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RESUMO

O Filo Rhodophyta, representado pelas algas vermelhas, que compreende uma ampla
diversidade de organismos fotossintetizantes eucariontes, incluindo cerca de 7.000 espécies
distribuidas em aproximadamente 800 géneros. Essas algas sdo predominantemente marinhas,
embora existam alguns representantes de dgua doce. Elas variam em forma, desde unicelulares
até multicelulares, e podem ser encontradas em uma ampla faixa de latitudes, abrangendo desde
regides tropicais até polares. As algas calcarias (AC) possuem corpos multicelulares que
secretam carbonato de calcio em sua parede celular, formando estruturas calcéarias que
colonizam substratos duros, como rochas e corais. Essa estrutura calcaria confere resisténcia e
protecdo contra a herbivoria, além de favorecer a preservagdo no registro fossil. Diante disto,
foram utilizados os recursos TimeTree e Paleobiology Database. A distribui¢do das AC em
ambientes subantarticos e antarticos, onde essas algas desempenham um papel fundamental na
formag¢ao e manutencdo dos ecossistemas, adaptando-se as condigdes extremas dessas regioes.
No Capitulo 1, foram abordados dados paleobioldgicos para identificar periodos geoldgicos e
arvores filogenéticas das algas calcarias crostosas. Os resultados mostraram que estes
organismos da classe Florideophydae tiveram diversificagdo de espécies antes mesmo da
grande extingdo em massa, durante o o periodo Jurassico. Os resultados apresentados no
Capitulo 1 revelam qual o tempo estimado dos seus registros fosseis a partir de recursos web,
descrevendo a filogenia e distribui¢do das algas calcérias crostosas, recontando sua historia
ecoldgica e evolutiva. Os objetivos especificos incluem a identificacdo de impactos geoldgicos
na Terra, a simulagdo da distribuicdo das AC ao longo do tempo geologico e a investigacao da

diversificacao dessas algas em diferentes periodos geoldgicos.

Palavras-chave: algas calcarias. paleobiogeografia. filogenética. fosseis.



ABSTRACT

The Rhodophyta phylum, represented by red algae, comprises a wide diversity of
eukaryotic photosynthetic organisms, including around 7,000 species distributed in
approximately 800 genera. These algae are predominantly marine, although there are some
freshwater representatives. They vary in shape, from unicellular to multicellular, and can be
found in a wide range of latitudes, ranging from tropical to polar regions. Calcareous algae
(CA) have multicellular bodies that secrete calcium carbonate in their cell walls, forming
calcareous structures that colonize hard substrates, such as rocks and corals. This calcareous
structure provides resistance and protection against herbivory, as well as favoring preservation
in the fossil record. Given this, the TimeTree and Paleobiology Database resources were used.
The distribution of CA in subantarctic and Antarctic environments, where these algae play a
fundamental role in the formation and maintenance of ecosystems, adapting to the extreme
conditions of these regions. In Chapter 1, paleobiological data were discussed to identify
geological periods and phylogenetic trees of crustose calcareous algae. The results showed that
organisms from the Florideophydae class had species diversification even before the great mass
extinction, during the Jurassic period. The results presented in Chapter 1 reveal the estimated
time of their fossil records from web resources, describing the phylogeny and distribution of
crustose calcareous algae, recounting their ecological and evolutionary history. Specific
objectives include identifying geological impacts on Earth, simulating the distribution of CA
over geological time and investigating the diversification of these algae in different geological

periods.

Keywords: calcareous algae. paleobiogeography. phylogenetics. fossils.
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1 INTRODUCAO GERAL

O Filo Rhodophyta, representado pelas algas vermelhas, ¢ composto por organismos
fotossintetizantes eucariontes, com cerca de 7.000 espécies descritas que estao distribuidas por
aproximadamente 800 géneros (GUIRY, 2017). Sdo predominantemente marinhas (GRAHAM
et al., 2009), com alguns poucos representantes de 4gua doce (BELLINGER e SIGEE, 2015).
Possuem desde formas unicelulares até multicelulares, com distribui¢ao em todas as latitudes,
desde regiodes tropicais até polares.

As algas vermelhas apresentam auséncia de flagelos em todo o seu ciclo de vida, sua
parede celular ¢ composta por celulose e inimeros polimeros de galactanas sulfatadas (dgar e
carragenanas), substancias de reserva armazenadas no citoplasma na forma de amido das
florideas, cloroplastos com tilacoides isolados e ligagdes celulares. Em sua estrutura ha
pigmentos fotossintetizantes acessorios, ficobiliproteinas, que ficam armazenados em forma de
ficobilissomas. A luz refletida na cor azul ¢ associada a duas formas de ficocianina (R-
ficocianina e aloficocianina) e a luz refletida na cor vermelha a trés formas de ficoeritrina, que
por sua predominancia confere a cor vermelha a essas algas (GRAHAM et al. 2009, LE GALL
etal.,2015; VAN DEN HOEK ef al. 1995, Lee 2008).

Dentre as Rhodophyta, ganham destaque as algas calcarias (AC), que podem ser
encontradas nos mais diversos habitats, compreendendo desde a zona entremarés até habitats
mesofoticos, como a 268m de profundidade nas Bahamas (BASSO et al., 2015; JOHNSON;
KUBLER, 2010; LITTER; LITTER, 1985). Dentre estes organismos sdo reconhecidas formas
articuladas, que possuem porg¢des ndo calcificadas no talo permitindo flexibilidade, e formas
completamente calcificadas (AMANCIO, 2007; NUNES et al., 2008).

As AC possuem corpo multicelular composto por células que secretam carbonato de
calcio em sua parede celular como parte de processos quimicos e metabolicos, e sua deposi¢ao
continua de carbonato forma estruturas calcarias que colonizam substratos duros, como rochas,
corais e conchas de moluscos, entre outros. Quando este crescimento € crostoso, estas algas sao
conhecidas como Algas Calcarias Crostosas (ACC) (HOEK, 1982, HURD et al., 2014,
RIOSMENA-RODRIGUEZ; NELSON et al., 2015; WYNNE, 2011).

A estrutura de sua parede celular impregnada com carbonatos de célcio e magnésio,
formando cristais de calcita, lhes confere resisténcia e capacidade de colonizar diferentes
substratos, como rochas, conchas, recifes de coral e outras algas (BROOM et al., 2017), sendo
ela responsdvel por cerca de 90% do peso seco destas algas (OLIVEIRA, 1997;

WOELKERLING et al., 1993), servindo como caracteristica estratégica, pois além de conferir
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prote¢do contra a herbivoria, também favorece sua preservagdo no registro fossil, como por

exemplo as espécies Halysis sp.(485 Ma) e Solenopora sp. (471 Ma) (Tabela 1).

