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RESUMO 
 

 
 

 

Leitos de rodolitos são habitats bentônicos ecologicamente importantes formados por 

algas vermelhas calcárias, amplamente distribuídos latitudinalmente e variadas 

profundidades. Fornecem serviços ecossistêmicos importantes, incluindo o potencial 

de mitigação das mudanças climáticas e suporte à biodiversidade. Apesar disso, 

esses ambientes ainda permanecem pouco estudados. Os rodolitos influenciam a 

diversidade e abundância da criptofauna associada por meio de sua complexidade 

estrutural e oferta de micro-habitats. Neste estudo, examinamos a comunidade de 

criptofauna associada a duas espécies formadoras de rodolitos, Lithophyllum 

atlanticum e Melyvonnea erubescens, com formas de crescimento distintas, em um 

banco de rodolitos localizado na Reserva Biológica Marinha do Arvoredo, no Atlântico 

Sudoeste. Avaliamos os efeitos da complexidade estrutural dos rodolitos, 

profundidade e estações do ano na composição da comunidade de criptofauna 

associada. Nossos resultados revelaram diferenças significativas na composição da 

comunidade de criptofauna entre as duas espécies em diferentes profundidades. 

Características estruturais, como volume e densidade de ramos, variaram entre as 

espécies e influenciaram sua fauna associada. A profundidade e a estação do ano 

parecem impactar indiretamente a distribuição da comunidade, e a densidade de 

ramos parece ser o fator mais relevante que influencia as diferenças nas comunidades 

de criptofauna. Nossos resultados enfatizam a importância ecológica dos leitos de 

rodolitos e destacam a necessidade de pesquisas adicionais para melhor 

compreender sua conservação e significado ecológico. Proteger essas áreas 

sensíveis de potenciais impactos é imperativo para preservar a biodiversidade e os 

serviços ecossistêmicos, considerando que a unidade de conservação discutida aqui 

enfrenta tentativas de ser transformada em uma área mais permissiva. 

 

Palavras-chave: Macrofauna; Algas calcárias; Ecologia marinha; Biodiversidade; 
Atlântico Sudoeste 



 

ABSTRACT 

 
Rhodolith beds are ecologically important benthic habitats formed by coralline red 

algae, found across a wide range of latitudes and depths. They provide crucial 

ecosystem services, including climate change mitigation and biodiversity support, yet 

remain understudied. Rhodoliths are known to influence the diversity and abundance 

of associated cryptofauna through their structural complexity and microhabitat 

provision. In this study, we examined the cryptofaunal community associated with two 

rhodolith-forming species, Lithophyllum atlanticum and Melyvonnea erubescens, with 

distinct growth formas, in a rhodolith bed located at a no-take are in the SW Atlantic. 

We evaluated the effects of rhodolith structural complexity, depth and seasons on 

cryptofaunal community composition. Our findings revealed significant differences in 

cryptofaunal community composition between the two species at different depths. 

Structural characteristics, such as volume and branch density, varied between species 

and influenced their associated fauna. Depth and season seem to indirectly impact 

community distribution, as well branch density appears to be the most relevant driver 

influencing cryptofaunal assemblages differences. Our findings emphasizes the 

ecological importance of rhodolith beds and highlights the need for further research to 

better understand their conservation and ecological significance. Protecting sensitive 

rhodolith beds from potential impacts is crucial for preserving biodiversity and 

ecosystem services, as the no-take area in discussion here faces an attempt to be 

transformed into a more permissive area. 

 

Keywords: Macrofauna; Coralline red algae; Marine Ecology; Biodiversity; SW Atlantic 
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1. INTRODUÇÃO GERAL 

 
 

Os rodolitos são algas vermelhas calcárias, formando nódulos de vida livre, 

mais ou menos ramificados, e sistematicamente não geniculadas.(Foster, 2001). Eles 

são formados pelo crescimento destas algas ao redor de fragmentos de algas 

calcárias, de corais, conchas ou rochas, sujeitos à movimentação de ondas, correntes 

ou bioturbação (Marrack, 1999; Foster et al., 2013). À medida que os rodolitos giram, 

camadas de algas calcárias se acumulam sequencialmente ao redor desses núcleos 

(Bosence, 1983). Os rodolitos geralmente crescem entre 0.5 e 1.5 mm por ano, com 

um máximo relatado de 2.7 mm por ano (Frantz et al., 2000; Blake e Maggs, 2003; 

Amado-Filho et al., 2012; Darrenougue et al., 2013). Seu crescimento pode continuar 

por décadas ou séculos, à medida que rolam sobre o substrato bentônico (Foster, 

2002; McConnico et al. 2014). Possuem uma ampla distribuição global, desde os 

trópicos até as regiões polares, e são encontrados em uma grande faixa de 

profundidade, chegando até 268 metros (Bosence, 1983; Littler et al., 1986; McCoy & 

Kamenos, 2015; Riosmena-Rodríguez et al., 2017). 

Bancos de rodolitos são ecossistemas bentônicos estruturalmente complexos, 

e para além da importância ecológica, incluindo o potencial de mitigação das 

mudanças climáticas e o provisionamento de biodiversidade, a pesquisa acerca dos 

bancos de rodolitos ainda são pouco numerosas e recebem relativamente pouco apoio 

financeiro por parte de governos e iniciativa privada (Tuya et al., 2023). 

