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RESUMO

Espiculas de esponjas de ambientes limnico e marinho, em sedimentos
quaternérios, tém utilidade como ferramentas de reconstituicdo paleoambiental. Esta acdo
é possivel devido a continuidade entre espécies viventes e seus restos fosseis/subfdsseis.
Assim, restos de espécies estenotdpicas podem apontar estagios de sucessao de paisagens
em determinado tempo e espaco. Porém, contribuicdes taxondmicas recentes mostraram
que ha espécies continentais consideradas estenotdpicas ocorrendo em ambientes
diversos, 0 que as classificam agora como euritopicas. No capitulo 1, buscou-se dados
ecoldgicos das espécies continentais da regido Neotropical e os contrap6s as suas
informacdes ecoldgicas utilizadas por estudos paleoambientais dessa regido. Os dados
ecoldgicos das esponjas e os estudos paleoambientais foram levantados por meio de
pesquisa bibliografica. Informacdes ecoldgicas de 77 espécies foram compiladas em
tabela, visando subsidiar futuras reconstituicbes paleoambientais. Enquanto isso, 33
artigos de reconstituicdo foram analisados. Embora existissem incongruéncias na
utilizacdo dos dados ecologicos das espécies pelas reconstituicdes, elas ndo afetaram as
interpretacdes paleoambientais feitas, pois os estudos utilizaram analise multi-proxy ou
dados de pesquisas anteriores. No capitulo 2, buscou-se contrastar as respostas das
espiculas com as de outros dados proxies (fitolitos, analises sedimentares; isotopicas 5C*3,
SN e radiocarbono). Para tanto, foi realizada uma reconstituicio paleoambiental em area
proxima as margens do Rio Trairi, no Rio Grande do Norte. Dentre sete espécies de
esponjas identificadas por restos de espiculas, apenas D. pydanieli e H. fistula
corroboraram a descricéo pretérita dos outros dados. O ambiente passado se apresentava
como lagoa de fundo arenoso coberto por macrofitas e sujeito a colmatagdo. No capitulo
3, buscou-se identificar influéncia marinha em lagoa costeira dulciaquicola, utilizando
espiculas e analise multi-proxy. Comprovou-se conexao entre a lagoa e o mar diante da
transicdo entre espiculas de esponjas marinhas e dulciaquicolas. O estudo mostrou que
espiculas encontradas no sedimento podem fornecer informacdes mais detalhadas sobre
0 ambiente quando identificadas ao menor nivel taxonémico, se tratando de espécies
estenotdpicas, ou integrada a outros dados proxie, considerando as euritdpicas.

Palavras-chave: Dados ecoldgicos. Reconstituicdes Paleoambientais. Porifera.

Quaternario.



ABSTRACT

Sponge spicules from inland and marine environments, when present in
quaternary sediments, may be used as a paleoenvironmental tool to make inferences about
the past and carry out paleoenvironmental reconstruction. The ecological knowledge on
living species and their continuity in fossil/subfossil records are the explanation behind
this use. Remains of stenotopic species indicate landscape succession in time and space.
However, recent taxonomy contributions have introduced the existence of freshwater
species considered stenotopic as occurring in a wide range of environments. As a result,
they are now classified as eurytopic species. Therefore, Chapter 1 brings ecological data
of inland sponge species from a Neotropical Region. These data are contrasted with
ecological information on sponges that are used in Paleoenvironmental studies carried out
in the same Biogeographic Region. A database of ecological information and
paleoreconstruction studies was built through bibliographic research. Ecological
information on 77 species was compiled in a table, aiming to support future
paleoenvironmental reconstructions. A total of 33 articles on paleoenvironmental
reconstruction were also analyzed. Although there are incongruities in the use of
ecological data of species in the paleoenvironmental studies, they do not affect the
previous interpretations of reconstructed environments, as these studies used other proxy
data or previous research. In chapter 2, the responses of the spicules were contrasted with
those of other proxies (phytoliths, sedimentary analysis; isotopic 6C13, 6N15 and
radiocarbon). As such, a paleoenvironmental reconstitution was carried out in an area
close to the banks of the Trairi River, in the state of Rio Grande do Norte. Among the
seven species of sponges identified by spicule remains, only D. pydanieli and H. fistula
corroborated the past description of the other data. The past environment was presented
as a sandy bottom lagoon covered by macrophytes and subject to filling. In chapter 3,
marine influence was identified in a freshwater coastal lagoon, using sponge spicules and
multi-proxy analysis. The study showed that spicules found in the sediment can provide
more detailed information about the environment in events: 1) when identified at the
lowest taxonomic raking, in the case of stenotopic species; or 2) integrated with other
proxy data, considering eurytopic species.

Keywords: Ecological data. Paleoenvironmental Reconstruction. Porifera. Quaternary.
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1 INTRODUCAO

A Paleontologia é uma &area do conhecimento interdisciplinar e transdisciplinar
(BERGQVIST; PRESTES, 2014). Dessa forma, necessita dos conhecimentos de outras
areas da ciéncia para elucidar questdes. Os estudos paleontoldgicos fornecem
contribuicdes preciosas a compreensdo de eventos geoldgicos, evolutivos e mesmo
climaticos. N&o diferente de outras areas da ciéncia, a Paleontologia apresenta subareas,
a exemplo da Micropaleontologia, que se ocupa do estudo de microfésseis.

Os microfésseis ou subfosseis estudados pela Micropaleontologia, a exemplo de
biomineralizagdes como fit6litos e espiculas de esponjas, podem ser utilizados como
ferramenta paleoambiental, da mesma forma que dados sedimentares, restos de
organismos vivos (matéria organica do solo) e elementos quimicos isotopicos (**C, 3C,
15N). Cada um destes exemplos fornece indicios (“pistas”) sobre o que existiu em certo
tempo e espago sendo por isso denominado “dado proxy” (pl. proxies) (KALINOVSKI
et al., 2016B).

Os proxies fornecem respostas diferentes que, quando interligadas por meio de
analise multi-proxy, conferem maior robustez as hipéteses de reconstituicdo de paisagens.
Assim, os dados sedimentares sdo provenientes de particulas, derivadas de processos
erosivos e selecionadas durante o transporte, por meio edlico ou aquoso (VELICHKO et
al., 2011). Cada tipo de transporte imprime sobre a superficie dos gréos (principalmente
os de quartzo) caracteristicas que auxiliam a identificacdo das areas de onde eram
provenientes (DIAS, 2004), podendo indicar modificacGes geocronoldgicas e
geoambientais da paisagem.

A matéria organica do solo (MOS) é composta por particulas parcialmente
decompostas e moléculas quimicas originadas da decomposicdo de elementos da biosfera.
A ela também se incluem os produtos das atividades metabdlicas de organismos e micro-
organismos (STEVENSON, 1994; ROSCOE; MACHADO, 2002). Sua presenca &
indicativa de um reservatorio de carbono organico que esta em equilibrio com a entrada
e a saida de carbono para a atmosfera, e que podem fornecer indicios sobre circunstancia
em que foram preservadas (POST et al., 1982).

Os isdtopos estaveis sao atomos de um mesmo elemento quimico que diferem em
namero de massa atbmica estavel. Enquanto os radioativos possuem massa atdmica

instavel, podendo se tornar outro elemento conforme taxa de tempo constante, que varia
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de segundos a milhdes de anos (OWENS, 1988; SALGADO-LABORIAU, 1994). Os
isotopos estaveis e instaveis sdo assimilados pelos seres vivos através das interacfes
tréficas, por meio das quais terminam estruturando moléculas proteicas e lipidicas
(SALGADO-LABORIAU, 1994). Estes vestigios atdbmicos sdo utilizados para datacdes
geocronoldgicas, bem como para distinguir organismos autotrofos fontes, como plantas
pertencentes aos ciclos fotossintetizantes Cs, C4 e CAM (PESSENDA et al., 2005).

As biomineratizacdes procedentes de vegetais recebem 0 nome de “fitélito”.
Etimologicamente, esse termo descende do grego “pv7d, fito + Airo, lito”, que significa
pedras de plantas. Ele se refere tanto as drusas de oxalato de célcio (CaC204) como as
concre¢des polimérficas de dioxido de silica (SiOz2), ambos microscopicos e presentes
nos tecidos vegetais (PIPERNO, 2006). Neste estudo, o termo é utilizado para tratar das
concrecdes vegetais formadas por SiOa.

Os estudos de fitolitos foram iniciados em 1835, mas dificuldades sobre a
compreensdo da morfologia e da producdo pelos vegetais fizeram com que fossem
esquecidos por um longo periodo (PIPERNO, 2006). Apenas a partir de 1970, eles
voltaram a ser estudados, devido a potencialidade para a arqueoboténica (TWISS, 1969;
ROVNER, 1971, PIPERNO, 2006). No Brasil, a utilizacdo dos fitolitos em
reconstituicbes paleoambientais comecga a partir dos trabalhos de Piperno & Becker
(1996).

A assembléia fitolitica passada permite aos pesquisadores inferirem as
caracteristicas da comunidade vegetal que existiu em determinado intervalo de tempo
(COE et al., 2013). Embora algumas formas possam identificar até o menor nivel
taxonémico (espécie) (PIPERNO, 2006), a maior parte do conjunto fitolitico € capaz de
identificar vegetais até o nivel de familia, ou subfamilia (TWISS, 1969; PIPERNO, 2006).
Saber quais fit6litos sdo produzidos diante de condicdes de estresse hidrico também é um
meio de inferir condicdes paleocliméaticas (ALEXANDRE et al., 1997; BREMOND,
2003; BREMOND et al., 2005). Uma abordagem sobre os tipos de analises empregados
para a interpretacdo dos proxies citados acima € fornecido na sessdo Metodologia.

As biomineraliza¢des oriundas de animais que sdo tratadas nesse estudo pertecem,
ao Filo Porifera. As esponjas (poriferos) séo animais sésseis benténicos, cuja constituicdo
corporal € bastante simples, composta por um sistema de canais aquiferos intimamente
ligados as funcdes fisioldgicas, reprodutivas e alimentares (por filtragdo de particulas da

agua). A origem do grupo (Filo Porifera) remonta aos mares pré-cambrianos (DUNBAR,
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1976), com registros fosseis na fauna de Ediacara datados do Cambriano (CHANG et al.,
2017). Assim, estes organismos estdo entre os animais multicelulares mais antigos e ainda
vivos do planeta, com cerca de 8850 espécies vivas e 5.000 taxons fésseis (PRONZATO
et al., 2017). Representantes do filo possuem uma diversificada variedade de esqueletos,
que inclui esqueletos escleroprotéicos (espongina) e esqueletos formados por elementos
calcéareos ou siliciosos em variados graus de fusionamento (HAJDU et al., 2011). Os
restos desses esqueletos preservados como fosseis ou subfdsseis em recifes ou mesmo em
fundos de lagos, lagoas e rios podem fornecer dados sobre as caracteristicas pretéritas do
ambiente em que habitavam no tempo em que estavam vivos (JAMES; BOURQUE,
1992; KAANDORP et al., 1999; BELL et al., 2000; PAROLIN et al., 2007; 2008;
SANCHEZ-BERISTAIN; REITER, 2012). Apesar da possibilidade de as esponjas
marinhas serem utilizadas como dado proxy para ambientes marinhos e costeiros, 0
presente estudo enfatiza as esponjas de aguas continentais. Esta escolha deliberada se
deve as aplicabilidades paleontoldgicas possiveis, como por exemplo, a compreensao de
mudancas climaticas a partir da modificacdo de areas umidas em secas, bem como a
possibilidade de identificacdo precisa das espécies a partir dos restos espiculares. Além
disso, 0 grupo possui maior especializacdo pelo ambiente de ocorréncia entre suas
espécies, caracteristica que Ihes confere qualidade como proxy paleoambiental, mesmo
que existam espécies euritopicas (generalistas).

A irradiacdo adaptativa de esponjas para aguas continentais ocorreu ao fim do
Paleozoico (PISERA; SAEZ, 2003) e originou o grupo adaptado as aguas interiores, a
Ordem Spongillida. A maioria dos esqueletos fossilizados de esponjas continentais data
do Mioceno. Os fosseis sdo encontrados na América do Sul, na Asia, na Africa e na
Europa (PRONZATO et al., 2017). O esqueleto desses animais € formado por estruturas
microscopicas de diferentes tamanhos e fungdes, e sdo classificadas como megascleras,
microscleras e gemoscleras (VOLKMER-RIBEIRO; PAULS, 2000). As megascleras sao
relativamente grandes e frequentemente possuem funcdo estrutural no esqueleto
coanossomal (cAmaras aquiferas, ou coanocitarias do interior das esponjas) e ectossomal
(regido superficial do esqueleto das esponjas e que ndo possui as camaras coanocitarias)
(HAJDU et al., 2011). As microscleras sdo relativamente pequenas e frequentemente ndo
possuem uma funcédo estrutural (HAJDU et al., 2011). Elas podem estar ausentes em
algumas espécies como por exemplo, Radiospongilla amazonensis VVolkmer-Ribeiro e
Maciel, 1983.
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As gemoscleras sdo espiculas que estruturam as gémulas das espécies de esponjas
que as produzem. Notadamente, ha familias de esponjas de dguas continentais que ndo
produzem gémulas como Lubomirskiidae, Malawispongiidae, Metschnikowiidae
(MANCONI; PRONZATO, 2007). GEmulas também podem ndo apresentar gemoscleras,
por isso, sendo chamadas de “gémulas nuas”. Ao invés de espiculas, elas possuem uma
camada simples de espongina, como ocorre em Nudospongilla coggini (Annandale, 1910)
e Spongilla lacustris (Linnaeus, 1959) (MANCONI; PRONZATO, 2002). As
gemoscleras sdo pacotes de células totipotentes que garantem a reproducdo assexuada e
dispersdo de espécies entre os corpos hidricos (MANCONI; PRONZATO, 1994; 2007).
As gémulas podem ser produzidas em condi¢cdes normais ou ainda quando a esponja é
submetida a condicdes de estresse ambiental, como seca ou congelamento (VOLKMER-
RIBEIRO; PAULS, 2000). Elas também podem re-estabelecer o corpo da esponja
parental, quando condi¢cdes ambientais favoraveis retornam (FROST, 1991).

Os restos siliciosos das esponjas de aguas continentais tém boas qualidades
como dados proxy, devido a algumas particularidades do grupo. Assim, a maioria das
espécies pode ser identificada com base principal em suas gemoscleras, mesmo que
existam excecdes, como a apresentada por Corvoheteromeyenia heterosclera (Ezcurra de
Drago, 1974), cujo principal carater que a distingue de Corvoheteromeyenia australis
(Bonetto e Ezcurra de Drago, 1966) € a microsclera acantoxea (CALHEIRA; PINHEIRO,
2016). Estes restos siliciosos sdo resistentes a decomposicéo, conservando-se melhor que
palinomorfos (pdlen e esporos, por exemplo) em sedimentos abrasivos, como fracoes de
areia fina (PAROLIN et al., 2008).

As espiculas que jazem como restos no solo sdo usadas como dado de inferéncia
paleoambiental para o Quaternario. Isto € justificado pelo acimulo de conhecimento
ecolégico sobre espécies entre mais trés premissas: 1) A maior parte das espécies
presentes no registro fossil do quaternario ocorre na atualidade; 11) existéncia de uma
estrutura sistematica bem organizada e disponivel para que ndo espongi6logos possam
identificar seu material; 111) esponjas tém preferéncias ambientais com parametros fisico-
quimicos que podem ser conhecidos (HARRISON, 1988).

Nesse sentido, espiculas de esponjas de aguas continentais deveriam ser 0s
proxies mais confiaveis e utilizados para os estudos de reconstituicdo paleoambiental, se

ndo existissem alguns percalcos:
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1) O nimero de pesquisadores taxonomistas e ec6logos que se dedicam ao grupo
ainda é pequeno, ainda que tenha aumentado a partir da década de 1980. Dados coletados
no World Porifera Data Base mostram que ha 475 cientistas dedicados ao filo atualmente.
Deste montante, apenas 0,25% estudam as esponjas de 4&guas continentais
(SCHONBERG, 2020). Isto restringe a “mdo de obra” para a descoberta de novas
espécies, assim como, para acréscimos de conhecimentos bioldgicos diversos, 0s quais
possam ter aplicabilidade tanto em acfes de manejo ecoldgico (BATISTA et al., 2003)
como em interpretacGes paleoambientais (VOLKMER-RIBEIRO et al., 2005).

2) Areas ainda pouco amostradas. Se tomar como base o Brasil, pais com a maior
biodiversidade do grupo na Regido Neotropical, com aproximadamente 60 (NICACIO et
al., 2011; NICACIO; PINHEIRO, 2015; PINHEIRO et al., 2015a, b; CALHEIRA et al.,
2016; Calheira et al., 2018), das 77 espécies registradas (GOMES et al., 2019; PINHEIRO
E CALHEIRA, 2020), ainda ha areas parcamente amostradas (PISERA et al., 2003;
NICACIO; PINHEIRO, 2015).

3) Ampliacdo das areas de ocorréncia de espécies ja conhecidas. Apenas no
Nordeste do Brasil, onde o Dr. Ulisses Pinheiro lidera um grupo de espongiologos, foi
ampliado o conhecimento sobre a distribuicdo de 12 espécies, entre os anos de 2011 e
2019. A ampliagcdo também mostrou que espécies reconhecidas como estenotopicas, isto
é, especificas para certas condicdes ambientais, na realidade, sdo euritopicas ou
generalistas para estas mesmas condigdes.

4) O pressuposto adotado sobre que espécies com tamanhos diminutos ou
incrustantes nao estdo bem adaptadas as condi¢des do ambiente onde foram encontradas
(BATISTA et al., 2003; TAVARES et al., 2003). Esponjas, como por exemplo, as da
espécie Corvospongilla seckti Bonetto e Ezcurra de Drago, 1966, foram amplamente
classificadas como especialistas de bentos rochosos de rios (BATISTA, 2003; TAVARES
et al., 2003), ainda que sua presenca em ambientes Iénticos e léticos, bem como o
crescimento sobre macrofitas aquaticas fossem conhecidos (DE ROSA BARBOSA,
1984; BATISTA, 2003; TAVARES et al., 2003). Espécime incrustrante de C. seckti com
2 mm de espessura e 168 cm? de corpo total, foi encontrada em ambiente Iéntico, proximo
a periodo de estiagem. Seu tamanho indica boa adaptacdo mesmo que incrustrante
(PINHEIRO et al., 2013).
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5) Paleont6logos carecem de uma laboriosa sintese do conhecimento ecolégico
das espécies de &guas continentais, que os direcionem de forma sistematica aos estudos
ecoldgicos e taxondmicos feitos sobre o grupo até o momento.

Estas observagdes conduziram a alguns questionamentos com relagdo ao papel
das esponjas como proxy:

1) Os conhecimentos ecoldgicos dispersos e descobertas de novos locais de
ocorréncias para espécies conhecidas afetaram interpretaces paleoambientais da regido
Neotropical, utilizando espiculas de esponjas como proxy?

2) Espiculas de esponjas como Unico dado proxy séo capazes de fornecer indicios
inequivocos sobre o0 ambiente pretérito?

Para responder as perguntas elencadas, este estudo verificou e concentrou
informacOes ecologicas das 77 espécies de esponjas continentais conhecidas até o
momento para a regido Neotropical (HERNANDEZ; BARREAT 2017; GOMES et al.
2019; PINHEIRO; CALHEIRA, 2020). Esta acdo facilita o acesso e o uso das
informacGes sobre a ecologia das espécies por parte de ndo espongiologos, principalmente
paleontélogos especializados em reconstituicdes paleoambientais quaternarias. Alem
disso, faz uma revisdo da utilizacdo das informac6es ecoldgicas do grupo em estudos de
reconstituicoes paleoambientais da regido Neotropical (veja cap. 1).

A segunda pergunta foi respondida frente a uma investigacdo de carater
empirico, realizada em lagoas formadas as margens do Rio Trairi, cerca de 30 km da
costa, no Estado do Rio Grande do Norte. Esta localidade foi escolhida por apresentar
registros de espécies subfésseis (VOLKMER-RIBEIRO et al.,, 1998) e nenhuma
reconstituicdo paleoambiental utilizando espiculas de esponjas de aguas continentais. A
eficacia da leitura paleoambiental das espiculas foi contrastada a partir de respostas
integradas aos seguintes proxies: sedimentologia, fitolitos, dados isotdpicos - *C, §*°C,
5'°N - e matéria organica preservada no solo (veja cap. 2).

O capitulo 3 aborda a utilizacdo de espiculas de esponjas em analise multi-proxy
para verificar se houve influéncia marinha pretérita em uma Lagoa Costeira, também no
Rio Grande do Norte, que possui indicios geomorfoldgicos de ligacdo com o0 mar.

Diante disso, o presente estudo é o primeiro a concentrar informacdes ecologicas
sobre as espécies atualmente conhecidas de esponjas de aguas continentais da regido

Neotropical, bem como, o primeiro a realizar reconstituicdes paleoambientais no Rio
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Grande do Norte, considerando analise multi-proxy utilizando espiculas de esponjas

marinhas e continentais, bem como fitolitos.

1.1 OBJETIVOS
1.1.1 Geral

O estudo verificou a utilidade de poriferos, a partir do conhecimento ecoldgico
das espécies ainda viventes, como subsidio as interpretacdes paleoambientais realizadas
na regido Neotropical.

1.1.2 Especificos

- Registrou-se dados ecoldgicos das espécies de esponjas de aguas continentais da
regido Neotropical com énfase em novas ocorréncias, de forma a auxiliar pesquisas

paleoambientais considerando o grupo.

- Verificou-se reconstituicdes paleoambientais de areas situadas na regido
Neotropical com o intuito de averiguar vieses decorrentes de espécies generalistas

(euritopicas) antes classificadas como especialistas (estenotopicas).

- Contrastou-se a eficacia da leitura paleoambiental dos restos espiculares as
respostas integradas aos seguintes proxies: sedimentologia, fitélitos, dados isotopicos -
14¢C, §13C, 8N - e matéria organica preservada no solo, com fins de verificar o alcance

das leituras paleoambientais feitas por meio de espiculas como dado proxy.

- Realizou-se reconstituicdo paleoambiental em lagoa costeira dulciaquicola com

fins de verificar influéncia marinha pretérita.
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2.0 METODOLOGIA
2.1 AREA DE ESTUDO.

O Estado do Rio Grande do Norte esta situado na Regido Nordeste do Brasil. A
sua area sedimentar costeira se estende por 410 km, constituidos de praias arenosas e
falésias ativas, sendo dividida em dois setores: (1) o Litoral Oriental e (2) o Litoral
Setentrional (VITAL et al., 2006). Esta subdivisdo € pautada sobre a localizacdo
geografica associada a diferencas tectnicas e climaticas, fatores que influenciam a
direcdo dos ventos e padréo de circulacdo do oceano adjacente, que por sua vez, modelam
o litoral do estado (VITAL et al., 2006).

O Litoral Setentrional estd localizado no trecho costeiro com orientacdo Este-
Oeste e corresponde aos limites entre os municipios de Touros (Cabo Calcanhar) e de
Tibau (praia de Tibau), limitrofe ao Estado do Ceara. O clima desta sec¢éo litoranea é
tropical quente e seco ou semiarido (NIMER, 1989). Os ventos predominam em dire¢édo
a E entre abril e agosto; entre maio e julho, direcionam-se a NE, com velocidade média
anual de 6,2 m.s® e maxima de 9 m.s? (COSTA-NETO, 2001; SILVEIRA, 2002;
TABOSA, 2001, 2002). A geomorfologia setentrional apresenta campos de dunas
(barcanas e barcanoides), planicies, tabuleiros costeiros, praias lamosas, arenosas e
falésias ativas (VITAL et al., 2006). A vegetacdo é constituida por savana estépica
(Caatinga), arbustiva e herbacea (COSTA et al., 2016).

O Litoral Oriental estd localizado no trecho com orientacdo Norte-Sul,
correspondendo aos limites estabelecidos entre 0 Cabo Calcanhar, Municipio de Touros,
e a Praia do Sagi, Municipio de Baia Formosa (fronteira com o Estado da Paraiba). O
clima da regido é tropical chuvoso com verdo seco e estacdo chuvosa predominante no
outono. Os ventos sdo majoritariamente originados do quadrante SE, com velocidades
variando entre 4 e 5 m.s*(VITAL et al., 2006).

A geomorfologia desta secéo litoranea apresenta altos e baixos estruturais do tipo
graben e horst, que produziram tabuleiros de até 200 m de altura e compdem a formacao
Barreiras (VITAL et al., 2006). Esta area preserva importantes caracteristicas
geomorfologicas atribuidas ao Quaternario, como dunas moveis e fixas a oeste, estando
sobrepostas a Formacdo Barreiras e a Unidade Relevo Tabular Costeiro; a leste, possui
influéncia marinha holocénica (BEZERRA et al., 1998). Este setor € uma faixa
sedimentar onde se localiza o contato entre as Bacias Potiguar e a Pernambuco-Paraiba.

A fitossociologia é constituida principalmente por floresta tropical Umida (Mata
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Atlantica), vegetacdo de varzea, cerrado e formacdes litoraneas (restinga e manguezais)
(SILVA, 2020).

O Estado do Rio Grande do Norte possui uma rede hidrogréfica composta por 16
bacias (PEREIRA et al., 2000). O estudo foi desenvolvido na Bacia Hidrografica do Rio
Trairi (fig.1). O rio Trairi é estreito, possuindo uma vazéo de 3,86 m*.s? e uma extenséo
de 2.834km?, desde a sua nascente, na Serra do Doutor (municipio de Campo Redondo),
até a foz na Lagoa Nisia Floresta (LUCENA, 1998; 2005) (fig. 1). Apesar da baixa vaséo,
alguns trechos préximos a foz chegam a ter 5 km de largura (MELO, 2000). A geometria
da bacia € dendritica, assimétrica até o curso médio, tornando-se retilineo no baixo curso.
A maioria de seus afluentes estdo situados na porcdo sul, principalmente a jusante
(MELO, 2000). Segundo Bezerra et al. (1993) e Bezerra et al. (2001), a assimetria dos
afluentes a jusante indica a formacdo de um alinhamento morfotect6nico recente causado
pelo basculamento rotacional de um bloco no sentido NW-SE. Esta area é considerada
um graben por Bezerra (1998), e esta inserida dentro dos limites entre a Formacao
Barreiras e a formacdo Potengi. Nesta bacia foram selecionadas ao acaso as Lagoas do
Fumo e Urtiga. Ambas foram formadas por depressdes sobre um antigo deposito fluvial,
(BARRETO et al., 2004) e possuem cerca de 2m de profundidade. Estas lagoas estdo
localizadas cerca de 650 m de distancia perpendicular ao Rio Trairi, em Sao José do
Mipibd-RN, ha 20 km da costa e em 29m de altitude (fig.2).
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Figura 1. Caracteristicas da Area de estudo mostrando suas bacias hidrogréaficas, com énfase para
a Bacia Faixa litorénea Leste de Escoamento Difuso, Nisia Floresta e a Bacia do Rio Trairi, Sdo
José do Mipibu - RN.
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A Lagoa Arituba é a terceira selecionada ao acaso para o estudo. Ela esté situada
na costa de Nisia Floresta-RN. Esta lagoa esté localizada & 300 metros da praia, a 4m de
altitude e proximo a importantes formacdes de arenito costeiro, falésias ativas e dunas
controladas pela vegetagdo (fig. 3).

A vegetacdo compreendida desde a area marginal alagada até 10 metros para fora
das lagoas é composta de: Cyperaceae, Pteridaceae, Rubiaceae, na Lagoa do Fumo;
Cyperaceae, Poaceae, Rubiaceae, na Lagoa Urtiga; Cyperaceae, Fabaceae, Malvaceae,
Passifloraceae, Poaceae e Rubiaceae na Lagoa Arituba (fig. 4) (dados do presente estudo).
Esta vegetagdo se encontra bastante alterada devido a atividades antropogénicas. Parte do
territrio onde as lagoas se situam deveriam estar densamente cobertas por vegetacdo
caracteristica de Mata Atlantica e formagdes tipo restinga (LERQY, 2015; SILVA, 2020).