Tabela 1 — Alcance maximo baseado apenas em fosseis de algas vermelhas do grupo das
Corallinophycidae: base do Whiterockian até o topo do Holoceno ou 471,80000 a 0,00000 Ma.

(Continua)

Intervalo de tempo

Drumiano

Termociano -
Floiano

Arenig

Whiterockian

Chazyan

Llanvirnian -
Llandeilian

Whiterock

Darriwilian

Llanvirn

Llanvirn

Chazy

Ma

513.0 -
505.0

485.4 -
470.0

478.6 -
466.0

471.8 -
457.5

468.1 -
460.9

468.1 -
460.9

468.1 -
460.9

467.3 -
458.4

466.0 -
460.9

466.0 -
460.9

466.0 -
457.5

Pais ou estado

Canada  (British
Columbia)

China (Jianxin)

Canada
(Newfoundland e
Labrador)

EUA (Vermont)

EUA (Vermont)

South Korea
(Kangweondo
(Gangwon-do))

Canada
(Newfoundland e
Labrador)

China

Canada
(Newfoundland e
Labrador)

EUA (Virginia)

Canada

(Quebec)

Numero original de identificagdo da
colegdo

Wahpia sp.

Halysis sp. (154811)

Halysis sp. (80772) Solenopora sp.,
Halysis sp. (80774)

Solenopora sp. (103298)

Solenopora sp. (175904 175905)

Solenopora sp. (198260)

Solenopora sp., Halysis sp. (45283)

Halysis sp. (211603)

Halysis sp. (80003 80004)

Solenopora sp. (34738)

Parachaetetes sp. (45281) Solenopora
compacta (172352) Solenopora sp.
(80006 175234)
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Tabela 1 — Alcance maximo baseado apenas em fosseis de algas vermelhas do grupo das
Corallinophycidae: base do Whiterockian até o topo do Holoceno ou 471,80000 a 0,00000 Ma.

(Conclusao)
Chazy 466.0 - EUA (New York) Solenopora compacta (171705)
457.5 Solenopora sp. (63307)
Chazy 466.0 - EUA (Vermont)  Solenopora sp. (80821) Solenopora
457.5 sp., Solenopora embrunensis (63297)
Keila 460.9 - Estonia
455.8 Solenopora sp. (197520)
Ashbyan 460.9 - EUA (Virginia)  Solenopora compacta (33995 33996
449.5 33997)
Blackriveran 460.9 - Canada (Ontario)
449.5 Tetradium fibratum (55999)
Blackriveran 460.9 - EUA (Tennessee)
449.5 Solenopora compacta (5331)

Fonte: Tabela gerada automaticamente do periodo de cole¢des das algas calcarias ao  longo do tempo

geologico. 2023 (adaptado). Paleobiology Database, https://paleobiodb.org/.

Esta facilidade das AC nos permite conectar o presente ao passado. Conhecendo a
distribuicdo em diferentes ecossistemas hoje, assim como seu papel ecoldgico/funcional,
podemos reconstruir possiveis condi¢des ambientais em diferentes momentos da histéria do
planeta que tiveram as algas calcarias como testemunhas. Assim como destacado por Braga
(2011), as preferéncias de habitat dos diferentes tdxos de AC, as variagdes na ocorréncia € na
morfologia de acordo com os niveis de turbuléncia da 4gua, assim como em funcdo da
disponibilidade de nutrientes e luz, conferem as AC o potencial de indicar as condigdes
ambientais em gradientes espaco temporais variados hoje e no passado remoto do nosso oceano
(Adey, 1986). A luz ¢ um fator factor que controla a distribui¢do das espécies AC e, como a
intensidade da luz e o comprimento de onda que atinge o fundo do mar dependem fortemente
da profundidade, diferentes espécies AC apresentam condi¢des de nicho especificas
representando indicadores refinados as condi¢des ambientais como visto no esquema a seguir

acompanhado das ilustracdes da grande plasticidade morfoldgica (Figura 1.1).
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Figura 1.1 - Diversidade morfo-anatomica das algas calcérias crostosas. Fotos: D. Littler (Littler
e Littler, 2013). (a) Alga calcéaria com crescimento vertical, estratégia de sobrevivéncia; (b)
CCA com crescimento bidimensional; (c-d) Formas de crescimento bidimensionais simples de
CCA; (e) CCA de crescimento folioso e gradativo; (f) CCA de crescimento ramificado; (g-h)
CCA com crescimento ramificado em forma de nodulos; (i) Variabilidade na ocorréncia de
diferentes espécies e morfologias de algas calcarias em um gradiente de profundidade de um
sistema recifal no pacifico (esquema de acordo com Braga 2011).
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Além de diferenciar espécies, a grande plasticidade morfologica do grupo também ¢

observada dentro de suas espécies, e isso, provavelmente, estd igualmente relacionado a
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hidrodindmica local e outras condi¢des ambientais (BOSENCE, 1976; PENA; BARBARA,
2008a). Esta alta plasticidade morfoldgica, dificulta a identificacdo das espécies coralinas pois
muitas vezes o taxonomista carece de carateristicas distintivas, ou diagnosticas (WRAY, 1977;
KANGWE, 2005; STENECK, 1986). No entanto, isso vem sendo superado, pois, as técnicas
moleculares t€ém permitido um avango crescente no conhecimento da diversidade das algas
calcarias nas ultimas duas décadas, muitas vezes confirmando os antigos paradigmas baseados
em dados anatémicos/ morfologicos ou biogeograficos, mas também trazendo novidades em
todos os niveis de classificacdo. No contexto da diversidade de espécies, presenciamos o
reconhecimento de espécies cripticas no que antes se reconhecia como sendo uma s6 unidade
taxonomica, como pode ser visto no caso de Mesophyllum erubescens, (SISSINI et al. 2014) e
de Calrskottsbergia antartica (ATHANASIADIS, 2019).

No campo da filogenia, temos vivenciado grandes alteragdes na organizagdo e
classificagdo das AC. Os autores Harvey e Woelkerling (2007) propuseram que as ACC fossem
agrupadas somente em uma ordem, a Coralinalles, tendo trés familias como representantes:

Corallinaceae, Hapalidiaceae e Sporolithaceae, com sete subfamilias (Tabela 2).

Tabela 2 — Classificagdo da ordem Corallinales (Harvey e Woerkling, 2007).