A morfologia e complexidade interna dos rodolitos suporta uma diversificada 

criptofauna (termo aplicado aos animais que vivem dentro e sobre os rodolitos) de 

invertebrados (Nelson, 2009), com padrões de crescimento e bioerosão contribuindo 

para espaços vazios internos frequentemente intrincados (Basso, 2009; Nebelsick et 

al., 2011; Nitsch et al., 2015). O relevo heterogêneo e espaços intra-talo fornecem 

abrigo contra abrasão e predação (Spieler et al., 2001), atraem detritívoros 

acumulando detritos (Keegan, 1974) e sustentam o assentamento de larvas (Steller et 

al., 2003; Steller e Cáceres-Martínez, 2009). Por isso, os rodolitos são considerados 

engenheiros de ecossistemas autogênicos, pois sua complexidade morfológica tende 

a aumentar a heterogeneidade do ambiente em que estão inseridos, favorecendo a 

sobrevivência e o assentamento de diferentes organismos (Jones, Lawton e Shachak, 

1994). Os espaços intersticiais dentro dos esqueletos dos rodolitos são importantes 
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micro-habitats para uma diversificada fauna e flora, podendo abrigar esporos e 

propágulos de macro e microalgas em sua porção endolítica, atuando como "bancos 

de sementes" e sendo considerados pontos de elevada biodiversidade (Amado-Filho, 

2010; Peña et al., 2014; Ordines et al., 2015; Lundquist et al., 2017; Krayesky-Self et 

al., 2017; Fredericq et al., 2019; Veras et al., 2020), substancialmente maior do que 

bancos de areias adjacentes (Nelson, 2009). Pesquisadores têm encontrado novos 

organismos crípticos com frequência (Clark, 2000), enfatizando a importância do 

estudo das comunidades criptofaunais associadas aos rodolitos. 

Esses habitats criados pelos rodolitos também representam importantes áreas 

de berçário, servem como refúgio contra a predação e representam um habitat de 

peixes recifais importante e subestimado (Jackson et al., 2004; Kamenos, Moore & 

Hall-Spencer, 2004; Meihoub Berlandi et al., 2012; Teichert, 2014; Prata et al., 2017; 

Moura et al., 2021). Além de suas funções ecológicas importantes, os bancos de 

rodolitos também são fundamentais sumidouros de carbono e devem desempenhar 

um papel significativo nas discussões sobre o crédito de de carbono (Amado-Filho et 

al., 2012; van der Heijden & Kamenos, 2015). Consequentemente, a presença de 

bancos de rodolitos aumenta a biodiversidade local, proporcionando e sustentando 

múltiplos serviços ecossistêmicos (Foster, 2001; Steller et al., 2003). 

Embora pareça claro a importância da estrutura tridimensional na condução 

dos padrões das espécies associadas, há apenas alguns estudos visando o 

estabelecimento da comunidade criptofaunal em rodolitos, levando inconclusões 

sobre quais fatores são mais importantes para esses padrões (Steller e Cáceres- 

Martínez, 2009). Com relação à complexidade estrutural dos nódulos, De Grave, 1999, 

formulou a hipótese de que a forma do espaço intersticial sustenta a assembléia de 

crustáceos associados e atesta a importância da estrutura tridimensional dos 

rodolitos. Otero-Ferrer et al., 2019 concluíram que a colonização faunística inicial é 

mais influenciada pela heterogeneidade dos nódulos (definida por concavidade, 

convexidade, epibiontes por exemplo) do que pelo tamanho dos rodolitos 

experimentais. Concordando com isso, Steller et al., 2003, descobriram que a 

complexidade do talo é um fator importante para o estabelecimento de uma 

comunidade associada, embora o espaço disponível (volume do talo) também pareça 

ter grande importância. A disponibilidade de espaço, refúgio e recursos, fornecida pela 

complexidade dos talos, parece ser um bom preditor para a abundância e riqueza de 
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espécies, o que apoia a hipótese de que um aumento na complexidade estrutural 

conduz à diversidade de espécies (Weber-Van Bosse e Foslie, 1904). 

Porém, variações de fatores ambientais, também podem influenciar a 

estrutura e morfologia dos rodolitos (Bosence, 1976; Steller and Foster, 1996), o que 

leva a alterações na estrutura da comunidade associada. A sazonalidade pode 

influenciar a distribuição da comunidade criptofaunal em rodolitos (Foster et al., 2007; 

Riosmena-Rodríguez e Medina-López, 2010; Otero-Ferrer et al., 2020), assim como a 

profundidade também pode ser um fator importante, uma vez que modula diretamente 

as taxas de crescimento (Bahia et al., 2010). Recentemente, Veras et al., 2020, 

descobriram que as zonas eufóticas podem abrigar o dobro da abundância de 

organismos e número de táxons em comparação com a zona mesofótica. Além disso, 

verificou-se que a porosidade aumenta a biodiversidade em um ambiente ártico 

(Teichert, 2014). Por sua vez, a presença de bioengenheiros, como o peixe 

Malacanthus plumieri (Pereira-Filho et al., 2015), e a idade dos rodolitos (McConnico 

et al., 2014) podem afetar indiretamente a estrutura de um leito de rodolitos ou 

individualmente. Há vários fatores que potencialmente, direta ou indiretamente, 

afetam a estrutura de comunidades associadas aos rodolitos. 

Os bancos de rodolitos são vulneráveis a diversas atividades antropogênicas, 

como sedimentação, mudanças climáticas, dragagem e ancoragem, que podem afetar 

sua complexidade estrutural. Apesar da importância ecológica desses ambientes 

bentônicos, a criptofauna associada aos rodolitos ainda é pouco explorada, e não há 

consenso sobre os principais fatores que influenciam sua diversidade e abundância 

(Steller & Cáceres-Martínez, 2009), pois diferentes estudos têm encontrado respostas 

variadas e discordantes. Algumas pesquisas indicam que a morfologia dos rodolitos, 

como volume/tamanho e/ou o tamanho dos “ramos” podem influenciar a composição 

da comunidade de criptofauna (Steller et al., 2003; Meihoub Berlandi et al., 2012; 

Mendéz Trejo et al., 2020), enquanto outras não relataram diferenças para espécies 

de formas de crescimento distintas (Hinojosa-Arango & Riosmena-Rodríguez, 2004; 

Harvey & Bird, 2008). Além disso, alguns estudos concluíram que a estrutura 

tridimensional dos rodolitos é um fator-chave que influencia a fauna associada (Steller 

et al., 2003; Otero-Ferrer et al., 2019). Características ambientais físicas também 

podem influenciar indiretamente a composição criptofaunal dos rodolitos (Abrecht et 

al., 2021). 
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A falta de compreensão sobre quais aspectos da estrutura tridimensional dos 

rodolitos (como volume, tamanho, diâmetro, esfericidade, tamanho dos “ramos” e 

espaço livre interno) são o principal fator de complexidade em um nódulo de rodolito 

é um desafio atual, uma vez que a tentativa de quantificar essas características é 

recente (Jardim et al., 2022). Ainda não se sabe se essa complexidade estrutural é o 

fator mais importante que influencia as comunidades associadas de criptofauna ou se 

as interações específicas entre espécies são mais significativas, uma vez que 

interações químicas entre as espécies formadoras de rodolitos e a fauna associada 

podem afetar a estrutura da comunidade (Steller & Cáceres-Martínez, 2009). 