As lagoas séo corpos efémeros no tempo geoldgico, estando sujeitas a processos
constantes de colmatacdo. Por isso, s@o arcaboucgos de informacGes sobre as condicGes
passadas de suas bacias, pois recebem sedimentos e restos de organismos originados
internamente (autoctones), como provenientes de areas do entorno (aléctones). 1sso quer
dizer que elas acumulam registros sobre diversos processos morfogenéticos, climaticos e,
consequentemente, paleoambientais experimentados pelas bacias de drenagem durante a
trajetéria dos eventos geologicos que as originaram (SCHNURRENBERGER et al.,
2003). Sendo assim, foram o0s subambientes de sedimentacdo selecionados para
amostragens deste estudo, principalmente pela possibilidade de encontrar as espiculas de

esponjas.
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Figura 2. Lagoa do Fumo (A); Lagoa Urtiga (B). Sdo José do Mipibu-RN, junho de 2018.
Método de afericdo, mangueira de nivel. Transecto de altimetria norteado pela area de
construgdo (casa de habitagéo) mais proximo ao ponto de sondagem e nivelado com a rodovia.

06° 04' 28" S 06° 04' 28" S

Rodovia-RN 315 A

Lagoa Fumo = Transecto da altimetria

N
Sede Fazenda | 300 m |
06° 04' 44" S 06° 04' 44" S Fonte: Google Earth, 2018
Sudoeste Nordeste
8 2
635
%
: . Lagoa Fumo {() E
130 97.5 65 32.5 0

Distancia (metros
( ) Exagero vertical de 2 vezes

Coleta de dados altimétricos: 12 de junho de 2018
Coletores: Fernando H. Villwock / Loyana Docio Santos
Organizado por: Fernando H. Villwock

06° 04'21" S 06° 04' 21" S

Lagoa Urtiga

35°17' 06" O

=== Transecto da altimetria

N
o w o {5
g P, |
~ v 375 - ’
L o
% e 100 m |
5] (@)
06° 04' 28" S 06° 04'28" S Fonte: Google Earth, 2018
Oeste Leste
86 L
g4l
© 2|Lagoa Urtiga
20
<
0] 25 50

Distancia (metros
( ) Exagero vertical de 1 vez

Coleta de dados altimétricos: 12 de junho de 2018
Coletores: Fernando H. Villwock / Loyana Docio Santos
Organizado por: Fernando H. Villwock




Figura 4 — Formacdes vegetais das Lagoas Arituba (A, B); Fumo (C, D); Urtiga (E, F).
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2.2 CARACTERIZACAO SEDIMENTAR

Sedimentologia € o ramo da geologia que estuda particulas que compdem o0s
depositos sedimentares, suas origens, processos relacionados ao transporte e disposicao
das mesmas, de modo a descrevé-las, classifica-las e interpreta-las (POMEROL et al.,
2013). Estas particulas sdo derivadas do processo de intemperismo experimentado pelas
rochas. O transporte por meio liquido ou aéreo, bem como sua disposicdo apos a
deposicdo, podem apontar alterac@es hidroclimatoldgicas que ocorreram no ambiente de
sedimenta¢do durante tempo geoldgico (VELICHKO et al., 2011). O tamanho, a forma,
o brilho e a composicéao dessas particulas sao variaveis estudadas por esta area da ciéncia.
Entre os materiais presentes no sedimento estdo a materia organica particulada e
preservada, além de isOtopos instaveis e isotopos estaveis provenientes da materia
inorganica e organica decompostas, bem como subfosseis, fosseis, microfosseis.

Para a caracterizacdo dos sedimentos, as biomineralizagGes e demais proxies (**C,
13¢C, 15N, MOS), foram realizadas perfuragdes do fundo das lagoas utilizando o método de
sondagem a percussdo com auxilio de marreta (fig.5). Nas sondagens recuperadas, foram
realizadas analises de granulometria, de morfoscépia, teor de matéria organica de
isGtopos estaveis e radioativos presentes na mesma. As técnicas utilizadas sdo descritas
a seguir.

2.2.1 Sondagem a percussao com auxilio de marreta.

Sondagem a percussdo consiste em um método de investigacdo direta do solo
que fornece informacGes a respeito das camadas e espessura dos sedimentos que
constituem o substrato estudado. A sondagem foi feita por meio do encravamento de tubo
de aluminio que possui padrdo de 6 m de comprimento e 0,47 m de didmetro. O tubo foi
dividido em trés tubos menores de 2 m de comprimento. Em campo, com auxilio de
marreta, cada tubo foi enterrado no solo. A recuperacdo dos tubos foi feita por
desencravamento utilizando uma talha. Os tubos foram cortados transversalmente, a
altura do sedimento em seu interior (fig.5). Trés testemunhos foram obtidos por meio de
percussdo das lagoas estudadas, durante excursdo realizada em agosto/2017. Os
testemunhos recuperados das lagoas Fumo (LFU), Urtiga (LUR), Arituba mediam 0,60;

0, 96 e 0,90 m respectivamente. O material obtido foi suficiente para o estudo pois
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continha as biomineraliza¢Ges necessarias, ndo sendo necessario aumentar o numero de

perfuragdes.

Figura 5. Procedimento de encravamento do tubo de aluminio, por meio de sondagem a percussao,
no fundo da Lagoa Arituba, Nisia Floresta — RN, agosto de 2017.

2.2.2 Granulometria

A avaliacdo quantitativa do percentual dos diferentes tamanhos de grdos em
sedimentos é chamada de granulometria. A granulometria é importante no estudo de
sedimentos e em sua aplicabilidade a paleontologia porque: 1) podem indicar
caracteristicas do sedimento de determinados ambientes desposicionais; 2) seu estudo
pode fornecer informacdes sobre os processos fisicos, como a velocidade de transporte
hidrodinamico, por exemplo, que sdo atuantes durante o processo de deposicdo
(SUGUIO, 2003).

A classificacdo de tamanhos de grdo adotada por este estudo é a de Wentworth
(1922) e Pettijohn (1975) (tab. 1). O tamanho de sedimentos em escalas maiores que
centimetros sdo medidas com paquimetro, por exemplo. Ja menores, com até 0,0062mm
sdo medidos com a utilizacdo de peneiras em série. As fracdes de particulas finas como
lama, silte ou argila (<0,0062mm) sdo obtidas por meio de pipetagem ou hidrémetro,

utilizando taxa de decantagem ou sedimentacdo em &gua (Folk, 1954; Folk, 1980).
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Tabela 1.Classificacdo de Fracdes Granulométricas baseada em Wentworth (1922) e Pettijohn (1975).

Nomenclatura Tamanho
Cascalho 64 a2 mm
Muito grossa 2almm
Grossa 1a0,5mm
Média 0,5a0,25 mm
Areia Fina 0,25a 0,125 mm
Muito fina 0,125 a 0,05 mm
Silte Grosso 0,062 a 0,031 mm
Lama Médio 0,031 20,0156 mm
Fino 0,0156 a 0,0078 mm
Muito fino 0,0078 a 0,039 mm
Argila < 0,0039 mm

A analise sensorial (percepc¢éo tatil) feita nos sedimentos das trés sondagens
revelou material arenoso e pouco plastico. Devido a isso, 0 método utilizado para
conhecer o tamanho dos graos no sedimento foi a granulometria por peneiramento. Neste
método, o sedimento é colocado em uma seérie de peneiras padronizadas pelo tamanho da
abertura das malhas e dispostas em pilha sobre um agitador de peneiras elétrico (fig.6)
(DIAS, 2004). Os diferentes diametros de abertura das malhas de cada peneira controlam
a selecdo do tamanho de gréo de sedimento detido entre os niveis.

A pouca plasticidade presente nas amostras de sedimento denota quantidades
reduzidas das fracOes (cerca de 7%) de lama (silte e argila). Por isso, ndo foram separadas
entre silte e argila para classificagdo. O percentual das fracdes de sedimento, cuja

classificacdo se encontra na Tabela 1, foi calculado de acordo com a equacéo (1).

PP X100 50 (1
a= PT equacao (1)

Onde: a = fracdo sedimentar dada pela tabela 1; PP = peso da fracdo de sedimento retido
na Peneira n; PT = fracdo total de sedimento posto inicialmente na maquina.
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Figura 6. Sequéncia de peneiras sobre agitador elétrico da Universidade Estadual do Parana —
UNESPAR. Fonte: autora.

2.2.3 Morfoscopia

Morfoscopia € uma técnica que observa a forma e o arredondamento dos graos
(BERTOLINI et al., 2016), bem como as marcas existentes na superficie das particulas
de sedimento (textura superficial). Em geral, as alteracbes na forma e superficie sdo
ocasionadas por choques mecanicos, bem como por reacdes quimicas durante os diversos
meios que os carrearam desde a area de erosdo até a area de deposicdo, no ambiente
sedimentar (DIAS, 2004). Os dois agentes basicos de transporte sdo o ar e a agua (DIAS,
2004). Além dos rios, a topografia também se mostra um agente importante capaz de
influenciar no transporte do sedimento, por meio do escoamento superficial (colivio e
elivio) (BERTOLINI et al., 2016).

Entre os varios tipos de minerais que existem no sedimento, os grdos de quartzo

sdo mais utilizados para esta analise porque sdo abundantes, resistentes e conservam bem
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as marcas de choques na superficie (DIAS, 2004). Grédos de quartzo que sdo originados
diretamente da desagregacéo da rocha matriz possuem formato anguloso e com arestas.
O grau de arredondamento das particulas pode ser modificado pelo desgaste provocado
pelo transporte (KRUMBEIM, 1941), sendo dependente da variavel “distancia da area
fonte”. Assim, quanto mais proximos as particulas estdo da area fonte, mais angulosas
elas se mostram (DIAS, 2004; BERTOLINI et al., 2016). Dessa maneira, a forma dos
gréos fornece pistas sobre o retrabalhamento pelo qual passaram.

J& as modificacdes na superficie sdo decorrentes da abrasdo sofrida ou mesmo
de modificagdes posteriores a deposicdo (BIGARELLA et al., 1955). Estas modificacGes
sdo identificadas pelo aspecto vitreo ou opaco dos grdos. A condicdo vitrea se deve a
superficie lisa e polida, caracteristicas moldadas sob reac6es fisico-quimicas em meio
aquoso (KUENEN; PERDOK, 1962; FOLK, 1980). Enquanto a condicdo fosca esta
relacionada ao transporte eolico, cujas fraturas microscopicas na superficie sdo
ocasionadas por impacto em altas velocidades e ddo um aspecto opaco aos grédos (DIAS,
2004). Entretanto, existem situacfes singulares onde coletaram sedimentos vitreos de
origem edlica no deserto Mojave, Califérnia, EUA (POTTER; ROSSMAN, 1977). Esta
condicdo inusitada foi produzida pela cobertura dos gréos por uma substancia chamada
verniz do deserto (POTTER; ROSSMAN, 1977) e nada remete as condi¢des de transporte
hidrico.

As medidas da forma dos gréos de fracdo areia sdo feitas sobre a comparacéo
dos sedimentos coletados com as imagens de diferentes graus de arredondamento de
particulas (TURK, 2003). O nimero amostral para a observacéo foi estabelecido em 100
graos (DIAS, 2004; BERTOLINI et al., 2016) (fig. 7).
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Figura 7. Variagdo morfoscdpica de grdos de quartzo mostrando diferentes graus de
transformacao da forma dos graos segundo distancia e tempo de transporte. A) muito anguloso;
B) anguloso; C) subangulosa; D) subarredondada; E) arredondada; F) bem arredondada.

Fonte: SHEPARD, 1967 apud SUGUIO, 2003.

2.2.4 Matéria Organica do Solo

Os diversos compostos organicos da MOS se preservam por interacdo com
coloides minerais, ou mesmo pela propria composicdo quimica, que lhes confere
resisténcia a acdo decompositora de micro-organismos. Entéo, eles passam a fazer parte
da matéria coloidal do solo (ALVES et al., 2006), sob diferentes formas como, por
exemplo, ossos, galhos, polen, hiumus, turfa, material amorfo, moléculas organicas e
isGtopos estaveis e instaveis.

A temperatura, a umidade e a textura dos solos em diferentes biomas séo
variaveis que podem determinar a preservacdo da MOS (ROSS, 1993; ALVAREZ,
LAVADO, 1998; MENDONCA et al., 2013). Temperaturas altas podem acelerar as
reacdes quimicas de decomposicdo (TATE, 1992), enquanto baixas temperaturas podem
retarda-las (POST et al., 1982). Entretanto, as altas temperaturas associadas a precipitacdo
(ALVAREZ; LAVADO, 1998), ou mesmo aos solos alagados, tendem a produzir
ambientes anoxicos, desfavorecendo a acdo microbiana aerdébia, 0 que aumenta as taxas
de preservacdo. Os solos com maiores fracGes de argila também conservam melhor a
MOS que fragdes de areia (CENTENO et al., 2017). Porém, ambientes arenosos foram

considerados importantes para o estoque de carbono em areas amazonicas (MENDONCA
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et al., 2013) e em florestas de galeria e varzeas do cerrado (WANTZEN et al., 2012).
Dessa forma, a principal variavel que assegura a presenca de MOS é a produtividade
primaria da area, seguida de fatores como umidade, temperatura (POST et al., 1982).

O reservatorio de carbono contido na MOS representa dois ter¢os do carbono
total mundial (BAES et al., 1977). As areas com maiores densidades médias de carbono
organico do solo estdo em locais com maior produtividade, o que considera os diferentes
biomas presentes entre as zonas latitudinais do planeta e suas relagdes com o clima (POST
et al., 1982). As alteracOes entre as concentragdes de carbono total, bem como as
diferentes concentragdes isotopicas presentes em niveis de perfil de solo apontam para
alteragBes geocronoldgicas da fitofisionomia regional. Dessa forma, a MOS também pode
ser estudada a luz da paleontologia, tendo alto valor como dado proxy (MEYERS, 1997),
relacionado a condigOes climéticas atuais (POST et al., 1982) e pretéritas (GADEN-
MARCON et al., 2014).

A mateéria organica presente no fundo dos lagos, lagoas e lagunas pode derivar
da producdo primaria de macrofitas aquéticas, algas e organismos aquaticos in situ
(producao autoctone), bem como da MOS de areas terrestres imediatas extra situ
(producao aléctone) (ESTEVES, 1998). Contudo, o primeiro recurso é mais sensivel as
alteracdes bacterianas dos lagos que o segundo (MEYERS; ISHIWATARI, 1993). Uma
vez na coluna d’agua, a matéria organica pode ser alterada por oxidagdo e degradagao
microbiana até se instalar no fundo dos lagos e lagoas, onde pode repassar a coluna d’agua
por suspensdo, quando em zona de bioturbacdo, voltando a oxidar-se (MEYERS, 1997).
Abaixo dessa zona, pode ainda continuar sendo decomposta pela microbiota anaerdbia
(MEYERS et al., 1996). A taxa de degradacdo da matéria organica nos lagos pode variar
com relacdo a condicdo de estratificacdo (ESTEVES, 1998), uma vez que lagos
estratificados possuem pouco oxigénio no hipolimnio. Esta condicdo lhes conferiria
maiores taxas de preservacao da matéria organica que lagos nao estratificados (MEYERS;
ISHIWATARI, 1993).

A maioria das lagoas brasileiras sdo polimiticas, sendo susceptiveis a
desoxigenacdo da coluna d’agua devido ao aporte de matéria organica aliado as altas
temperaturas durante periodos chuvosos (ESTEVES, 1998; ALMEIDA; MELO, 2009).
A desoxigenacdo da agua ocorre pelo aumento da acdo decompositora microbiana aerobia
que consome grande parte do oxigénio diluido. Logo, as condi¢cBes de andxia sdo

agravadas por obstrucdo da luz pela matéria organica particulada ou como acidos himicos
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presentes no sistema (PONTEVEDRA-POMBAL; MARTINEZ-CORTIZAS, 2004). A
auséncia de luz (reducdo da transparéncia) prejudica a producdo de oxigénio in situ por
organismos autotrofos, aumentando mais as concentracdes de matéria organica no
sistema. As condigdes aerdbias sdo restituidas quando periodos de baixa pluviometria
retornam, e parte da matéria organica com diferentes graus de decomposicdo esta
precipitada no fundo da lagoa (ESTEVES, 1998). Neste local, ela pode continuar os
processos de decomposicdo de forma mais lenta e anaer6bia ou mesmo reagir com
compostos minerais do sedimento de forma a favorecer sua conservacao.

Embora a matéria organica presente nos sedimentos marinho e de aguas
continentais constitua a menor fracdo sedimentar e passe por alteragdes substanciais, ela
€ um importante registro utilizado para reconstituicdo de paleoambientes marinhos e
continentais (MEYERS, 1997). Ela tambem se constitui em importante recurso isotopico
de carbono e nitrogénio, ndo parecendo sofrer mudancas diagenéticas significativas que
possam alterar o significado paleoambiental desses isotopos (MEYERS; ISHIWATARI,
1993).

2.2.5 Isotopos e andlises 9*°C e §*°N, datag&o por 4C

Os isotopos existem naturalmente na atmosfera, hidrosfera, litosfera e biosfera
(PESSENDA et al., 2005). Isétopos estaveis sdo atomos do mesmo elemento quimico que
diferem uns dos outros por nimeros de massa (FERNANDES, 2014; CAXITO; SILVA,
2015), apresentando isotopos mais leves (abundantes, 99%) e mais pesados (escassos,
1%) (PESSENDA et al., 2005). Ha também os iso6topos radioativos, que possuem nucleos
instaveis.

Os is6topos pesados e leves sdo passiveis de mensuracdo por meio das
velocidades de reacdes quimicas e bioldgicas, uma vez que as reagdes com 0s reagentes
isotopicos leves sao mais rapidas que com os pesados. As quantidades conhecidas de cada
tipo isotdpico sdo entdo comparadas em termos da diferenca em relacdo ao padrdo
internacional adotado para o elemento quimico estudado e sdo interpretados como

notagdo o6 (tab. 2) (Lima, 2013), conforme a equacéo (2):

5 = (R amostra—R padrio)

x 103. Equacéo (2).

R padrao
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Onde: (= R amostra) e a razdo entre variantes leves e pesadas de uma amostra
padrdo do laboratorio (=R padrdo), o qual é calibrada por um padrdo internacional
reconhecido (tab. 2).

A vantagem dessa abordagem matematica esta na diminuicdo do erro analitico,
pois medidas relativas tem menor erro que aquelas absolutas (WERNER; BRAND,
2001). A notagdo o se refere aos desvios dos valores padrdes internacionais para cada
isotopo (CAXITO; SILVA, 2015), o resultado € expresso convencionalmente em nimero
por mil (%o), uma vez que as quantidades naturais sdo infimas (ALVES et al., 2006).

Tabela 2 — Padrdes internacionais da razao isotrépica segundo compilacédo de Werner e Brand (2001)
e Caxito e Silva (2015) de is6topos N e C usados em reconstrucdes paleoambientais.

Raz&o isotopica Padrao internacional Valor padréo
NN AIR-N2 0,0036782
Beree VVPDB 0,0111802

AIR-N>: ar atmosférico; VPDB: Vienna Pee Dee Belemnite.

O elemento Carbono possui trés istopos *2C, 3C, *4C. Cada um deles tém seis
protons e respectivamente, seis, sete e oito néutrons em seus nacleos. As duas primeiras
formas isotdpicas sdo estaveis, enquanto a Gltima é instavel, por isso chamada de
radioativa.

Os valores § do isotopo estavel *C sdo poderosos indicativos de vias de
fotossintese. Plantas com o ciclo fotossintético de Calvin (C3) fixam carbono atmosférico
por meio da enzima RUBISCO (Ribulose Bifosfato Carboxilase/Oxigenase), e tém a
média §'3C -27%. (PESSENDA et al., 2005). O ciclo fotossintético C4, que envolve a
enzima PEP-carboxilase (Fosfoenolpiruvato Carboxilase), possui menor afinidade por
estes isotopos que a RUBISCO, com média §'3C -13%. (PESSENDA et al., 2005). Ja as
plantas MAC (ou CAM, do inglés, Crassulacean Acid Metabolism) facultativas, cujo
ciclo fotossintético envolve a formacdo do acido malico, sdo as que fixam isdtopos
pesados de carbono em valores intermediarios entre as dos ciclos Cz e Ca(tab. 3). As
plantas MAC-obrigatorias tém valores compraveis as plantas do ciclo C4 (PESSENDA et
al., 2005). Dessa forma, podem ser utilizados para observar mudancgas pretéritas de

comunidades vegetais (turnover), com base nos isotopos preservados nos sedimentos
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através dos milhares de anos (COE et al., 2013; PESSENDA et al., 2005). As limitacdes
podem ser contornadas pela observacdo de material palinoldgico e fitolitico.

Tabela 3 - Valores de *°C entre diferentes grupos vegetais dos ciclos fotossintéticos Cs, Cs e CAM.

Grupo vegetal Ciclo Fotossinteético Valores de
83C
Dicotiledéneas* Cs -32 a-22%o
Monocotileddneas? o -17 a - 9%o
Algas marinhas?® CseCy -22 a- 20 %o
Suculentas e Cactaceas CAM -28% a -10%o

Fonte: PESSENDA et al., 2005%; MEYERS, 1994%, MEYERS, 19977,

Algas em ambientes fluviais e lacustres assimilam is6topos de carbono através
do CO; dissolvido e seus valores & estdo em equilibrio com os valores atmosféricos,
consequentemente, sendo indistinguiveis das plantas terrestres ao redor da bacia
hidrografica (MEYERS, 1997). As algas marinhas assimilam o carbono proveniente do
bicarbonato dissolvido, que possui valores proximos a 0%eo.

A forma isotopica instavel !C é criada na estratosfera através do
bombardeamento de atomos de nitrogénio por raios cosmicos. Dessa forma, o nucleo do
atomo de nitrogénio absorve um néutron e emite um préton. Isto faz com que o ndcleo
passe a ter sete néutrons e sete prétons, se tornando um atomo de carbono com massa de
um atomo de nitrogénio (FUSON, 1969). Sendo assim, esse atomo esta instavel e muda
espontaneamente para um estado de energia mais baixo, por emissdo radioativa. Cada
isdtopo radioativo (considerando outros elementos quimicos) possui uma velocidade
constante de desintegracdo, que pode durar minutos, séculos ou milhGes de anos
(SALGADO-LABORIAU, 1994). A meia vida do *C é de 5.730 anos, com datac&o
méaxima em torno de 30.000 anos. Isto faz desse is6topo uma ferramenta cronoldgica
limitada as idades do Quaternario Tardio (SALGADO-LABORIAU, 1994).

O C circula em toda a biosfera, tendo entrada a partir de moléculas de gas
carbbnico absorvido pelas plantas e incorporado as cadeias proteicas dos vegetais. Estas
passam aos animais e demais organismos pelas relac@es troficas (ciclo do carbono em
seres vivos). Assim, o carbono mensurado para a datacao € o que restou da matéria morta
presente na MOS, ja que ap0s a morte, 0s organismos param de absorver este isdtopo.

Embora a datagdo por *C seja um método amplamente aceito e utilizado, ha
sempre variagbes que podem levar a erros (SALGADO-LABORIAU, 1994). Estas

limitagBes devem ser assinaladas para um melhor resultado cronoldgico: 1) os teores de
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14C da atmosfera ndo se mantiveram constantes com relagdo ao tempo, devido as
variacOes causadas tanto na producdo quanto nas taxas de trocas entre as reservas
geoquimicas, as quantidades de CO2 na atmosfera, na hidrosfera, na biosfera e nos ciclos
biolégicos (SCHEEL-YBERT, 1999). Porém, um banco de dados baseado nos estudos de
dendrocronologia (BECKER, 1993) e crescimento de corais (BARD et al, 1993) permitiu
a calibracéo de datacGes por *C por meio de softwares, como por exemplo o Calib®. Ele
calcula o intervalo de probabilidade das datas para diferentes reservatérios atmosféricos
(Hemisférios Norte e Sul do globo), além de reservatorio marinho (STUIVER; REIMER,
1993), levando em consideragdo estas variagGes. 2) Teores de “C ndo sdo fixados nas
mesmas propor¢des por todos os tipos fotossintéticos de vegetais. Este problema foi
contornado pela utilizagdo de “datas convencionais”, que foram normalizadas pelos
valores de 8'3C médios estimados para diversos componentes organicos (STUIVER,;
REIMER, 1993). 3) As concentracdes de '*C sdo diferentes entre compartimentos
marinhos com termoclina, apresentando organismos superficiais com valores de carbono
passiveis de datacdo recente e organismos de profundidade com valores de datacdo mais
antigas, o que ¢ chamado de “efeito reservatério”. Em zonas de ressurgéncia, os
organismos de pouca profundidade, que deveriam exibir valores de C capazes de indicar
datas recentes, podem exibir valores que remetem a dataces envelhecidas para as
condicdes padrdo (BRADLEY, 1985). Estas datacdes aparentes podem ser corrigidas pela
diferenca dos valores apresentadas pelo reservatorio e os valores obtidos pelo método U-
Th em corais (SCHEEL-YBERT, 1999). Formac0es carbonatadas, ou lagos alimentados
por fontes carbonatadas, também podem exibir efeitos de envelhecimento aparente das
idades (SYLVESTRE, 1997). A solucdo adotada para este problema, quando detectado,
é a comparagcio com fontes atuais de “C (SCHEEL-YBERT, 1999). 4) O
rejuvenescimento das amostras também pode ocorrer por contaminacdo (presenca de
restos organicos recentes) ou recristalizacdo de carbono organico recém incorporados aos
depdsitos de carbonatos antigos (SCHEEL-YBERT, 1999). A contaminacdo pode ser
evitada pela auséncia de contato com materiais organicos recentes, bem como manuseio
livre (sem luvas), que possam passar moléculas organicas atuais ao material (SALGADO-
LABORIAU, 1994). Ja a recristalizacdo é uma forma de contaminacao mais dificil de ser
detectada, mas as caracteristicas mineraldgicas e isotopicas podem indicar sua ocorréncia
(SYLVESTRE, 1997).
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As datas enunciadas a partir da mensuracéo de *C devem ser interpretadas como
as datas mais possiveis dentro de um intervalo de probabilidades. A notacéao 8, fornecida
para as analises de datacdo por “C, indica desvio padrdo, onde: em 15, ha 68% de
probabilidade; em 25, ha 95% de probabilidade de as datas estarem entre o intervalo
fornecido. As datagdes quando descritas em anos, devem ser seguidas da abreviagao “AP”
(em inglés, “BP”), que significa, “antes do presente” (“Before the Presente”), sendo o
“presente” datado apds o ano de 1949. Esse ano limite para as datacdes foi estabelecido
por justificativa das alteracGes isotopicas na atmosfera ocorridas apds as explosGes de
bombas atdbmicas em 1946, que modificaram o equilibrio da producdo do isétopo
radioativo **C na atmosfera (SCHEEL-YBERT, 1999).

Os is6topos estaveis de nitrogénio ocorrem naturalmente forma de **N (99,63%)
e N (0,37%), existindo outros is6topos radioativos com massas variando de 10 a 17 e
tempo de vida estimado em fracbes de segundos (TRIVELIN et al., 1973; OWENS,
1988). O reservatorio desse elemento é encontrado na atmosfera em forma gasosa No,
apresentando concentragdes constantes entre os isotopos (0,0%o). A entrada do nitrogénio
atmosférico na biosfera € possivel gracas a acdo de captacédo e fixacdo por bactérias do
género Rhizobium Frank, 1889. Aposs, o sinal isotopico original € modificado por
significativas transformacfes biogeoquimicas, como amonificacdo, nitrificacdo e
desnitrificacdo. Em meio a esse processo, 0 nitrogénio € assimilado pelos organismos
(animais e vegetais) e passam a compor as cadeias protéicas, voltando ao ciclo
biogeoquimico por meio da decomposicdo e amonizacao dos compostos nitrogenados dos
restos organicos.

Devido a complexidade do ciclo biogeoquimico do nitrogénio, os isdtopos desse
elemento sdo menos utilizados em Paleontologia que os de carbono. Entretanto, o is6topo
estavel 1°N é notavel como um biomarcador e indicador da fonte de matéria organica nos
ambientes terrestres, dulciaquicola e marinhos (OWENS, 1988; OWENS; LAW, 1989,
MEYERS, 1997). As concentracdes desse elemento sdo diferentes entre o0s
compartimentos da biosfera, por exemplo, pesquisas mostraram que materiais organicos
de origem marinha sdo mais enriquecidos em **N que aqueles de ambientes terrestres
(OWENS, 1988). Os sistemas de aguas continentais, como rios, possuem varias fontes de
N, o que inclui particulas organicas terrestres (origem aldctone), macroéfitas aquéticas e
algas (origem autéctone), além de entradas de sedimentos organicos trazidos da cabeceira

dos rios e areas de entorno (OWENS; LAW, 1989). Dessa forma, os valores de N podem
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ser utilizadas para discriminacdo da fonte de matéria organica, se proveniente de restos
de algas ou de plantas terrestres (MEYERS, 1997). O principio da distingdo esti no
recurso do nitrogénio aquético e aéreo, o primeiro é proveniente de nitratos dissolvidos,
cujas valores & se situam dentro do intervalo +7,0 e + 10,0%o, enquanto o segundo em
torno de 0%eo.