(Continua)
Familia Subfamilia Género
Corallinaceae Metagoniolithoideae Metagoniolithon
Corallinoideae Alatocladia, Arthrocardia,

Bossiella Calliarthron,
Cheilosporum, Chiharaea,
Corallina, Haliptilon, Jania,
Marginosporum, Masakiella,
Serraticardia, Yamadaea

Mastophoroideae Hydrolithon, Lesueuria,
Lithoporella, Mastophora,
Metamastophora,
Neogoniolithon,
Pneophyllum, Spongites
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Tabela 2 — Classificagdo da ordem Corallinales (Harvey e Woerkling, 2007).

(Conclusao)

Hapalidiaceae

Lithophylloideae

Austrolithoideae

Choreonematoideae

Melobesioideae

Amphiroa, Ezo,
Lithophyllum/Titanoderma,
Lithothrix, Paulsilvella,
Tenarea

Austrolithon, Boreolithon

Choreonema

Clathromorphum,

Exilicrusta, Kvaleya,
Lithothamnion,
Mastophoropsis, Melobesia,
Mesophyllum,
Phymatolithon,
Synarthrophyton

Sporolithaceae Heydrichia, Sporolithon

Com novas abordagens e intensificacdo dos esforcos para se descrever os
representantes do grupo, taxons incluidos em Corallinales foram sendo revistos e ganharam
status de ordem. Com o estudo filogenético realizado por Le Gall et al. (2010), foi proposto que
a familia Sporolithacae fosse elevada ao status taxondmico de ordem, sendo assim a ordem
Sporolithales, do qual os autores se basearam em caracteristicas morfologicas e anatdmicas que
pudessem delimitar uma ordem da outra (Figura 1.2).
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Figura 1.2 — Caracteres morfoldgicos delimitadores para a divisdo entre as ordens Corallinales
e Sporolithales.

Corallinales Sporolithales

Fonte: Farr ef al., 2009 (adaptado).

Atualmente, para o Filo Rhodophyta foram atribuidas quatro ordens, sendo
reconhecidas como algas calcdrias sensu strito: Corallinales, Hapadiales e Sporolithales
(NELSON et al., 2015; PENHA et al., 2020). A distingdo entre as trés se da por seus caracteres
morfologicos reprodutivos, especialmente os relacionados a fase tetrasporofitica. Os
representantes da ordem i, Corallinales apresentam conceptaculos uniporados sem a presenca
de plug apical nos canais dos poros por onde sdo liberados tetrasporangios zonados, os
representantes da ordem ii. Hapadiales apresentam conceptaculos multiporados com plug apical
nos canais dos poros por onde sdo liberadostetrasporangios zonados, ja os representantes da
ordem iii. Sporolithales apresentam compartimentos calcificados isolados, conhecidos como
camara esporangial, com poros fechados por p/ug apical, onde sdo produzidos tetrasporangios

cruciados (Le Gall et al., 2010, Nelson et al., 2015) (Figura 1.3).
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Figura 1.3 — Caracteres delimitadores para a divisdo das ordens Corallinales, Hapadiales e
Sporolithales.

Corallinales Hapadiales Sporolithales

Fonte: Le Gall et al., 2010, Nelson et al., 2015 (adaptado).

Através de analises moleculares, os cientistas t€ém investigado as relagdes evolutivas
entre as diferentes espécies e géneros Corallinophycidae, pois antes do advento da sistematica
molecular, as classificacdes se davam na maioria das vezes por distingdo de caracteres
vegetativos e reprodutivos (BAILEY e CHAPMAN, 1998; CABIOCH, 1972, JOHANSEN,
1972; LEBEDNIK, 1977). Entre os avancos a inclusdo da ordem Rhodogorgonales foi
recentemente sustentada por analises moleculares (PENHA ef al. 2020). E ¢ através do avango
nos estudos filogenéticos que se tem fornecido uma melhor compreensdo da historia dessas
algas e sua relagdo com outros grupos de algas vermelhas (BROOM et al., 2008; ROSLER et
al., 2016; PENHA et al., 2020).

1.1 IMPORTANCIA DAS ALGAS CALCARIAS

As AC tém grande importancia ecologica, desempenhando um papel fundamental na
formacao e manutencao de recifes de coral, fornecendo uma estrutura tridimensional e abrigo
para uma grande variedade de organismos marinhos (LITTLER; LITTLER, 2013). Além disso,

as crostas calcarias formadas pelas algas também contribuem para a consolida¢do do substrato,
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protegendo-o da erosdo e fornecendo uma base sélida para o crescimento de outros organismos
(GRAHAM et al., 2014).

A capacidade das algas calcarias crostosas de secretar carbonato de calcio também as
torna importantes na regulacao do ciclo de carbono nos ecossistemas marinhos. Essas algas sao
capazes de absorver grandes quantidades de didxido de carbono da dgua do mar durante a
fotossintese, contribuindo para a remogao desse gas de efeito estufa da atmosfera (KAMENOS
etal., 2013).

As AC estao amplamente distribuidas em todo o mundo, incluindo as dguas antarticas
e subantarticas. No entanto, sua presenca e diversidade nessas regides sdo influenciadas pela
interagcdo complexa entre as correntes marinhas e as condigdes ambientais especificas (LEE et
al., 2007). Esses ambientes sao reconhecidos como ecossistemas Unicos € extremos,
caracterizados por condigdes climdticas severas e isolamento geografico (GUTT, 2007). Nessas
regides, as algas detém importancia significativa, pois desempenham um papel fundamental na
formagao e manutengao dos ecossistemas (AMSLER et al., 2009; FRASER et al., 2013). Essas
algas apresentam caracteristicas unicas e adaptagdes especiais que lhes permitem sobreviver e
prosperar em condi¢des extremas de irradiancia, temperatura, salinidade e disponibilidade de
nutrientes (BROOM et al., 2017), e sua distribuicdo e abundancia nesses ambientes estao
intimamente relacionadas a influéncia das correntes marinhas, que atuam como importantes
fatores determinantes da sua biogeografia (BARNES; SOUSTER, 2011; QUARTINO et al.,
2007).

