see CoiIMBRA & CARRENO, 2002 and MADDOCKS, 2015
for a more detailed discussion). According to CoiIMBRA & CARRENO (2002), in a study
on bairdiids from the equatorial shelf of Brazil, two species of Bairdoppilata were very
abundant and well distributed mainly on biodetritic sand between 75 and 100 m water
depth. RAamos et al. (2004) described Bairdoppilata brasiliensis collected from dry
bottom sediments, with a distribution between 31°48.3” and 22°08’S and a depth range
from 27 m to 164 m, in sandy biodetritic sediments. Surprisingly, this shelf genus that
lives mainly on sandy sediments, was herein represented by 11 living specimens on
algae. The specimens were recorded between Floriandpolis island and Barra Velha
town, with six of them in the beach of Sepultura, Bombinhas town. Notwithstanding
some morphological similarities with juveniles of B. brasiliensis, it is possible that this
Is a new species. Finally, it is noteworthy its similarity to Bairdoppilata sp. figured by
CoimMBRA et al. (2006) based on Holocene core samples recovered in the region of

Laguna town, Santa Catarina State.
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A few living specimens (usually one) of Cyprideis multidentata HARTMANN,
1955, Cytherella sp., Cytheretta cf. Cytheretta punctata SANGUINETTI, 1979,
Neocaudites planeforma WHATLEY, MOGUILEVSKY, Toy, CHADWICK & RAMOS, 1997,
Neocaudites triplistriatus (EDWARDS, 1944), Paradoxostoma sp., Propontocypris sp.,
Ruggiericythere dimorphica WHATLEY et al., 1998 and Triebelina sp. were recovered in
the sampled material, mainly on algae. In addition to the small number of living
individuals it is quite important to highlight that: (i) Cytherella, Neocaudites,
Propontocypris, Ruggiericythere and Triebelina are typically neritic genera that live
mainly on bottom sandy sediments; (ii) Cyprideis multidentata is an euryhaline
abundant and well distributed ostracode in lagoons and estuaries, as well as in the
adjacent very shallow marine bottoms; and (iii) Cytheretta cf. Cytheretta punctata is an
epineritic marine species. Therefore, it is much more reliable to interpret these

occurrences in the studied material as accidental.

On the contrary, the genus Paradoxostoma has a fragile carapace and features a
specialized mouth to pierce macroalgae being very common in phytal substrates around
the world (e.g. WHATLEY & WALL, 1975, WHATLEY, 1982, HORNE & WHITTAKER, 1985,
FRAME et al., 2007). However, only one specimen of this genus was recorded in this
study. In fact, Paradoxostoma was rarely registered in the southern and southeastern
coasts of Brazil, the authors only knowing Paradoxostoma sp. and Paradoxostoma cf.
elongata from MACHADO et al. (2005) and CoIMBRA et al. (2007), respectively, both

identified based on less than four specimens recovered from dry sediment.

It is noteworthy the presence of six alive specimens of Neocaudites triplistriatus,
firstly registered for the Pliocene Duplin Marl Formation (Florida, USA), which was
considered from the Upper Miocene when EDWARDS (1944) described this species (see

HAZzEL, 1977 for more details). According to CoIMBRA et al. (2004), N. triplistriatus is
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currently well distributed from the NE coast of USA to the coast of Rio de Janeiro State,
including many Caribbean sites. Despite this astonishing large distribution, the
populations of this ostracode are not abundant, mainly in Brazil. COIMBRA et al. (2004)
analyzed 339 dry sediment samples and recorded only around 15-20 specimens of N.
triplistriatus, including empty carapaces and isolated valves. However, in a study of
ostracodes from the coralline Tamandaré Bay, NE Brazil, CoiMBRA et al. (1992)
analyzing 37 dry sediment samples recorded 22 specimens (carapaces + valves) of N.
triplistriatus. Although misidentified as Coquimba sp. 6, this species was recorded
living in the Sepetiba Bay, Rio de Janeiro State, where it was relatively abundant in the
euhaline areas of bottom sediments constituted mainly by sand (DiAs-BriTo et al.,
1988). CoIMBRA et al. (2007) identified two living individuals of this species in the
Trapandé Bay (~25°S), localized in S&o Paulo State near the border with the Parana
Sate. CoIMBRA et al. (2006) illustrated a male left valve of N. triplistriatus recovered

from a Holocene core drilled in the region of Laguna town, Santa Catarina State.