Considerando esse cenário, nosso objetivo foi avaliar a criptofauna associada 

a duas espécies formadoras de rodolitos, Lithophyllum atlanticum (Vieira-Pinto, M.C 

Oliveira & P.A Horta 2008) e Melyvonnea erubescens ((Foslie) Athanasiadis & D.L 

Ballantine 2014). Ambas as espécies ocorrem concomitantemente em um banco de 

rodolitos no Atlântico Sudoeste e apresentam formas de crescimento diferentes. 

Seguindo a terminologia padronizada elaborada por Woerkeling et al., 1993. M. 

erubescens apresenta uma morfologia “fruticosa a verrugosa”, altamente ramificada e 

com protuberâncias mais curtas (1,5 - 4 mm de comprimento, 1-2 mm de diâmetro) 

(Sissini et al., 2014), enquanto L. atlanticum apresenta uma superfície “lisa ou 

verrugosa” com protuberâncias maiores (5-10 mm de comprimento, 3,5 mm de 

diâmetro) (Vieira-Pinto et al., 2014). 

Aqui descrevemos a estrutura da comunidade de macroinvertebrados 

criptofaunal associada a duas espécies formadoras de rodolitos, com diferentes 

formas de crescimento, e testamos se (1) complexidade estrutural; (2) profundidade e 

(3) diferentes momentos do ano afetam a estrutura dessa assembleia associada. 
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Abstract 

 
Rhodolith beds are ecologically important benthic habitats formed by coralline red 

algae, found across a wide range of latitudes and depths. They provide crucial 

ecosystem services, including climate change mitigation and biodiversity support, yet 

remain understudied. Rhodoliths are known to influence the diversity and abundance 

of associated cryptofauna through their structural complexity and microhabitat 

provision. In this study, we examined the cryptofaunal community associated with two 

rhodolith-forming species, Lithophyllum atlanticum and Melyvonnea erubescens, with 

distinct growth formas, in a rhodolith bed located at a no-take are in the SW Atlantic. 

We evaluated the effects of rhodolith structural complexity, depth and seasons on 

cryptofaunal community composition. Our findings revealed significant differences in 

cryptofaunal community composition between the two species at different depths. 

Structural characteristics, such as volume and branch density, varied between species 

and influenced their associated fauna. Depth and season seem to indirectly impact 

community distribution, as well branches density appears to be the most relevant driver 
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influencing cryptofaunal assemblages differences. Our findings emphasize the 

ecological importance of rhodolith beds and highlights the need for further research to 

better understand their conservation and ecological significance. Protecting sensitive 

rhodolith beds from potential impacts is crucial for preserving biodiversity and 

ecosystem services, as the no-take area in discussion here faces an attempt to be 

transformed into a more permissive area. 

 

Keywords 

 
Macrofauna; Coralline red algae; Marine Ecology; Biodiversity; SW Atlantic 

 

 
1. INTRO 

 
Rhodolith beds are structurally complex benthic habitats formed by free-living coralline 

red algae, found in a wide latitudinal (from the tropics to polar regions) and depth range 

(down to 268 metres) (Bosence, 1983; Littler et al., 1986; Foster, 2001; McCoy & 

Kamenos, 2015; Riosmena-Rodríguez et al., 2017). Despite great ecological 

importance, including potential climate change mitigation and provisioning biodiversity, 

rhodolith beds remain unevenly overlooked (Tuya et al., 2023). Considered foundation 

species (per Dayton, 1972 definition), rhodoliths are regarded as autogenic 

ecosystems engineers, as their morphological complexity increases the heterogeneity 

of the environment that they are part of, and favours the survival and settlement of 

different organisms (Jones, Lawton and Shachak, 1994). Moreover, the interstitial 

spaces within rhodoliths’ skeletons are important microhabitats to diverse fauna and 

flora, and each individual can harbour spores and propagules of macro and microalgae 

at their endolithic portion, acting as “seedbanks” and being considered biodiversity 

hotspots (Amado-Filho, 2010; Peña et al., 2014; Ordines et al., 2015; Lundquist et al., 

2017; Krayesky-Self et al., 2017; Fredericq et al., 2019; Veras et al., 2020). The 

habitats created by rhodoliths also represent significant nursery areas, serve as 

refuges from predation, and represent an important and underrated reef fish habitat 

(Jackson et al., 2004; Kamenos, Moore & Hall-Spencer, 2004; Meihoub Berlandi et al., 

2012; Teichert, 2014; Prata et al., 2017; Moura et al., 2021). Besides their important 

ecological roles, rhodolith beds also are critical carbon sinks and play an important role 

in carbon budget (Amado-Filho et al., 2012; van der Heijden & Kamenos, 2015). 

Consequently, the presence of rhodolith beds increases local biodiversity, providing 
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and supporting multiple ecosystem services (Foster, 2001; Steller et al., 2003). 