O método de discriminacdo de fontes pelo uso de is6topos de nitrogénio €
amplamente aceito, embora cautela deve ser ministrada nas interpretacgdes, pois alteracdes
ambientais podem também modificar os valores de 6°N. Assim, o pesquisador deve
atentar aos indicios de alteragdes, um exemplo é dado pela a redu¢éo do nivel de agua do
Lago Pirdmide, Nevada-EUA, causado em parte pelo desvio do Rio Truckee. Essa
reducdo de agua foi acompanhada da elevacdo dos valores de §'°N, com consequente
mudancas nos sinais isotopicos provenientes das algas e da vegetacdo do entorno da bacia
hidrografica (MEYERS et al., 1997). O processo de desnitrificacdo do NOsz em aguas
pouco oxigenadas € outro exemplo de como a identificacdo da fonte de nitrogénio
organico pode ser dificil de ser determinada. Em corpos hidricos andxicos, as reacdes de
desnitrificacdo selecionam os isotopos, deixando os fundos dos lagos enriquecidos em
nitratos compostos por °N (CLINE; KAPLAN, 1975).

As atividades humanas compdem outro fator recente de perturbacéo dos ciclos
biogeoquimicos dos isotopos. O uso de fertilizantes enriquecidos com nitritos e nitratos,
0s desmatamentos e as alteracGes de cursos de agua tém modificado os ciclos de muitos
elementos quimicos, como C, N, S e P, por exemplo (RAUPACH; CANADELL, 2010;
WATERS et al.,, 2016; ZALASIEWICZ et al., 2017). Estas alteracGes estdo sendo
somadas as caracteristicas que delimitam uma nova unidade geocronoldgica, o
Antropoceno (ZALASIEWICZ et al., 2017). Reconhecer tais alteraces pode contribuir
na interpretacdo de dados discrepantes, bem como apontar estratégias de conservacao,
uma vez que é possivel reconstituir o cenario pretérito de uma area e reconstrui-lo a partir
de areas remanescentes com mesmas caracteristicas.

Na presente pesquisa, dados isotopicos foram contrastados a dados obtidos de

biomineralizacdes vegetais (fitlitos) para inserir maior robustez as analises.
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2.2.6 BiomineralizagOes

Fitolitos sdo cristais amorfos compostos de silica biogénica, que sdo formados
por meio do acido monossilicico (H4SiOs), presente no solo e absorvido pelas raizes
(ALBERT; PORTILLO, 2014). Uma vez metabolizado pelas células vegetais, a silica
produzida é acumulada nos tecidos e células das plantas (PIPERNO, 2006) na forma de
gel. Quando se solidifica, imprime em si a forma das células e tecidos (ALBERT;
PORTILLO, 2014). Durante esse processo, 0s cristais em formacdo podem englobar
outros elementos quimicos, presentes nos citoplasmas, como por exemplo, Al, Fe, Mn,
Mg, Cu, P, C, N (BARTOLLI; WILDING, 1980). O mecanismo de acumulacéo €
controlado por dois processos: 1) genetico-fisiologico e 2) ambiental, passivel de
balancos climéticos locais e condi¢des para o desenvolvimento, como por exemplo, a
disponibilidade de silicio (PIPERNO, 1991, 2006). Os fitolitos cumprem funcdes de
protecdo mecanica, contra fungos patogénicos e herbivoria (PIPERNO, 2006); além de
exercer um papel estrutural na parede celular, junto a lignina, conferindo maior resisténcia
a compresdo dos tecidos.

A morte e decomposicdo das plantas, ou de suas partes, acaba por dispersar 0s
fitélitos no ambiente. Logo, eles estdo expostos a composicado quimica do solo, bem como
aos fendbmenos de intemperismo e erosdao que o assolam. Porém, mesmo em tais
condicdes, fitolitos sdo mais bem preservados que palinomorfos em mesma situacéo. 1sso
se explica por sua constituicdo biomineralizada. Dessa forma, possuem grande
aplicabilidade para a micropaleontologia, auxiliando a determinacdo da fitofisionomia
pretérita local, ou ainda a utilidade de vegetais em antigas comunidades humanas.

Embora tenham sido descobertos em 1835 (MULHOLLAND; RAPP, 1992), a
aplicacdo dessas particulas na paleontologia ocorreu somente no inicio da década de 1970
(TWISS, 1969; ROVNER, 1971). No Brasil, o estudo dessas biomineralizacGes em
estudos paleoambientais comeca com a publicacdo dos estudos de Piperno e Becker
(1996), associado-0s a antracologia.

O uso dos fitolitos como proxy abarca certas condigdes a serem observadas: 1)
Sua producdo possui relevancia quantitativa: a varia¢do da producéo de fitélitos entre os
taxons pode levar a uma super ou subestimacdo da assembléia pretérita, por isso, deve-se
considerar também os tipos fitoliticos raros nas amostras, ou mesmo a existéncia de

taxons ndo produtores. 2) O significado taxondmico: fitélitos sdo multiplos e redundantes.
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Dessa forma, um mesmo tédxon pode ter varios tipos fitoliticos, bem como taxons
diferentes podem compartilhar uma mesma forma fitolitica (MADELLA et al., 2005).
Entretanto, a acuracia taxondmica chega ao nivel de familia e algumas vezes de
subfamilia (TWISS, 1969), em alguns poucos casos até a categoria género (PIPERNO,
2006); 3) O modo de disperséo e deposicdo: a dispersdo varia conforme o tipo de ambiente
onde se realiza o estudo. Logo, € de se esperar que a agua ou 0 vento transporte os fitolitos
de um lugar ao outro, caso se trate do sedimento de um rio ou de areas desérticas
(PIPERNO, 2006). O sedimento coletado de lagoas sem aporte fluvial, normalmente, séo
provenientes da vegetacdo do entorno da bacia (PIPERNO, 2006); 4) a resisténcia as
condi¢des intempéricas. A dissolucdo dos fitdlitos e consequente destruicdo dessas
biomineralizacdes é acelerada sob condi¢des de alcalinidade (>pH=9) (PIPERNO, 2006);
5) a parte vegetal em que o fitélito foi formado. Fitdlitos cuja origem € intracelular sdo
mais resistentes ao intemperismo que aqueles provenientes de deposi¢cdo nas paredes
celulares.

Nem todas as plantas, ou todas as partes delas, produzem fitolitos. Da mesma
forma que nem todas os produzem em grandes quantidades. S&o exemplos de familias de
plantas que produzem muitas biomineralizagbes: Cyatheaceae, Selaginellaceae,
Esquitaceae; Annonaceae, Magnoliaceae, Arecaceae, Acanthaceae, Asteraceae; cuja a
producdo e variavel: Polypodiaceae; Cupressaceae, Pinaceae, Flagellariaceae; e que ndo
sdo relatadas biomineralizacdes: Araucariaceae, Myristicaceae, Agavaceae, Apiaceae
(PIPERNO, 2006).

A quantificacdo dos fitélitos é um ponto importante para as interpretacdes. Os
nameros analisados sdo obtidos de preparacGes com volumes conhecidos do sedimento.
Estes sdo dispostos em laminas, que se constituem subamostras das sondagens
recuperadas. A contagem das biomineralizacGes deve atentar para todos os morfotipos,
principalemente os raros, 0s quais podem representar cerca de 1% da soma total. Para
tanto, é necessario um escaneamento das laminas com a finalidade de reconhercé-los.
Outro fator importante é o tamanho das amostras. Piperno et al. (2006) encontrou por
meio de uma revisdo de literatura que varias pesquisas tendo fitélitos como objetos
encontraram tamanho de amostras entre 200 a 300 particulas.

O tratamento para apresentagcdo dos dados é feito com base em diagrama que
mostra a assembléia fitolitica em linhas horizontais, considerando o periodo de tempo

datado, e as taxas de concentragdo de cada representante mofoldgico por profundidade da
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sondagem, linhas verticais. ModificacGes severas nas concentracdes apresentadas pelos
morfotipos nos diagramas, sdo assumidas como alteragdes da vegetacdo em curso
geocronoldgico. Estas modificacfes podem ser calculadas matematicamente, produzindo
zonas representadas por dendogramas criados por anélise de cluster. Isso é possivel ao se
plotar os dados no programa Tilia graph®, utilizando a funcdo sum-of-squares.

A investigacdo paleontoldgica possui caracteristicas multi e interdisciplinares,
uma vez que busca em muitas outras disciplinas/areas do conhecimento, como a
Geologia, a Quimica, a Fisica e a Biologia, por exemplo, as informacfes capazes de
responderem as questfes levantadas de forma a tracarem as hipéteses de evolucdo de
ambientes passados. N&o € dificil encontrar publicacbes com grande nimero de autores
que atuam em diferentes areas. Cada qual, dentro de sua especialidade, contribuindo para
uma melhor avaliacdo do significado trazido pelos proxies organicos e inorganicos. Nesse
sentido, as espiculas de esponjas de dguas continentais contribuem bastante com respostas
sobre os ambientes pretéritos. Principalemente pela especificidade que certas espécies
tem as condicOes abidticas de seu habitat. Entretanto, mesmo esse taxon parecendo ser
tdo especializado, dados ecolégicos mostram que existem excessdes. Dessa forma, um
extenso levantamento bibliografico foi realizado no sentido de considerar todas os
ambientes possiveis de colonizagdo por estes animais em diferentes formas corporais,
desde espessas, delgadas, pequenas a grandes. Apos, reconstituicdes paleoambientais
foram realizadas para observar se as respostas dadas pelas espécies de esponjas,
indentificadas por meio de espiculas, coadunavam com aquelas de outros dados proxy.

As etapas para a realizacdo deste estudo estdo sintetizadas na figura 8.



Figura 8: Organograma de atividades no quadriénio 2016-2020.
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Abstract

This paper provides a comprehensive review of the environments where freshwater
sponges occur and evaluates the use of sponge spicules as a proxy in paleoenvironmental
studies in the Neotropical region. The paper aims to: I) review the information about the
ecology of inland sponges to facilitate the use of spicules as a paleoenvironmental tool;
and I1) identify possible incongruities in the use of this information in paleoenvironmental
reconstructions that have been conducted in Neotropical regions. The study compiled data
on 77 sponge species, specialist or generalist that occur under certain environmental
conditions, such as: substrate type for growth, hydrodynamic types, as well as salinity
and acidity concentrations. In addition, it provides a comparison of the
paleoenvironmental conditions applied to reconstruction studies that have been carried
out within this biogeographic region, highlighting incongruities regarding the current

ecology of the sponges.
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Introduction
Sponges are sessile, filtering organisms that constitute the Phylum Porifera. Initially,
these organisms appeared in the Ocean in the Cryogenian period (Love et al. 2009; Chang
et al. 2017), during the Proterozoic Eon (850 Ma a 635 Ma) (Pronzato et al. 2017) and
settled in continental aquatic environments, probably in the Paleozoic (Dunagan 1999).
The highest poriferan species diversity in the Earth’s history occurred in the Cretaceous
period (van Soest, 2019). Currently, about 9,200 living valid species and 5,000 fossil
species have been quantified in both marine and continental waters (van Soest et al. 2019).
The continuity between fossil records and living species allows poriferans to function
as instruments of paleoenvironmental condition inference for the Quaternary period
(Harrison, 1988) especially for the group of inland sponges. The siliceous elements that
compose the skeletons of sponges — the spicules, especially the gemmuloscleres — are the
most important morphological features for identification to a specific taxonomic level.
Once the species has been identified through its remains and, along with knowledge about
its environmental preferences, it is possible to infer that the place where the remains were
found had the same ecological features as the location of that specific sponge species
today (Parolin et al. 2008). Sponge spicules can be used successfully as a tool for the
reconstruction of paleoenvironmental conditions because: 1) the silica structure of
spicules enable preservation in sand (especially fine sand) and mud sediments; 2) they
are resistant to remobilization; 3) they are resistant to weather and humidity conditions.
Considering that, for example, palynomorphs, which are the most frequently used
proxies, are not preserved very well in humid tropical areas (Parolin et al. 2008).
Sponge remains were first used as a proxy in paleoenviromental studies in the late
1970s (Harrison et al. 1979; Hall and Herman 1980). In recent years, the use of spicules

as a primary or supplemental proxy has been widely discussed (Paduano and Fell 1997;
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Wallis 2001; Pisera and Saéz 2003; Wang et al. 2006; Limaye et al. 2007; Barczi et al.
2009; Cordova et al. 2011; Gaino et al. 2012). Over the years, new species of sponges
have been discovered, as well as new areas of occurrence — those already known have
been expanded — along with new ecological data, especially in the Neotropical region
(Nicécio et al. 2011; Ruengsawang et al. 2012; Morostega et al. 2013; Nicacio and
Pinheiro 2015; Calheira and Pinheiro 2016; Volkmer-Ribeiro et al. 2017; Volkmer-
Ribeiro and Machado 2017; Calheira and Pinheiro 2018). This has led to a need for a
broad review of this subject for Neotropical freshwater sponges. In the present study, the
following questions were posed in order to better understand this subject: Does the
discovery of new areas of occurrence of Neotropical sponge species change the
interpretation and meaning of paleoconditions accepted to date? Are there any
inconsistencies between knowledge of the current sponge ecology and that used in
paleoenvironmental considerations using spicules as a proxy? The discovery of a sponge
species in a different environmental condition from those already reported may change
the interpretation of paleoenvironmental reconstructions already done.

The objectives of this paper are to: i) provide a review of the environmental
characteristics of the described species for the Neotropical region; ii) indicate which
species are still found under the same restricted environmental conditions, so they can be
properly used as proxies; iii) provide a review of paleoenvironmental studies conducted
in the Neotropical region, and point out possible incongruities in the use of sponge species
as proxy data. The main characteristics and environmental variables of Neotropical
regions, such as the current ecological data known to date about inland sponge species
from this region (coastal area, clear and dark water, river or ponds), is presented in a table.
This compilation aims to facilitate the use of information on inland sponges in

paleoenvironmental reconstruction surveys by micropaleontologists.
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Methods
Data collection

In order to synthesize the environmental characteristics of the locations where
continental sponges occur, a bibliographical survey of the valid species was conducted.
Occurrence records were searched using species names as the search terms on the
following online databases: Web of Science, Google Scholar, Portal da Capes,
ScienceDirect, as well as the World Porifera Database (van Soest et al. 2019). Papers
about taxonomy, ecology or distribution of the species were consulted. For Brazil, the
country with the largest species diversity of poriferans within a Neotropical region
(Nicacio and Pinheiro 2015; Calheira and Pinheiro, 2020), the Catalogue of Brazilian
Species (Muricy et al. 2011) and subsequent published studies were used. Each surveyed
article was carefully checked with respect to the description of the places where they were
collected and the environmental data described. In addition, published studies on
paleoenvironmental reconstruction using sponge spicules as a proxy were identified by
using the search terms: "espiculas de esponjas”, "sponge spicules”, "paleoenvironmental
studies”, "estudos paleoambientais”, sediment, "sedimento”, Quaternary, "Quaternario™.
The search results were further filtered for those dealing with continental sponges from
the Neotropical Region, yielding a sample of 33 articles (grey literature excluded).

Data Analysis

The species of inland sponges found in the Neotropical Region are compiled in Table
1, detailing the environmental characteristics of the location of occurrence of each
species, as well as providing references and standardization: species name, followed by
author name and publication date. The table also summarizes data provided by the

literature related to hydrodynamic conditions, type of substrate to which the sponge was
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adhered, as well as environmental characterizations related to the conditions of
transparency, depth, sediment aspect and salinity, when available.

Furthermore, the species were categorized into ten groups restricted to one or more
characteristics of the environment. These groupings do not exclude the possibility of
combinations among characteristics. For example, sponges from lentic and lotic
environments can also grow on rocks. Therefore, the same sponges from both lotic and
lentic environment groups are categorized together when they characterize the grouping
of the rocky substrate.

For the research articles on paleoenvironmental reconstructions, we noted the year of
publication and area where the reconstructions were carried out. We considered studies
conducted in the Neotropical Region from 1979 to 2019. These studies were conducted
using ecological characteristics of the continental sponge species, which were identified
by means of dissociated spicules in the sediment, to reconstruct the paleoenvironment.
This information was compared with updated knowledge about the ecology of the species
to check for inconsistencies in the reconstructions that have used spicules as a proxy for
paleoenvironmental inference.

Results
Environments and environmental conditions indicated by species of freshwater
sponges

Surveys to date have shown that the Neotropical Region holds 77 species of
continental sponges (Hernandez and Barreat 2017; Gomes et al. 2019; Pinheiro and
Calheira, 2020). This represents just over 30% of the inland poriferan species richness on
Earth, which consists of about 250 species (van Soest et al. 2019). The species groupings
below summarize the environment and environmental conditions in which sponge species

can occur:
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I) Lentic environment: Anheteromeyenia cheguevarai Manconi & Pronzato, 2005;
Anheteromeyenia diamantina Calheira & Pinheiro, 2018; Anheteromeyenia vitrea
Volkmer-Ribeiro & Buso 2012; Balliviaspongia wirrmanni Boury-Esnault & Volkmer-
Ribeiro, 1991; Corvoheteromeyenia sanidastosclera Pinheiro, Silva & Calheira, 2015;
Corvoheteromeyenia thumi (Traxler, 1895); Dosilia pydanieli Volkmer-Ribeiro, 1992;
Ephydatia robusta (Potts, 1888); Eunapius carteri (Bowerbank, 1863); Eunapius
igloviformis (Potts, 1884); Heteromeyenia barlettai Pinheiro, Calheira & Hajdu, 2015;
Heteromeyenia horsti Ezcurra de Drago, 1988; Heterorotula fistula Volkmer & Motta,
1995; Metania kiliani Volkmer-Ribeiro & Costa, 1992; Metania reticulata (Bowerbank,
1863); Racekiela andina Herndndez & Barreat, 2017; Racekiela cavernicola Volkmer-
Ribeiro, Bichuette & Machado, 2010; Racekiela sheilae (Volkmer-Ribeiro, De Rosa
Barbosa & Tavares, 1988); Spongilla alba Carter, 1849; Tubella horrida (Weltner, 1893);
Tubella leidii (Bowerbank, 1863).

I1) Lotic environment: Acanthotylotra alvarengai Volkmer-Ribeiro, Tavares &
Furstenau-Oliveira, 2009; Anheteromeyenia ornata (Bonetto & Ezcurra de Drago, 1970);
Corvomeyenia epilithosa VVolkmer-Ribeiro, De Rosa-Barbosa & Machado, 2005; Dosilia
palmeri (Potts, 1885); Drulia conifera Bonetto & Ezcurra de Drago, 1973; Drulia cristata
(Weltner, 1895); Drulia cristinae Volkmer-Ribeiro, Ezcurra de Drago, Machado & Sabaj,
2017; Drulia ctenosclera Volkmer & Mothes, 1981; Houssayella iguazuensis Bonetto &
Ezcurra de Drago, 1966; Metania fitkaui Volkmer-Ribeiro, 1979; Oncosclera atrata
(Bonetto & Ezcurra de Drago, 1970); Oncosclera jewelli (Volkmer, 1963); Oncosclera
petricola (Bonetto & Ezcurra de Drago, 1967) ; Oncosclera ponsi (Bonetto & Ezcurra de
Drago, 1968); Oncosclera rosariae Tavares-Frigo, Volkmer-Ribeiro, Oliveira &
Machado, 2015; Oncosclera schubarti (Bonetto & Ezcurra de Drago, 1967); Oncosclera

spinifera (Bonetto & Ezcurra de Drago, 1973); Oncosclera stolonifera (Bonetto &
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Ezcurra de Drago, 1967); Oncosclera tonollii (Bonetto & Ezcurra de Drago, 1968);
Potamophloios guairensis Volkmer-Ribeiro, Parolin, Firstenau-Oliveira & De Menezes,
2010; Pottisiela pesae Volkmer-Ribeiro, Souza-Machado, Firstenau-Oliveira & Vieira-
Soares, 2010; Pottisiela spoliata (Volkmer-Ribeiro & Maciel, 1983); Spongilla cenota
Penney & Racek, 1968; Sterrastrolepis brasiliensis Volkmer & Rosa Barbosa, 1987;
Tubella amazonica (Weltner, 1895); Tubella repens (Hinde, 1888); Uruguaya
corallioides (Bowerbank, 1863).

[11) Lentic and lotic environments: Acalle recurvata (Bowerbank, 1863);
Corvoheteromeyenia  australis  (Bonetto & Ezcurra de Drago, 1966);
Corvoheteromeyenia heterosclera (Ezcurra de Drago, 1974); Corvospongilla seckti
Bonetto & Ezcurra de Drago, 1966; Drulia brownii (Bowerbank, 1863); Drulia
uruguayensis Bonetto & Ezcurra de Drago, 1969; Ephydatia caatingae Nicacio &
Pinheiro, 2015; Ephydatia facunda Weltner, 1895; Ephydatia fluviatilis (Linnaeus, 1759);
Eunapius fragilis (Leidy, 1851); Heteromeyenia cristalina Batista, Volkmer-Ribeiro &
Meldo, 2007; Heteromeyenia insignis Weltner, 1895; Heteromeyenia stepanowii
(Dybowski, 1884); Metania spinata (Carter, 1881); Metania subtilis Volkmer-Ribeiro,
1979; Oncosclera intermedia Bonetto & Ezcurra de Drago, 1973; Oncosclera navicella
(Carter, 1881); Racekiella cresciscrystae Gomes, Carballo, Cruz-Barraza & Camacho-
Cancino, 2019; Radiospongilla amazonensis Volkmer-Ribeiro & Maciel, 1983;
Radiospongilla crateriformis (Potts, 1882); Radiospongilla inesi Nicacio & Pinheiro,
2011; Saturnospongilla carvalhoi Volkmer-Ribeiro, 1976; Tubella delicata (Bonetto &
Ezcurra de Drago, 1967); Tubella gregaria (Bowerbank, 1863); Tubella lanzamirandai
(Bonetto & Ezcurra de Drago, 1964); Tubella minuta (Potts, 1881); Tubella paulula
(Bowerbank, 1863); Tubella pennsylvanica (Potts, 1882); Tubella variabilis (Bonetto &

Ezcurra de Drago, 1973).
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IV) Rocky and hard substrates: Anheteromeyenia cheguevarai; Anheteromeyenia
ornata; Corvoheteromeyenia sanidastosclera; Corvomeyenia epilithosa; Drulia conifera;
Eunapius carteri; Heteromeyenia horsti; Houssayella iguazuensis; Oncosclera atrata;
Oncosclera jewelli; Oncosclera petricola; Oncosclera ponsi; Oncosclera rosariae;
Oncosclera schurbati; Oncosclera stolonifera; Oncosclera tonollii; Potamophloios
guairensis; Pottsiela pesae; Racekiela cavernicola; Racekiela crescyscristae;
Sterrastrolepis brasiliensis; Tubella horrida; Tubella repens; Uruguaya corallioides.

V) Epiphyte sponges (aquatic macrophytes and submerged vegetation):
Anheteromeyenia vitrea; Corvomeyenia thumi; Dosilia palmeri; Ephydatia caatingae;
Eunapius igloviformis; Heteromeyenia cristalina; Heteromeyenia stepanowii; Metania
kiliani; Metania spinata; Radiospongilla amazonensis; Saturnospongilla carvalhoi;
Tubella leidii.

V1) Epizoic sponges: Acanthotylotra alvarengai (exclusively upon sponges).

VI1) Hard, soft, epiphyte and Epizoic substrates (including upon other sponges):
Acalle recurvata; Balliviaspongia wirrmanni; Corvoheteromeyenia australis;
Corvoheteromeyenia heterosclera; Corvospongilla seckti; Dosilia pydanieli; Drulia
brownii; Drulia cristata; Drulia ctenosclera; Drulia uruguayensis; Ephydatia facunda;
Ephydatia fluviatilis; Ephydatia robusta; Ephydatia fragilis; Heteromeyenia insignis;
Metania fittkaui; Metania reticulata; Metania subtilis; Oncosclera intermedia;
Oncosclera navicella; Pottsiela spoliata; Racekiela andina;  Racekiela sheilae;
Radiospongilla amazonensis; Radiospongilla crateriformis; Radiospongilla inesi;
Spongilla alba; Spongilla cenota; Tubella delicata; Tubella gregaria; Tubella
lanzamirandai; Tubella minuta; Tubella paulula; Tubella pennsylvanica; Tubella

variabilis.
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VIIl) Mesohaline environments: Spongilla alba; Ephydatia facunda; Ephydatia
fluviatilis; Eunapius carteri; Tubella horrida.

IX) Acidic waters and humic compounds (turbid waters): Acalle recurvata;
Corvomeyenia epilithosa; Corvomeyenia thumi; Ephydatia facunda; Metania reticulata;
Metania spinata; Oncosclera intermedia; Oncosclera spinifera; Radiospongilla
crateriformis.

X) Dune environments in temperate regions: Racekiela sheilae.

Among the species listed above are E. fluviatilis and S. alba which are cosmopolitan
species, occurring in both lentic and lotic environments (Manconi et al. 1988; Manconi
and Pronzato 2002) with variable salinity levels (Cardone et al. 2014; Volkmer-Ribeiro
and Pauls 2000). Whereas, these species have been reported for only lentic environments
in the Neotropical region. Poirrier (1974) suggested that E. fluviatilis spicules exhibit
ecomorphic variations related to water alkalinity and Erpenbeck et al. (2020), with
molecular data, have shown how major morphological traits can change in the E.
fluviatilis species complex. Species from ancient lakes, such as Balliviaspongia
wirrmanni from Lake Titicaca, are genetically almost identical to E. fluviatilis. The
growth form, spicular complement and skeleton organization of B. wirrmanni partly
matches that of Ephydatia spp. In this sense, Erpenbeck et al. (2020) proposed B.
wirrmanni as a possible ecomorph variety of a South American Ephydatia species.
However, other Ephydatia spp. from South America need to be tested to confirm this

hypothesis.
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Paleoenvironmental studies of the Neotropical Region using spicules as a proxy

The first paleoenvironmental reconstruction in a Neotropical region was carried out
by Harrison et al. (1979) in Okochobee lake (Florida, USA), where E. fluviatilis, S. alba,
and T. leidii were identified. Based on these species, the paleoenvironmental condition of
the lake was reconstructed at about 3,000-4,000 years BP, as moderately eutrophic,
alkaline, with a high rate of carbonates and probably turbid. That study was only possible
after researching systematic ecological data on North American freshwater sponge
species (Harrison 1974; Harrison 1977; Harrison and Harrison 1977). A later study
carried out by Sifeddine et al. (1994) found C. thumi spicules in lake sediment recovered
from Serra dos Carajas, Amazonia (Brazil) with an interpretation of ephemeral lake
(~8,000-4,000 years BP) exhibiting predominantly dry conditions. This dry condition was
confirmed in other paleoclimatic studies subsequently developed in the same region,
where spicules of C. thumi were also found, specifically in core intervals dating between
6,800-4,000 years BP (Cordeiro et al. 1997); 7,000-4,000 years BP (Turcq et al. 1998);
and 8,000-4,000 years BP (Sifeddine et al. 2001). These studies identified stages of
retraction and expansion of the Amazonian forest with evidence of natural wildfires in
the past 30,000 years BP (Sifeddine et al. 2001).

In Central Brazil, spicules were recovered in the peaty sediment of the Taquarussu
region, Mato Grosso do Sul State (Parolin et al., 2007). These authors signaled possible
changes in the drainage flow of the Esperanca River floodplain between 11,600-2,200
years BP. Lotic conditions were characterized based on the species, C. seckti, and T.
repens; and lentic conditions were characterized by the presence of H. fistula and R.
amazonensis (Parolin et al. 2007). The presence of spicular fossil remains (spiculites) in

sediment recovered from the Samambaia Lagoon, also in Mato Grosso do Sul state,



55
contributed to the paleoenvironmental reconstruction of the site, indicating paleodrainage
before the formation of the lentic environment (Parolin et al. 2008). The semilotic
condition was characterized by the presence of M. spinata; the lotic condition by C.
seckti and Oncosclerasp.; and  lentic  condition by D.  pydanieli and R.
amazonensis (Parolin et al. 2008). These interpretations have been corroborated by other
studies that considered climatic oscillations in the same area using other
paleoenvironmental tools, such as sedimentary facies and remains of plants (Parolin and
Stevaux 2001 and 2004; Parolin et al. 2006).