The modern and past current marine systems, and other arguments used to
attempt to explain the wide distribution of Caudites seminudus, can also be invoked
here. However, what most surprises the authors in these two cases is the temperature
range tolerated by these species. Regardless of this similarity, there is a great difference
between the occurrences of C. seminudus and Neocaudites triplistriatus in the study
area, i.e., the first species was represented by 564 living individuals widely distributed
in the sampled area, whereas N. triplistriatus had only six living specimens in two
samples taken in the region of the towns of Porto Belo and Bombinhas. For all this, the
authors considered it more reliable to interpret this occurrence of N. triplistriatus as

accidental.
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Dead fauna

The allochthonous species that were sampled alive also presented dead material,
in general with more than 10 remains. The exceptions are Paradoxotoma sp. and
Triebelina sp., which were represented only by one living individual, and
Propontocypris sp. with only one living and one dead specimen. It is noteworthy that
empty carapaces and isolated valves of Cyprideis multidentata, Cytherella sp.,
Cytheretta cf. Cytheretta punctata, Neocaudites planeforma, Neocaudites triplistriatus,
and Ruggiericythere dimorphica were more common in turf algae than sediment
samples, something which was not initially expected by the authors. However, besides
the smaller number of sediment samples (only ten out of 62), turf algae is a multi-
species assemblage whose species grow closely to each other, and so they trap a
relatively high sediment content (FRAME et al., 2007). Therefore, sediment retention
makes them effective in containing also empty carapaces and valves, which in this
context are just sand-sized sedimentary particles. These dead specimens should have
been transported from nearby shallow shelf areas where most of these genera are much

more abundant.

Concerning the seven autochthonous species, Caudites seminudus, Aurila
ornellasae, Xestoleberis sp. 1, Xestoleberis sp. 2, Loxoconcha bullata, Auricythere
sublitoralis and Bairdoppilata sp., it should be remembered that the living specimens
outnumbered empty shells and isolated valves (Tab. 2). Similar to the allochthonous
species above discussed, the remains of these seven autochthonous ostracodes were also
much more common in the turf algae. In this case, this is not surprising, because when
alive they were also found preferentially in this substrate where after death their

carapaces and isolated valves were retained.
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The other 29 species were recorded only through their remains constituted
mainly by few isolated valves (Tab. 1). Most of these species were formally described
for the first time in a series of papers published since 1980’s that were based on samples
recovered from the southern Brazilian shelf (see CoIMBRA et al. 1992, 1999, 2004,
CoIMBRA & BERGUE, 2011, MoRAIS et al., 2014 and references therein). On the other
hand, it is noteworthy the presence in this material of species typically from warm
waters of the north and northeast Brazil, and some with current and fossil records as
distant as the Caribbean region, the last ones represented by Caudites obliquecostatus
Bold, 1963 and Orionina similis Bold, 1963. This theme deserves a study of actualistic
taphonomy and (paleo) zoogeography that is beyond of the scope of this study, and is

being addressed in an ongoing project.

FINAL REMARKS

The seven living autochthonous ostracodes identified in this study were
represented mainly by three species: Caudites seminudus (564 specimens), Aurila
ornellasae (276 specimens), and Xestoleberis sp. 2 (201 specimens), comprising 1,158
(~91%) alive ostracodes. The other four species with alive autochthonous specimens
accounted together only 117 (~9%) living individuals. It is noteworthy that the
distribution of these three species presented important differences (Fig. 2, Tab. 2).
While X. sp. 2 was almost restricted to the region of the towns of Porto Belo and
Bombinhas, with only 16 specimens in the southern Florianépolis island, the other two
species were more well distributed. However, both were much more abundant in the

Sepultura beach, being C. seminudus with 450 individuals in two algal samples
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(M0949N and M0961N) and 20 more in another three algal samples. In turn, from the
276 living specimens of A. ornellasae, 186 were recovered from one algal sample
(MO0949N) and 11 more in another four algal samples of the Sepultura beach, being six

of them from only one sediment sample (sample M0962N).