Rhodolith beds are vulnerable to a set of anthropogenic activities, such as 

sedimentation, climate changes, dredging and anchoring, which can affect its structural 

complexity. Despite the ecological importance of these benthic environments, rhodolith 

associated cryptofauna remains unexplored, and there is no consensus about the main 

factors driving its faunal diversity and abundance (Steller & Cáceres-Martínez, 2009), 

as various and disagreeing responses have been encountered. Different morphologies 

have shown to influence cryptofauna community composition, such as volume/size 

and/or branch tips (Steller et al., 2003; Meihoub Berlandi et al., 2012; Mendéz Trejo et 

al., 2020), while no differences have been reported for species of distinct growth forms 

(Hinojosa-Arango & Riosmena-Rodríguez, 2004; Harvey & Bird, 2008). Some authors 

concluded that three-dimensional structure of rhodoliths is a key driver influencing its 

associated fauna (Steller et al., 2003; Otero-Ferrer et al., 2019). Also, physical 

environmental characteristics can indirectly influence rhodolith cryptofaunal 

composition (Abrecht et al., 2021). There is a lack of understanding about which 

aspects of rhodoliths tri-dimensional structure (likewise volume, size, diameter, 

sphericity, branch tips, free-volume space) are the main force driving complexity in a 

rhodolith nodule, as an attempt to quantify those characteristics is recent (Jardim et 

al., 2022), or if these structural complexity is the most important factor influencing 

cryptofaunal associated communities, or whether species-specific interactions are 

more significant, as chemical interactions between rhodoliths forming species and 

associated fauna may affect community structure (Steller and Cáceres-Martínez, 

2009). Therefore, our aim was to evaluate the cryptofauna associated to two rhodolith 

forming species, Lithophyllum atlanticum (Vieira-Pinto, M.C Oliveira & P.A Horta 2008) 

e Melyvonnea erubescens ((Foslie) Athanasiadis & D.L Ballantine 2014). Both species 

co-occur in a rhodolith bed in the SW Atlantic, and have very different growth forms, 

following the standardized terminology elaborated by Woerkeling et al., 1993. M. 

erubescens exhibits a fruticose to warty morphology, its highly branched and has 

shorter protuberances (1.5 – 4 mm length, 1-2 mm diameter) (Sissini et al., 2014), 

regarded to L. atlanticum (5-10 mm length, 3.5 mm diameter), which exhibits a smooth 

or warty to lumpy surface regarded to its morphology (Vieira-Pinto et al., 2014). Here 

we described macroinvertebrate cryptofaunal community structure related to two 

rhodolith forming-species with different growth forms, and tested whether (1) structure 
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complexity; (2) depth and (3) seasons affect cryptofaunal community structure. 

 

 
2. MATERIAL AND METHODS 

 
2.1 Study area 

 
The studied rhodolith bed is located in the SW Atlantic, inside of a Marine Protected 

Area off the coast of Santa Catarina state, named Reserva Biológica do Arvoredo 

(−27°16′25.8″, −48°22 ′0.99″). This bed is located in a complex oceanographic scope, 

considering that in the summer the Brazilian Current (BC) is predominant 

(characterized by tropical warm waters and high salinity, coming from low latitudes), 

and in the winter, the Falklands Currents (FC) is stronger (with colder and less salty 

waters coming from high latitudes) (Matano et al., 2010; Orselli et al., 2018). FC 

interacts with Prata’s River plume and diverse other freshwater sources, moving 

northward and reaching our study area (Möller et al., 2008; Strub et al., 2015). 

A high biodiversity of macroalgae, zoanthids, ascidians, polychaetes, bivalves, 

crustaceans, ophiuroids, bryozoans and sponges has been reported associated to this 

rhodolith bed (Gherardi, 2004; Rocha et al., 2006; Horta et al., 2008; Riul et al., 2009; 

Scherner et al., 2010). 

 
 

 
2.2 Sampling 

 
We focused our sampling on rhodoliths of intermediate size, ranging from 45 to 83 mm, 

to guarantee that our measurements were not influenced by size, as previous studies 

have shown these interactions (Steller et al., 2003; McConnico et al., 2018). Rhodoliths 

were collected in two different depths, 2 and 9 m during spring (November 30, 2021); 

4 and 9 m in the summer (February 17, 2022). The difference in depth of the shallower 

sampling points is due to variation in tidal movement. Five nodules of each species 

were collected from each depth. Rhodoliths were bagged individually for transport from 

the field to the laboratory, where they were stored in a freezer until transfer to flasks of 

10% formaldehyde. 
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2.3 Cryptofauna 

 

 
A total of 40 nodules were processed (20 L. atlanticum and 20 M. erubescens). 

Attached organisms were removed using pincers and chisels, and afterwards the 

individual rhodolith was broken and any internal cryptofauna was removed. All 

associated taxa > 0.5 mm were removed from between the branches, preserved in 

flasks of 10% formaldehyde, and identified to phylum. 

 
 

2.4 Rhodoliths dimensions 

 
Rhodolith volume was calculated according to the water displacement method. 

Rhodoliths’ length, width and height were measured, and categorized in different 

shape classes as either discoidal, ellipsoidal, or spheroidal (Sneed & Folk, 1958). From 

the rhodoliths sphericity, by subtracting the volume of the ellipsoid from the volume of 

the rhodolith, the volume of free space between branches was obtained. This method 

allowed for the quantification of the available space within the rhodolith. Branching 

density was calculated by counting the number of branch tips in five randomly placed 

1 cm² quadrats over the rhodolith surface (subset of three per species, each depth). 

 
 

2.5 Statistical analysis 

 
To describe the spatial distribution of samples, we utilized non-metric Multidimensional 

Scaling (nMDS). To test for the combined effects of seasons, depths and species on 

cryptofaunal biomass, we conducted a Permutational Multivariate Analysis of Variance 

(PERMANOVA). For both nMDS and PERMANOVA, we used similarity matrices 

based on the Bray-Curtis index, and the abundance values were square root 

transformed. The PERMANOVA analysis was performed on raw data with unrestricted 

permutations, using 999 random permutations for robust statistical inference. Same 

protocol was utilized for bottom samples, the only difference is that we suppressed 

data from shallower depths. We also performed a Distance-based Redundancy 

Analysis (DISTLM) to explore the relationship between environmental variables and 

the similarity matrix based on the Bray-Curtis index. Dataset used in the analysis 

consisted of multiple environmental variables and a Bray-Curtis similarity matrix. Prior 
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to analyses, we applied a log transformation to the resemblance data and a square 

root transformation to the environmental variables. Additionally, we normalized the 

environmental data. DISTLM analysis was conducted to examine how the 

environmental variables influenced the similarity patterns among the samples. The 

predictor variables included in the analysis were branches density, volume, free space 

volume, dry weight, season, and depths (last cited variable was excluded for bottom 

samples). We selected the best model based on the R^2 criterion, and the selection 

procedure involved specifying the variables to be included. We employed the Bray- 

Curtis index as the resemblance measure, and to assess the significance of the 

relationships, we performed 999 random permutations. Specific DISTLM test used was 

a Redundancy Analysis. PERMANOVA, nMDS and DISTLM were all performed at 

software PRIMER 6.0. 