Several paleoenvironmental reconstructions have been undertaken in the Brazilian
Pantanal. Kuerten et al. (2013) used sponge spicules as well as other proxy data, to
characterize the hydrodynamic conditions of the Nabileque River at different phases. At
5,700 years BP, O. navicella; M. spinata and C. seckti indicated a lotic condition. The
presence of H. fistula, R. amazonensis and D. pydanieli, characterized a lentic condition
about 3,900 years BP (Kdiierten et al. 2013). Another study found R. amazonensis spicules;
T. variabilis; Corvoheteromeyenia sp.; M. spinata; and Heteromeyenia sp. (interpreted as
species of lentic conditions) and C. seckti; O. navicella (interpreted as species of lotic
conditions). Along with other proxy data, these species have confirmed the
interconnectedness of the Paraguay River and the Gaiva, Mandioré, and Baia lagoons
during flood pulses (McGlue et al. 2011). Subsequently, the geological histories of the
Gaiva and Mandioré lagoons were reconstructed using sponge spicules, interpretation of
sedimentary facies and multiple biogeochemical indicators, which suggested fluctuations
in the water level of these lagoons between 11,000 and 5,300 cal. years BP (McGlue et
al. 2012). The species identified in this study were: R. amazonensis, T.
variabilis, Corvoheteromeyenia sp., M. spinata; Heteromeyenia sp. (indicating periods

of standing water); C. seckti and O. navicella (indicating flood periods) (McGlue et al.
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2012). Guerreiro et al. (2018) observed a temporal change in the salinity of lakes from
Nhecolandia (Pantanal) from the discovery of a past freshwater sponge community at
4,600 years BP. In addition, the authors were able to identify dry (with the presence of H.
fistula spicules) and humid periods (with the presence of Corvoheteromeyenia spp.,
Heteromeyenia spp and a few gemmuloscleres of Ephydatia). Rasbold et al. (2019)
studied paleoenvironmental changes with cores recovered from Negra Lake (Pantanal)
and found spicules of C. heterosclera; C. seckti, D. pydanieli; H. barlettai; T.
variabilis, T. paulula, R. amazonensis. The authors interpreted the spicules of these
species as indicators of seasonal influence of riverine floodwaters entering Negra Lake.
In the state of Goias (Brazil), Machado et al. (2012) studied spongolites from in
Cemitério paleolake. Based on the sponge species identified from semi-fossil spicules,
the authors interpreted changes in the hydrodynamic conditions in the geologic formation
of this lagoon, up to its present state sedimentary filling. The lentic condition
reconstruction was based on the fossil community composed of C. thumi, C. australis; D.
pydanieli; H. fistula, M. spinata, R. amazonensis, T. variabilis; and the lotic condition by
the presence of E. fragilis spicules; C. seckti and O. navicella. They also attributed to the
location, the presence of the Cerrado biome about 39,000 years BP, using the species that
characterized the lentic condition. In a later study in the same area, Machado et al. (2014)
observed interspersed diatomite and spongolite facies in the same sediments as the
Cemitério paleolake used in the previous study (Machado et al. 2012). These facies
associated with sedimentological analysis reveal climate changes that occurred during the
history of the formation of that lake. In a taphonomic study, Machado et al. (2016) also
studied the formation of spongolites in the Negra lake in Central Brazil.
In southern Brazil, analyses of sediments recovered from two lagoons and an alluvial

fan showed the existence of spicules that were used to reconstruct the geological history
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of these limnic systems. The species identified in the sediment of the two lagoons
determined that they did not receive a lotic contribution during their
formation. According to Guerreiro et al. (2013), D. pydanieli, M. spinata, R.
amazonensis sponge spicules characterized lentic environments and the Cerrado biome at
20,600 years BP. In sediment recovered from an alluvial fan, the identified species
characterized a lotic environment (U. corallioides and T. repens) at 7,540 years BP
(Guerreiro et al. 2013). Kalinoviski et al. (2016a) performed a multiproxy analysis
considering phytoliths, isotopic ratio C/N and sponge spicules to characterize the
floodplain of the lap6 River, Parana State. These authors found R.
amazonensis spicules; T. variabilis, and O. jewelli. They interpreted the former two
species as characterizing a lentic environment, and the latter as indicative of a lotic
environment. They described the process of canal abandonment until the current
floodplain was formed with the help of other proxies. Zeviejkovski et al. (2017) studied
the formation of islands in the upper Parana River, southern Brazil, using sedimentary
facies and sponge spicules of  the species: M. spinata; O.
navicella; Covoheteromeyenia sp. and O. jewelli exhibiting alternating semilotic and
lentic conditions, until channel closure and island formation.

Santos et al. (2017) presented a paleoenvironmental a reconstruction study of two
lagoons in the state of Bahia (Brasilian northeast). These authors found the species D.
pydanieli, H. fistula, M. spinata, Oncosclera sp., R. inesi, and T. variabilis. Only one of
the lagoons presented environmental shifting between a lotic or semilotic condition
(signaled by Oncosclera sp) to a lentic condition (signaled by R. inesi); while the other
showed no temporal changes in the lentic condition (inferred by sedimentation rates, with
the presence of R. inesi and T. variabilis). Tubella variabilis was also used to signal the

presence of aquatic macrophytes denoting shade in one of the lagoons of this study.
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In southeastern Brazil, Almeida et al. (2009) studied spongolite deposits in 12
shallow lagoons in Minas Gerais state. These authors verified climatic alternations
between dry and wet periods by analyzing sponge spicules from sediment facies, diatoms,
and carbon isotopes as proxy data. With respect to the Porifera community encountered,
they described C. thumi, D. pydanieli, H. fistula, M. spinata, R. amazonensis and T.
variabilis. This community was established during wet periods with variations in the
presence of each species from the community observed between facies. These species
characterize shallow environments susceptible to drought in the scenarios of the
reconstructed geological conditions of the environment. In Sdo Paulo state, Silva et al.
(2012), interpreted alterations in the coastal marine environment and the freshwater
environment, through the presence of marine spicules (not identified at a specific level)
and spicules of continental species, notably O. navicella and Corvoheteromeyenia sp.
This data suggested marine transgression at 6,240 years BP, sea level oscillations between
6,240-4,500 and phases of freshwater predominance 2,920 years BP. In another study
carried out in S&o Paulo State, Santos et al. (2011) also observed the occurrence of marine
sponges (Tedania, Calthropella, Pachataxa), Sceptrella, Terpios and Trombidae) and
continental sponges (T. variabilis and H. fistula) in paleolacustrine sediments, collected
at the Juréia—Itatins Ecological Station.

In the Argentinian Pampas, a sediment core recovered from the Lujan River
floodplain, contained E. facunda spicules, phytoliths, ostracodes, fish bones and brackish
diatoms (Volkmer-Ribeiro et al. 2007). According to the authors, the study of this
taphocenosis characterized the environment as lagunar, where E. facunda was used to
indicate a marshy, coastal environment between 11,000 and 4,000 years BP.

Sponge spicules, even if not identified at a specific level, can signal periods of greater

or lesser moisture or marine transgression when coupled with other proxies such as certain
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phytoliths and diatom frustules (Smithson 1959; Gutiérrez et al. 2011; Pearce et al. 2013;
Bonomo et al. 2013; Parolin et al. 2014; Chahud et al. 2015; Contreras et al. 2018).
Kalinoviski et al. (2016b) conducted an ostensive survey of the Brazilian regions where
paleoenvironmental studies had been conducted with sponge spicules as the main proxy.
These authors considered more than 31 publications including articles and expanded
abstracts in event annals.
Discussion
Harrison (1979, 1988) was the first to emphasize the importance of inland sponges
as paleoenvironmental tools and was followed by Sifeddine et al. 1994; Cordeiro et al.
1997, among others from South America. Volkmer-Ribeiro provided information about
the relationship between the environment and current species in order improve the
interpretation of the paleoenvironment using spicules of inland sponges (Volkmer-
Ribeiro et al. 1998; Volkmer-Ribeiro et al. 1999; Volkmer-Ribeiro and Almeida 2005;
Volkmer-Ribeiro and Machado 2007). The presence of spicules in sedimentary facies was
first characterized by Parolin et al. (2008). Through discrimination of spongiofacies, for
example, it was possible for Kierten et al. (2013) to distinguish the sandy sedimentary
facies from a core sample recovered from the Nabileque River, since there was no abrupt
contact between the facies. Spongiofacies are mainly found in sedimentary concentrations
called spongolites (Traxler 1995; Volkmer-Ribeiro and Almeida 2005; Almeida et al.
2009). These formations are rare, since taphonomic conditions related to the transport of
spicules can disperse them throughout the environment. Nevertheless, even if they do not
form spongiofacies and are not identified by the specific taxon, spicules found in the
depositional environment can indicate different environmental conditions in geological
time. They can provide clues about the past existence of water bodies or humidity

conditions (Gutiérrez et al. 2011; Pearce et al. 2013; Bonomo et al. 2013; Parolin et al.
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2014; Chahud et al. 2015; Contreras et al. 2018). Studies also show that spicules have
mainly been used to indicate the past hydrodynamics and paleoclimates in the Neotropical
area. These themes are linked, since during wet periods there is increased flow and higher
levels of rivers and lakes. In addition to spicules, the paleoenvironmental reconstructions
documented in the studies surveyed rely on several other proxies, such as sedimentary
facies analysis; phytolytic analyses, C/N analyses and biogeochemical evidence (McGlue
et al. 2011; Kalinoviski et al. 2016a; Zeviejkovski et al. 2017). Therefore, spicules have
been shown to be excellent complementary proxy data (Zeviejkovski et al. 2017), since
they are not used in isolation. In this sense, the discussion below does not refute the results
obtained in the analyzed studies, but examines the knowledge of the ecology of sponge
species used as a proxy in light of new ecological discoveries.

An analysis of the interpretations attributed to the sponge species showed that C.
seckti and the genus Oncosclera have been used to indicate lotic environments, as pointed
out by Parolin et al (2008); Machado et al. (2012); McGlue et al. (2011); McGlue et al.
(2012); Kuerten et al. (2013). However, C. seckti specimens can also occur in lentic
environments (Pinheiro et al. 2013; Volkmer-Ribeiro et al. 2010a).

Within the genus Oncosclera, there are specimens such as O. navicella that grow in
both lotic (Volkmer-Ribeiro and Pauls 2000) and lentic (\Volkmer-Ribeiro and Almeida
2005) waters and on non-rocky substrates (Volkmer-Ribeiro et al. 2012) even upon other
sponges (Pinheiro et al. 2003). So far, O. navicella is the only species of the genus
Oncosclera that exhibits major environmental plasticity (generalist species) (Table 1).
Because of this, its genus cannot characterize lotic and rocky environments even though
most of its species are restricted (specialist species) to this type of environment.

The species O. jewelli and T. repens reported in the studies by Guerreiro et al. (2013)

and Kalinoviski et al. (2016a)? are, so far, restricted to lotic conditions (Table 1).
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The Tubella variabilis and T. paulula species were considered to be indicative of
lentic environments in the studies by Almeida et al. (2009); McGlue et al. (2011); McGlue
et al. (2012); Rasbold et al. (2019). The same species were also reported in lentic and lotic
systems (Gameleira stream, Pernambuco; Cristalino River, Mato Grosso State-Brazil)
(Nicécio and Pinheiro 2015; Batista et al. 2007). Therefore, they are not good indicators
of hydrodynamic conditions because they have plasticity for this environmental
characteristic.

Another species with great environmental plasticity that has been used
inappropriately as a bioindicator is C. heterosclera. VVolkmer-Ribeiro and Machado
(2007) suggested it as an indicator of shallow lagoons between the dunes of tropical
environments. However, Nicacio and Pinheiro (2015) reported it for rivers in semi-arid
and humid regions. Another complication with this species is distinguishing it from C.
australis when only the spicules of the species are found in the environment. Congeners
share the same spicule set, except for the presence of an additional category of acanthoxea
microsclere in C. heterosclera (Calheira and Pinheiro 2016). Therefore, identification at
a specific taxonomic level is only possible if the microsclere is found. Without it, the
identification of C. australis is impossible. However, Guerreiro et al. (2018) used the
term “Corvoheteromeyenia spp.” which, according to zoological nomenclature code,
indicates that more than one species necessarily occurs, which in fact cannot be stated in
this case. Besides, C. heterosclera can be found in both well-preserved and degraded
environments (Calheira and Pinheiro 2016; Nicacio and Pinheiro 2015), which makes this
species a poor indicator of environmental quality.

On the other hand, certain sponge species may be reliable proxies, for
example, Dosilia pydanieli and H. fistula indicate still water in shallow, drought-prone

environments (Volkmer-Ribeiro and Motta 1995). Metania spinata also occurs in
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environments subject to periodic drought but is not restricted to lentic or lotic
environments (Volkmer-Ribeiro and Costa 1992; Meldo and Rocha 1998). Corvomeyenia
thumi indicates shallow lakes, colonized by plants and subject to drought periods, similar
to the areas of Brazilian Cerrado (Volkmer-Ribeiro et al. 1988; Volkmer-Ribeiro and
Motta 1995; Volkmer-Ribeiro 1992; Volkmer-Ribeiro et al. 2005) (Table 1). They
provided reliable paleoenvironmental interpretations in Sifeddine et al. (1994); Cordeiro
et al. (1997), Turcq et al. (1998); Sifeddine et al. (2001); Machado et al. (2014) and
Guerreiro et al. (2013).

The community composed of D. pydanieli, M. spinata (main species), C. thumi, R.
amazonesis, and T. variabilis (accessory species) may indicate cerrado biomes (Volkmer-
Ribeiro and Motta 1995; Volkmer-Ribeiro et al. 1988), and is therefore favorable to the
paleoindication of this biome (Machado et al. 2014; Guerreiro et al.,2013).

Radiospongilla inesi was reported in the state of Pernambuco and its spicules were
found in sediments collected in western Bahia by Santos et al. (2017). This species
characterized semilotic environments in past cerrado areas, as it was found in both lotic
and lentic environments (Nicacio et al. 2011). This interpretation was supported by other
data, like facies and sedimentary analysis (Santos et al. 2017).

The Ephydatia facunda species continues to indicate wetland, river, and lagoon
environments, rich in organic matter and near the coast (Volkmer-Ribeiro and Machado
2007). This species has been used to describe environments in micropaleontology, such
as, for example, a floodplain on the Lujan River (Argentina) that has had an influence on
coastal / marine waters in the past (\Volkmer-Ribeiro et al. 2007).

Rasbold et al. (2019) identified Heteromeyenia barlettai in Negra Lake (Pantanal)
based on spicules in sediment. However, this species was described based on specimens

collected in an aquarium (Pinheiro et al. 2015b). In this sense, the information about this
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species is not reliable enough for use as a proxy until a new population is found in a
natural habitat. The greatest obstacle to using spicules of sponges as a proxy is the lack
of information about the natural history and distribution of these species. Although
Ezcurra de Drago and Volkmer-Ribeiro have devoted their entire careers to describing
the biodiversity and natural history of these species, much work remains to be done.
Example are studies conducted by Nicacio and Pinheiro (2015), Pinheiro et al. (2015a),
Calheira and Pinheiro (2016), Calheira and Pinheiro (2018) which increased the
occurrences of species in the state of Pernambuco, in northeastern Brazil, from one to 13.

In this sense, it is extremely important to carry out inventories of the sponge fauna
of continental waters, and to collect precise observations of the environment and
environmental conditions in which these species are found.

In principle, sponges are sessile invertebrates that could be used as good tools for
reconstruction of a paleolimnological environment. However, there are some biases or
“traps” that may interfere with good paleontological interpretation using sponge spicules,
for example:

1) The absence/presence of gemmules: The absence of gemmules may be interpreted
as suitable environmental conditions, in which sexual reproduction occurs. While the
presence of gemmules, can indicate adverse environmental conditions when asexual
reproduction occurs and gemmules are produced. However, both reproductive forms
have occurred simultaneously in sponges, as reported by Calheira (2020).

2) Gemmulosclere traits: the majority of Spongillida species are identified based on
gemmulosclere traits. However, different pH concentrations (alkaline vs brackish waters)
may alter the spicules, as reported for E. fluviatilis (Poirrier, 1974). In this sense, some
species could be misidentified and introduce mistakes into paleoenvironmental

reconstructions. This highlights the need for new studies employing ecomorphic
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approaches for other species in order to determine whether these variations are restricted
to the Ephydatia fluviatilis complex or are a widespread trait of Spongillida.

3) The occurrence of oxea megascleres: oxea megascleres of inland sponges and
marine sponges can be very similar (homoplasy) and provide few indications about the
environment.

4) Taphonomy: there are fewer studies targeting taphonomic aspects of inland sponge
species spicules (Wilding and Drees 1968) than marine sponge species spicules
(Forchielli et al. 2012; Reolid 2007; Delecat and Reitner 2005). Spicules may be
transported by water, wind, colluvium, or may be demaged before being found by
scientists, and there are few studies on this subject.

Conclusion

The present study reports an evident increase in indexed publications on this topic in
the last decade, between 2010 and 2019. The discovery of the occurrence of species, such
as C. heterosclera, C. seckti, O. navicella, and T. variabilis in new areas, indicates that
they can colonize diverse environments, leading them to be considered generalist species
rather than specialist. Nevertheless, it does not invalidate previous contributions, as they
have been duly supported by other proxies. However, inconsistencies have been detected
about ecological knowledge used. Sponges can be reliable proxies for use in
paleoenvironmental reconstruction depending on the species found. Correct identification
of sponge species is critical to the successful interpretation of paleoenvironmental data,
because some species exhibit high environmental plasticity and are not reliable
environmental indicators. For greater reliability of proxy-based interpretations, they

should be used in conjunction with other proxies.
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020).

Species Hydrodynamics Substrates Environment Salinity
01. Acalle recurvata (Bowerbank, Lentic’?/lotic ®> " Concrete’, roots and trunks®™.  Shallow and turbid waters, turbid and acid ~ Freshwater
1863)0%+ 29. 65. 68, 72,77, 90, 92. Associated with T. dellicata floodplains lagoons or floodplains with

and T. paulula® " growing on  clear water from Amazonian environment

T. gregaria® 68
02. Acanthotylotra alvarengai Lotic™ L . 81
Volkmer-Ribeiro, Tavares, Furstenau- Epibionte on 8[1) rulia Sponges = Freshwater
Oliveira, 2009 uruguayensis

A 3 TA71 71
OB.Anhe_teromeyenla cheguslvaral Lentic Rocky Shallow (60-40 cm) and turbid water near Freshwater
Manconi & Pronzato, 2005 ; 7
the coastal environment .

04. Anheteromeyenia diamantina Lentic'®® Rocky'® Shallow and turbid water'%, Freshwater
Calheira & Pinheiro, 2018'®
05. Anheteromeyenia ornata (Bonetto  Lotic?® Hard substrate (anthropic - Freshwater
& Ezcurra de Drago, 1970)%4¢ construction)?®
06. Anheteromeynia vitrea Volkmer- Lentic® Macrophytes and herbaceous Shallow seasonal water®, Freshwater
Ribeiro & Buso 2012% twigs®
07. Balliviaspongia wirrmanni Boury-  Lentic® Rocks and macrophytes® Freshwater

Esnault & VVolkmer-Ribeiro, 1991%

Depth between 10 cm and 19 m*.

Continued
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Table 1_ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro and

Calheira (2020). (Continuation)

Species Hydrodynamics Substrates Environment Salinity
08. Corvoheteromeyenia australis Lentic%/lotic®” Roots of Eichhornia azurea (Sw.)  Preserved stretches of forest, shallow, clear Freshwater
(Bonetto & Ezcurra de Drago, 1966) 2 2 Kunth and Eichhornia crassipes ~ water®
31,39, 63,69, 96, 97. (Solms)®® Mart. Rocky

substrates®’
09. Corvoheteromevenia heterosclera Perennial and seasonal water, in sand or rocky Freshwater
(Eicurra de Drado y197 4) 35.63,65 69,76,80,75 Lentic®/lotic® Rocks and macrophytes bottom with abundant macrophytes.
57, g0, (Eleocharis sp. and Equisetum

sp.), ponds between sand dunes’®

Associated with bryozoan genus

Fredericella Gervais, 1939 and

Plumatella Lamark, 18167°.
10. Corvoheteromeyenia sanidastosclera Lentic *4 Concrete® Species found in fish pond** Freshwater
Pinheiro, Silva & Calheira, 2015%
11.Corvomeyenia epilithosa Volkmer- Lotic’™® Rocky’® Freshwater
Ribeiro, Rosa-Barbosa & Machado, 2005 Acidic Coffee-colored waters "® from Campos
73,76, 98. Sulinos environment and Araucaria Forest®,

Lentic® ¢ Aquatic vegetation®® &7 Freshwater

12. Corvomeyenia thumi (Traxler, 1895) 5
67.

Shallow, acidic lagoons with abundant
macrophytes, situated in tropical and subtropical
Cerrado, a biome that develops in an area subject
to drought periods.®°®Ponds between sand dunes®’.

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020). (continuation).

Species Hydrodynamics Substrates Environment Salinity
13. Corvospongilla seckti Bonetto & Lotic 2%lentic®+ & Floodplain and rocky riverbeds . It may occur in ~ Freshwater
Ezcurra de Drago, 1966 20: 22,3158, 67, 68, 69, 84, Solid and soft substrates  pools formed in the rivers, where there is low flow.
8 £, (trunks, branches); roots It may occur in the floodplain area, with clear
of E. azurea and E. water.
crassipes® and upon O.
navicella &, Limnoperna
fortune (Dunker, 1857) 8
Branches of Seasonally flooded areas of arid environments, and  Freshwater
14. Dosilia palmeri (Potts, 1885) 10 12.48.8%. | gtjc Strombocarpa pubescens  riverbanks®.
(Benth). Upon plants®.
15. Dosilia pydanieli Volkmer-Ribeiro, Lentic®® Macrophytes®® and Freshwater
1992,56:59.63. Rocks®® Permanent to seasonal, acidic waters in bog
ponds®, usually formed on sandy ground, with
abundant macrophytes and humic deposits®® %
Lakes of Savana (Cerrado).
Lentic river stretch®  Trunks and twigs of trees Freshwater
. . w45, and oxbow lakes®:. %, sand banks®, and The environment of flooded forest during floods*
gfégegﬂ'},%olf’gf 1vv02n|| (Bowerbank, 1863) Lotic 90102 rocks®® may occur in (Flooded area), with clear waters (Amazonia)®®
floodplains.
Occasionally, it occurs on
rocks near riverbanks*
. Freshwater
32, 65
17. Drulia conifera Bonetto & Ezcurrade  Lotic® Rocks, ravine®® RO MRERER

Drago, 19733165 102

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020). (continuation).

Species Hydrodynamics Substrates Environment Salinity
" —
18. Drulia cristata (Weltner, 1895) 15.5.68 Lotic Rock bottoms and . Rocky bott(_)ms of theerslver in Freshwater
submerged branches®. strong flowing waters
19. Drulia cristinae VVolkmer-Ribeiro, Lotic!® Twigs in decomposition,  The mouth of the river, Freshwater
Ezcurra de Drago, Machado & Sabaj, mud, and fine sand?%? concerning type locality%2,
2017.102
20. Drulia ctenosclera Volkmer & Lotic®® Rocks, branches and Rocky bottom and igarapés Freshwater
Mothes, 1981426468, 77,82 trunks®® rivers,
21. Drulia uruguayensis Bonetto & . 7071 ~ti 85 8 . Freshwater
Ezcurra de Drago, 196927 60. 62, 68,69, 77,78, 82, Lentic™/lotic Concrete™, roots, twigs, Shallow turbid water.
84,97, leaves, mud, sand and
rocks™. Associated with
T. paulula®.
Trunks* Shallow water of arid region Freshwater

22. Ephydatia caatingae Nicécio e
Pinheiro, 2015%

23. Ephydatia facunda Weltner, 1895 16 4L

43, 50, 70.

Lentic/lotic®

Lentic*/lotic™

Rocks, submerged
woods, rarely in soft
substrates™. Reported
from Niquim River,
growing on a tire and
submerged ropes. May
occur on roots of E.
azurea and E. crassipes,
Pstia stratiotes L.,
Ceratophylum
demersuloticn L.

(Caatinga biome) and humid
region (Mata Atlantica
biome)®:.

Shallow, turbid or clear
water’®, backwater. Acidic and
mineral-rich with macrophytes.
May occur in river stretches in
poorly preserved
environnments, like plantations
and pastures. Water bodies
near coastal areas®.

Freshwater to mesohaline

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020). (continuation)

Species

Hydrodynamics

Substrates

Environment

Salinity

24. Ephydatia fluviatilis (Linnaeus, 1759)

01,08, 11, 12, 21, 64.
25.Ephydatia robusta (Potts, 1888)!21" 34
48

26. Eunapius carteri (Bowerbank,
1863)04' 28, 62

27. Eunapius igloviformis (Potts, 1884)%
48.

28. Eunapius fragilis (Leidy, 1851) %395 2L,

35, 69, 93.

29. Heteromeyenia barlettai Pinheiro,
Calheira, Hajdu, 2015%"

30. Heteromeyenia cristalina Batista,
Volkmer-Ribeiro & Meldo, 2007 /7.9

31. Heteromeyenia horsti Ezcurra de
Drago, 1988

32. Heteromeyenia insignis Weltner, 1895
18, 23,46,80, 96

33. Heteromeyenia stepanowii (Dybowski,
1884)10 35, 43, 56.

Lentic'® 1?/lotic?!

Lentict? ¥

Lentic®?

Lentic®48

Lentic® /lotic®®

Lentic (aquarium)®

Lentic”’/Lotic’" %

Lentic®!

Lentic* Lotic®®

Lentic*/ Lotic®®

Underside of rocks!! 12
and trunks -

Rocky and Mollusc
shellst’

Rocks??
Trunk*®

Rocks® and rarely found
on plant substrates
(sometimes E. azurea) 3¢

Leaves and roots of
aquatic plants, plastic and
woods *°.

Submerged riparian
vegetation’’

Rocks®?

Growing on rock bottoms
and rarely on submerged
vegetation®® &

Upon macrophytes E.
azurea (Swartz) Kunth;
E. crassipes® 4,

Lacustrine * may occur in
seasonal water in the arid
region. 2,

Lacustrine!?
Lacustrine®?,

Lacustrine %

Rivers and dams®®

Shaded environment and low
river current”’

Pond margin up to 40 cm
deep®?.

Lake, floodplain in coastal area
of Rio Grande do Sul“ State in
Brazil and rivers.1® %

Lentic stretches of rivers and
lakes 343,

Mesohaline to freshwater

Freshwater

Mesohaline to freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Sponge collected in aquarium with water from Parand basin water bodies*.

Continued.
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020). (continuation).

Species Hydrodynamics Substrates Environment Salinity
34. Heterorotula fistula Volkmer & Motta, Lentic® _ Seasonal or perennial water Freshwater
1995 59 78, 98. with many macrophytes®.
35. Houssayella iguazuensis Bonetto & Lotic?° Underside of rocks?° Rapid water near falls. %° Freshwater
Ezcurra de Drago, 19662 24
36. Metania fittkaui VVolkmer-Ribeiro, . a8 Roots, trunks, leaves, Growing on banks and riparian  Freshwater

38. Lotic 38 0138
1979 rocks=e. vegetation®*.
37. Metania kiliani Volkmer-Ribeiro & Lentic®’ Branches, tree bark in a Flooded area, also found in Freshwater
Costa, 1992% flooded area®. flowing streams (igarapés)®>

. . . Concrete, roots, leaves,  Shallow, acidic, turbid water in ~ Freshwater
72 ’ ] 1 ] 1
(?4?58',\42 tge;ma e (BaEeal, d5es) - Leite trunks’?, mud®’, rocks®’ shaded area (forest). Flooded
plain®®,

39. Metania spinata (Carter, 1881)% %57 [entic%®/Lotic®" % Macrophytes®’and grassy ~ Shallow acidic water, low Freshwater

62, 65.

ponds®® %7,

concentration of silica,
abundant macrophytes (shaded
or light-exposed water). May
be found in streams
(igarapés)®? and bodies of
water in Cerrado (biome
subject to yearly droughts)®°.

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the Icoations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020). (Continuation).

Species Hydrodynamics Substrates Environment Salinity
40. Metania subtilis Volkmer-Ribeiro, Lentic’?/Lotic® Concrete and hard substrates ~ Shallow turbid water, on a Freshwater
1979%.72 associated with T. paulula™.  submerged substrate 7.
41. Oncosclera atrata (Bonetto & Ezcurra Lotic?” Rocks?’ Riverbank (shallow water 30- Freshwater
de Drago, 1970)%" 50 cm deep)?’