Comparing this inventory with that performed by CoIMBRA & BERGUE (2011)
for rock shores from the northern Sdo Paulo State, it is possible to see few similarities.
They analyzed only living material recorded on biological substrates, most of them
algae, but also mussels, polychaetes, barnacles and sponges. The living autochthonous
ostracodes of Santa Catarina were much more abundant although less diversified. In S&o
Paulo, 12 species were registered, most of them very rare, being one pelagic
halocypridid whose occurrence was considered accidental. The most abundant and well
distributed ostracode in the area sampled by CoiMBRA & BERGUE (2011) was
Loxocorniculum sp., a genus absent in the present study. They also recorded few
individuals of Paranesidea sp. and Auradilus costatus (Hu, 1979), both missing in
Santa Catarina. The similarities are due to Caudites seminudus, Aurila ornellasae, and
Loxoconcha bullata. The first species was much more abundant in algal substrates in
both studies, being by far the most abundant (564 living specimens) in Santa Catarina.
A. ornellasae, which was the more widely distributed and the second most abundant
species (276 living specimens) in the present study, was recorded only by 53 specimens
by CoiMBRA & BERGUE (2011). In S&o Paulo, L. bullata occurred abundantly only on
Sargassum recovered from Massaguacu plus around 20 specimens in Picinguaba and

two in the beach of Baleia.

It is noteworthy the presence of only five specimens of Xestoleberis in Sao
Paulo, where CoIMBRA & BERGUE (2011) recorded only five living individuals. The

genera Xestoleberis, Loxoconcha and Aurila are common taxa in phytal around the
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world (WHATLEY & WALL 1975, FRAME et al. 2007 and references therein). In addition,
FORSEY (2016) presents a critical review of seagrass ostracodes and their applications to
the study of paleoenvironments, where it highlights these three genera as proxies of
paleo-seagrass. Finally, it is important to mention that the fieldwork and picking of
ostracodes for the study of CoiMBRA & BERGUE (2011) was not carried out by the
authors, but by a great team of the Project Biota/Fapesp coordinated by Carlos Alfredo
Joly (for more details see AMARAL & NALLIN, 2011). Therefore, it is not possible to rule
out the possibility of problems occurring especially in the preparation of samples and in

the screening of ostracodes.
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Appendix 1. Living and dead ostracode species identified in this study. Except for the family
Thaerocytheridae, the suprageneric classification follows HORNE et al. (2002). Among other
studies, this option follows RAMOs et al. (2009).

CLASS OSTRACODA LATREILLE, 1802
Subclass Podocopa SARs, 1866
Order Platycopida SARS, 1866
Suborder Platycopina SARS, 1866
Superfamily Cytherelloidea ALEXANDER, 1929
Family Cytherellidae SARs, 1866
Genus Cytherella JONES, 1849
Cytherella sp.
Order Podocopida SARS, 1866
Suborder Bairdiocopina GRUNDEL, 1967
Superfamily Bairdioidea SARS, 1865
Family Bairdiidae SARS, 1865
Genus Bairdoppilata CORYELL, SAMPLE & JENNINGS, 1935
Bairdoppilata sp. 1
Bairdoppilata sp. 2
Genus Triebelina BoLD, 1946
Triebelina sp.
Triebelina aff. T. sertata TRIEBEL, 1948
Suborder Cytherocopina BAIRD, 1850
Superfamily Cytheroidea BAIRD, 1850
Family Bythocytheridae SARs, 1866
Genus Nealocythere SCHORNIKOV, 1982
Nealocythere cf. N. antarctica SCHORNIKOV, 1982
Family Cytherettidae TRIEBEL, 1952
Genus Cytheretta MULLER, 1894

Cytheretta cf. C. punctata SANGUINETTI, 1979
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Genus Protocytheretta PURI, 1958

Protocytheretta cf. P. multicostata WHATLEY, MOGUILEVSKY, ToY,
CHADWICK & RAMOS, 1997

Family Cytherideidae SARS, 1925

Genus Cyprideis JONES, 1857

Cyprideis multidentata HARTMANN, 1955
Family Cytheromatidae ELOFSON, 1939
Genus Pellucistoma CORYELL & FIELDS, 1937
Pellucistoma sp.