The community structure was described by the number of species, Shannon-Wiener 

diversity indices, and Pielou’s evenness indices. To test possible differences between 

assemblages we performed a two-way ANOVA for variables that followed ANOVA 

assumptions, for those that did not follow these assumptions, Kruskal-Wallis were 

performed. When significant difference was observed, Duncan test was performed as 

post-hoc, Shapiro-Wilk test was utilized for normality, and Leveene test for 

homoscedasticity. Plots depicting residuals versus fitted values were created to assess 

potential asymmetry or violations of model assumptions (Zuur et al., 2010). Those tests 

and box plot graphs were generated utilizing the “ggplot2” package in RStudio version 

4.3.2. 

 

 
3. RESULTS 

 
3.1 Rhodolith structure 

 
M. erubescens exhibits a higher volume of free space between branches and branch 

tips compared to L. atlanticum, both considering both species combined and at both 

depths. On the contrary, L. atlanticum displays a larger internal volume in comparison 

to M. erubescens. Furthermore, the data reveals that both volume and branch tips 

decrease as depth increases, while the opposite trend is observed for free space in 

both species (Table 1; S1). 
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Species Depth Volume 

(cm³) 

Free space 

(cm³) 

Branches 

(number/cm²) 

M. 

erubescens 

2 m 77.6 ± 28.7 29.7 ± 17.5 10.8 ± 1.4 

M. 

erubescens 

9 m 62.6 ± 10.1 33.1 ± 21.9 7.3 ± 0.3 

M. 

erubescens 

Combined 70.1 ± 22.3 30.5 ± 19.6 9.1 ± 2.1 

L. atlanticum 2 m 79.9 ± 14.6 23.2 ± 19.3 4.3 ± 0.7 

L. atlanticum 9 m 66.9 ± 24.3 27 ± 19.4 4 ± 0.5 

L. atlanticum Combined 73.4 ± 20.6 29.9 ± 18.7 4.2 ± 0.5 

Table 1. Rhodolith dimensions (means ± SE) 

 

3.2 Species richness, biomass and diversity 

 
In the analysis of 40 rhodoliths nodules, a total of eight classes belonging to four 

different phyla (Annelida, Echinodermata, Mollusca, Arthropoda) were identified: 

Polychaeta, Sipunculids, Ophiuroidea, Crinoidea, Polyplacophora, Gastropoda, 

Bivalvia, Malacostraca (S2). Sipunculids is referred as class, considering recent 

replacement within the annelid radiation, based on phylogenetic and phylogenomic 

analyses (Boore and Staton, 2002; Telford, Wise and Gowri-Shankar, 2005; Dunn et 

al., 2008; Mwyni et al., 2009; Struck et al., 2009; Weigert et al., 2014; Weigert et al., 

2016; Zhe Zheng et al., 2023). Considering richness and two different diversity indices: 

Shannon-Wiener diversity index (H’), which quantifies the overall diversity of species 

in a community, taking into account both species richness and evenness; and Pielou’s 

evenness index (J’), which assess how evenly the individuals are distributed among 

different species in a community. No statistically significant difference for richness were 

observed (p > 0.05), although interesting trends are observed, within lowest number of 

species varying from 3 (in L. atlanticum) to 6 (in L.atlanticum and M.erubescens), and 

biomass increasing in L.atlanticum regarded to M.erubescens, in summer related to 

spring for both species and depths, and increasing for L.atlanticum at the bottom for 

both seasons, and decreasing for M.erubescens at both seasons) (S3). Pielou's 

evenness values varied from 0.11 to 0.97, and Shannon-Wiener diversity from 0.12 to 
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1.6 among the samples (S4). Shannon-Wiener indexes for summer showed 

differences between species (p < 0.05), post-hoc tests pointed differences between 

M.erubescens (9m) and L. atlanticum (2m); M. erubescens and L. atlanticum at 9 m. 

Shannon indexes at spring showed significant differences at interactions 

species/depth, post hoc comparisons shed light on L. atlanticum between 9m and 2m; 

and M. erubescens and L. atlanticum at 9m. Pielou’s indexes for summer showed no 

differences, for spring significant differences were observed at species/depth, post- 

hoc analysis showed differences for M. erubescens and L. atlanticum at 9 m; L. 

atlanticum 2m and 9m; and L.atlanticum (9m) and M.erubescens (2m) (S5). As no 

difference was observed, to model analyses we suppressed the season factor. 

 
 

3.3 Species composition 

 
Cryptofaunal composition varied significantly for M. erubescens and L. atlanticum, 

considering depths (p <0.05), post-hoc comparisons showed significant differences in 

composition between both depths. When species, depth and season combined, 

analysis found a significant difference too (p < 0.05). Pairwise tests were then 

undertaken, revealing significant differences at 9 meters samples at summer (p < 0.05) 

(Figure 3). No differences were found considering species and seasons ( p>0.05). As 

most substantial differences were observed in deeper areas, analysis performed 

considering samples collected at 9 meters, for both seasons, shows that composition 

differs from one species to another, within p-values < 0.05 for spring and summer (S6). 