Concrete. In association with Shallow, acid and turbid Freshwater
42. Oncosclera intermedia Bonetto & Lentic’?/lotic® ul: water’?
Ezcurra de Drago, 1973316572 T. paulula and D.

’ uruguayensis’
43. Oncosclera jewelli (Volkmer, 1963) % Lotic?® Rocks?® It oceurs n f(?rest %Eea (Mata Freshwater
29,100, Ombrdfila mista)
Shallow turbid water in Freshwater

44. Oncosclera navicella (Carter, 1881) % Lentic %8727884/|gtic 6> %3 Concrete, twigs, trunks®’, floodplains with clear water
24,28, 61, 65, 68, 67, 69, 72, 76, 77, 78, 82, 84, 91, 93, 96, 97. I’OCkS Of river and bivalve

shellfish. Roots of E. azurea

and E. crassipes’®. Epizoic

incidence is related to T.

repens’ and C. seckti®® 7>
45. Oncosclera petricola (Bonetto & Lotic? Rocks?? Clear rapid waters with arocky  Freshwater
Ezcurra de Drago, 1967). 2% 54 bed??.
46. Oncosclera ponsi (Bonetto & Ezcurra  Lotic® Rocks® Rocks in rapid waters?® Freshwater

de Drago, 1968)%

continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020). (Continuation)

Species Hydrodynamics Substrates Environment Salinity
47. Oncosclera rosariae Tavares-Frigo, Lotic? Rocks®® Rapid water in a rocky riverbed  Freshwater
Volkmer-Ribeiro, Oliveira & Machado, near a shaded riverbank®
2015%
48. Oncosclera schubarti (Bonetto & Lotic®® Rocks* Rocky riverbed®® Freshwater
Ezcurra de Drago, 1967) 22 6.9
49. Oncosclera spinifera Bonetto & L otice* ﬁzr;;:cr)et;;,tré%l;y riverbed and ﬁgzldlmlfg,i r:u;rl:)é:é4a0|d|c water, Freshwater
Ezcurra de Drago, 19733368, 77.84. P ' P
50. Oncosclera stolonifera (Bonetto & Lotic?! Rocks? Rocky riverbed? Freshwater
Ezcurra de Drago, 1967)%%
51.0ncosclera tonollii (Bonetto & Ezcurra  Lotic?> Rocks?> River in Ombrofila Mista Freshwater
de Drago, 1968)> 8¢ forest®® upon the rocks in

flowing river?>.

84

52. Potamophloios guairensis Volkmer- Lotic8 Rocks®, Deep water Freshwater
Ribeiro, Parolin, Firstenau-Oliveira & De
Menezes, 2010 8+ 86
53. Pottsiela pesae VVolkmer-Ribeiro, Lotic® Rocks® el vElEs a1 321 Freshwater

Souza-Machado, Fiirstenau-Oliveira,
Vieira-Soares & 20108

substrates in artificial lakes.
(reservoirs).8

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira, 2020.

Species Hydrodynamics  Substrates Environment Salinity
54. Pottsiela spoliata (Volkmer-Ribeiro &  Lotic® tl?/\(/)id:ssl‘ ETRSTEe TS £T0 Shaded environment, between rock gl
Maciel, 1983) 44 61,84 g™ spaces and upon submerged vegetation,
about 15 m deep. &
55. Racekiela andina Hernandez & José- Lentict® Macrophytes (Isoetes sp.; Crassula fgglr:](;\l/\éoand deep water (10 up to Freshwater
Barreat, 2017, venezuelensis (Steyerm)); Trunks in
decomposition (Polylepis sericea
Wedd) 1%°; on mud and submerged
MOsSSes.
56. Racekiela cavernicola VVolkmer- Backwater of Jacaré River in stretch Freshwater
Ribeiro, Bichuette & Sousa Machado, Lentic® Rocky bed® insid 5
2010%. inside cave .
57. Racekiela sheilae (Volkmer-Ribeiro, Lentic® Sedimentary rocks consisting of clay, Temporary coastal lagoons between Freshwater
De Rosa Barbosa & Tavares, 1988) 4 75.7¢: sand and' macrophytes’®. possibly non-coastal dunes. Temporary
lagoons. Maximum depth of 30 cm,
muddy bottom, milky colored water with
abundant algae*
58. Racekiela crescyscristae Gomes, Lentic/lotic'®* Solid substrate® @ Freshwater
Carballo, Cruz-Barraza, Carmacho- PIIEYS LTS UPTD 4 EEEp, =
Cancinoa, 20191%
59. Radiospongilla amazonensis Volkmer-  Lentic®/lotic”’ Trunks, roots, branches of vegetation Freshwater

Ribeiro e Maciel, 1983 4456 59,63, 67,77, 84.

and leaves of Egeria sp®

Lakes in floodplains of the Cerrado
Biome®® and floodplains with the clear
water of Amazonia Ponds between sand
dunes with riparian bush vegetation 3.

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro and

Calheira (2020). (Continuation).

Species Hydrodynamics Substrates Environment Salinity
60. Radiospongilla crateriformis (Potts, Lentic™/lotic™ Shallow turbid acidic water*? Freshwater
1882) 08.22.43,79. Rocks and associated with bryozoan

genus Plumatella™ and bivalve

genus Eupera Bourguignat, 1854 8°,
61. Rgdlospon%llla nesi Nicacio & Lentic/lotic® Rocks and concrete®” Shallow water®’, Freshwater
Pinheiro, 2011

Intermittent floodplain water®®  Freshwater

62. Saturnospongilla carvalhoi VVolkmer-
Ribeiro, 1976 36 37. 68.69,88

63. Spongilla alba Carter, 1849 02 65.68.79.

64. Spongilla cenota Penney & Racek,
1968 23, 79.

65. Sterrastrolepis brasiliensis Volkmer &
Rosa Barbosa, 1978 37:76. 101

66. Tubella amazonica (Weltner, 1895) *

24, 47.

67.Tubella delicata (Bonetto & Ezcurra de
Drago, 1967) 22,28, 35,52, 68, 77, 101.

Lentic®/lotic 7

Lentic

Lotic™

Lotic’®

Lotic'®

Lentic/loticl®!

Macrophytes®® branches and
leaves®®

Solid substrates®® epizoic
(cirripedia, mussel and bryozoan)®®

Solid substrates (limestone) and
associated with bryozoan genus
Plumatella™

Rocks’®

Rock and roots and trunks of trees,
sponges (Drulia browni)® epizoic
on other sponges?® 3568

with clear water in Amazonia®®

Coastal lakes and estuarine
environment®®

Rapid or slow water, acidic or
alkaline water’.

Rapid water over rocky
riverbed’®

Lakes of floodplains.

Mesohaline%® 7 to
freshwater

Freshwater

Freshwater

Freshwater

Continued
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Table 1 _ Bibliographical survey of the environmental characteristics of the locations of continental sponge species occurring in the Neotropical Region based on Pinheiro

and Calheira (2020).

Species Hydrodynamics Substrates Environment Salinity
68. Tubella gregaria (Bowerbank, 1863) *  Lentic®/lotic*° Concrete, roots®® and Turbid water in floodplain Freshwater
i twigs, epizoic on other lakes 68

sponges®

1 14,22, - S, R
?49. Tubella horrida (Weltner, 1893) Lentics Rockss II;acustr,lnsg (Gatdn lake, Mesohaline
anama)

70. Tubella lanzamirandai (Bonetto & Lentic® &/ lotic % 8 Roots, twigs and roots of ~ Floodplain lakes, river meander  Freshwater
Ezcurra de Drago, 1964) 19 32 35,69 84. E. azurea and E. e

crassipes . Growing

on top of other sponge

species ®°.
71. Tubella leidii (Bowerbank, 1863) %22 Lentic* Roots of submerged Lacustr '246 (Gatun lake, Freshwater
54, 54 Panama)

trees®.

E. azurea and E. Freshwater

72. Tubella minuta (Potts, 1881) %: 30.48, 65,

69, 77.

Lentic/lotic®® 78

crassipes, % 7" upon other
sponges and underside of
rocks and leaves of
macrophytes and other
sponges®® &

Continued
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and Calheira (2020).
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Species Hydrodynamics Substrates Environment Salinity
73. Tubella paulula Lentic'® */lotic®° Macrophytes, leaves, concrete®®  Floodplain environment3® Freshwater
(Bowerbank, 1863) %4 16.19. 22,26, 65 rocks®, roots of E. azurea
30, 32, 35,52, 53, 58, 68, 69, 72, 77, 84, 92. and E CraSSipesls' 76, Drulia

browni®?; epizoic on other

sponges®® %,
74. Tubella pennsylvanica Lentic 7/ lotic*® 77 Concrete, branches® sponges of ~ Shallow turbid water Freshwater
(Potts, 1882) 07 4458, 48,72,75, 77, genera Drulia and Metania™
90.
75. Tubella repens (Hinde, Lotic? Rocky outcrops and rocky May occur in bodies of water in  Freshwater
1888) 13 2284, 86, 93. riverbed?2. arid region??.
76. Tubella variabilis (Bonetto  Lentic®/lotic® Roots of macrophytes Seasonal and perennial waters.  Freshwater
e Ezcurra de Drago, 1973)31:% (Eichhornia e Salvinia), May occur in Cerrado lakes*,
44,63, 69,87, 93. concrete®®. Large species of or in ponds between sand

genera Drulia and Metania*. dunes®.

Associated with bryozoan

genus Plumatella®
77. Uruguaya corallioides Freshwater

(Bowerbank, 1863)°4 19 22,26, 3L,
65, 77.

Lotic5®

Rocky riverbed®

Lotic environment with rocky
bottom %

References: Linnaeus (1759)%; Carter (1849)?; Leidy (1851)%; Bowerbank (1863)* Carter (1881)°; Potts (1881); Potts (1882)7; Potts (1884)8; Dybowski (1884)°; Potts (1885)%;

Carter (1885)'%; Potts (1888)'2; Hinde (1888)%%; Weltner (1893)%; Weltner (1895)'°; Traxler (1895)¢;VVolkmer-Ribeiro (1963a)!’; Volkmer-Ribeiro (1963b)!¢; Bonetto &

Ezcurra de Drago (1964)*°; Bonetto & Ezcurra de Drago (1966)%°; Bonetto & Ezcurra de Drago (1967a)?%; Bonetto & Ezcurra de Drago (1967b)?%; Bonetto & Ezcurra de Drago

(1967¢)?3; Penney & Racek (1968)%; Bonetto & Ezcurra de Drago (1968)?%; Bonetto & Ezcurra de Drago (1969)%%; Bonetto & Ezcurra de Drago (1970)%"; Volkmer-Ribeiro

(1970)%; Volkmer-Ribeiro et al., (1971)%;Volkmer-Ribeiro & De Rosa-Barbosa (1972)%; Bonetto & Ezcurra de Drago (1973a)%!; Bonetto & Ezcurra de Drago, (1973b)%;

Ezcurra de Drago (1974)%; Jones & Rutzler (1975)%**; Volkmer-Ribeiro et al. (1975)%; Volkmer-Ribeiro (1976); Volkmer & De Rosa-Barbosa (1978)%"; Volkmer-Ribeiro

(1979)%; Ezcurra de Drago (1979a)%; Ezcurra de Drago (1979b)*°; De Rosa-Barbosa (1979)*; Volkmer-Ribeiro & Mothes (1981)*?; Volkmer-Ribeiro et al. (1981)*; Volkmer-
Ribeiro & Maciel (1983)*; Volkmer-Ribeiro et al. (1983)*; De Rosa-Barbosa (1984)*¢; VVolkmer-Ribeiro & De Rosa-Barbosa (1985)*7; Volkmer-Ribeiro & Traveset (1987)%;
Volkmer-Ribeiro et al. (1988)*°; Volkmer-Ribeiro et al. (1998)°; Ezcurra de Drago (1988)%!; Volkmer-Ribeiro & Peixinho, 1989%?; Volkmer-Ribeiro & Tavares (1990)%;

Poirrier (1990)%; Boury-Esnoult & Volkmer-Ribeiro (1991)%; Volkmer-Ribeiro (1992)%; Volkmer-Ribeiro & Costa (1992)%"; Volkmer-Ribeiro & Tavares (1993)%; Volkmer-
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Ribeiro & Motta (1995)%; Volkmer-Ribeiro & Tavares (1995)%; Tavares & Volkmer-Ribeiro, 19975'; Meldo & Rocha (1998)%2; Volkmer-Ribeiro et al. (1999)%; Peterson &
Addis (2000)%*; Volkmer-Ribeiro & Pauls (2000)%; Batista & Volkmer-Ribeiro (2002)%; Pinheiro et al. (2003); Batista et al. (2003)%; Tavares et al. (2003)%; Pinheiro et al.
(2004)°; Manconi & Pronzato (2005)7; Volkmer-Ribeiro & Almeida (2005)7?; Volkmer-Ribeiro et al. (2005)”%; Volkmer-Ribeiro & Parolin (2005)"4; Volkmer-Ribeiro et al.
20077 Volkmer-Ribeiro & Machado (2007)76; Batista et al.(2007)""; Almeida et al. (2009)"®; Volkmer-Ribeiro & Machado (2009)7; Volkmer-Ribeiro et al., (20092)%; Volkmer-
Ribeiro et al. (2009b)®!; Candido et al. (2010)® Volkmer-Ribeiro et al. (2010a)%; Volkmer-Ribeiro et al. (2010b)%*; Volkmer-Ribeiro et al. (2010c)®; Volkmer-Ribeiro &
Parolin (2010)%; Nicacio et al. (2011)%"; Wantzen et al. (2009)%; Buso-junior et al. (2012)%°; Volkmer-Ribeiro et al. (2012)%; Pinheiro et al. (2013)®; Morostega et al. (2013)%;
Nicécio & Pinheiro (2015)%; Pinheiro et al., (2015a)*; Pinheiro et al. (2015b)°%; Tavares-Frigo et al. (2015)°; Calheira & Pinheiro (2016)%"; Machado et al. (2016)%; Printes et
al. (2017)%: Hernandez & Barreat (2017)%; Volkmer-Ribeiro & Machado (2017)°*; VVolkmer-Ribeiro et al., (2017)°2; Calheira & Pinheiro (2018)%%; Gémes et al. (2019)%,
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Highlights

e The efficiency of inland sponge remains are tested.

e Multi-proxy analysis (phytoliths, morphoscopy, granulometry, isotope *C and
15N data and *C dating) was carried out.

e Data support the interpretation of continuous lake filling by colluvium in both wet
and dry season conditions.

e Seven inland sponge species were identified through spicules preserved in the
sediment.

e Two sponge species corroborated the conditions indicated by the analysis.

Abstract:

This study aimed to test the use of inland sponge spicules as proxy data for a Holocene
paleoenvironmental reconstruction of the Trairi River valley, in the state of Rio Grande
do Norte, in Northeast Brazil. Spicules were recovered from sediments from two core
samples obtained from Lake Fumo and Lake Urtiga, at depths of 0.60 m and 0.96 m,
respectively. The following analyses were carried out: phytolith morphotype
classification, isotope data (8*3C, §®°N%o), radiocarbon dating (AMS), grain size analysis,
sediment morphoscopy, and percentage of soil organic matter. Environmental
reconstruction indicated seasons with dry and rainy conditions 1940 years BP. Isotope
data pointed to the presence of plants (Cs and Cs) and algae. Phytolith classification
indicated that Poaceae, Cyperaceae, Arecaceae and/or Bromeliaceae occurred at the
location. Spicules from inland sponges Heterorotula fistula; Ephydatia sp.; Dosilia
pydanieli; Corvoheteromeyenia heterosclera; Tubella variabilis; Radiospongilla inesi;

and Anheteromeyenia sp. were found in the core samples. Reconstruction based on



98

isotope, phytolith and sedimentology results was compared with the spicule data and only

D. pydanieli and H. fistula confirmed the other proxy information.

Key words: Multiproxy Analysis. Phytoliths. Stable Isotope. Environmental

conditions. Paleoecology.

Introduction:

Paleolimnological proxy data derived from organic remains preserved in lakes, such as
isotopes (Meyers, 2003), phytoliths, and sponge spicules (Parolin et al., 2014), provide
information on the changes that occurred in past environments. Inland sponge spicules
with taxonomic value provide promising proxy data for studies on the Neotropical
Region, which has the largest inland sponge diversity in the world (Nicécio and Pinheiro,
2015, Pinheiro and Calheira, 2020). Since the 1970s, scientists have used inland sponge
spicules as paleoenvironmental proxies (Harrison et al., 1979; Sifeddine et al., 1994;
Volkmer-Ribeiro and Almeida, 2005). However, a review of the literature on the
ecological information from Neotropical species points to limitations in the use of sponge
spicules as proxy data (Docio, 2020).

The restriction or specialization of sponge species or sponge communities to certain
environmental conditions or biomes in the present determines the paleoenvironmental
applicability of spicule remains (Volkmer-Ribeiro and Machado, 2007). Thus, once the
species has been identified based on spicule remains it is possible to reconstruct features
of past environmental conditions (Parolin et al., 2008). However, ecological data
published in inventories have underestimated the potential of sponges to colonize
environments with different water regimes or in poorly preserved areas. This is the case,

for example, with Corvospongilla seckti (Bonetto and Ezcurra de Drago, 1966) and
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Oncosclera navicella (Carter, 1881), which are not specialized in lotic environments (De
Rosa-Barbosa, 1984; Tavares et al., 2003; Batista et al., 2003; Pinheiro et al., 2013), but
were initially attributed to lotic conditions (Batista et al., 2003). As such, the presence of
O. navicella spicules preserved in sediment made it possible to reconstruct a past aquatic
environmental condition as a river (Parolin et al., 2008). In addition, there is
Corvoheteromeyenia heterosclera (Ezcurra de Drago, 1974), which does not occur only
in preserved environments (Calheira and Pinheiro, 2016). Furthermore, specimens of
previously known inland sponge species were found in new inventoried areas, living in
different environmental conditions to those already registered by taxonomists (Pinheiro
et al., 2003; Nicacio et al., 2011; Nicécio and Pinheiro, 2015; Calheira and Pinheiro,
2016).

On the other hand, Dosilia pydanieli (Volkmer-Ribeiro, 1992), Corvomeyenia thumi
(Traxler, 1895), and Metania spinata (Carter, 1881) are found in the same restricted
environmental conditions, which makes their spicules satisfactory proxies for a particular
quaternary environmental condition (Docio, 2020). Generally, the phylum Porifera can
provide satisfactory data on paleoenvironmental conditions at even older dates. Marine
coralline sponges, for example, have been used to understand the growth procedure of a
modern type of cryptic, light independent microbialite, its interaction with the benthic
community, and significance as key facies. This study facilitated understanding of the
environment of fossil metazoan-micritic microbialite reefs from Aptian and Albian
Spanish reefs (Reitner, 1993). Sponge fossils are able to reconstruct particular
paleoenvironmental conditions when considering proxies preserved along with their
remains, for example, see Sanchez-Beristain and Reitner (2012) and Sanchez-Beristain et
al., (2019). These studies reconstructed the marine environmental conditions for Triassic

and Cretaceous dating, respectively.
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Given the possibilities of environment responses from generalist or specialist species of
inland sponge identified from spicule remains, what is the wealth of information
aggregated to species? Specialist species live in specific conditions, while generalist
species are plastic and able to live in extreme conditions, like degraded environments, or
brackish water for example. For species identified from sponge spicules in sediment to
be considered satisfactory proxies, they must provide answers congruent with those from
other proxy data. In order to investigate this question, a paleoenvironmental
reconstruction of a lake area situated on an ancient fluvial deposit, on the northeast coast
of Brazil was carried out. Lakes are constantly subject to fouling processes and we use
this principle as a hypothesis to explain their environmental condition during the time
covered by the radiocarbon dating in this study. The following proxy data were
considered: sedimentary analyses, phytolith data, and isotope data (8*3C, §!°N and C*%).
Sedimentological data provide information on the sediment transport of modern and
ancient environments (Schnurrenberger et al., 2003; Tuker, 2014). Phytoliths are biogenic
siliceous structures produced by plants through root absorption of silicic acid (Piperno et
al., 1991). Thus, Phytolith assemblages preserved in sediments provide inferences on the
characteristics of the vegetation community of the past (Coe et al., 2013). The
combination of phytoliths, in most cases, can be used to identify up to the family
taxonomic level, while the phytoliths of the Poaceae family can distinguish to the
subfamily taxon (Twiss, 1969). Isotope data (63C) can determine the photosynthetic type
(Cs; C4 e CAM) from organic traces of plants (Meyers, 1994; Pessenda et al., 2005). The
distinction of 3*°N serves as an indicator of the past presence of algae (Meyers, 1994).
Reconstruction of past environmental conditions may provide data for degraded sites, in
cases of an absence of information on pristine environmental conditions, existing prior to

massive human occupation (Soga and Gaston, 2018). In this respect, paleoenvironmental
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reconstruction may complement long-term ecological data by providing an even longer-
term context for imagining the future, as part of a conservation proposal (Dietl, 2019).
For example, Actualistic Taphonomy contributed to understanding the causes of
biodiversity loss in live assemblages in fluvial settings from South Brazil (Ritter et al.,
2016). Another study of marine sponge sub-fossil spicules has been conducted to
estimate changes in diversity in the sponge community over time in a coastal area
(Lukowiak et al., 2013).

Coastal areas are densely populated around the world (Confins, 2017). The high-density
human populations in coastal areas cause environmental pressure leading to the alteration
of coastal, terrestrial, and aquatic ecosystems (Creel, 2003). As such, siliceous remains
from animals and plants, such as phytoliths and sponge spicules, in conjunction with
multi-proxy analysis, can be useful in reconstructing the conditions of past landscapes
and past climatology, as well as for current degraded regional environments (Zucol et al.,
2005; Parolin et al., 2014).

This study is the first attempt at a Holocene environmental condition reconstruction of
fluvial sedimentary deposits in the state of Rio Grande do Norte, Brazil, using the proxies
mentioned above. This study aims to: 1) reconstruct paleoenvironmental conditions
through multi-proxy analysis of a fluvial sedimentary deposit in the northeast of Brazil;
and 2) evaluate the potential for using sponge spicules preserved in sediments, integrated
with other proxy data, for application in studies aimed at reconstruction of past
environment conditions.

Study area

The lakes selected for the present study are Lake Urtiga and Lake Fumo, which are in the
form of depressions with maximum depths of about 2 m, formed over an ancient valley

filled with alluvial sediments (Barreto et al., 2004), located near the mouth of the Trairi
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River in Sdo José do Mipibu — Rio Grande do Norte, Brazil (fig.1). Both lakes are
approximately 650 m from the Trairi River and approximately 20 km from the coast,
situated at 29 m above mean sea level (fig. 1 and fig. 2).

Lake Urtiga has an ellipsoidal shape with dimensions of 259 m (NE-SE) and 160 m (NW-
E); Lake Fumo is located 200 m south of Lake Urtiga; it is 150 m in diameter and circular
in shape, with dense colonization by aquatic macrophytes. Currently, more than 80% of
the area of these lakes is covered by sediment. In the areas bordering the lakes there are
natural fields and forests at an advanced stage of deforestation. Tree elements are scarce
and the vegetation surrounding the lakes consists of Cyperaceae, Poaceae, Salvinaceae,
Menyanthaceae, Pteridaceae, and Rubiaceae families.

[Figure 1]

[Figure 2]

The geological context of the area corresponding to the mouth of the Trairi River is
marked by the formation of a graben (Bezerra et al. 1998), inserted at the boundary of the
Barreiras and Potengi formation (Lucena, 1998). Based on the Kdppen classification, the
climate in the area is type As, which is tropical and rainy with dry summers and
concentrated rains in the autumn. The rainfall in the study area corresponds to about
1,400mm per year and the mean annual temperature is 26.2°C (Diniz and Pereira, 2015).
Material and Methods

Sampling and sedimentology

A core was taken from Lake Urtiga (LUR) and another from Lake Fumo (LFU) in August
2017 (dry season - June to August - 560 mm). The sampling technique (percussion corer)
made it possible to reach a maximum depth of 0.60 m from the bottom of LFU, with a
water depth of 0.70 m; and 0.96 m from the bottom of LUR, with a water depth of 0.60

m. A longitudinal section of the core samples enabled characterization of structure, color,
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and granulometry (texture) (Tucker, 2014). Fifty-two sediment samples taken at regular
intervals of 3cm were analyzed, with 20 samples pertaining to Lake Fumo and 32 from
Lake Urtiga. The criteria adopted to select the samples for analysis were: (1)
representativeness of the sedimentary characteristics observed visually; and (2) regular
intervals (3cm) in order to better observe changes in the bioindicators.

Grain-size analysis of coarse sediments was performed based on the sieving method, after
separation of the finer sediments from the total sample. For this, 50g of material from the
following depth ranges were used: LUR: 0.93m-0.96m; 0.54-0.57 m; and 0-0.06 m; LFU:
0.57-0.60 m; 0.48-0.51m; 0.15-0.18m; 0.09-0.12m; and 00-0.06m. Sediments were later
classified based on Wentworth (1922) and Folk (1984) in order to verify deposition
energy in the core sample. The morphoscopic analysis was performed based on Folk
(1980), by counting and characterizing 100 grains of quartz in each selected sample, with
concomitant observation of the composition of the sediments. For this, a magnifying glass
with reflective illumination was used, in conjunction with TopView software, which
enables detailed visualization and characterization of the material selected for analysis to
verify the predominant sediment transport condition in the core. The colors of the
sediments were described based on the Munsell Soil Color Chart (1975) to verify the
predominant deposited material. The survey results were organized in stratigraphic charts,
using Inkscape software.

Radiocarbon dating, isotope analysis and organic matter content

Two sediment samples, taken from the base of each core sample, were sent to the Center
for Applied Isotope Studies (CAIS) for radioactive carbon dating, and seven samples
were sent for §°C and §'°N isotope composition. The ages were obtained using the
particle acceleration technique coupled with mass spectrometry (Accelerator Mass

Spectrometry - AMS) (Biondi and Fessender, 1999). The dates were subsequently
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calibrated through Calib Radiocarbon Calibration software (Stuiver et al., 2016), using
the Intcall3 calibration curve (Reimer et al., 2013). Values of §'3C vary according to the
type of photosynthetic vegetation cycle: Cz - 20 %o; C4 -12 t0 -8 %o; and CAM -10 to - 20
%0 (Meyers, 1994; Pessenda et al., 2005). However, algae with Cz photosynthesis can
only be distinguished from terrestrial plants of the same photosynthetic type through §°N
isotopic analysis. These rates are 7 to 10 %o for algae and 0.5 %o for terrestrial plants
(Peterson et al., 1985; Meyers and Ishiwatari, 1993). The percentage of soil organic matter
(SOM) was obtained using the calcination method (loss on ignition), according to
Schumacher, (2002), for which about 10g of sediment was used. The quantification of
organic matter was determined by the difference between the initial weight (WI) and the

final weight (WF) of the sample (OM = WI - WF).

Extraction and analysis of sponge spicules and phytoliths from sediment

Sponge spicule (Porifera) and phytolith (plant) verification was carried out with 1g of
sediment from each sequence. This sample was treated with HNO3 65%, and H>O>, and
centrifuged according to Volkmer-Ribeiro and Turcq (1996). Microscopy slides were
prepared with 50 pl of the resulting centrifuged material. The slides were dried and
mounted with Entellan (Merk), a non-aqueous mounting medium and coverslip. Five
slides per sample were mounted, totaling 310 slides that have been cataloged in the
Laboratory of Paleoenvironmental Studies (LEPAFE) at FECILCAM - (Cod. L.307 C.
25 - LFU; Cod. L.309 C. 26 - LUR). The slides were thoroughly examined (scanning)
using an optical microscope, and fragmented and whole spicules were quantified. The
same examination was conducted for phytoliths.

The identification of the sponge species from spicules found in the sediment was based

on specialized bibliographies. The species names were used to search for ecological data
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on sites like “world porifera data base” and “google scholar”, as well as, taxonomic papers
and books. The phytolith morphotypes were identified using the International Code for
Phytolith Nomenclature 1.0 (Madela et al., 2005).

Microphotographs of the samples were taken with an optical microscope with a
photographic camera attachment with TSView. The stratigraphic diagram was generated
using Tilia Graph, based on the identification and quantification of the sponge spicules
and phytoliths in the sediment. The zones of spicules and phytoliths were grouped through
the calculation of dissimilarity matrices using the sum of squares of the Euclidean

distances, called CONISS cluster analysis (Grimm, 1990).