Family Cytheruridae MULLER, 1894

Genus Oculocytheropteron BATE, 1972

Oculocytheropteron reticulopunctatum WHATLEY, CHADWICK, COXILL &
Tov, 1988

Genus Semicytherura WAGNER, 1957
Semicytherura closteria WHATLEY, CHADWICK, COoXILL & Toy, 1988
Semicytherura parallelocostata CoIMBRA, CARRENO & MICHELLI, 1999

Semicytherura aff. S. rugosoreticulata WHATLEY, CHADWICK, COXILL &
Tov, 1988

Semicytherura sp.

Family Hemicytheridae PuURrl, 1953

Genus Auradilus JELLINEK, 1995

Auradilus costatus (HU, 1979) JELLINEK, 1995
Genus Auricythere MORAIS & COIMBRA, 2014
Auricythere sublitoralis MoRrAIS & COIMBRA, 2014
Genus Aurila POKORNY, 1955

Aurila ornellasae CoIMBRA & BERGUE, 2003
Genus Caudites CORYELL & FIELDS, 1937
Caudites aff. C. gnomus CoIMBRA & ORNELLAS, 1987
Caudites obliguecostatus BoLD, 1963

Caudites ohmerti COIMBRA & ORNELLAS, 1987

Caudites seminudus WHATLEY & KEELER, 1989
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Genus Coquimba OHMERT, 1968
Coquimba bertelsae SANGUINETTI, ORNELLAS & COIMBRA, 1993

Coquimba aff. C. tenuireticulata KoTzIAN, 1982 (in: BERTELS, KOTZIAN
& MADEIRA-FALCETTA, 1982)

Genus Meridionalicythere WHATLEY, CHADWICK, COXILL & Toy, 1987
Meridionalicythere? sp. 1

Meridionalicythere? sp. 2

Genus Muellerina BASSIOUNI, 1965

Muellerina sp.

Genus Nanocoquimba OHMERT, 1968

Nanocoquimba labyrinthica RAMOS, 1996

Genus Neocaudites PURI, 1960

Neocaudites planeforma WHATLEY, MOGUILEVSKY, ToY, CHADWICK &
RAmMOS, 1997

Neocaudites triplistriatus (EDWARDS, 1944)

Genus Orionina PuURlI, 1954 emend. COIMBRA & ORNELLAS, 1986
Orionina similis BoLD, 1963 emend. COIMBRA & ORNELLAS, 1986
Genus Ruggiericythere AIELLO, COIMBRA & BARRA, 2004

Ruggiericythere  dimorphica  (WHATLEY, MOGUILEVSKY, Tov,
CHADWICK & RAMOS, 1998) emend. AIELLO, COIMBRA & BARRA, 2004

Family Leptocytheridae HANAI, 1957
Genus Callistocythere RUGGIERI, 1953

Callistocythere  nucleoperiscum WHATLEY, MOGUILEVSKY, Tov,
CHADWICK & RAMOS, 1998

Family Loxoconchidae SARS, 1925
Genus Loxoconcha SARs, 1866
Loxoconcha bullata HARTMANN, 1956
Family Neocytherideidae Purl, 1957
Genus Copytus SKOGSBERG, 1939
Copytus sp.

Papillosacythere parallela WHATLEY, CHADWICK, COXILL & TOY, 1987



Family Paracytherideidae Purl, 1957
Genus Paracytheridea MULLER, 1894
Paracytheridea spp.
Paracytheridea aff. P. bulbosa PURPER & ORNELLAS, 1989
Family Paradoxostomatidae BRADY & NORMAN, 1889
Genus Paradoxostoma FISCHER, 1855
Paradoxostoma sp.
Family Thaerocytheridae HAZEL, 1967
Genus Quadracythere HORNIBROOK, 1952
Quadracythere eichlerae CARRENO, COIMBRA & SANGUINETTI, 1997
Family Trachyleberididae SYLVESTER-BRADLEY, 1948
Genus Whatleyella CoimMBRA, CARRENO & FERRON, 1994
Whatleyella sanguinettiae CoIMBRA, CARRENO & FERRON, 1994
Family Xestoleberididae SARs, 1928
Genus Xestoleberis SARS, 1866
Xestoleberis sp.1
Xestoleberis sp. 2
Suborder Cypridocopina JONES, 1901
Superfamily Macrocypridoidea MULLER, 1912