General DISTLM considering all dataset does not show significant results, R^2 

coefficient is low (17.58%), indicating that the predictor variables (branch density, 

volume, free space volume, dry weight, depth, and season) have little impact on the 

similarity among the samples. DISTLM for bottom sample analysis revealed that the 

environmental variables collectively explained a significant proportion of the variation 

in the resemblance matrix (58.75%) (Figure 2). Among the predictor variables, branch 

density showed the strongest association (p-value < 0.05), explaining 43.28% of the 

variation. Volume, free space volume, and dry weight also exhibited significant 

associations with resemblances patterns. Coordinate scores for each sample along 

the axes shows notably that branch density, volume, and free space volume variables 

had positive weights on Axis 1, indicating their strong influence on the similarity 

patterns (S7). 
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Figure 1 a) Diversity indices Shannon-Wiener (H’) at summer, and b) spring; c) Pielou’s (J’) at summer, and 

d) spring 

 
 

 

Figure 2) Redundancy Analysis (RDA) plot showing relationships between environmental conditions and 

community composition. 
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Figure 3) Non-metric multidimensional scaling (nMDS) plot showing cryptofaunal community composition 

between species, depths and seasons 

 
 

 

4. DISCUSSION 

 
Community composition differs mainly at the bottom samples. Both rhodolith species 

display distinct structural characteristics in terms of free space, internal volume, and 

branch tips, with M. erubescens having more free space and much more branch tips 

abundance, and L. atlanticum having a larger internal volume. Depth seems to 

influence the structural attributes, as volume and branch tips decrease with increasing 

depth, while free space increases in both species. These findings shed light on the 

differences in the habitat characteristics of the two rhodolith forming species and their 

potential implications for associated cryptofaunal communities. 

Volume in L. atlanticum is higher than in M. erubescens, which in turn has a little freer 

space and branch density. Those structural characteristics appear to influence our 



21 
 

 

cryptofaunal distribution analysed, as Polychaetes and Ophiuroidea relative 

abundance was particularly higher in M. erubescens than in L. atlanticum, likely due to 

the preference of these organisms to associate with the interstices of rhodoliths, 

despite that, other taxa like Sipunculids, Gastropoda, Bivalvia and Malacostraca, with 

different body characteristics and bigger size, seems to prefer L. atlanticum, which 

structurally differ from M. erubescens in volume. As both species holds high diversity 

compared to other studies, our results are in line with those which associate higher 

abundance or diversity to elevated internal complexity (Berlandi et al., 2012; Belanger 

et al., 2020; Mendez-Trejo et al., 2021) or volume/size (Steller et al., 2003). 

Reduction in rhodolith volume with an increase in depth was observed by few previous 

studies (Steller and Foster, 1995; Riul et al., 2009; Amado-Filho et al., 2010; Bahia et 

al., 2010; Pascelli et al., 2013), and in accordance with Steller et al., 2013, which 

relates higher abundance as bigger volume/size of rhodoliths. 

Environmental changes may have indirectly driven different community composition at 

the bottom, and as previously observed by Carvalho et al., 2020, benthic community 

variability is intricate, and rhodolith bed structure varies along different seasons, wind 

direction and speed can influence its distribution (Carvalho et al., 2020). Similar to 

previous studies, Annelids, Molluscs and Malacostraca (mainly Crustaceans) domain 

macrobenthic cryptofaunal assemblage (Birkett et al., 1998; De Grave et al., 2000; 

Hinojosa-Arango and Riosmena-Rodríguez, 2004; Figueiredo et al., 2007), here we 

encountered differences in cryptofaunal community composition, considering both 

species combined. Difference in cryptofaunal composition between two different 

species was also observed by Hinojosa-Arango and Riosmena-Rodríguez, 2004; Trejo 

et al., 2020, thought Hinojosa-Arango and Riosmena-Rodríguez, 2004 in the same 

study compared two different growth forms from same rhodolith forming species and 

found no significant difference, same result observed by Harvey and Bird, 2008, which 

observed two different growth forms and species. Carvalho et al., 2020 found 

cryptofaunal biomass decreased at summer related to spring, for Annelida, Mollusca 

and Arthropoda (all-important cryptofaunal components also in our study), although in 

the sampling time (2015 spring and 2016 summer) there was an El Niño event, with 

atypical environmental conditions. 
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Lower rhodolith density is commonly been related to higher depths and high energy 

environments, and despite some observations that rhodolith density decreases with 

depth (Amado-Filho et al., 2007), Bahia et al. (2010) found that rhodoliths densities 

increased with depths in the northeast Brazilian coast, and Pascelli et al., 2013 

observed in the same site of our study that rhodolith density decreased with depth in 

the winter, but increased in the summer, also in the same site, Riul et al., 2009 

observed no variations for rhodolith densities related to depth. Observing parameters 

that confers complexity to rhodoliths habitats, Jardim et al. (2022) found that rhodolith 

density is one of the main metrics driving complexity, authors also have found that 

complexity in these environments can vary in very small spatial scale (200 m), 

considering these remarks, and as pointed by Sugihara and May, 1990, complexity 

increases as repetition of small structuring elements enhance. These affirmations 

could lead us to the conclusion that higher rhodoliths densities could favor the 

formation of a more complex portion in the rhodolith bed, which in turn and in our study 

can synergistically act with individual rhodolith structure and trophic dynamics, 

explaining differences regard to 9 meters depth, as structurally complex habitats 

provide more niches, hence more resources (MacArthur and MacArthur, 1961; Tews 

et al., 2004). Elements of rhodolith structure play a significant role in shaping the 

composition and distribution of cryptofaunal communities, as structural complexity is 

frequently considered a key factor driving biodiversity, which in turn influences the 

associated rhodoliths cryptofauna (Grall et al., 2006; Gabara et al., 2018; Otero-Ferrer 

et al., 2019). Apart from structural and/or environmental characteristics, important 

interactions regard morphology and chemical signals may occur too, and its reported 

being species-specific as length of protuberances increases the diffusive boundary 

layer, which dictates larger pH daily fluctuations gradients as DBL increases (Cornwall 

et al., 2014). L.atlanticum has thicker DBL as protuberances are longer than M. 

erubescens (Schubert et al., 2021), conferring differences between both species in 

chemical set ups at a microscale. 
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5. CONCLUSIONS 

 