Results

Lake Urtiga, LUR core sample

The composition of the LUR core sample (fig. 3) was found to be predominantly sandy
stratigraphic packages (93-84%), with mud (13%) and gravel (5%) in lesser quantities
(Wenthworth, 1922; Pettijhon, 1975). Grain-size analysis points to a decreasing
granulometric pattern in the sampled interval, with poorly-sorted sand, ranging from very
coarse to coarse, with the presence of gravel at the base (0.96 m), and very fine to fine
sand, with an increase in mud content up to the surface. Sand was made up of very coarse
(between 17 and 10%), coarse (between 31 and 17%), medium (between 31 and 23%),
fine (between 11 and 22%) and very fine grains (between 2 and 11%). Mud was present
throughout the core sample and increases from the bottom (about 5-4%) to the top (13-
6%). Gravel occurs at a depth of between 0.51 and 0.60 m (about 5%). The sand and
gravel were predominantly composed of quartz mineral, with some trace minerals (heavy
minerals) and organic-matter fragments. The quartz grain morphology was mainly

angular (34-57%), followed by sub-angular (31-65%) (fig.3), with brightness ranging
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between vitreous (3-28%) and matte (72-87%). Sand color varies between gray and white
tones: grayish brown (2.5 Y5/ 2 - 0.96-0.90 m); white (5 8/ 1-0.89 and 0.85 m); light
brownish gray (5 Y6/2 -0.84-0.60 m); very dark gray (5 Y3/1 0.59 - 0.30 m); and grayish
brown (5 Y4/2 0.29-0.0 m) (fig. 3). Variations in the concentration of organic matter
directly influenced the color of these sediments, with the exception of the material at
depths between 0.89 and 0.85 m. It is likely that there had been material remobilization
from slopes in the areas adjacent to the lakes, which are composed of sand with little
influence from organic matter. The presence of organic matter varied across the LUR core
sample from 1% (0.87m) to 10% (0.40m) (tab. 1). Between the depths of 0.65m and
0.01m, there were sparse bioturbations (roots in living position). Isotopic concentrations
of 513C and 5'°N are between -23.19 and -25.24 %o, and 5.04 and 7.55 %o, respectively
(tab. 1), which suggest the presence of terrestrial plants Cs, C4 and algae. The base of the

core samples, at a depth of 0.90 m, is 1,940 cal. years BP.

[Figure 3]

[Table 1]

The LUR core sample had a significant amount of biomineralization (fig. 4). Dissimilarity
analysis (CONISS), which is based on the occurrence and type of biomineralization,
pointed to the existence of three distinct zones. These zones mark the essential recent and
past environmental changes. A total of 551 biomineralized spicules were quantified, from
which 478 fragments were unclassifiable within any of the spicule classes (megascleres,
microscleres, and gemmuloscleres) and 73 were classifiable fragments.

In Zone 1 (0.96-0.66 m), there were no whole spicules and rare spicule fragments ([J=1.5).
In Zones 11 (0. 66-0.35 m) and Il (0.65-0.35) there were peaks of fragmented spicules
and rare whole spicules. The species identified from these spicule remains were:

Heterorotula fistula (Volkmer-Ribeiro and Motta, 1995) (Zone IlI, fig. 4) (fig. 6 Q);
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Ephydatia sp. (fig. 6 R) (Zone 1ll, fig. 4); Dosilia pydanieli (Volkmer-Ribeiro, 1992)
(Zone 11) (fig. 6 S); Corvoheteromeyenia sp (Zone 111 and I, fig. 4) (fig. 6 T); Tubella
variabilis (Bonetto and Ezcurra de Drago, 1973) (Zone II, fig. 3) (fig. 6 U);
Radiospongilla inesi (Nicacio and Pinheiro, 2011) (fig. 6 V); and Anheteromeyenia sp.
(Zone 11, fig. 4) (fig. 6 W) (tab. 2).
The phytolith assemblages from the LUR core samples had 2,166 biomineralizations.
These included the occurrence of the following plant families: Arecaceae and/ or
Bromeliaceae (cylindric sulcate tracheid and globular echinate (fig. 6 C-H)) (Rasbold et
al., 2011); Poaceae (bilobate (fig. 6 A) and cross (fig. 6 B)); saddle (fig.6 D); elongate
psilate (fig. 6 L) and elongate echinate (fig. 6 M); rondel (fig. 6 E); cuneiform bulliform
(fig. 6 G); parallelepipedal; bulliform (fig. 6 N); oblong (fig. 6-P) (Twiss, 1969; Piperno,
2006); Cyperaceae (papillae (fig. 6 J)) (Stevanato et al., 2019); and Dicotyledonous
(globular psilate (fig. 6 1)) (Raitz et al., 2015). In this core sample, there was an increase
in the diversity and number of phytoliths from bottom to top, which points to greater
conservation due to the strength and resistance of the types found. In Zone I, there were
only oblong phytoliths, all weathered, which did not occur in Zones Il and 111, in addition
to rare bulliform parallelepipedal phytoliths (fig. 4). In Zone Il and IlI, there was an
increase in the number and diversity of phytoliths (bilobate, cross, cylindric sulcate
tracheid, papillae, acicular hair cell, cuneiform bulliform, parallelepipedal bulliform, and
elongate psilate).
[Figure 4]

Lake Fumo, LFU core sample
A predominantly sandy sediment (91-85%) followed by mud (13%) and gravel in lesser
quantities (5.4%) was identified at a depth of 0.60m (fig. 2 B and 3). The sediments were

poorly sorted and exhibited a decreasing granulometric pattern in the sampled intervals.
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The sands consisted of very coarse sand (between 25 and 5.6%), coarse sand (between 24
and 13%), medium sand (between 19 and 13%), fine sand (between 22 and 13%) and very
fine sand (between 27 and 9%) from the base of the core to the bottom of the lake. The
muddy sediments presented an increase from the base (about 5-4%) to the top of the core
sample. Gravel was present in a small amount at all levels (about 13-6%), occurring
predominantly in the range between 0.60 and 0.49 m (about 5%) (fig. 3).

The sands and gravels were primarily composed of quartz, with some trace minerals and
organic-matter fragments. The quartz grain morphology was mainly angular (95.2%), or
sub-angular (4.8%) (fig.3); with brightness varying between vitreous (3-28%) and matte
(76-50%), with a predominance of matte at all levels (fig. 3). The sediment colors varied
between gray tones: very dark grayish brown (2.5Y 3/2 - 0.60-0.51 m); gray (2.5Y 5/1 -
0.50-0.48 m); black (2.5Y 2.5/1 0.47-0.42 m); dark grayish brown (2.5Y 4/2 - 0.40-0.13
m); and very dark grayish brown (2.5Y 3/2 - 0.12-0.0 m) (fig. 3), possibly due to the
different concentrations of organic matter between levels. The percentages of organic
matter in the core sample ranged from 3% (0.60 m) to 14% (0.42 m) (tab. 1). The isotope
values pointed to the influence of a vegetation cover composed of terrestrial plants (Cs
and C4) and algae. The age of the radiocarbon at 0.46m was measured as 1,520 cal. years
BP (tab. 1).

[Table 2]

Forty-one classifiable spicules and 65 unclassified fragments were quantified. Only the
gemmuloscleres of the species H. fistula and spicules set of C. heterosclera were
identified. These biomineralized spicules were preserved only in Zone 11 (fig. 5), which
possibly points to an incipient colonization of the environment. However, neither

population of these species have been found living in the lakes.
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The phytolith assemblage was composed of 1,210 phytoliths, exhibiting an increase from
the bottom to the top. This assemblage suggests the following plant families: Poaceae,
Cyperaceae, and Arecaceae / Bromeliaceae. There were few phytoliths in Zone 1, only
elongate psilate and bilobate short cell (Poaceae). In Zone 11, there was a decrease in
bilobate, papillae (Cyperaceae) and globular echinate (Arecaeae / Bromeliaceae). Zone
I11 was the most diverse in phytoliths, presenting elongate psilate and bilobate (Poaceae),
papillae (Cyperaceae), globular echinate (Arecaeae / Bromeliaceae), and saddle and
cylindric sulcate tracheid (Arecaceae).

[Figure 5]

[Figure 6]

Discussion

The two lakes analyzed in this study were formed as depressions on an ancient fluvial
sedimentary deposit and have been filled by sediments from high adjacent areas. The
fluvial deposit has been exposed since the last sea regression in the Holocene, about 6,000
years BP (Barreto et al., 2004). It is located within the mouth of a large paleochannel
about 4 km wide (Melo, 2000), and with a maximum bank height of about 59 m, which
is near the two studied lakes (fig. 2). The morphoscopy analysis of the LUR and LFU
sediments did not indicate any relation with water traction within dating reached by
radiocarbon analysis (1,940-1,520 cal. Year BP, tab. 1). In addition, current discharge of
the Trairi River measured about 3.86 m3.s? (Lucena, 1999), and has no stream
competence to transport sediments (Vital et al., 2004) to the studied area, even in flooded
conditions. The angular and subangular features of poorly-sorted, young and mainly
matte grains are typical of wind remobilization after deposition (Tucker, 2003; Buggs,
2006; Dias, 2014). These data support the interpretation of colluvium transport to the

lakes.
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The decreasing granulometric trend in both core samples (fig. 3) suggests a decrease in
kinetic energy from the base, with respective ages of 1,940 (LUR) and 1,520 (LUR) cal.
years BP, to the top. This trend can be interpreted as an indication of changes in past
pluviometric conditions. The base core, composed of coarse and mainly matte sand,
indicates high transport energy during the rainy season. Wind traction and waves
transport colluvial sediments from the high bank to low parts of the valley where the lakes
and humid areas are located (fig. 1, fig. 2). The deposition of coarse white sand in the
LUR core sample (0.89-0.70m) corroborates this claim, because there is a marked
difference in color from the deposited sediments. The medium and fine sand to mud
deposition in both LUR (0.65 to 0.03m) and LFU (0.21 to 0.03m) cores indicates low
energy transport suitable to lentic conditions. The accumulated biomineralizations
(sponge spicules) (0.65-0.3m of LUR core) corroborate this claim, mainly because there
are conserved remains of the sponge assemblage at about 0.45m of the LUR core.

Zone | of both the LUR and LFU cores

Scarce fragmented unclassified spicules (fig.4, Zone 1) and phytoliths (fig. 4 and fig. 5,
Zone | for both LUR and LFU cores) were found in preserved condition, in the coarse
sand. Although unusual, this can be explained by micrometric biomineralized particles
percolating through the spaces between grains in this kind of material (Alexandre et al.,
1997; Kiierten et al, 2013; Coe et al., 2015; Souza et al., 2019). Fragmentation should be
expected in environments subject to high disturbance rates, as has occurred with fossil
accumulation from reefs (James and Bourque, 1992). The biomineralized fragments
present in the coarse sandy sediments suggest that they were quickly buried and
transported along with colluvial sediment to the lake. Spicule breakdown may be due to
the degree of energy during deposition (0.90-0.65 m) (fig. 4; Zone 1). Currently, the

eastern coastal region of Rio Grande do Norte has the highest humidity in the state, with
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an average annual rainfall of 1,400 mm during the rainy season and a dry season of only
three months of the year (Vital et al., 2006; Diniz and Pereira, 2015).

[Figure 7]

The few phytoliths found in Zone | of the LUR and LFU core samples (see fig. 4 and fig.
5) characterize the formation of a field dominated by grasses (Poaceae) (Twiss, 1969;
Piperno et al., 1991). Among plant families identified in the phytolith morphotype
classification in this study, there were specimens that occur in highly humid areas (Souza
and Lorenzi, 2012), which is conducive to §'*C and 5'°N analysis (tab.1). It suggests the
presence of C3 and Cs4 plants, as well as algae (Peterson et al., 1985; Meyers and
Ishiwatari, 1993; Lorente et al., 2015) (tab. 1). The 5'°N data pointed to a perennial humid
soil even in dry climate season (Ladchuck et al., 2016).

Zone 11 of both the LUR and LFU cores

In Zone 11 of the LUR core sample, the decrease in sediment size enabled the preservation
of biomineralized particles (intervals 0.65-0.03 m from the bottom to the top of the core).
The kinetic decrease in water traction, which deposited medium to fine sand and mud in
the area, suggests a decrease in rainfall. It is possible that the area was similar to an open
shallow swamp (fig. 7 A) composed of grasses (Poaceae, Cyperaceae), palm trees
(Arecaceae) (Rasbold et al., 2011; Stevanato et al., 2019), and shrub formations
(Eudicotyledonous) (Raitz et al, 2015; Mozer et al., 2019), considering that these families
can occur in conditions of high humidity (Sousa and Lorenzi, 2012). In addition, the
evidence of bioturbation (roots in living position, fig. 3) corroborates the interpretation
of conditions in shallow lakes colonized by aquatic macrophytes (fig. 7 B). Since spicules
are absent in Zone Il of the LFU sample even more recently than 1520 cal. years BP
(fig.5), it is possible that the sponges had not yet colonized the area. However, in the LUR

core sample, the presence of a community composed of five sponge species was identified
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in Zone 11, indicating that the water level of the lake was stable even before the 0.50 to
0.40 m interval (fig. 3, fig. 4).

Sediment color with variation from gray to black colors denotes significant preservation
of organic matter (Schulze, 1993; Dematté et al., 2011), which comes mainly from plants
(Cunha et al., 2015) located in the area. The rates of soil organic matter indicate the
distance of the material from the source area, thus higher organic matter concentrations
are close to the source area, while lower concentrations are more distant. (Silvestre et al.,
2017). However, these rates can also reveal oxygen concentration levels, soil depth and
aggregate size, favoring either decomposition or preservation of the organic matter
through aerobic microbial activity (Vor et al., 2002; Schellenberger et al., 2011).
Therefore, the high percentage (tab. 1) of organic matter preserved at the ~0.40 m interval
for both core samples suggests dry conditions with a low water column and oxygen
concentration. These conditions also support the preservation of spicules in the sediment.
The comparison of the information provided by the species identified through the spicules
found in the sediment indicate that D. pydanieli is the only species in this core sample
that corroborates the paleoenvironmental conditions determined by the other proxies. D.
pydanieli is restricted to shallow aquatic environments, and may be associated with
macrophytes (Volkmer-Ribeiro et al., 1998; Volkmer-Ribeiro and Machado, 2007) and a
sandy bottom (Volkmer-Ribeiro, 1992; Candido et al., 2010). Other species have
limitations as proxies for characterizing this environment, because they are generalist
species and are not restricted to the paleoenvironmental conditions indicated by the
complementary proxy data, or the taxonomic information is insufficient for identification
at the specific level (Docio, 2020). Therefore, the presence of Anheteromeyenia sp. only
indicated the existence of a lentic environment. However, the spicules that would make

possible the differentiation between the two known species of the genus Anheteromeyenia
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for Brazil, A. vitrea (Buso and VVolkmer-Ribeiro, 2012), and A. diamantina (Calheira and
Pinheiro, 2018), were not found in the LUR or the LFU cores. Although these two species
are restricted to lake environments, they grow on different substrates. For example, A.
vitrea has been found on dry grasses in a flooded area in the state of Espirito Santo and
A. diamantina in the rocky walls of a lentic formation called Pogo Halley in the Lencdis
River at Chapada Diamantina in the state of Bahia (Calheira and Pinheiro, 2018). Three
other species belonging to the genus Corvoheteromeyenia were not considered efficient
proxies because they are not restricted to lentic conditions in lakes covered by
macrophytes on a sandy bottom (tab.2). These species can be distinguished from each
other by the spicule set. Corvoheteromeyenia heterosclera (Ezcurra de Drago, 1974) is
distinguished from C. australis (Bonetto and Ezcurra de Drago, 1966) by the presence of
acanthoxeas microscleres, while C. sanidastosclera (Pinheiro, Silva and Calheira, 2015)
can be distinguished from each other by the presence of sanidaster gemmuloscleres.
Corvoheteromeyenia heterosclera has also been found on consolidated substrates, on
aquatic macrophytes, and in lentic and lotic environments (Nicacio and Pinheiro, 2015).
It can also occur in both well-preserved or poorly-preserved environments (Calheira &
Pinheiro, 2016). Corvoheteromeyenia australis occurs in well-preserved environments,
and has been found on consolidated substrates, and on aquatic macrophytes in lentic and
lotic conditions (Volkmer-Ribeiro et al., 1999; Tavares et al., 2003; Calheira and
Pinheiro, 2016). Corvoheteromeyenia sanidastosclera has been found in artificial fish
tanks (Calheira and Pinheiro, 2016) and cannot indicate any environmental condition until
being found in the natural environment. Radiospongilla inesi is a species that has been
collected on a concrete substrate in shallow perennial waters, both lotic and lentic, in
remnants of Atlantic Forest (Nicacio et al. 2011). Tubella variabilis is also a species that

occurs in both lentic and lotic environments, and may be associated with both
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macrophytes (Bonetto and Ezcurra de Drago, 1973, Volkmer-Ribeiro et al., 1998;
Volkmer-Ribeiro and Machado, 2009; Nicacio and Pinheiro, 2015) and consolidated
ground (Nicécio and Pinheiro, 2015).

Zone |11 of both the LUR and LFU cores

In Zone 111, the fine sediments indicate even shallower water in both lakes. The vegetation
remains similar to that of the other zones, including the Cyperaceae family. Poacea,
Arecacea, Cyperacea and Eudicotyledonous were also identified for past coastal
environments in the state of Espirito Santo ~ 7,600 BP. (Lorente et al., 2015), where they
characterized delta or restinga environmental conditions. However, restinga (coastal)
environments are not favorable for the production and accumulation of phytoliths, except
for the Cyperacea and Poaceae families (Coe et al., 2015), which are excellent sources of
biomineralized specimens (Piperno, 2006). Finally, in Zone Ill, a large part of the
vegetation cover no longer exists, and the study area has undergone profound anthropic
transformations, such as extraction of the existing tree cover. Today, the lake area has
native herbaceous and grass plants and is used for cattle grazing (fig. 7 C).

Among the three species of sponge found in Zone Il of the LUR sample and the two
species from the LFU sample, only the spicules of H. fistula indicated an environment
congruent with that inferred from other proxy data at this level. Although this species has
not yet been found alive and has, therefore, only been described by spicules preserved in
the soil, the environment in which it occurred has been reconstructed based on the living
sponge community, also present in the same sediment where H. fistula was discovered
(Volkmer-Ribeiro and Motta, 1995). Thus, H. fistula is restricted to seasonal pond
environments and environments inhabited by aquatic macrophytes (Volkmer-Ribeiro et
al., 1988; Volkmer-Ribeiro and Motta, 1995). Ephydatia sp. was found in this same zone

of the LUR core sample and does not resemble any of the species already known to the
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genus, and may be a new species. However, the spicule remains found did not support a
taxonomic description. By comparison with other species of the same genus it is possible
to say that neither of the two species identified in Brazil, E. caatingae (Nicacio and
Pinheiro, 2015) and E. facunda (Weltner, 1895), can confirm the paleoenvironmental
reconstruction inferred from the other proxies. Ephydatia caatingae occurs in lotic
environments and E. facunda is found in a variety of continental lotic, lentic, mesohaline
or oligohaline aquatic environments. If the congeners of Ephydatia sp. are generalist in
terms of the range of environments that it is capable of colonizing, and its ecology remains
unknown, it is not a good proxy for the reconstruction of that environment.

Broken spicules

Peaks of fragmented spicules are usually attributed to the kinetic action related to water
transport — area flooded by river water flow (Kurten et al., 2013). However, these peaks
were found in Zones Il and 111 of the LUR and Zone 111 of LFU without any evidence of
indicators of increased humidity or flooding. Thus, there is a possibility that they were
broken by wind traction energy (Wilding and Drees, 1968; Shwands and Collins, 1994)
in the lake area during the dry period, and consequently, reduced by the water and wave
formation.

Conclusion

Among the seven species of sponge identified through the spicules found in the sediment,
only two, D. pydanieli and H. fistula, corroborated the environmental conditions indicated
by the multi-proxy analysis. Identification of sponge species from spicule remains, when
possible, enables a wealth of information on environmental interpretations. This is
because only at the specific level is it possible to distinguish generalist from specialist
species for different environmental conditions. The reconstruction of the

paleoenvironmental conditions of Lake Urtiga and Lake Fumo that was undertaken, based
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on a multi-proxy analysis, points to a condition of a flooded area, colonized by aquatic

macrophytes, in an active process of sediment filling, both in rainy and dry seasons.
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Table 1 — Radiocarbon dating (AMS) and isotopic signs (8'*C%o, 515N%o) of Lake Urtiga (LUR
core) and Lake Fumo (LFU core)

Depth Lab. Code Age Cal. Soil Organic oC1  BNB
(cm) Age 26 Matter (%) (%o) (%o)
Lake Fumo

18 - - 0.90 - -

30 - - 7.00 -20.66 6.76
42 - - 14.00 - -

45 i i i 2331 6.46
46 1,620+25 1,523 - -21.09 -

60 - - 3.00 - -
Lake Urtiga

12 - - - -23.26 5.04
24 - - 0 - -

30 i i . -23.19 7.55
36 - - 0 - -

45 - - 10.00 - -

63 - - 9.00 - -

74 - - - -24.84 7.26
80 - - - -25.24 7.26
92 - - 1.00 - -

96 1,990+25 1,939 - -23.26 -
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Table 2 — Environmental characteristics of the freshwater sponge species identified in the LUR (Lake Urtiga) and LFU (Lake Fumo) core samples.

Species Hydrodynamic  Substrate Environment Salinity References
Anheteromeyenia Lentic Rocky Shallow water bodies Freshwater Calheira and Pinheiro
diamantinal® with high concentration (2018)
of suspended sediment.
Anheteromeyenia Lentic Aquatic macrophytes Shallow and seasonal Freshwater Buso et al. (2012)
vitrea'? (Eleocharis sp. and  waters
Equisetum sp.) and
plants
Corvoheteromeyenia Lentic/lotic Rocks and aquatic Permanent and seasonal ~ Freshwater Volkmer-Ribeiro et al.
heterosclera 481314 macrophytes. water bodies with sandy (1999); Volkmer-
and rocky bed material Ribeiro and Machado
with/without (2007); Nicacio and
macrophytes. Pinheiro (2015);
Calheira and Pinheiro
(2016)
Corvoheteromeyenia Lentic/lotic Rocks and aquatic Preserved stretches of Freshwater Bonetto and Ezcurra de

australis

macrophytes.

forest, shallow, clear
water

Drago, 1966; Ezcurra
de Drago, 1979;
Tavares-Frigo et al.
2015; Calheira and
Pinheiro, 2016.

Continued
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Table 2 — Environmental characteristics of the freshwater sponge species identified in the LUR (Lake Urtiga) and LFU (Lake Fumo) core samples. (Continuation)

Species Hydrodynamic  Substrate Environment Salinity References
Corvoheteromeyenia Lentic Iron pilings, dead Artificial pool ina farm  Freshwater  Calheira and Pinheiro, 2016.
sanidastosclera branches, concrete fish tank.
Dosilia pydanieli Lentic Rocks and aquatic Preserved, permanentto Freshwater ~ Volkmer-Ribeiro (1992);
macrophytes seasonal, acidic lakes in Volkmer-Ribeiro et al.
peaty bogs, with sandy (1999); Almeida et al.
bed material with (2009)
macrophytes.
Ephydatia facunda Lentic/lotic Rocks, concrete, and  Permanent, humic and  Freshwater  Pinheiro et al. (2004);
aquatic macrophytes crystalline water or Volkmer-Ribeiro and
(Eichornia azurea, bodies. mesohaline  Machado (2007); Nicacio
E. crassipes, Pistia and Pinheiro (2015).
stratiotes and
Ceratophylum
demersum)
Ephydatia caatingae Lotic Submersed tree Shallow lakes in a - Nicacio and Pinheiro (2015)
branches semi-arid environment
(Caatinga).
Heterorotula fistula Lentic - Permanent and seasonal - Volkmer-Ribeiro and Motta

waters with abundance
of microphytes.

(1995); Almeida et al.
(2009); Machado et al.
(2016).
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Table 2 — Environmental characteristics of the freshwater sponge species identified in the LUR (Lake Urtiga) and LFU (Lake Fumo) core samples. (continuation)

Species Hydrodynamic  Substrate Environment Salinity References
Radiospongilla inesi Lentic/lotic Rock and concrete Shallow lakes and rivers.  Freshwater Nicécio et al. (2011).
Tubella variabilis Lentic/lotic Microphytes roots Permanent and seasonal ~ Freshwater Bonetto and Ezcurra de

(Eichhornia e
Salvinia).

lakes and rivers.

Drago (1973);
Volkmer-Ribeiro et al.
(1999); Tavares et al.
(2003); Batista et al.
(2007); Almeida et al.
(2009); Nicécio and
Pinheiro (2015).
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Figure 1: Location of the study area. A — Brazil; B — state of Rio Grande do Norte; C — Trairi River
watershed; D — Lake Urtiga and Lake Fumo. The dashed lines denote the humid area. The solid white line
is highway RN315. The blue line is the Trairi River. The red dots mark the location where the core samples

were extracted.
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Figure 2 — Hypsometric data from the area of Lake Urtiga and Lake Fumo with UTM coordinates, Sdo
Jose do Mipibu, Rio Grande do Norte, Brazil.
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Figure 3 — Structure, color, granulometry (texture), roundness and morphoscopy of sediment from Lake
Urtiga (LUR core) and Lake Fumo (LFU). Bar scale: 1mm.
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Sponge spicules

Figure 4 — Lake Urtiga (LUR core). *C dating, inland sponge spicule and phytolith morphotype counts,
Lake Urtiga

CONISS analysis.
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Figure 6 — Microphotographs of freshwater sponge spicules and phytoliths from the LUR and LFU core
samples A. bilobate; B. cross; C. cylindric sulcate tracheid; D. saddle; E. rondel; F. acicular hair cell; G.
cuneiform bulliform; H. globular echinate; 1. globular psilate; J. papillae; L. elongate psilate; M. elongate
echinate; N.O. parallepipedal buliform; P.oblong; Q. Heterorotula fistula; R. Ephydatia sp.; S. Dosilia
pydanieli; T. Corvoheteromeyenia sp; U. Tubella variabilis; V. Radiospongilla inesi; W. Anheteromeyenia
sp.; X. megasclere oxea.
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Figure 7- Paleoenvironmental condition. Scheme of the study area. A) open swamp vegetation before
1940 cal. years BP; B) formation of the two lakes and changes in the vegetation composition after 1520
cal. years BP; C) anthropic deforestation process. Bar scale: 100 m. *Above Mean Sea Level.
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Resumo

Este estudo objetivou a reconstituicdo paleoambiental da Lagoa Arituba, situada na costa
oriental do Rio Grande do Norte, no Nordeste do Brasil, utilizando espiculas de esponjas
em analise multi-proxy. As espiculas foram recuperadas de uma sondagem de 0,90 m de
profundidade. As seguintes analises foram realizadas: classificacdo de morfétipos de
fitdlitos; dados isotopicos (3°C, 8™N%o); datacio por radiocarbono; granulometria;
morfoscopia de grdos de quartzo e percentual da matéria organica do solo. Os dados
isotopicos mostram que o ponto de coleta sempre esteve alagado e colonizado por plantas
(Cs e Cs4) e algas. Os fitolitos indicam presenca de plantas das familias,
Arecaceae/Bromeliaceae, Cyperaceae e Poaceae. Espiculas de esponjas marinhas
apontam o estdgio de conexdo com o mar anterior a 2080 anos cal. AP. Foram
identificadas as espécies de esponjas de aguas continentais Dosilia pydanieli,
Anheteromeyenia, Tubella variabilis e Radiospongilla inesi. Apenas D. pydanieli esta
ainda presente no ambiente. A reconstituicdo paleoambiental indicou que a Lagoa Arituba

descende de uma antiga lagoa costeira conectada ao mar.

Palavras-chave: espiculas de esponjas, alteracdo de salinidade, Lagoa Arituba, Litoral
Nordestino.
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Introducéo:

Os ambientes costeiros sdo extremamente dindmicos, sujeitos a processos
atmosféricos, marinhos, terrestres e antropogénicos. Para a compreensdo dos seus
processos evolutivos, € necessario interrelacionar conhecimentos geoldgicos, bioldgicos
e sociais (Angulo, 2004) em escala geocronoldgica. Nesse sentido, estudos
paleoambientais fornecem informacdes essenciais, pois reconstituem cenarios ecolégicos
pretéritos de forma a mostrar como eram os habitats em estado primitivo (Tyler e
Schneider, 2018). Mesmo que incompletos, estes dados podem contribuir com a Ciéncia
da Conservacéo, no sentido de subsidiar a tomada de decisdes politicas (Dietl e Flessa,
2001) em Areas de Protecio Ambiental (APAs), por exemplo. Isto se mostra essencial
em regides litoraneas, cuja colonizacgéo e ocupacdo humana continua foram responsaveis

por perda de diversidade local (Macedo, 1999).