Family Macrocyprididae MULLER, 1912

Genus Yemanja BRANDAO, 2010

Yemanja aff. Y. youngi (BRANDAO, 2005) BRANDAO, 2010

Superfamily Pontocypridoidea MULLER, 1894

Family Pontocyprididae MULLER, 1894

Genus Pontocypris SARS, 1866

Pontocypris punctatus RAMOS, WHATLEY & COIMBRA, 2004

Genus Propontocypris SYLVESTER-BRADLEY, 1947

Propontocypris sp.
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Fig. 1. Location map of the study area (modified from MoORAIS & COIMBRA, 2014).
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Fig. 2. Geographic distribution of autochthonous species in the study area. Dotted lines

indicate probable occurrences of the species.
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Figs. 3-20. 3-4 Cytherella sp., CA ¢, 3- RV, 4- LV, 5-6 Bairdoppilata sp.1, CA, 5- RV,
6-LV; 7 Bairdoppilata sp. 2, VE; 8-9 Triebelina aff. T. sertata TRIEBEL, 1948, CA, 8-
RV, 9- LV; 10-11 Triebelina sp., CA, 10- RV, 11- LV; 12-13 Pontocypris punctatus
RAMOS, WHATLEY & COIMBRA, 2004, CA, 12- RV, 13- LV, 14-15 Propontocypris sp.,
CA, 14- RV, 15 LV; 16-17 Yemanja aff. Y. youngi (BRANDAO, 2005), 16- RV, 17- LV;
18-19 Loxoconcha bullata HARTMANN, 1956, CA &, 18- RV, 19- LV; 20 Nealocythere
cf. antarctica SCHORNIKOV, 1982, RV. Scale bars = 100 um.
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Figs. 21-38. 21 Nealocythere cf. antarctica Schornikov, 1982, LV; 22-23 Cyprideis
multidentata HARTMANN, 1955, CA &, 22- RV, 23- LV; 24 Copytus sp., LV; 25
Papillosacythere parallela WHATLEY, CHADWICK, CoxILL & Tovy, 1987, LV; 26
Quadracythere eichlerae CARRENO, COIMBRA & SANGUINETTI, 1997, RV J; 27-28
Whatleyella sanguinettiae CoIMBRA, CARRENO & FERRON, 1994, CA, 27- RV, 28- LV,
29-30 Cytheretta cf. C. punctata SANGUINETTI, 1979, CA &, 29- RV, 30- LV; 31-32
Protocytheretta cf. P. multicostata WHATLEY, MOGUILEVSKY, ToY, CHADWICK &
Ramos, 1997, CA, 31- RV, 32- LV; 33-34 Xestoleberis sp. 1, CA ¢, 33- RV, 34- LV;
35-36 Xestoleberis sp. 2, CA &, 35- RV, 36- LV; 37-38 Oculocytheropteron
reticulopunctatum WHATLEY, CHADWICK, COXILL & Toy, 1988, CA &, 37- RV, 38-
LV. Scale bars = 100 pm.
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Figs. 39-56. 39-40 Semicytherura closteria WHATLEY, CHADWICK, COXILL & Tov,
1988, CA ¢, 39- RV, 40- LV; 41-42 Semicytherura parallelocostata COIMBRA,
CARRENO & MICHELLI, 1999, CA J, 41- RV; 42- LV; 43 Semicytherura aff. S.
rugosoreticulata WHATLEY, CHADWICK, COXILL & Toy, 1988, LV J'; 44 Semicytherura
sp., LV; 45 Paracytheridea aff. P. bulbosa PURPER & ORNELLAS, 1989, RV J; 46-47
Callistocythere nucleoperiscum WHATLEY, MOGUILEVSKY, TOY, CHADWICK & RAMOS,
1998, CA @, 46- RV, 47- LV; 48-49 Auradilus costatus (Hu, 1979), CA, 48- RV, 49-
LV; 50-51 Auricythere sublitoralis MoRAIS & COIMBRA, 2014, CA ¢, 50- RV, 51- LV;
52-53 Aurila ornellasae CoiIMBRA & BERGUE, 2003, 52- RV &, 53- LV J; 54-55
Ruggiericythere dimorphica (WHATLEY et al., 1998), CA &, 54- RV, 55- LV; 56
Caudites aff. gnomus CoIMBRA & ORNELLAS, 1987, RV &. Scale bars = 100 pum.
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Figs. 57-75. 57 Caudites obliquecostatus BoLD, 1963, RV; 58 Caudites ohmerti
COIMBRA & ORNELLAS, 1987, LV &; 59-60 Caudites seminudus WHATLEY & KEELER,
1989, CA, 59- RV, 60- LV; 61 Neocaudites triplistriatus (EDWARDS, 1944), LV Q; 62
Orionina similis BoLb, 1963, RV; 63 Neocaudites planeforma WHATLEY,
MOGUILEVSKY, Toy, CHADWICK & RAMOS, 1997, RV ©@; 64-65 Coquimba bertelsae
SANGUINETTI, ORNELLAS & COIMBRA, 1991, CA J, 64- RV, 65- LV; 66 Coquimba aff.
C. tenuireticulata KoTzIAN, 1982, RV; 67 Nanocoquimba labyrinthica Ramos, 1996,
LV &; 68-69 Muellerina sp., 68- RV, 69- LV; 70 Meridionalicythere? sp. 1, RV; 71-72
Meridionalicythere? sp. 2, 71- RV, 72- LV, 73-74 Paradoxostoma sp., CA, 73- RV, 74-
LV; 75 Pellucistoma sp., RV. Scale bars = 100 pm.