 
Despite no significant differences in diversity along seasons and depths for both 

species, the structural differences apparently played a crucial role in shaping the 

cryptofaunal distribution. Both species exhibited high diversity and supported a diverse 

assemblage of taxa, with differences in its composition regarded to their different 

growth forms and structural features. The habitat complexity created by these 

rhodolith-forming species likely supports the recruitment and survival of a wide range 

of associated organisms, making them important biodiversity hotspots. Our findings 

also indicate that environmental factors, such as depth and season may indirectly play 

a role in shaping the composition and distribution of cryptofaunal communities 

associated with rhodoliths. Further investigations should explore how variations in 

environmental conditions, such as currents and water quality, influence the dynamics 

of cryptofauna in rhodolith beds. Future research also should focus on understanding 

the ecological interactions between rhodolith-forming species and associated 

cryptofauna. Investigating the specific factors influencing species interactions and the 

functional roles of cryptofaunal communities in these habitats would enhance our 

understanding of the broader ecological significance of rhodolith beds. Overall, this 

study contributes with insights into the cryptofaunal diversity and community 

composition associated with rhodolith beds in the SW Atlantic, highlighting the 

ecological importance of these habitats and the need for further research to fully 

comprehend their ecological complexity and conservation implications. Besides, there 

is a bill proposing to change the no-take area studied to a more permissive area, raising 

concerns about the protection of sensitive areas such as rhodolith beds, in the face of 

potential impacts from the expansion of oil and gas industry in adjacent areas, also the 

increase in public visitation. Providing support for management decisions to properly 

preserve rhodolith beds and the no-take area is imperative to maintaining its 

biodiversity and ecosystem services. 
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CONCLUSÃO GERAL 

 
 

As diferenças estruturais aparentemente desempenharam um papel crucial na 

determinação da distribuição quali/quantitativa da criptofaunal. Ambas as espécies 

apresentaram alta diversidade e sustentaram uma diversa assembléia de táxons, com 

diferenças em sua composição relacionadas às suas diferentes formas de 

crescimento e características estruturais. A complexidade do habitat criada por essas 

espécies formadoras de rodolitos provavelmente suporta o recrutamento e a 

sobrevivência de uma ampla variedade de organismos associados, tornando-os 

importantes pontos de biodiversidade. Nossos resultados também indicam que fatores 

ambientais, como profundidade e sazonalidade, podem desempenhar indiretamente 

um papel na formação da composição e distribuição das comunidades criptofaunais 

associadas aos rodolitos. 

Investigações futuras devem explorar como variações nas condições 

ambientais, como correntes, qualidade da água, e temperatura, por exemplo, 

influenciam a dinâmica da criptofauna em bancos de rodolitos. Pesquisas futuras 

também devem focar na compreensão das interações ecológicas entre as espécies 

formadoras de rodolitos e a criptofauna associada. Investigar os fatores específicos 

que influenciam as interações entre espécies e os papéis funcionais das comunidades 
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criptofaunais nestes habitats aprimoraria nossa compreensão da importância 

ecológica mais ampla dos bancos de rodolitos. 

No geral, este estudo contribui com informações sobre a diversidade e 

composição da comunidade criptofaunal associada ao banco de rodolito localizado no 

Rancho Norte, dentro da REBio Marinha do Arvoredo, no Atlântico Sudoeste, 

destacando a importância ecológica desses habitats e a necessidade de mais 

pesquisas para compreender totalmente sua complexidade e implicações para a 

conservação. 

Além disso, a Reserva Biológica Marinha do Arvoredo está enfrentando uma 

proposta de mudança para a categoria de Parque Nacional Marinho, o que traria 

alterações significativas em sua gestão, permitindo o uso público, diferente da 

categoria atual de Reserva Biológica. Essa possível mudança levanta preocupações 

sobre a proteção de áreas sensíveis, como os bancos de rodolitos, que poderiam ficar 

mais vulneráveis a impactos potenciais, como a expansão da indústria de óleo e gás 

na região sul da Bacia de Santos, próxima à reserva. Além disso, o aumento da 

visitação pública, especialmente para mergulho recreativo, pode causar impactos 

negativos nos bancos de rodolitos, como ancoragem inadequada e coleta indevida. 

Portanto, é crucial conduzir estudos que demonstrem a importância desse ambiente 

e entendam suas principais influências nos serviços ecossistêmicos. Essas 

informações são essenciais para apoiar a gestão da área e enfrentar os desafios que 

surgem com a possível mudança de categoria da reserva. Garantir a proteção 

adequada dos bancos de rodolitos e do ecossistema da Reserva Biológica Marinha 

do Arvoredo é fundamental para preservar sua biodiversidade e os benefícios 

ambientais que ela oferece à sociedade. 

 
 

REFERÊNCIAS 

 
 

Abrecht, M., Peinemann, V. N., Yazaryan, A. K., Kestler, M., DeMattei, B. C., 
Ha, B. A., ... & Jacobs, D. K. (2022). Cryptofaunal diversity in fringing reef rhodoliths. 
Coral Reefs, 41(1), 199-212. https://doi.org/10.1007/s00338-021-02214-7 

 

Amado-Filho, G. M., Maneveldt, G., Manso, R. C. C., Marins-Rosa, B. V., 
Pacheco, M. R., & Guimarães, S. M. P. B. (2007). Structure of rhodolith beds from 4 
to 55 meters deep along the southern coast of Espírito Santo State, Brazil. Ciencias 
marinas, 33(4), 399-410. https://doi.org/10.7773/cm.v33i4.1148 

https://doi.org/10.1007/s00338-021-02214-7
https://doi.org/10.7773/cm.v33i4.1148


33 
 

 
 
 

Amado-Filho, G. M., Maneveldt, G., Pereira-Filho, G. H., Manso, R. C. C., & 
Bahia, R. (2010). Seaweed diversity associated with a Brazilian tropical rhodolith bed. 

 
Amado-Filho, G. M., Moura, R. L., Bastos, A. C., Salgado, L. T., Sumida, P. 