Avreas costeiras sao requisitadas por investimentos turisticos e imobiliarios, em todo
o mundo. Considerando apenas o Brasil, cerca de ¥ da populacdo reside em regides
litordneas (IBGE, 2010). Embora as APAs existam nessas areas, 0 desconhecimento da
biodiversidade antes da ocupacdo humana, aliado a falta de fiscalizacdo das atividades
turisticas, atrapalham estratégias de conservacdo e geram perda de recurso biolégico
inestimavel (Leroy, 2015; Silva, 2019).

Na APA Bonfim-Guarairas, localizada no litoral oriental do Rio Grande do Norte,
por exemplo, ha importantes complexos lacustres que estdo em areas privadas e sdo
utilizados para abastecimento das cidades interioranas, lazer e turismo (Batista et al.,
2007). Por causa dessas atividades, as margens de lagos e lagoas se encontram alteradas
e degradadas. A falta de conhecimento prévio sobre a biodiversidade local é um dos

fatores que dificultam a gestdo e o manejo adequado desses ambientes (Leroy, 2015).
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Nesse sentido, estudos paleoambientais do quaternario podem inferir parte da
fitofisionomia pretéritas, bem como comunidades aquaticas bioindicadoras, levando a
hipoteses de reconstituicdo desses sistemas aquaticos terrestres. 1sso € possivel por meio
dos levantamentos de dados sedimentolégicos, isotdpicos (**C, 13C e °N) e descoberta de
biomineralizagdes vegetais (fitélitos) e animais (espiculas de esponjas) nos solos do
fundo de lagunas e lagoas costeiras.

Os dados sedimentolégicos auxiliam como proxies capazes de apontar areas fonte
de quartzo com aporte hidrodindmico ou edlico (Folk, 1980; Dias, 2014). Ja os dados
isotopicos fornecem o tempo geocronologico decorrido a partir da deposicdo da matéria
organica (**C), apontando diferentes sistemas fotossintetizantes (5'°C), além da fonte
vegetal (8™°N), se terrestre ou aquatica (Pessenda, 2005). Os fit6litos séo deposicdes de
silica biogénica entre os tecidos vegetais, que permanecem conservados no solo apos a
morte dos organismos (Piperno, 1991). O conjunto de formas dessas biomineralizacfes
sdo utilizados para identificacdo de grupos vegetais pretéritos, podendo indicar familias,
subfamilias, géneros e, em certos casos, espécies (Piperno, 2006). As espiculas de
esponjas também sdo formacdes biogénicas silicosas, microscopicas e podem fornecer
indicios sobre ambientes aquaticos continentais (Parolin et al.,, 2008) e marinhos
pretéritos (James e Bourque, 1992; Parolin et al., 2005; Sanchez-Beristain& Reiter,
2012). As espiculas de esponjas compdem o esqueleto que sustenta o corpo das esponjas
de &guas continentais e marinhas (Frost, 2001; Hajdu et al., 2011). O conjunto espicular
dessas esponjas, principalmente as gemoscleras em espécies de aguas continentais
(espiculas presentes nos corpos de dispersdo e dorméncia — gémulas), pode indicar as
espécies (Volkmer-Ribeiro e Pauls, 2000). Como estas espécies ainda ocorrem na

atualidade, e muitas sdo restritas as condigdes ecoldgicas dos habitats, a existéncia de
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seus restos pode indicar como o0 ambiente se apresentava no passado (Harrison, 1988;
James e Bourque, 1992).

Os melhores locais para a descoberta de dados paleoambientais s&o ambientes
deposicionais, como os lagos, lagoas e lagunas costeiras (Silva et al., 2008). Dentre os
complexos lacustres e lagoas da APA Bonfim-Guarairas, hé a lagoa costeira Arituba, que
mostra grandes aporte turistico e pressao urbana (Leroy, 2015; Silva, 2019). Embora
Arituba seja uma lagoa dulciaquicola, sua forma sugere uma conexao pretérita com o mar
por meio de um canal, atualmente fechado. Diante dessas informag6es, o presente estudo
busca responder a seguinte pergunta: Quais alteracbes ocorreram na lagoa Arituba
durante o tempo geoldgico alcangado pela sondagem? Hipotetizamos que Arituba
descende de uma antiga lagoa exorreica, ou seja, com escoamento para 0 mar. Sendo
assim, o objetivo deste estudo foi de reconstituir o paleoambiente da Lagoa Arituba

utilizando espiculas de esponjas e analise multi-proxy.

Area de estudo

A Lagoa Arituba, selecionada para o presente estudo, esta situada entre as praias de
Tubatinga e Camurupim, no litoral setentrional do Rio Grande do Norte. Ela dista cerca
de 30 km de Natal, embora esteja dentro dos limites do municipio de Nisia Floresta,
Estado do Rio Grande do Norte, Brasil. A Lagoa Arituba possui formato elipsoidal e tem
aguas cristalinas, oligohalinas, mesotréfica (Diniz, 2019). Ela ocupa uma area de
0,17km?, tendo um perimetro de 2,26 km, profundidade em torno de 3m, distando cerca
de 0,4 km da linha da costa (fig.1). Os critérios adotados para a selecdo da lagoa foram:
1) Ha registros da existéncia de diatomitos contendo espiculas de esponjas no Estado do
Rio Grande do Norte (Volkmer-Ribeiro et al., 1998); 2) Ha populacdo de esponjas

viventes em lagoas da APA (Lagoa Redonda - Candido et al., 2010).
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Figura 1 — A. Brasil e Estado do Rio Grande do Norte.B. Bacia do Rio Trairi C. Lagoa Arituba. Ponto em
vermelho: local da sondagem. Linha azul: Bacia hidrografica. Coord. 35°6°30”W-6°5’0"S.
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A éarea de entorno desta lagoa preserva importantes caracteristicas
geomorfoldgicas atribuidas ao Quaternario, como dunas mdveis e fixas ao oeste, que
estdo sobrepostas a Formagdo Barreiras e a Unidade Relevo Tabular Costeiro; e ao leste,
possui influéncia marinha holocénica (Bezerra et al., 1993; Barreto et al., 2004). A
vegetacdo se mostra como um mosaico constituido por manguezais, proximos a Natal,
uma estreita faixa de Floresta Atlantica (Scarano, 2002; Silva, 2020), partilhando espaco
com a restinga que se desenvolve sobre as dunas e platos dos tabuleiros, as quais possuem
espécies presentes na fitofisionomia do Cerrado e Mata Atlantica (Tavares, 1960;
Oliveira-Filho e Carvalho, 1993). O clima da regiéo € tropical imido com verdo seco e

estacdo chuvosa no outono. As médias de chuva anuais sdo de 1.400mm (Vital, 2006).

Materiais e Método

Método de amostragem e sedimentologia

O testemunho chamado de LARL1 foi recuperado apds excursdo a Lagoa Arituba,
realizada em agosto de 2017 (estacdo seca junho-agosto). O metodo de amostragem,
sondagem a percussdo, foi realizado com tubo de aluminio de 45 cm de diametro,
alcancando a profundidade maxima de 0,90m abaixo do fundo da lagoa e a altura de
0,70m entre a lamina d’4agua e o fundo da lagoa.

O testemunho foi aberto por meio de uma secc¢éo longitudinal que permitiu que toda
coluna sedimentar pudesse ser medida e avaliada conforme analise sensorial da textura
do sedimento e presenca de bioturbagdes (Tucker, 2014). A determinacédo da variacdo da
coloracdo do sedimento foi feita utilizando a carta de Munsell para cores de solos
(Munsell, 1975). Trinta amostras foram retiradas de intervalos regulares de 3 cm para
analise de biomineralizacdes. O critério adotado para a selecdo das amostras foram: 1) a
representatividade das caracteristicas sedimentares observadas visualmente; 2) intervalos

regulares de 3cm para melhor calcular a similaridade entre as biomineralizagdes.
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A analise do tamanho dos gréos dos sedimentos foi realizada com base no método
de peneiramento, apds a separacdo dos sedimentos mais finos da amostra total
(Wentworth, 1922; Folk, 1980). Para isto, 50g de sedimento retirado das profundidades:
0,06; 0,42; 0,60; 0,81 e 0,90m. A anéalise morfoscdpica foi realizada pela contagem de
100 gréos de quartzo (Folk, 1980), concomitante a observacdo da morfologia dos gréos.
Para isto, foi utilizada uma lupa binocular em conjunto com o software Topview, que
permitiu que a superficie dos gréos fosse vista detalnadamente, ao mesmo tempo em que
fotos puderam ser tomadas. Os resultados foram organizados em gréaficos construidos no
software corel drawn.

Datacéo por radiocarbono, analise de isdtopos e material organico

Uma amostra (0,59 m) foi enviada ao Center for Aplied Isotope Studies (CAIS) da
Universidade da Gedrgia- Estados Unidos, para datacdo pelo método do carbono
radioativo (**C). A técnica utilizada foi a aceleragdo de particulas acopladas ao
espectrometro de massas (Accelerator Mass Spectometry - AMS) (Biondi e Fessender,
1999). A data obtida foi, posteriormente, calibrada utilizando o software Calib
Radiocarbon 14 (Stuiver et al., 2018), usando a curva de calibragdo SHCALL13 (Remier

et al., 2013).

Para a analise isotopica de §*3C e §*°N, amostras das profundidades 0,06; 0,30; 0,69
m foram também enviadas ao CAIS. Os Valores de *3C variam de acordo ao tipo do
ciclo fotossintético dos vegetais: Cs até - 20%o; Cs -12 a -8%o0, CAM -10 a - 20%o (Meyers,
1994; Pessenda et al., 2005), dessa forma, podendo distinguir o grupo orgéanico fonte.
Entretanto, algas com tipo fotossintético C3s6 podem ser distintas das plantas terrestres
de mesmo tipo fotossintético pela analise isotopica de §™°N%o. Dessa forma, 7 a 10%o para
algas e 0,5%o para plantas terrestres (Peterson et al., 1987; Meyers e Ishiwatari, 1993). A

analise de matéria orgéanica foi obtida pelo método de 10g de sedimento por meio de
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calcinacéo loss of ignition (Schumacher, 2002) retirados das seguintes profundidades —

0,18; 0,33; 0,42; 0,60 e 0,78m.

Extracdo de biomineralizagdes

Os fitolitos e as espiculas de esponjas foram obtidos de 1g de cada uma das 30
amostras. Este foi submetido a queima em &cido nitrico (60%), seguida por lavagem e
centrifugacdo, uma em &gua destilada e outra em alcool (70%), de acordo com Volkmer-
Ribeiro e Turcq, (1996). Cerca de 50 microlitros do material resultante foi gotejado em
lamina, seco e coberto por Entellan e laminula. Foram confeccionadas cinco laminas para
cada amostra, totalizando 150 unidades que foram vistas por completo ao microscopio
Otico. Estas laminas estdo depositadas no Laboratorio de Estudos Paleoambientais da
Fecilcam/UNESPAR (LEPAFE) — (Cod. L.309 C. 26 — LAR1). A identificacdo dos
morfétipos de fitolitos foi baseada em Madella et al., (2005). A identificacdo das espiculas
de esponjas do sedimento foi baseada em bibliografia especializada. Para a nomenclatura
taxonébmica do género, observe que foi adotada a modificacdo do nome do género
Trochospongilla para Tubella, seguindo a proposta de Pinheiro e Nicacio (2012), que por
sua vez esta de acordo ao artigo 23 do Codigo Internacional de Nomenclatura Zoologica.
Para as interpretacdes paleoambientais utilizando as espiculas, seguiu-se Docio et al. (cap.
1). Também foram encontradas frustulas de diatomaceas cuja morfologia geral foi
indicada por meio de Leandrini et al. (2010), mas ndo identificadas ao nivel especifico.
Aspectos morfoldgicos associados a presenca ou auséncia de restos de diatomaceas

podem fornecer respostas ambientais (Cox, 2014).

A representacdo grafica desses intervalos foi feita utilizando o software Tilia Graph
(Grimm, 1990), por meio da fungdo CONISS. Os agrupamentos do dendrograma foram

criados com base no calculo de dissimilaridade entre as biomineralizacBes presentes em
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cada profundidade. A distancia entre os agrupamentos foi calculada por meio da soma

dos quadrados das distancias euclidianas (Grimm, 1990).

Levantamento de espécimes de Poriferos

Mergulho livre foi realizado nesta lagoa a fim de encontrar comunidade de esponjas
de 4guas continentais. Os espécimes encontrados foram acondicionados em alcool a 80%
e levados ao laboratério para identificacdo até o menor nivel taxonémico, utilizando
bibliografia especializada. Eles estdo depositados no Museu de Zoologia da Universidade
Federal de Pernambuco — UFPE (UFPEPOR 1416, 1422). A vegetacdo onde os poriferos
estavam aderidos foi coletada e identificada ao menor nivel taxondmico com auxilio dos
professores botanicos, Dr. Enio Wocyli e Dr Leonardo Versieux. Para a identificacéo,
foram utilizadas exsicatas n°19342; 19447; 19451; 19483;19489; 19494 do Herbario da

Universidade Federal do Rio Grande do Norte - UFRN.

Resultado

O testemunho AR1 se compde basicamente de pacotes de areia (100-96%) e lama
(3,0-1,0%). O tamanho dos gréaos de areia entre os intervalos mostra um padréo crescente,
com areia pouco selecionada, variando entre areia grossa a areia muito fina, com discreta
presenca de lama na base. Percentuais de areia muito grossa (0,5-4,0%); areia grossa (0,7-
3,0%); areia média (25,0-70,0%); areia fina (15,0-63,0%) e areia muito fina (8,0-22,0%)
se encontram através de todo o testemunho. Os pacotes arenosos se compunham,
principalmente, por grdos de quartzo, tracos de minerais pesados e feldspato, além de
matéria organica. A morfologia dos grdos de quartzo se mostrou principalmente
subangular (67-43%), apresentando também grdos angulares (55-20%), subarredondados

(7-2%) e arredondados (3-1%). O brilho desses graos variou entre vitreo (94-60%) e fosco
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(40-6%). A cor do sedimento Umido mostrou tons amarelo, preto e branco: white (2.5Y
8/1; 0,90-0,56m; 0,60m; 0,56-0,54m); black (10YR 2/1; 0,65-0,62m0,57-0,59m; 0,54-
0,37m;); very dark grey (10YR 3/1; 0,36-0,27m); dark reddish brown (5YR 3/2; 0,25-
0,21); very pale yellow (10YR 8/3; 0,21-0,01 m) (fig.2). Colorac¢bes acinzentadas a
negras sugerem deposicao tanto de matéria organica quanto existéncia de sulfetos de
ferro, apontando uma condicdo ambiental redutora. Enquanto coloragdes avermelhadas a
amareladas, sugerem ambiente oxidante. Notou-se também bioturbacdo causada por
raizes recentes em posicao de vida entre as profundidades 0,50-0,40m (fig.2). As analises
de matéria organica mostraram apenas um pico (15%) a 0,59m de profundidade. As
concentragdes isotdpicas sugerem misturas de plantas terrestres e algas, com intervalos
de 5%3C -25,02 e — 27,26 e 6°N 3,97 e 4,02 (tab.3.1). A profundidade de 0,59m apresenta

idade 2080 anos AP (fig. 4).

Tabelal - Datagcdo por radiocarbono (AMS) e sinais isotopicos 8*3C%o, 8*°N%o dos
testemunhos LAR1 da lagoa Arituba. Cais. Center for Applied isotope studies of Georgia,
Estados Unidos da Ameérica.

Profundida Idade |Idade Médiade &C'¥ §N®° CAIS Testemun

de antes calibra probabilid %o %  (UGAMS ho
(cm) do da (cal. ade #)
presen AP) 26 Anos (AP)
te (AP)
06 - - - -25,02 4,02 40638 LAR1

30 -25,32 4,18 40639 LAR1

69 - - - 27,72 3,97 40640 LARL
60 230  0-4295 2,080  -27,26 - 35426 LARL
(+-
20)

UGAMS# - numeracao referéncia conferida as amostras dadas pelo CAIS.
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Figura 2 — andlise sedimentologica da sondagem AR1, mostrando o perfil da sondagem, designacdo das
cores de Munsel em RBG, presenca de estruturas e bioturbaces, granulometria e morfoscopia dos graos
de quartzo: A. B.C.D.E. escala: 1mm.
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As laminas LAR1 analisadas apresentou variedade de biomineralizages (fig.3). O
total de 1455 fitdlitos; 581 espiculas de esponjas, entre microscleras, megascleras e
gemoscleras inteiras e fragmentadas; e 112507 frastulas de diatoméceas inteiras e
fragmentadas. Os morfotipos fitoliticos encontrados foram: Globular echinate, Tracheid,
Coneshape; Elongate psilate, Elongate echinate, Globular psilate e dendriform (fig.3).
Né&o foram atribuidos tdxons as diatomaceas, sendo estas agrupadas sob este nome na
figura 3.4. Entre as espécies de esponjas de aguas continentais identificadas por restos de
espiculas: Dosilia pydanieli Volkmer-Ribeiro, 1992; Radiospongilla inesi Nicacio &
Pinheiro, 2011; Tubella variabilis (Bonetto & Ezcurra de Drago, 1973); além de espiculas
de Demospongiae marinhas (Porifera) fragmentadas.

A analize de dissimilaridade pelo CONISS revelou a possibilidade de quatro zonas
de modificacGes ambientais, considerando as diferentes biomineralizacGes depositadas
entre os niveis de profundidade (fig.4). A Zona | (0,90-0,75m), mostra a presenca de
restos de esponjas marinhas que indica a possibilidade de conexdo da lagoa ao mar. A
existéncia de um canal cego, ao sul da lagoa, aponta a possibilidade de sua conexdo com
0 oceano (fig.1). Na zona Il, ha espiculas megascleras abundantemente fragmentadas
(0,45-0,42m, fig.4). A deposicdo de fitolitos se inicia entre os intervalos de profundidade
0,75-0,65m. Zona 11 (0,60 — 0,25m), ha restos de uma comunidade de poriferos composta
por D. pydanieli, R. inesi, T. varabilis e Anheteromeyenia sp.; abundancia de fitélitos e
diatoméaceas. Na zona IV (0,25 — 0,0 m), ha apenas a presenca de espiculas de D.
pydanieli, indicando a perda de espécies pela comunidade porifera, fitolitos e
diatoméaceas.

Os levantamentos de espécies de poriferos viventes na area revelaram apenas uma
populacdo de D. pydanieli (fig. 5) aderida & macroéfita submersa Helantium cf. tenellum

(Mart. ex Schult.f.) J.G.Sm (senso Leroy, 2015).
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Figura 3 — Biomineralizagfes extraidas da sondagem AR1. A. Globular psilate; B. Dendriform; C.
Bilobate; D. Granular granulate; E. Multicellular aggregation of dendriform phytoliths; F. Coneshape;
G. Globular psilate; H. Tracheid; I. Elongate echinate; J.Globular echinate; K. Diatomacea; L. Elongate
psilate; M. Microsclera de Dosilia pydanieli; N. Gemosclera de D. pydanieli; O. Gemosclera de Tubella
variabilis; P. Gemosclera tipica do género Anheteromeyenia; Q. Gemosclera de Radiospongilla inesi;
R-S-T. Fragmentos de espiculas de esponjas marinhas; U — Espicula de esponja marinha.
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Discussao

O brilho vitreo e forma predominantemente subangular dos gréos indica que
houve remobilizacdo por transporte aquoso. Muito embora fosse esperado maior
influéncia do transporte eolico sobre as particulas, devido aos sedimentos das dunas
edlicas proximos ao ponto em que a sondagem foi recuperada. Gréos subangulares com
brilho vitreo sdo encontrados em ambientes praiais, como a praia de Piratininga, Rio de
Janeiro (Silva et al., 2009) e praia de Ajuruteua, Estado do Para (Monteiro et al., 2003).
Etes grdos foram relacionados aos antigos depdsitos associados a Ultima transgressao
marinha, ocorrida no Holoceno e tambem relatada ao litoral do Rio Grande do Norte

(Bezerra et al., 1993; Barreto et al., 2004).
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Figura 4- DeposicOes de biomineralizac6es agrupadas pelo CONISS e datacdo, mostrando cinco zonas de

acumulag&o na sondagem LAR1.
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Figura 5- Populagdo vivente Dosilia pydanieli Volkmer-Ribeiro, 1992 da Lagoa Arituba, Nisia Floresta-
RN. A. imagem subaquatica com seta indicando espécimes aderidos a macrdfita aquatica Helantium cf.
tenellum (Mart. ex Schult.f.), prof. 1,20m; B. Espécimes coletados de D. pydanieli; C. D. E. Composicédo
espicular de D. pydanieli: C. Megascleras; D. Microsclera; E. Gemosclera.

Aos niveis 0,90 e 0,56 m da sondagem, ha pacotes arenosos condicionados a
situacdes de intesa lixiviacdo, pois ndo reteram particulas finas de material organico ou
fracGes finas constituidas de metais, que seriam necessarios para lhes coferir cor (Boggs,
2006). Diante disso, é possivel que uma situacdo como a presenca de correnteza tenha
caracterizado as margens da lagoa onde a sondagem foi recuperada, corroborando a
hipdtese de existéncia de um canal de drenagem (fase l6tica). Ja a presenca de matéria
organica particulada foi detectada apenas entre 0,59-0,57 m (fig.4), estando ausente nos
niveis acima e abaixo restantes, mostrando um ambiente léntico e andxico, favoravel a
sua conservacdo (fase léntica). Acima desses niveis (entre 0,56-0,30m) ha deposicdes
negras, que ndo se tratam de material orgénico, mas sim da deposicdo de metais. Nogueira
(2008), por exemplo, observa que o ambiente sedimentar litoraneo do Rio Grande do
Norte é caracterizado por varios niveis de profundidade constituidos por metais pesados
e bioclastos . A presenca de metais se reflete também nas coloragdes avermelhadas e

amareladas, presentes nos niveis 0,25 a 0,1 m, que sdo derivadas da diéxido de ferro
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(Barbosa et al., 2019). Deposicdes ferrigenas podem ser provenientes da erosdo de
falésias relacionadas & Formacgéo Barreiras, que sdo ricas em minério de ferro (Araujo et
al., 2006; Morais, 2020). A erosao pluvial ocorrida em 2000 na Falésia Tabatinga, que
esta situada a menos de 5 km ao norte da area estudada, mostrou que ha potencial dos
seus sedimentos migrarem em direcdo sul (Junior et al., 2001), local onde se encontra a

Lagoa Arituba.

Os sinais isotopicos §*°C e §'°N caracterizam vegetacio arborea e alagada, desde
a base ao topo da sondagem (Peterson et al., 1985; Meyers e Ishiwatari, 1993; Barcellos,
2011; Lorente et al., 2015). Apenas espiculas e fragmentos de espiculas de esponjas
marinhas sdo encontradas na Zona | (0,90-0,80m, fig.4). Tracos geomorfoldgicos
também sugerem um antigo canal que conectava lagoa Arituba ao mar (fig.6a). Os
movimentos das mareés de sizigia podem ter transportado as espiculas da zona entre mares
até a lagoa atraves deste canal. O transporte ocasionado pela correnteza marinha junto as
marolas produzidas pelo vento, podem ter provocado a quebra das espiculas resultando
nos picos encontrados entre as profundidades 0,90-0,87m (fase I6tica). A conexdo da
lagoa com o mar, por meio deste canal, também sugere a mistura das aguas marinha e
lacustre, ja que a lagoa é abastecida pelo lencol freatico dulciaquicola, proveniente das

dunas (Pereira, 2000) (fig.6a).



154

Figura 6 — Desenho esquematico da evolucgdo da lagoa Arituba. a .Antiga Lagoa exorreic. b. Fechamento
gradual do canal de ligacdo da lagoa ao mar. c. Fechamento completo da lagoa. d. desmatamento e
antropizagao da area marginal de Arituba.
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A escassa deposicdo e baixa diversidade de fitolitos, além da auséncia de
diatoméceas na zona Il (fig.4), indicam fatores relacionados a sua preservagao e
producdo. A ciclagem de silica biogénica (quartzo) em ambientes marinhos ocorre em
>pH=8,5 (Hurd, 1972; Fredman et al., 1976; Rutzler e Macintyre, 1978) e dependem de
fatores fisico-quimicos como temperatura, profundidade, tamanho/espessura das
particulas siliciosas (Hurd, 1972). Dessa forma, a preservacao de delicadas frastulas de
diatoméceas (Hurd, 1972) e determinados morfétipos de fitdlitos (Piperno, 2006; Albert
e Portillho, 2014) é menos provavel que de robustas espiculas de esponjas marinhas em
ambientes lacustres com influéncia marinha. Em se tratando dos fitolitos, a presenca deles
no sedimento ainda é afetada por fatores ligados a produtividade e abundancia, uma vez
que existem plantas excelente produtoras, pouco produtoras e ndo produtoras de fitélitos
(Piperno, 2006). A ocluséo do canal que ligava a lagoa ao mar propiciou um ambiente
que melhor preservou tanto os fitolitos de plantas excelentes produtoras, cujos fitolitos
sugerem identificar as familias: Arecaceae/Bromeliaceae (Globular echinate, Tracheid)
(Rasbold et al., 2011; Benvenuto et al., 2015); Cyperaceae (Coneshape); (Ollendorf,
1992); Poaceae (Elongate psilate; Elongate echinate, Globular psilate e dendriform)
(fig.3) (Twis et al., 1969) (Coe et al., 2015 (fig.6b). Este tipo de vegetacdo, ligada aos
sinais isotopicos e a presenca de diatoméaceas, denota uma mistura de restinga, com
presenca de gramineas Cs e formagOes arbustivas proximas a area alagada desde o final

da Zona Il até a Zona IV.

H& 2.080 anos AP, acima do intervalo 0,59 m (Zona Ill, fig.4) de profundidade
ha indicio da colonizacao da lagoa por espécies porifera de aguas continentais (fig. 6c¢).
Dosilia pydanieli é uma esponja caracteristica de lagoas rasas, com fundos arenosos e
habitadas por macrofitas (Volkmer-Ribeiro et al., 1999; Volkmer-Ribeiro et al., 1998).

Por ser uma espécie caracteristica desses tipos de lagoa, ela distingue o paleoambiente
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junto aos dados proxies acima mencionados. Embora ndo tenha sido possivel identificar
as espiculas atribuidas ao género Anheteromeyenia ao nivel especifico, as duas espécies
de esponjas pertencentes ao género, conhecidas até o0 momento no Brasil, podem apenas
indicar ambiente Iéntico e raso (Buso et al., 2012; Calheira e Pinheiro, 2016). Isto
corrobora dados de D. pydanieli. Com relagdo a T. variabilis, apesar de amplamente
encontrada aderida as raizes de macroéfitas aquéticas formadoras de camalotais (Tavares
et al., 2003), ela também pode ocorrer sobre substratos consolidados de origem antropica
— 0 que indica possibilidade de adesdo a rochas — (Nicécio e Pinheiro, 2015) e em
ambientes I6ticos e léntico (De Rosa-Barbosa, 1984; VVolkmer-Ribeiro, 1998; Docio et
al., in prep. Cap. 1.). Radiospongilla inesi também é uma espécie generalistas para muitas
variaveis ecologicas, ocorrendo em ambientes loticos, Iénticos e aderindo-se a concreto,
em clrregos de remanescentes de Mata Atlantica (Nicacio et al., 2011; Docio et al. in
prep). Seus restos foram encontrados em sedimentos recuperados do cerrado no oeste
baiano, sustentando a interpretacao de ambiente aquatico semi-lético (Santos et al., 2017).
Porém, no presente estudo, suas espiculas indicam ambiente Iéntico, principalmente por
serem encontradas junto a outras espiculas de espécies que ocorrem somente em ambiente

dulciaquicola lacustre (Docio et al., in prep — cap 1).