1.2 COMPREENDENDO AS RELACOES EVOLUTIVAS E BIOGEOGRAFICAS

Estimativas recentes apontam que nosso planeta conta com cerca de 7,8 milhdes de
espécies animais, 298 mil plantas, 611 mil fungos e 63.900 protistas (Wiens 2023). Entre estes
ultimos estdo algas, como as algas calcarias. Estes nimeros nos ddo uma nog¢ao das dimensoes
que temos que enfretar para aprimorarmos a compreensdo e de nossa biodiversidade. Dentre
estes seres vivos encontraremos cerca de 72.500 espécies de algas (Guiry 2021), e entre elas os
grupos historicamente menos conhecidos e valorizados, como as algas calcarias, apesar de suas
supramencionadas importancias. E nesse contexto que nos vemos diante de uma crise climatica
e ambiental sem prescedentes na historia da humanidade, com a crescente necessidade de
popularizarmos os conhecimentos sobre a biodiversidade do planeta, permitindo que um
numero crescente de pessoas possa compreender o funcionamento dos nossos ecossistemas
hoje, interpretando os fatores que produziram grandes transformagdes na historia evolutiva do
planeta (Nanglu et al. 2023). Para isso € relevante popularizar grupos e ambientes que passaram

e estdo passando por grandes transformagdes. Ameacados pelo aqueciumento e acidificagao do
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oceano as AC e os ambientes antarticos, representam fronteiras que nossa sociedade precisa
conhecer do ponto de vista da composi¢ao da biodiversidade e de sua historia evolutiva.

A revolugao da gendmica e os avangos nas técnicas de datacdo molecular e conjunto
dos os crescentes bancos de dados, para gerar tempos de divergéncia entre populagcdes e
espécies de diferentes locais, nos permite hoje ndo sé documentar as ocorréncias como também
testemunhar as grandes transformacdes ecoldgica-evolutivas pelas quais nossa biodiversidade
passou. Dezenas de milhares de espécies tiveram sua historia datada, e novas estimativas de
tempo de divergéncia estao aparecendo em centenas de publicagdes a cada ano. Aproveitando
esse cendrio foram construidas sinteses globais que nos permitem detalhar processos que
ocorreram no passado do nosso planeta. E esse entendimento da natureza multafatorial das
variaveis que determinou os destinos da nossa biodiversidade, que vai nos permitir prever como
as mutdacas produzidas pelos seres humanos nosso ambiente impactardo a distribuicao e
composic¢ao da biodiversidade no futuro (Hedges et al. 2015). Nesse sentido, bases de dados
com ferramentas de analise, que sejam abertas ao publico, como a TimeTree
(https://timetree.org/) e o Paleobiology Database (https://paleobiodb.org/), sdao muito
importantes para a popularizagdo da histéria evolutiva de nossa biodiversidade. Entretanto,
considerando eventuais fragilidades ou equivocos na identificagdo dos registros fosseis,
analises podem ser recheadas de imprecisdes que levem a intepretagdes inconsistentes sobre

padrdes e processos.

HIPOTESE DE TRABALHO

Nesse sentido na presente dissertacdo partimos da hipdtese de que a base de dados de
ocorréncia, paleontologicos e moleculares, de algas calcarias hoje disponivel ¢ suficiente para
o entendimento de padrdes e processos em todo o planeta considerando ferramentas disponiveis

na web, como a TimeTree € Paleobiology Database.

OBJETIVO GERAL

Na presente dissertacdo buscamos contribuir com a discussdo de ferramentas que
podem ser utilizadas para popularizar o conhecimento da filogienia e biogeografia utilizando
recursos web. Para isso, partimos da analise das algas calcarias crostosas, considerando seu

potencial indicador de condig¢des paleoecologicas, dos ambientes subantérticos e antarticos.
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Assim pretendemos fornecer uma analise critica sobre essas ferramentas que tém sido utilizadas
para aprimorar nosso entendimento da historia ecoldgica e evolutiva da biodiversidade de nosso

planeta.

1.3 OBJETIVOS ESPECIFICOS

- Identificar a distribui¢do das ACCs acompanhando a Deriva Continental, a partir de

datacao e relagdes evolutivas entre as espécies presentes no registro fossil.
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ABSTRACT

This scientific article explores the evolutionary history and biogeographical relationship
between crustose calcareous algae and ocean currents in Antarctic and subantarctic
environments. It delves into the adaptations of these algae to extreme conditions, their role in
ecosystem stability, and their phylogenetic development. The study employs phylogenetic trees
and paleobiological databases to trace the diversification of these algae over geological time.
The article highlights the importance of understanding these relationships for ecosystem
conservation and adaptation to climate change, while acknowledging the challenges posed by

limited fossil resources for constructing a comprehensive evolutionary timeline.



26

2.1 Introduction

Climatic and environmental colapse are approching fast (LENTON 2023), with the
overcoming of important planetary tipping points, such as those represented by the
unavoidable melting of West Antarctica (NAUGHTEN et al. 2023). This scenario raises an
alert for the popularization of knowledge about the evolutionary history of environments and
groups strategics to the understanding our past, raising general attention regarding the
announced socioenvironmental crises (PORTNER et al. 2023) and needs on marine
conservation (HORTA et al. 2020).

Along the history of life, environments that are now polar have undergone a variety of
environmental conditions that are fundamental to the determination of distribution patterns
observed in marine biodiversity today. Antarctica, a territory known for its extremes,
experienced periods of warming, who left trace fossils of tropical forests closer to the South
Pole in the Middle Cretaceous during the Turonian-Santonian era (92 - 83 Ma), in addition to
other geographical configurations, considering the tectonic processes that govern our planet
(KLAGES et al., 2020; ZUNDEL et al., 2019).

In these subantarctic and Antarctic marine environments, calcified algae are among the main
primary producers with potential to tell us a bit more about the eco-evolutionary drivers
responsable by the main shifts in marine life in the last 100 million years, once they have
fossil representatives even older than that (Braga 2011; Peiia et al. 2020). Currently they play
an essential role in the formation of benthic communities and complex habitats in tropical and
also in polar regions (KUHL et al., 2015). Therefore their presence, regarding the morphology
or taxonomical particularies, can help in the description of changes in sea-level (Adey 1983),
sea temperatura (Kamenos et al. 2017), among other paleoenvironmental characteristics
(Braga et al. 2012).

Southern polar areas are currentely characterized by low temperatures, variable salinities, and
limited availability of nutrients and light, especially during the winter. Despite often
inhospitable conditions, crustose calcified algae are conspicuous because they have developed
physiological and morphological adaptations that allow them to survive under these extreme
conditions (Schwars ef al., 2006). For example, some species have photoprotective pigments
that give them resistance to ultraviolet radiation, which is intense in these regions (PEREIRA
et al., 2019; RIDSMENA-RODRIGUEZ et al., 2014). They also can survive for long polar
nights (Johnsen et al. 2020) or low irradiance (Hoffman et al. 2018). In addition, the

calcareous structure of their cell walls provides mechanical strength and protection against the
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erosive action of icebergs, waves, and currents as well as efficient nutrient absorption and
storage mechanisms, allowing them to cope with the low nutrient availability (PEREIRA et
al., 2020; TEIXEIRA et al., 2016) (Figure 2.1).