Tab. 1. List of species by family recorded in the studied area.
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BATRDITDAE

Semicytheruraaff. S. rugosoreticulata

LOXOCONCHIDAE

Bairdoppilatasp. 1

HEMICYTHERIDAE

Loxoconcha bullata »

Bairdoppilata sp. 2

Auradilus costatus

MACROCYPRIDIDAE

Triebelina sp. Auricythere sublitoralis e Yemanja aff. ¥. youngi
Triebelina aff. T. sertata Aurila ornellasae » NEOCYTHERIDEIDAE
BYTHOCYTHERIDAE Caudites aff. C. gnomus Copytus sp.

Nealocythere cf. N. antarctica

Caudites obliquecostatus

Papillosacythere parallela

CYTHERELLIDAE Caudites ohmerti PARACYTHERIDEIDAE
Cytherellasp. 4 Caudites seminudus ® Paracytheridea spp.
CYTHERETTIDAE Coguimba bertelsae PARADOXOSTOMATIDAE

Cytheretta cf. C. punctata 4

Coquimba tenuireticulata

Paradoxostomasp. #

Protocytheretta cf. P. multicostata

Meridionalicythere?sp. 1

PONTOCYPRIDIDAE

CYTHERIDEIDAE

Meridionalicythere?sp. 2

Pontocypris punctatus

Cyprideis multidentata

Muellerina sp.

Propontocypris sp.

CYTHEROMATIDAE

Nanocoquimba labyrinthica

THAEROCYTHERIDAE

Pellucistoma sp.

Neocaudites planeforma +

Quadracythere eichlerae

CYTHERURIDAE

Neocaudites triplistriatus +

TRACHYLEBERIDIDAE

Oculocytheropteron reticulopunctatum

Orionina similis

Whatleyella sanguinettiae

Semicytherura sp.

Ruggiericythere dimorphica +

XESTOLEBERIDIDAE

Semicytherura closteria

LEPTOCYTHERIDAE

Xestoleberissp.1 e

Semicytherura paralelocostata

Callistocythere nucleoperiscum

Xestoleberissp.2 ®

Tab. 2. Occurrence of living autochthonous ostracodes in the studied area.
Abbreviations: ARM, Armacédo beach, southern Floriandpolis island; BGO, Golfinhos
bay, Governador Celso Ramos town; CEN, Centro beach, Barra Velha town; ENS,

Enseada beach, Porto Belo town; EST Estaleiro beach, Porto Belo town;

ESTN,

Estaleirinho beach, Balneario Camboriu town; FOR, Forte town, Sdo Francisco do Sul
town; GRA, Grant beach, Barra Velha town; ITA, Itaguacu beach, Sdo Francisco do Sul
town; LAR, Laranjeiras, Balnedrio Camborid town; NAU, Naufragados beach,
Florianopolis island; PAL, Palmas beach, Governador Celso Ramos town; PCA, Ponta
das Canas beach, Floriandpolis island; PPA, Ponta do Papagaio beach, Palhoga town;
SEP, Sepultura beach, Bombinhas town; TAI, Tainhas beach, Bombinhas town.
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burllmia
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