Na Zona 1V, ha a perda de riqueza de espécies de poriferos, tendo prevalecido
apenas D. pydanieli, tanto no sedimento quanto vivendo na lagoa (fig.5). Esta espécie foi
encontrada desde a 0,78 m até a superficie da sondagem. A alteracdo da composicdo da
comunidade de poriferos pode estar relacionada a alteracdo do habitat. Esponjas de aguas
continentais tém uma relacdo restrita com parametros abioticos de seus ambientes
(Harrison, 1974; Harrison, 1977; Harrinson, 1979; Batista e Volkmer-Ribeiro, 2003;
Oliveira et al., 2018). Arituba, na atualidade, € uma lagoa turistica e parte da vegetacdo

de suas margens foi removida para a criagdo de balneario e centro de lazer (fig.6 d).
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Mesmo que as dunas ainda conservem parte da vegetacdo arbustiva, as macrofitas
aquéticas presentes nas margens sdao danificadas pelas atividades turisticas, como a
remocdo para ampliagdo das areas de lazer (Leroy, 2015). Familias vegetais como
Nymphaceae, Cabombaceae, Cyperaceae, Menyanthaceae, Mayacaceae e Pontederiaceae
tiveram representantes extensamente suprimidos das areas lacustres da APA Bonfim-

Guarairas, destacando a lagoas Arituba (Leroy, 2015).

O acompanhamento temporal (paleontolégico) da comunidade porifera,
apontando alteracdes em sua composicdo e corrobora aspectos ligadas as alteragdes
ambientais ocorridas no ambito de Arituba. Isto porque ha indicios de que a comunidade
tafondmica porifera que habitou a localidade, em momentos cujo transporte ndo foi a

variavel tafondmica mais representativa (Lukowiak et al., 2013).

Conclusao

Arituba passou por alteragdes morfologicas, como o fechamento do canal que a
ligava ao oceano, 0 que acarretou importante alteracdo de salinidade. A modificacdo da
comunidade de poriferos, passando de espiculas marinhas a posterior colonizacdo por
espécies duciaquicolas evidencia tais alteracdes e confirma a hipotese deste estudo. Os
restos de espiculas mostram que houve perda da diversidade de esponjas de aguas
continentais desde 2080 anos cal. AP até a atualidade, restando apenas a populacéo de D.
pydanieli. O entorno da Lagoa Arituba, possivelmente, possuia vegetacdo fechada,
composta por arbustos em formacéo de restinga, palmaceae/bromeliaceae e gramineas da

familia Poaceae.
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6. CONSIDERACOES FINAIS

Espiculas de esponjas encontradas no sedimento sdo capazes de fornecer dados
sobre o ambiente pretérito, ao que remete a antigos ecossistemas aquaticos. A depender
do grupo porifera ao qual os restos espiculares pertenca, é possivel discernir ambientes
marinhos de liminicos. A qualidade do dado aumenta de acordo com o nivel de
identificacdo alcangado. Assim, a categoria taxonomica espécie fornece mais dados que
a categoria género, principalmente considerando o grupo Spongillida. Além disso, para
um melhor controle e acurécia das respostas obtidas por meio das espiculas, faz
necessario sua integracdo com diferentes proxies.

O levantamento bibliografico sobre o conhecimento ecoldgico de poriferos da
Regido Neotropical, bem como seu uso em estudos paleoambientais, encontrou espécies
com alta plasticidade ambiental sendo consideradas especialistas. Espécies generalistas
ndo sdo boas indicadoras ambientais. Entretanto, o uso dessas espécies ndo influenciou
as conclusdes de estudos paleoambientais devido a utilizagdo concomitante de outros
proxies. Para melhor distingdo das espécies generalistas e especialistas por paleontélogos,
0 presente estudo elaborou uma tabela com as principais caracteristicas ecoldgicas
utilizadas em estudos paleoambientais.

A comparacdo entre as respostas de analise multi-proxy com aquelas inferidas de
espiculas de esponjas comprovou que espécies especialistas disponibilizam dados
precisos sobre o ambiente. Em contra partida, a utilizacdo conjunta de diversos porxies
oferece maior acurécia as reconstituicbes paleoambientais, no sentido em que corrobora
a respostas dadas por espécies especialistas e controla as respostas fornecidas pelas
generalistas.

A analise feita para Arituba mostrou evidéncias que sustentaram a hipotese de
conexdo dessa lagoa com o mar devido a existéncia de espiculas marinhas e de sinais
geomorfologicos de um canal ocluso pretérito. J& o declinio da comunidade porifera na
lagoa dulciaquicola formada pelo fechamento deste canal, corroborou a perda de
diversidade vegetal resultante da atividades antropicas, que foi apontada por estudos ndo
relacionados. Isto mostra o potencial da metodologia paleoambiental para a pesquisa
holocénica, ou mesmo de passado muito recente, quando ha auséncia de dados sobre o
ambiente. Dessa forma, sendo til para estudos de conservacdo da natureza, agregando
dados temporais para dicernimento sobre melhores politicas e estratégias de conservagao

e recuperacdo de areas degradadas. Neste tocante, 0 Rio Grande do Norte € um dos
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estados nordestinos carentes de estudos de reconstituicdo paleoambientais,
principalmente que versem sobre a compreencdo da evolucdo de sistemas liminicos

costeiros e interioranos.
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APENDICE 1 — SEDIMENTOLOGIA DA SONDAGEM LUR COM DADOS SOBRE AS FRACOES GRANULOMETRICAS, CLASSIFICACAO SEDIMENTOLOGICA E
MORFOSCOPICA.

o Cas. Areia (%) Lama (%) Classificagao MO* | Composicdo} Morfoscopia
W DO 06) | amc | G | AM | AF |AME| 8! [smG| 56 | sm | sk | SM|Ag] total | FOlkcE IArd. | ) 2 Brilho i
1 00-06 3,6 | 10,24 |16,98|23,16(22,14|11,36|83,82| 526 |7,26| _ | _ | _ | _ |1256| Areiasiltosa - QV/MO Subangular
2 09-12 _ _ _ _ _ _ _ _ I N e _ Areia siltosa | 1,00

3 21-24 _ _ _ _ _ _ _ _ N U N e _ 0,00 QF Subangular
4 33-36 _ _ _ _ _ _ _ _ I U N R _ 0,00

5 42-45 _ _ _ _ _ _ _ _ I R R _ Areia siltosa | 10,00

6 51-54 4,48 | 12,00 |21,56|29,68|21,88| 2,68 | 87,8 | 4,94 4,94 Areia _ QF/MO Brilho fosco
7 60-63 _ _ _ _ _ _ _ _ I D e R _ 9,00

8 70-80 _ _ _ _ _ _ _ _ I N N R _ _ _ _ _

9 89-92 _ _ _ _ _ _ _ _ I R R _ 1,00 QF Brilho fosco
10 93-96 3,80 | 17,34 [31,10(31,08 (10,94 | 2,32 [ 92,78 0,60 | _ | _ | _ |060 Areia _ QF Brilho fosco

*Teor de matéria organica foi quantificado em sequéncias tomadas aleatoriamente no sedimento
** MO — Material organico, QF — Quartzo fosco QV — Quartzo Vitreo



APENDICE 2 _ SEDIMENTOLOGIA DA SONDAGEM LFU COM DADOS SOBRE AS FRACOES GRANULOMETRICAS, CLASSIFICACAO SEDIMENTOLOGICA E

MORFOSCOPICA.

N Dem) | S Ae ) Fane e Folk ewara, | MO* | Composicaol (O
' ' (%) | AMG | AG | AM | AF |AMF| TOU | | ama 1957 | (%0) | eBrilho** P
1 _ _ _ _ _ _ _ _ - - |QV/IMO Angular
2 03 -06 0,84 | 5,68 [13,28|17,44(22,52|27,34(86,26| 12,9 Areia lamosa - - -
3 09-12 06 | 27,84 |16,88|12,64| 13,1 |17,24| 87,7 | 6,18 Areia _ _ -
4 15-18 _ 22,8 |23,84|15,42 17,16 |12,66|86,24| 8,12 Areia 0,90 - -
5 21-24 _ _ _ _ _ _ _ _ Areia QF Angular
6 30-35 _ _ _ _ _ _ _ _ Areia 7,00 _ _
7 42-45 _ _ _ _ _ _ _ _ Areia 14,00 _ _
8 48-51 434 | 22,96 |23,72]19,32(15,96| 9,28 {91,24 | 4,42 Areia _ _ -
9 51-54 _ _ _ _ _ _ _ _ Areia Qv Angular
10 57-60 5,40 | 25,32 |22,06 16,22 |15,28|10,78 89,66 | 4,94 Areia 3,00 QF Angular

*Teor de matéria organica foi quantificado em sequéncias tomadas aleatoriamente no sedimento
** MO — Material organico, QF — Quartzo fosco QV — Quartzo Vitreo.
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APENDICE 3 - SEDIMENTOLOGIA DA SONDAGEM LAR1 COM DADOS SOBRE AS FRACOES GRANULOMETRICAS, CLASSIFICACAO SEDIMENTOLOGICAE

MORFOSCOPICA.

ia (9 0 lassificaca MO* . ~ | Morf
N DL em) | CBS Area £ ot L Folk eward, | | Compasicaol VCRESC
(%) | AMG | AG | AM | AF |AMF Lama 1957, (%) | & Brilho

1 01 -06 - 1,12 | 0,32 | 70,36 (28,02 | 0,18 | 100 Areia - Qv subangular

2 21-24 - QN subangular

3 39-42 - 0,00 | 1,58 |18,72|63,38|16,32| 100 Areia _ _ -

4 42-45 - QN subangular

5 51-54 - QN Angular

6 57-60 - 3,72 | 3,22 165,22 |15,52| 8,96 | 96,64 | 336 Areia 15 - -

7 79-82 - 0,48 | 1,38 |27,5849,94|17,66|97,04| 2,96 Areia

8 90-93 - 0,00 | 0,7 |25,58|50,44(22,26(98,02| 1,02 Areia QN Angular

**Teor de matéria organica foi quantificado em sequéncias tomadas aleatoriamente no sedimento

*** MO — Material orgénico; QF — Quartzo fosco; QV — Quartzo Vitreo.
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APENDICE 4 - CONJUNTO DE DADOS DA LAGOA DO FUMO, AGOSTO, 2017, RIO GRANDE DO NORTE, BRASIL. (ESPICULAS DE ESPONJAS E FITOLITOS).

Depth
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Name

Corvoheteromeyenia heterosclera 0 0 1 1 1 0 o 0 0 0O 0O 0O O O O O Oo0O Oo0O o0 o
Heterorotula fistula 0 0 O 0 1 0 o 0 0 0o 0 OO 0 O O O 0 0o
Entire Megasclera 0 0 O 3 0 0 o 0 o0 0 o0 O O O O O O o o o
Fragmented Megasclere 2 0 1 1 0 0 8 3 0 0 OO O O OO0OO0O OO0 O
Entire Microsclere 0 0 5 0 0 0 o 0 o0 0 o0 o0 O O O O O o o o
Fragmented Microsclere 0 0 O 0 0 0 o 0 0o 0 o0 o0 o o o0 o o o o o
Entire Gemmuloscleres 0 0 O 7 6 0 o 0 o0 0 o0 o0 O o o0 o o o o o
Fragmented Gemmuloscleres 0 0 O 0 6 0 o 0 o0 0 o0 o0 O o o0 o o o o o
Unclassified fragmented spicules 1 4 5 0O 212 28 4 2 0 0 O O O O O O O O O O

Bilobate 23 5 23 42 57 32 8 0 0O O 0O 3 0 O O O o 0 O0 O
Cilindric Tracheid 0 0 0 1 0 0 0O 0 0 0 0O 0O 0 O O O O O o0 o
Elongate echinate 7 3 0 7 4 0 0o 10 0 0O 0O O O O O O O O o
Elongate psilate 25 18 75 112 145 112 94 11 6 O O O 7 5 4 6 1 3 10 4
Globular echinate 3 10 30 9% 8 0O 31 2 2 0 O O O O O O O O o0 O
Globular psilate 1 0 62 O 0 0 0o 0 0 0 0O 0O 0 O O O O O o o
Papilae 6 3 4 0 0 2 12 0 0 0 0 0 0 OO OO O o0 O
Parallelepipedal bulliform 0 0 0 0 0 0 0o 32 0 0 0O O O0O O0O O0O O0 O0 0 O
Saddle 2 0 0 0 0 0 O 0 0 0 0 0O 0 0O O O O O O O
TotalPhytholith 67 39 194 257 292 146 145 17 10 0 0 3 7 5 4 6 1 3 10 4
Total classified spicules of core 41
Total unclassified fragments spicules of core 65

Total Phytholith of core 1,210
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APENDICE 5CONJUNTO DE DADOS DA LAGOA DO URTIGA, AGOSTO, 2017, RN, BRASI (ESPICULAS DE ESPONJAS E FITOLITOS).
Depth
3 69 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 93

Name
Corvoheteromeyenia

heterosclera 0 00O o 3 0 1 2 2 O0OO0O1O0O0OS30DO0OO0ODO0ODO0ODO0ODO0ODO0DO0DO0DO0DO0DO0DDO0DO0O0
Anheromeyenia sp 0 00O O 0 0o 0O O O OO0OOOOZ2O0WO0OO0OO0OTU0OOUO0OO0OTO OO ODOODSOOOO0ODOQO0OTPO
Dosilia pydanieli 0 00O O 0 0o 0O O O OO0OOOO OO OO S5ODO0OO0OO0OTO0OO0OOTOSODOOOSODOODODO OO
Ephydathia sp 0 00O O 0 o O 4 O OOOOOOTOOOOOOOOOOO OO OO OO ODDU OO
Heterorotula fistula 0 00O O 0 0o 0O O O 1 0O0OOOOOOOOOOOOOOOS®ODODODDU OO
Radiospongilla inesi 0 00O O 0 0o 0O O O OO0OOOOTZ 3O0O0OO0ODO0OOOOTOOOOSOOODU OO
Tubella variabilis 0 00O O 0 0 O O O OO 4 0O0O0O0ODO0ODO0ODO0ODO0OO0ODO0ODSOSOODO0ODO0ODSDODOODODO0ODOQ O0OTO
Entire Megaesclera 1 00 o o o o O O OO0OOOOD 9O 0OO0DO0ODO0ODO0ODO0DO0OO0ODO0ODO0OO0ODOO0ODODODO0ODTO
Fragmented

Megasclere 0 21 o 1 0 o0 O O OO0OOOO0OTI1O0O0OOOTOOOOOOOSDODODODDU OTDO
Entire Microsesclere 0 00O O 0 0 0O O O OO0OOOO OO OO OOOOODOTI1LOo0O0ODOO0OTGOOOOO0OOQO0OTO0O
Fragmented

Microsclere 0 00O O 0 0o 0O O O OO0OT1O0O010 0 0 O0O0OOOOOOOOSOODODGOTDO O
Entire

Gemmuloscleres 0 00O 0 10 o 1 6 1 1 0 4 0 0 8 5 000 O0OO0OCO0ODOO0ODO0ODO0ODO0OO0OO0OO0OTDMO
Fragmented

gemmuloscleres 0 00O 3 0 0 1 2 1 OO0OOOOZ 30O0ODO0ODO0ODO0ODO0ODOO0ODO0ODO0DO0DO0DO0ODO0DDO0DO0O0O
Unclassified

fragmented sponge

spicules 736 7 21 36 14 19 29 32 812550161039 5 9 9 8 810 0 2 0 1 0 1 3 0 O O
Bilobate 2513 0 19 8 6 3 20 4 2 214 2 2 0 0 0 1 1 0 OO OOOUOU OOOOU OO
Cross 3 25 4 2 4 2 1 5 5 75555550000 O0O0O0O0O0O0O0O0O0TO0
Cylindric

sulcatedTracheid 417 0 1 2 3 2 5 122 6 35 3 01 3 3 00O010O0O0OO0ODO0ODO0OO0OO0OTO0TO0O
Elongate echinate 64 23 2 6 3 11 2 12 11 5 031 0 2 1 1 0 O O 1 1 2 0 O OOOOUOOU OO ODWO
Elongate psilate 79 9 3 90 58 62 49 55 51 3830 0381916311317 93310 8 0 3 0 0 0O O O 0 O
Globular echinate 19 10 1 20 10 6 0 19 9 21 9 0 5 3 6 2 2 1 1 2 0O0OO0OO0OOTO0OOOTO0ODO0ODO




APENDICE 5 - CONJUNTO DE DADOS DA LAGOA DO FUMO, AGOSTO, 2017, RN, BRASIL. (ESPICULAS DE ESPONJAS E FITOLITOS).

(CONTINUACAO)

Depth
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Name
Globular psilate 88 1 0 6 2 2 0 1 O OOOOOOTOOOOOOOOOOODOO OO ODQ OO
Acicular Hair shape 7 100 0 6 49 2 2 1 3 1 00102 0O0OO0OO0OO0ODO0ODO0ODO0ODO0ODO0OO0OO0ODO0OO0OTUO0ODODO
Papilae 7 10 0 6 2 1 0 0 1 2 00 O0OO0OO0OOO0ODODODOO0ODDO0ODOO0OOOOSOOOTO OO
Parallelepipedal
buliform 18 6521 83 59 24 43 51 48 35 01024 4 3 412 2 0 4 9 4 0 0 0O OO OOO0OTO
bullifome
coneiforme o 011 517 0 0 2 O 3 005 0O0O0OO0ODO0ODO0ODO0ODO0OO0ODO0ODO0OO0OO0OO0OO0OTO0ODQO0ODO
saddle 42 0 0 O 8 5 5 0 4 8172 0O0O0OO0OO0OO0ODCO0ODO0ODO0OO0ODO0ODO0ODO0OOOSOOOTGODTO
Oblong o 00 o O O O O O OOoOOTUODTU OO OOOH® O?2 311 45108111100
Rondel o o0 2 2 1 1 1 2 O0O0OO0O1O0O0OO0OO0OO0OO0OOOO0OO0ODO0ODO0OO0OOTO0OTO0OTO OO

Total Phytolith of
core

Total classified
spicules of core 73
Total unclassified
spicules of core

2166

478
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APENDICE 6 - CONJUNTO DE DADOS DA LAGOA DO ARITUBA, AGOSTO, 2017, RIO GRANDE DO NORTE, BRASIL. (ESPICULAS DE ESPONJAS EFITOLITOS).
Depth
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90

Name
Dosilia pydanieli 2 63 2 0 O O O O O20©0HO0O0OD1Z2421000O01O00H0W00
Radiospongilla inesi o o0 o0 o o0 o0 o O OOo0OO0OO0ODb50O010W04900WO0O0O0O0ODO0ODO0TO0ODTO
Tubella variabilis o 00 0o O O O O O OOoOO0OODZ?2 8 014 9 9000 00000000
Anheteromeyenia o o0 o O O o O O OOoOOoOOoOOHW OBGOZ?2110HO0HW0HO0HO0O0MO0MO0000
Espiculas marinhas o 00 o O O O O O OOoOO0OODTUOTU OO OO OT® OO OO OO OO OO OO OO OO OOTUO0OoO0
Megasclera inteira 1 01 1 1 0 O O 1 2 31 2 2 9105 9 4 000O0DO0O0DO0DO0OO0ODO0ODO0O
Megasclera
fragmentada 1 21 0 9 0 0 O 1 7 6 1 2 960 0114514 8 0131213 8 0 4 764 5
Microsclera inteira 1 61 0 O O O O O 3 001O0O0O0O020120W0W0W0O0WO0WO0WO0W0@0
Microsclera
fragmentada 1 02 0 O O O O O 6 2 00 2 94014 0 0O0OOO0OO0OO0OT11O0O0O0O0CTO0
Gemosclera inteira o o0 1 o O O O O 21 00O 77 5 714 710 4 0 000 O 0O0OO0OO0OTUO0OTPO
Gemosclera
fragmentada o 00 o O O o OoO O OoO1o0H©0HO0OO0OOWOS®611200HO0O0O0O0OO0O0OQO0FQO0
Total spicules 581
Total diatoms 112507
-]
Bilobate o 00 o O O o O O OoOOoOOoOSOoOSUOoOOoOD®OODZS3O0O0OO0DO0DTUO0OO0ODDOOO0OO0OO0OOQ0OQO0OTO0
Tracheid o 00 o O O o O O OoOOoOOoOSOHUOTQ ODOTUODOTM4O0DOU0TUO0O0O0O0OO0OO0OO0OOQO0OTO
Elongate echinate o 00 o O O o O O OoOOoOD11TI0o0WO0W6 4030O0O0O0OO0ODO0OO0ODO0OO0OO0O0OQO0TO0O0
Elongate psilate 0 1314 16 64 14 14 12 16 3 9 0 0 413 4 9 5 0 0 0O OOO OOOOTUOTDOWO

Globular echinate
Globular psilate

Continued
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APENDICE 6 - CONJUNTO DE DADOS DA LAGOA DO ARITUBA, AGOSTO, 2017, RIO GRANDE DO NORTE, BRASIL. (ESPICULAS DE ESPONJAS E FITOLITOS).

(CONTINUACAO).
Depth
6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90

3

Name
Dendriforme O 00 O O O O O O O0o0oO0W©O0TUMO 0 025 6 0 0O O3 3 0O
0 0 0 0 0O 0O O 0 0O 0 0OO0O OO OTOTPDO

4 4 2 4 4
Cone shape 3 0O 0 O O 0 O 3 0 3 0 O




APENDICE 7 - MEDIA MICROMETRICA DE ESPICULAS INTEIRAS RECUPERADAS DAS SONDAGENS LAR1, LUR E LFU POR ESPECIE E TIPO ESPICULAR.

COMPRIMENTO/LARGURA//DIAMETRO DAS ROTULAS

185

Espécie/género Sondagem Megasclera Microsclera Gemosclera
Anheteromeyenia Schroder, 1927 LUR - LAR1 105,3/12
Corvoheteromeyenia heterosclera LUR-LFU 230/8,1 Acantoxeas: 40/3,5 70/3,2//22
(Excurra de Drago, 1974) )

Dosilia pydanieli Volkmer-Ribeiro, = LUR-LAR1 455/31 Aster: 40 74/5/132
1992

Ephydatia Lamouroux, 1816 LUR 58/71123
Heterorotula fistula VVolkmer- LUR-LFU 50/7//14-11*
Ribeiro & Motta, 1995

Radiospongilla inesi Nicacio e LUR/LAR1 72,5/5/123
Pinheiro, 2011

Tubela variabilis Bonetto & Ezcurra LUR/LAR1 25/411 9

de Drago, 1973

*Médias de medidas das duas rotulas, maior e menor, das birrotulas.


http://www.marinespecies.org/porifera/porifera.php?p=taxdetails&id=167109
http://www.marinespecies.org/porifera/porifera.php?p=taxdetails&id=167141
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ANEXOS A - NORMAS DO PERIODICO CIENTIFICO ZOOTAXA

INFORMATION FOR AUTHORS:

Preparation of manuscripts

1) General. All papers must be in English. Authors whose native language is not English are encouraged to have
their manuscripts read by a native English-speaking colleague before submission. Nomenclature must be in
agreement with the International Code of Zoological Nomenclature (4th edition 1999), which came into force on
1 January 2000. Author(s) of species name must be provided when the scientific name of any animal species is
first mentioned (the year of publication needs not be given; if you give it, then provide a full reference of this in
the reference list). Authors of plant species names need not be given. Metric systems should be used. If possible,
use the common font Times New Roman and use as little formatting as possible (use only bold and italics where
necessary and indentions of paragraphs except the first). Special symbols (e.g. male or female sign) should be
avoided because they are likely to be altered when files are read on different machines (Mac versus PC with
different anguage systems). You can code them as m# and f#, which can be replaced during page setting. The
style of each author is generally respected but they must follow the following general guidelines.

2) The title should be concise and informative. The higher taxa containing the taxa dealt with in the paper should
be indicated in parentheses: e.g. A taxonomic revision of the genus Aus (Order: family).

3) The name(s) of all authors of the paper must be given and should be typed in the upper case (e.g. ADAM
SMITH, BRIAN SMITH & CAROL SMITH). The address of each author should be given in italics each starting
a separate line. E-mail address(es) should be provided if available.

4) The abstract should be concise and informative. Any new names or new ombinations proposed in the paper
should be mentioned. Abstracts in other languages may also be included in addition to English abstract. The
abstract should be followed by a list of key wordsthat are not present in the title. Abstract and key words are not
needed in short correspondence.

5) The arrangement of the main text varies with different types of papers (a taxonomic revision, an analysis of
characters and phylogeny, a catalogue etc.), but should usually start with an introduction and end with a list
of references. References should be cited in the text asSmith (1999), Smith & Smith (2000) or
Smith et al. (2001) (3 or more authors), or alternatively in a parenthesis (Smith 1999; Smith & Smith 2000;
Smith et al. 2001). All literature cited in the text must be listed in the references in the following format (see
a sample page here in PDF).

A) Journal paper:

Smith, A. (1999) Title of the paper. Title of the journal in full, volume number, issue number if possible & page
range.

B) Book chapter:

Smith, A. & Smith, B. (2000) Title of the Chapter. In: Smith, A, Smith, B. & Smith, C. (Eds), Title of Book.
Publisher name and location, pp. x-y.

C) Book:

Smith, A., Smith, B. & Smith, C. (2001) Title of Book. Publisher name and location, xyz pp.

D) Internet resources

Author (2002) Title of website, database or other resources, Publisher name and location (if indicated), number

of pages (if known). Available from: http://xxx.xxx.xxx/ (Date of access).


http://www.iczn.org/iczn/index.jsp
http://mapress.com/zootaxa/support/reference.pdf
http://mapress.com/zootaxa/support/reference.pdf
http://mapress.com/zootaxa/support/reference.pdf
http://mapress.com/zootaxa/support/reference.pdf
http://mapress.com/zootaxa/support/reference.pdf
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Dissertations resulting from graduate studies and non-serial proceedings of conferences/symposia are to be
treated as books and cited as such. Papers not cited must not be listed in the references.
Please note that:

(1) journal titles must be written in full (not abbreviated)

(2) journal titles and volume numbers are followed by a **,"

(3) page ranges are connected by "'n dash®’, not hyphen **-**, which is used to connect two words.

For websites, it is important to include the last date when you see that site, as it can be moved or deleted from
that address in the future.

On the use of dashes: (1) Hyphens are used to link words such as personal names, some prefixes and compound
adjectives (the last of which vary depending on the style manual in use). (2) En-dash or en-rule (the length of an
‘n’) is used to link spans. In the context of our journal that means numerals mainly, most frequently sizes, dates
and page numbers (e.g. 1977-1981; figs 5-7) and also geographic or name associations (Murray—Darling River;
a Federal-State agreement). (3) Em-dash or em-rule (the length of an ‘m”) are used far more infrequently, and are
used for breaks in the text or subject, often used much as we used parentheses. In contrast to parentheses an em-
dash can be used alone; e.g. What could these results mean—that Niel had discovered the meaning of life? En-
dashes and em-dashes should not be spaced.

6) Legends of illustrations should be listed after the list of references. Small illustrations should be grouped into
plates. When preparing illustrations, authors should bear in mind that the journal has a matter size of 25 cm by 17
cmand is printed on A4 paper. For species illustration, line drawings are preferred, although good quality B&W
or colour photographs are also acceptable. See a guide here for detailed information on preparing plates for
publication.

7) Tables, if any, should be given at the end of the manuscript. Please use the table function in your word
processor to build tables so that the cells, rows and columns can remain aligned when font size and width of the
table are changed. Please do not use Tab key or space bar to type tables.

8) Keys are not easy to typeset. In a typical dichotomous key, each lead of a couplet should be typed simply as a
paragraph as in the box below: 1 Seven setae present on tarsus | ; four setae present on tibia I; leg I longer than
the body; legs black in color ... Genus A

- Six setae present on tarsus I; three setae present on tibia I; leg | shorter than the body; legs brown in color ... 2
2 Leg Il longer than leg I ... Genus B

- Leg Il shorter than leg I ... Genus C

Our typesetters can easily convert this to a proper format as in this PDF file.

Deposition of specimens

Whenever possible, authors are advised to deposit type specimens in national or international public museums
or collections. Authors are also advised to request registration numbers of deposited material in advance of the
acceptance of papers to avoid unnecessary delay of publication. Some countries (e.g. Australia) require that
primary type specimens be deposited in collections of the country of origin; authors are advised to take this into

consideration.
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NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and
uploading of your files. The system automatically converts your files to a single PDF file, which is used in the
peer-review process. As part of the Your Paper Your Way service, you may choose to submit your manuscript as
a single file to be used in the refereeing process. This can be a PDF file or a Word document, inany format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality figures for
refereeing. If you prefer to do so, you may still provide all or some of the source files at the initial submission.
Please note that individual figure files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style or format
as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article
title, year of publication, volume number/book chapter and the article number or pagination must be present. Use
of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to correct.
Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements needed to
convey your manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, Results,
Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in your initial
submission for peer review purposes. Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text in the
manuscript, rather than at the bottom or the top of the file. The corresponding caption should be placed directly
below the figure or table.

Peer review

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

groups.