In subantarctic environments, crustose calcified algae are widely distributed in the coastal
regions of South America, New Zealand, Australia, Subantarctic Islands, and South Atlantic
Islands. Studies have shown that the diversity of crustose calcified algae species increases in
areas with greater availability of light and suitable substrate, such as rocky reefs
(CATTANEO-VIETTI et al., 2000; HURD et al., 2014) where new taxa have been described
(SCIUTO et al. 2021, TRENTIN et al. 2023).

Figure 2.1 — Encrusting form of red algae on rocks with associated fauna and flora; (b)
encrusting form in the intertidal zone on the Antarctic Peninsula.

Author: Marina Sissini.

The Antarctic Peninsula and the South Shetland Islands are home to a rich diversity of
crustose calcified algae. These algae are capable of colonizing hard substrates, such as rocks
and mollusk shells, forming communities of extreme importance in the structuring of coastal
marine ecosystems. They provide shelter and food for a variety of organisms, such as sea
urchins, crabs, snails, and juvenile fish (BISCHOF et al., 1998; WIENCKE et al., 2007).
Scientific studies have shown that the dispersal, colonization, and diversity of calcified algae

in Antarctic and subantarctic environments are correlated with the direction and intensity of
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ocean currents in these regions (QUARTINO et al., 2007). These currents transport nutrients
and particulate matter, as well as influence the temperature and salinity of the water, which
are essential characteristics for the biogeography of calcified algae. These physical and
chemical parameters directly affect the availability of essential ~ resources for their growth
and development (WIENCKE et al., 2017).

The Antarctic Circumpolar Current (ACC), a large-scale ocean current that encircles
Antarctica, plays an important role in the dispersal and transport of marine organisms along
the Antarctic and subantarctic coasts. This current influence the circulation of nutrients and
the availability of sunlight, which are essential factors for the growth of calcified algae
(HUOVINEN et al., 2018).

In subantarctic regions, ocean currents transport nutrients and organic matter, promoting a
favorable environment for the growth of these algae. The ACC exerts a significant influence
on the distribution of these algae, favoring their dispersal along continental coasts and
adjacent islands (HAWES et al., 2020). Wind currents can also affect the distribution of these
algae, creating upwelling conditions that bring nutrient-rich deep waters to the surface
(BARTSCH et al., 2013; WIENCKE et al., 2019).

Ocean currents play a crucial role in the dispersal and transport of marine organisms,
including algae (GOMEZ et al., 2017). The dynamics of currents, such as direction and
intensity, determine the spatial distribution of algae and their connectivity between different
locations (HERNANDEZ-KANTUN et al., 2017; SANTELICES et al., 2018). In subantarctic
regions, the ACC exerts a significant influence on the distribution of these algae, favoring
their dispersal along continental coasts and adjacent islands (HAWES et al., 2020). In
Antarctica, marine circulation is essential for the transport of nutrients and the provision of
suitable conditions for the development of crustose calcified algae. In Antarctica, the ACC,
which flows west to east around the Antarctic continent, combined with the topography of the
seabed, influences the formation of coastal currents and upwelling areas, creating favourable
conditions for the development of crustose calcified algae (DUFFY et al., 2021). In addition,
coastal currents and tides also influence the distribution of these algae, creating nutrient
gradients and variations in the physical and chemical conditions of the water (AL-HANDAL
et al., 2008; WIENCKE et al., 2019).

The biogeographical relationship between calcified algae and ocean currents goes beyond
their geographic distribution. Phylogenetic studies have revealed the evolutionary history of
these organisms, providing insights into their common ancestry and the speciation events that

have occurred over time (GOMEZ et al., 2009). Phylogenetic analysis helps to understand the
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phylogenetic relationships between calcified algae species and to identify patterns of
diversification and dispersal related to ocean currents.

Understanding the biogeographical relationship between calcified algae in Antarctic and
subantarctic environments with ocean currents is of paramount importance for the
conservation and management of these unique ecosystems today ando n their eventual
importance in the past (PECK; CLARKE, 2006). Knowledge about the influence of ocean
currents on the distribution and diversity of these algae can help to predict the effects of
climate change on these pristine and key ecosystems.

Understanding the relationship between crustose calcified algae and ocean currents, in
addition to their phylogeny, is essential to understanding the dispersal and colonization of
these species in subantarctic and Antarctic environments. Recent research has focused on the
identification of species, their physiological and morphological characteristics, as well as their

responses to environmental changes, such as rising temperatures and ocean acidification

(MORROW et al., 2021).

2.1.1 Geological History

The origin and evolution of crustose calcified algae are still topics of study and research. It is
believed that they evolved from filamentous ancestors, a diverse group of eukaryotic algae.
During the evolutionary process, these algae developed biochemical and structural adaptations
that allowed them to absorb dissolved calcium ions from the water and precipitate calcium
carbonate to form the calcareous crusts (RINDI ez al., 2011; STENECK et al., 2002).

These biochemical adaptations involve the production of enzymes and calcium transporters in
the cells of crustose calcified algae. These mechanisms allow the selective uptake of calcium
ions from the surrounding environment and their incorporation into the cells, where calcium
carbonate synthesis occurs. It is believed that calcium carbonate synthesis occurs in special
intracellular compartments called calcareous vacuoles, in which calcium carbonate
precipitation occurs in a controlled manner (KAMENOS et al., 2013; RIES, 2011).

The formation of calcareous crusts provides several advantages for crustose calcified algae.
They provide physical protection from predation and abrasion, as well as serving as anchoring
to solid substrates. The crusts also provide a suitable surface for the colonization of other
marine organisms, such as corals, sponges, bivalves, and other invertebrates. In this way,

crustose calcified algae are important in the formation and stabilization of reefs and in the
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creation of diverse habitats in marine ecosystems (FOSTER; ADEY, 2004; JOHNSON;
KUBLER, 2010).

The evolution of crustose calcified algae is intrinsically linked to their interaction with the
marine environment and with other organisms. Phylogenetic studies have revealed the
existence of distinct lineages within this group, indicating the occurrence of speciation events
over time (RINDI et al., 2011; STENECK et al., 2002). In addition, genetic analyses have
provided insights into the molecular adaptations related to the synthesis and deposition of
calcium carbonate in the cells of crustose calcified algae (RIES, 2011).

Crustose calcified algae have produced robust mechanisms for their existence and adaptation
to the most diverse environments over time. Their history is fascinating, reflecting the
climatic and environmental changes over geological time. These algae played an important
role in the construction and stabilization of marine ecosystems (BOSENCE, 2005). During
periods of great reef extension, such as the Devonian, Carboniferous, and Jurassic, these algae
contributed to the formation of significant reef structures (KIESSLING et al., 2008;
STANLEY, 2006). Fossils of crustose calcified algae from these periods, such as the genera
Solenopora and Lithothamnion, are found in various parts of the world, evidencing their wide

distribution and diversity (JAGT, 2000).

UNDERSTANDING EVOLUTIONARY AND BIOGEOGRAPHIC RELATIONSHIPS
Recent estimates indicate that our planet has around 7.8 million animal species, 298 thousand
plants, 611 thousand fungi and 63,900 protists (Wiens 2023). Among the latter are algae, such
as calcareous algae. These numbers give us an idea of the dimensions we have to face to
improve our understanding of our biodiversity. Among these living beings we will find
around 72,500 species of algae (Guiry 2021), and among them groups that are historically less
known and valued, such as calcareous algae, despite their aforementioned importance. It is in
this context that we find ourselves facing a climate and environmental crisis unprecedented in
the history of humanity, with the growing need to popularize knowledge about the planet's
biodiversity, allowing a growing number of people to understand the functioning of our
ecosystems today, interpreting the factors that produced major transformations in the planet's
evolutionary history (Nanglu et al. 2023). To achieve this, it is important to popularize groups
and environments that have undergone and are undergoing major transformations. Threatened
by the warming and acidification of the ocean, AC and Antarctic environments represent
frontiers that our society needs to know from the point of view of the composition of

biodiversity and their evolutionary history.
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The genomics revolution and advances in molecular dating techniques and a set of growing
databases, to generate times of divergence between populations and species from different
locations, allow us today not only to document occurrences but also to witness major
ecological transformations- evolutionary changes that our biodiversity has gone through. Tens
of thousands of species have had their history dated, and new divergence time estimates are
appearing in hundreds of publications each year. Taking advantage of this scenario, global
syntheses were constructed that allow us to detail processes that occurred in our planet's past.
It is this understanding of the multifactorial nature of the variables that determined the fate of
our biodiversity, which will allow us to predict how human-produced changes to our
environment will impact the distribution and composition of biodiversity in the future
(Hedges et al. 2015). In this sense, databases with analysis tools, which are open to the public,
such as TimeTree (https://timetree.org/) and the Paleobiology Database
(https://paleobiodb.org/), are very important for popularization of the evolutionary history of
our biodiversity. However, considering possible weaknesses or mistakes in the identification
of fossil records, analyzes can be full of inaccuracies that lead to inconsistent interpretations
about patterns, environmnetal drivers and processes.

Herein we evaluated web resources such as TimeTree and Paleobiology Database to
reconstruct the evolutionary history of coralline red algae regarding their positive aspects and

fragilities regarding the CA and Antarctica environmnet.

2.2 Materials and methods

To visualize the diversification of crustose calcified algae over geological time and their
distribution based on the theory of continental drift, the web resources TimeTree and
Paleobiology Database were evaluated.

According to Kumar and collaborators (2017), the TimeTree resource has web-based
multilayers (Figure 2.2) that includes a non-standardized computational database to store
primary data in the form of phylogenetic trees scaled to the time required to compute and
serve synthetic data with much greater information content. The new version of TimeTree has
advanced significantly compared to the previous version released in Kumar and Hedges
(2011).

To calculate divergence time, as described by the Timetree team, selecting two species or
higher taxa are queried (e.g., Sporolithales and Corallinales) the TimeTree looks for these

species in the TTOL to find their most recent common ancestor (MRCA). When one or both
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of the species are not present in TTOL, the NCBI taxonomy is scanned to find the closest
relatives of the species or higher taxa requested by the user. Then, those taxa are used as
proxies to find the MRCA for the given query. Finally, the divergence time for the MRCA 1is
retrieved from the TimeTree database, where, in our case, the works of Aguirre et al. (2010)
and Yang et al. (2016) were utilized.

Using the divergence time estimates for all taxa, stored in the TimeTree database, the
evolutionary timeline shown was constructed by first locating the queried species (ie.
Corallinales) or higher taxa in the TTOL and then traversing the tree toward the root,

collecting divergence time estimates at each node in the tree.

Figure 2.2 — Schematization of the TimeTree. TimeTree of Life (TTOL).
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Source: Translated and adapted (Kuma et al. 2017).

The Paleobiology Database (PBDB) is a public web-based database of paleontological data
that provides information on the fossil record of life on Earth. The PBDB is a collaborative
effort of scientists from around the world, and it contains information on over 1.5 million

fossil specimens (Paleobiology Database, 2023).



33

The main steps involved in the operation of the PBDB are as follows: Data is submitted to the
PBDB by researchers. This data can include information on the taxonomy, morphology, and
age of fossil specimens. The data is reviewed by a team of curators. These curators ensure that
the data is accurate and meets the standards of the PBDB. The data is added to the PBDB
database. The data is made available to the public through the PBDB website (Paleobiology
Database, 2023).

The PBDB is a valuable resource for scientists studying the fossil record. The database
provides a centralized location for information on fossil specimens, and it allows data to be
shared and collaborated on for scientific research.

The flowchart (Figure 2.3) provides a simplified overview of the main steps involved in the
operation of the PBDB. The specific steps involved in each of these stages may vary
depending on the type of data submitted (Paleobiology Database, 2023). In addition to the

steps presented in the flowchart, the PBDB also involves other activities, such as:

° Development of tools and resources to facilitate the use of the database;
° Promotion of the use of the database for educational and research purposes;
° Collection of new fossil data.

Figure 2.3 - Flowchart of the Paleobiology Database.
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2.3 Results and Dicussions

Combining the use of TimeTree and Paleobiology Data Base platforms, it was possible to
obtain both phylogenetic trees and the distribution of Rhodophyta species in various
geological periods and continent configuration, going futher the ingformations provided by
the Timescale Creator Platform (Zehady et al. 2020). A timeline and a time tree each taxa are
ilustrated by data regarding the geological timescale, impacts that the Earth has suffered over
the years, solar luminosity, O, and CO» levels. However, despite the colorful layout, the
absence of temperature information, paliocurrents and scarcity of fossil records from ancient
periods represent the main limitations of these tools to interpret the environmental drivers that
shaped the evolutiory history of coralline algae in the Antarctic region. Recent evidence
points to strong correlations between the five mass extinction events and the global warming
(Song et al. 2021), reinforcing the relevance of developing tools that facilitate the
implementation of this eco-evolutionary driver (temperature) in relation to different regions
and taxonomic groups.

Despite these limitations, it is importante to highlight the these tools make possible the
observation of potential origin and diversification from phylum to orders through the time.
The Rhodophyta node is estimated to be 1161.0 Ma old while Corallinophycidea, to be 280
Ma old. The graph produced identify suggest impacts of meteors occurred on Earth, such as
the Santa Fe impact in New Mexico (1200 Ma) and the Amelia Creek impact in Australia
(1120 Ma), which are approximately 13 and 20 km in diameter, respectively, that may have
influenced evolution of life during that period. At these periods, O2 levels are described as

below 16% and CO; levels were between 0 and 5%, while solar irradiation was between 85
and 100 L © (Figure 2.4). In the case of the class Florideophyceae, it is possible to observe
that the node in the evolutionary tree is located at approximately 944 Ma, with a record of an
impact on Earth of ~1000 Ma, the Isso-Naakkima impact, in Finland, with a diameter of 3.00

km.
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Figure 2.4 — Graph created from the TimeTree resource of the estimated emergence of red algae
according to geological time and terrestrial events.
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As for the evolutionary tree, we can observe the division of the clades in order to differentiate
the classes within the phylum, where the estimated time of the oldest organism of the class
Florideophyceae is 944.8 Ma, still in the Proterozoic era. Oxygen levels were below 17% and
carbon dioxide levels were declining, below 0.5%, and solar luminosity was between 90 and

95 L O (Figure 2.5 and 2.6).
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Figura 2.5 — TimeTree of the classes of the Rhodophyta phylum.
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Figura 2.6 — Current coralline algae distribution (Florideophyceae, Rhodophyta) around the world and their fossil record according to each
geological (Where: spots in different colors represent respective periods).
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For the subclass Corallinophycedae and the diversification of orders of calcareous algae
occurred around 133.8 Ma, of the class Florideophyceae, a phylogenetic tree with a geological
time scale was obtained, where we can observe that its age is estimated at 280.2 Ma, with
levels of approximately 33% O and below 0.3% CO, and solar luminosity of ~97 L ©
(Figure 2.7).

Figura 2.7 - TimeTree of the Rhodophyta orders, reinforcing the cluster of the
Corallinophycedae.
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The results obtained by these web tools present a synthesis of the evolutionary and
biographical process with moderate precision considering usual phylogenetic methods, taxa at
different levels and results based on studies that used multiple molecular markers (PENA et
al. 2020). The absence of significance of each node, as well as the potential variability of
divergence time, simplifies the outline of the graph but impoverishes the presented scientific
information (WILEY et al. 1991; BARIDO et al. 2020). Taking into consideration non-
calcified records from the Precambrian as a stem group of coralline algae, Yang et al. (2016)
estimated a much earlier divergence of the subclass Corallinophycidae around 579 Ma (95%
HPD: 543—-617) Ma. On the other hand, Aguirre et al. (2010) propose the divergence of this
group 338 Maa ago, while Pefia et al. (2020) estimate this process 179.88 Ma ago. However,
all these studies agreed that the radiation of the taxon took place in the Lower Cretaceous, as
observed in the Timetree analysis.

Although the phylogeny for the orders proposed by Timetree reinforces the monophyly of
Corallinophycidae, reproducing the evolutionary relationships that have been observed in
studies that focused on the aforementioned group (AGUIRRE et al. 2010; YANG et al. 2016;
PENA et al. 2020), the phylogenetic analyzes considering the species showed divergences.
Besides considering different taxa and an unnamed one (Corallinales sp. AC-2018d), this
analysis presents the relationship of Rhodogorgonales with the monophyletic group
represented by Sporolithales, Corallinales and Hapalidiales, as Yang et al. (2016), while Pefia
et al. (2020) suggest a monophyletic group composed of the orders Rhodogorgonales and
Sporolitales, which would have diverged from the other Corallinophycidae 179 Ma ago.
Taxonomic inconsistencies are observed, as is frequently illustrated in work dealing with this
group, and the presence of the genus Lithothamnion in different groups can be cited as an
example. These weaknesses may be related to the low knowledge of the taxonomy of the
group, which has recently grown, revealing new genus (MIRANDA-COUTINHO et al. 2022;
GABRIELSON et al. 2023) or even orders (JEONG et al. 2021), which were previously
considered to represent the aforementioned taxon.

Regarding these tools as communication allies, from the graphs and phylogenetic trees
obtained from web resources, it is possible to identify some events that occurred on Earth that
contributed to mass extinctions, to adaptations and diversification of others. For Exemplo,
During the Paleozoic era, from approximately 540 to 250 million years ago, calcareous algae
were already present in the oceans (Figure 2.8). The Ordovician period was the period with
the most marine changes, with the extension of epicontinental seas, flattened marine bottoms,

and reduced land spaces, often represented by the formation of archipelagos, due to the high
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magmatic and tectonic activity that served as sources of clastic and carbonate sediments. The
biogeographical changes that occurred during this period were decisive for speciation, mainly
in the southern hemisphere, as they directly affected planktonic, nektonic, and benthic

organisms, as well as climatic zoning (HARPER, 2006).

Fossils of crustose calcareous algae from this period are found in sedimentary deposits,
revealing the presence of communities of crustose calcareous algae in ancient reefs. These
reefs were composed primarily of sponges, corals, brachiopods, and other marine calcifying

and non-calcifying organisms (STANLEY, 2016).

Figure 2.8 — Distribution of calcareous algae during the Ordovician (464 Ma).
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Source: Map of the distribution of calcareous algae during the Ordovician (464 Ma). 2023.
Paleobiology Database, https://paleobiodb.org/.

During the Mesozoic era, between 250 and 65 million years ago, important climatic and
geological changes occurred that affected calcareous crustose algae. During the Jurassic, for
example, these algae contributed to the formation of reefs in shallow and tropical
environments (Figure 2.9). Fossils of Jurassic calcareous crustose algae (173 Ma) are found in

different regions of the world, including Europe, North America, and Asia (JAGT, 2000).
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Figure 2.9 — Distribution of calcareous algae during the Jurassic (173 Ma).
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Source: Map of the distribution of calcareous algae during the Jurassic (173 Ma) considering

the available fossil record up to  2023. Paleobiology Database, https://paleobiodb.org/.

However, the Cretaceous period witnessed a significant change in oceanic conditions and
marine ecosystems. During the Upper Cretaceous (122 Ma), elevated atmospheric carbon
dioxide levels and ocean acidification negatively affected these algae, reducing their
calcification ability and leading to a decrease in diversity and abundance (KAMENOS et al.,
2008; STANLEY, 2016). Consequently, there was a decline in reef formation due to these
changes in ocean chemistry, increased temperature, and mass extinction events (Figure 2.10).
This decline allowed other reef builders, such as scleractinian corals, to assume a dominant

role (JOHNSON; KUBLER, 2010).


https://paleobiodb.org/
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Figure 2.10 — Distribution of calcareous algae in the Cretaceous (105 Ma).
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Source: Map of the distribution of calcareous algae in the Cretaceous (105 Ma). 2023.
Paleobiology Database, https://paleobiodb.org/.

Throughout the Cenozoic, which spans the last 65 million years, significant changes have
occurred in climate patterns and the distribution of marine ecosystems. For example, this period
observed the formation of the embayment between the southern Atlantic and the coast of
primitive Antarctica was observed. During the Eocene (44 Ma) and Oligocene (28 Ma), there
was a resurgence of calcareous crustose algae communities in shallow-water environments
(Figure 2.11). These calcareous crustose algae reefs coexisted with other reef builders, such as
corals and molluscs (JOHNSON; KUBLER, 2010). The presence of Corallinophycidea fossils
in this region and period reinforces the importance of the group to help us in the interpretation

of this period and processes.

Figura 2.11 — (a) Distribution of calcareous algae in the Eocene (44 Ma); (b) Distribution of
calcareous algae in the Oligocene (28 Ma).
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Source: Map of the distribution of calcareous algae in the Eocene (44 Ma) e Oligocene (28

Ma). 2023. Paleobiology Database, https://paleobiodb.org/.

However, during the Miocene and Pliocene, there was a gradual decline in calcareous crustose
algae communities due to competition with other marine organisms and changes in
environmental conditions, including sea level fluctuations and global cooling. The diversity
and abundance of calcareous crustose algae were reduced, leading to a transition to

communities dominated by corals and other life forms (KIESSLING et al., 2008).

Throughout the Pleistocene and up to the present day, they are experiencing a diversificiation
process calcareous crustose algae are still present in a variety of marine habitats, although
their di, colonizing diferente ecosytems and environmental conditions. However, marine

pollution (Bjork et al. 1995), climate change and ocean acidification represent threats for
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these algae, as they can affect their calcifying ability and long-term survival (KAMENOS et
al., 2013; 2017). Despite the evaluated tools limitations, to avoid the consolidation of the 6th
extintion mass event (Davis 2023), to reduce green house emission and marine polution, as

well as to develop more comprehensive protection actions to ensure conservation of CA and

their environments are urgente (Costa et al. 2023).

2.4 Conclusion

The web resources used in this work, TimeTree and Paleobiology Database, are tools that can
be used in phylogenetic research on various taxa, including crustose calcareous algae. During
the work, these presented themselves as an alternative, since for many works and projects that
involve phylogenetics, but which have low financial resources, it is often unfeasible to carry
out field and laboratory work, which in turn involves from the travel to the study area of interest,
collection of biotic data, up to DNA extraction, DNA sequencing and use of software for
phylogenetic analysis.

However, during the use of these resources it was possible to identify some problems that
require attention. One of them is that when building the phylogenetic tree, the TimeTree web
resource does not present the percentage of consistency of the clades, this information being of
great importance to develop the discussion of how close the taxa are or are not phylogenetically.
Furthermore, the web resource Paleobiology Database presents deficiencies in its database, in
the target group of this study, and this element needs to be considered on a case-by-case basis
when selecting the tool for evaluating historical-evolutionary processes in specific locations.
The absence of records of fossil species of crotate calcareous algae limited the analysis and
discussions of the processes of climatic and environmental transformation, observed during the
last geological periods, on the target group of the present study.

Therefore, it is possible to observe that these web resources are often not used in scientific
research because they present these and other difficulties. But it is worth highlighting the
importance of sharing scientific data in public databases, so that resources like these are more
effective in their purpose of facilitating the understanding of the history of the evolution of life
on the planet. These web resources need to be encouraged, as well as collaboration between
researchers, making the database even richer and more reliable, enabling science, teaching and

research to become increasingly accessible and socioeconomically fair.
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3 CONCLUSAO GERAL

Os avangos na ciéncia tém nos ajudado de intimeras maneiras, incluindo a
compreensdo da nossa propria histéria e a evolucao do planeta e da biodiversidade para que
possamos melhorar nossa capacidade de previsdo dos desafios que estdo por vir. Conciliar a
ciéncia e as tecnologias para isso ¢ um ponto chave para aprender cada vez mais sobre como e
quando ocorreram as grandes transformagdes do planeta elevando a atencao da sociedade para
o desenvolvimento de arranjos necessarios para termos maior resiliéncia socioambiental.

Os recursos web utilizados neste trabalho, TimeTree e Paleobiology Database, sdo
ferramentas que podem ser utilizadas em pesquisas filogenéticas de diversos taxons, incluindo
o das algas calcérias crostosas. Durante o trabalho estes apresentaram-se como uma alterantiva,
visto que para muitos trabalhos e projetos que envolvam filogenética, mas que detém baixo
recurso financeiro, fica muitas vezes inviavel de desenvolver os trabalhos de campo e
laboratério, o que por sua vez envolve desde o deslocamento a area de estudo de interesse,
coleta dos dados bioticos, até a extragdo de DNA, sequenciamento do DNA e utilizacao de
softwares para andlises filogenéticas.

No entanto, durante a utilizacdo destes recursos foi possivel identificar alguns
problemas que necessitam de atencdo. Um deles ¢ que ao construir a arvore filogenética o
recurso web TimeTree nao apresenta a porcentagem de consisténcia dos clados, sendo esta
informagao de grande importancia para desenvolver a discussao do quao os taxons estdo ou nao
proximos filogeneticamente. Além disso, o recurso web Paleobiology Database apresenta
caréncias em seu banco de dados, do grupo alvo deste estudo, e este elemento precisa ser
considerado caso a caso na selecdo da ferramenta para avaliagdo e processos historico-
evolutivos em locais especificos. A auséncia de registros de espécies fosseis de algas calcarias
crotosas limitou a andlise e as discussdes dos processos de transformacao climatica e ambiental,
observados durante os ultimos periodos geoldgicos, sobre o grupo alvo do presente estudo.

Com isso, € possivel observar que muitas vezes esses recursos web nao sao utilizados
em pesquisas cientificas por apresentarem essas e¢ outras dificuldades. Mas vale ressaltar a
importancia do compartilhamento de dados cientificos em bancos de dados publicos, para que
recursos como estes sejam mais efetivos em seus propodsitos de facilitar o entendimento da
histéria da evolugdo da vida no planeta. Estes recursos web precisam ser fomentados assim
como a colaboragdo entre pesquisadores e pesquisadoras, tornando os bancos de dados ainda
mais ricos e confidveis, e possibilitando que a ciéncia, o ensino e a pesquisa se tornem cada vez

mais acessiveis.
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