Y., Guth, A. Z., ... & Thompson, F. L. (2012). Rhodolith beds are major CaCO3 bio- 
factories in the tropical South West Atlantic. PloS one, 7(4), e35171. 
https://doi.org/10.1371/journal.pone.0035171 

 

Bahia, R. G., Abrantes, D. P., Brasileiro, P. S., Pereira Filho, G. H., & Amado 
Filho, G. M. (2010). Rhodolith bed structure along a depth gradient on the northern 
coast of Bahia State, Brazil. Brazilian journal of oceanography, 58, 323-337. 

 
Bélanger, D. (2020). Growth controls of rhodoliths (Lithothamnion glaciale) and 

relationships between structural complexity and macrofaunal diversity in subarctic 
rhodolith beds (Doctoral dissertation, Memorial University of Newfoundland). 
https://doi.org/10.48336/kfbg-f772 

 

Berlandi, R. M., de O. Figueiredo, M. A., & Paiva, P. C. (2012). Rhodolith 
morphology and the diversity of polychaetes off the southeastern Brazilian coast. 
Journal of coastal research, 28(1), 280-287. https://doi.org/10.2112/11T-00002.1 

 

Birkett, D., Maggs, C., & Dring, M. J. (1998). Maerl (volume V). An overview of 
dynamic and sensitivity characteristics for conservation management of marine SACs. 
Scottish Association for Marine Science (UK Marine SACs Project). 

 
Boore, J. L., & Staton, J. L. (2002). The mitochondrial genome of the sipunculid 

Phascolopsis gouldii supports its association with Annelida rather than Mollusca. 
Molecular Biology and Evolution, 19(2), 127-137. 
https://doi.org/10.1093/oxfordjournals.molbev.a004065 

 
 

Bosence, D.W.J. (1976). Ecological studies on two unattached coralline algae 

from western Ireland. Palaeontology, 19, 365–395. 

 

Bosence, D. W. (1983). The occurrence and ecology of recent rhodoliths—a 
review. Coated grains, 225-242. https://doi.org/10.1007/978-3-642-68869-0_20 

 

Carvalho, V. F., Silva, J., Kerr, R., Anderson, A. B., Bastos, E. O., Cabral, D., 
... & Horta, P. H. (2020). When descriptive ecology meets physiology: a study in a 
South Atlantic rhodolith bed. Journal of the Marine Biological Association of the United 
Kingdom, 100(3), 347-360. doi:10.1017/S0025315420000284 

 

Cornwall, C. E. et al (2014). Diffusion boundary layers ameliorate the negative 
effects of ocean acidification on the temperate coralline macroalgae Arthrocardia 
corymbosa. PLoS ONE 9, e97235. https:// doi. org/ 10. 1371/ journal. pone. 00972 35 
. 

https://doi.org/10.1371/journal.pone.0035171
https://doi.org/10.48336/kfbg-f772
https://doi.org/10.2112/11T-00002.1
https://doi.org/10.1093/oxfordjournals.molbev.a004065
https://doi.org/10.1007/978-3-642-68869-0_20
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/when-descriptive-ecology-meets-physiology-a-study-in-a-south-atlantic-rhodolith-bed/F729AA5CD4930990A791A6242DEE4533


34 
 

 

Dayton, P. K. (1972, January). Toward an understanding of community 
resilience and the potential effects of enrichments to the benthos at McMurdo Sound, 
Antarctica. In Proceedings of the colloquium on conservation problems in Antarctica 
(pp. 81-96). Lawrence, Kansas, USA: Allen Press. 

 
Veras, P., Pierozzi-Jr, I., Lino, J. B., Amado-Filho, G. M., de Senna, A. R., 

Santos, C. S. G., ... & Pereira-Filho, G. H. (2020). Drivers of biodiversity associated 
with rhodolith beds from euphotic and mesophotic zones: insights for management and 
conservation. Perspectives in Ecology and Conservation, 18(1), 37-43. 
https://doi.org/10.1016/j.pecon.2019.12.003 

 

De Grave, S. (1999). The influence of sedimentary heterogeneity on within 

maërl bed differences in infaunal crustacean community. Estuarine, Coastal and Shelf 

Science. 49(1), 153–163 

 

De Grave, S., Fazakerley, H., Kelly, L., Guiry, M. D., Ryan, M., & Walshe, J. 
(2000). A study of selected maërl beds in Irish waters and their potential for sustainable 
extraction. 

 
Figueiredo, M. A., Santos-de Menezes, K., Costa-Paiva, E. M., Paiva, P. C., & 

Ventura, C. R. R. (2007). Experimental evaluation of rhodoliths as living substrata for 
infauna at the Abrolhos Bank, Brazil. Ciencias Marinas, 33(4), 427-440. 
https://doi.org/10.7773/cm.v33i4.1221 

 

Dunn, C. W., Hejnol, A., Matus, D. Q., Pang, K., Browne, W. E., Smith, S. A., 
... & Giribet, G. (2008). Broad phylogenomic sampling improves resolution of the 
animal tree of life. Nature, 452(7188), 745-749. https://doi.org/10.1038/nature06614 

 

Foster, M. S. (2001). Rhodoliths: between rocks and soft places. Journal of 
phycology, 37(5), 659-667. https://doi.org/10.1046/j.1529-8817.2001.00195.x 

 
 

Foster, M.S., McConnico, M.S., Lundsten, L., Wadsworth, T., Kimball, T., Brooks, L.B., 

Medina-López, M., Riosmena-Rodríguez, R., Hernández-Carmona, G., Vásquez- 

Elizondo, R.M., Johnson, D., Steller, D.S. (2007). Diversity and natural history of 

Lithothamnion muelleri-Sargassum horridum community in the Gulf of California. 

Ciencias Marinas., 33 (4), 367-384. 

 

Fredericq, S., Krayesky-Self, S., Sauvage, T., Richards, J., Kittle, R., Arakaki, 
N., ... & Schmidt, W. E. (2019). The critical importance of rhodoliths in the life cycle 
completion of both macro-and microalgae, and as holobionts for the establishment and 
maintenance of marine biodiversity. Frontiers in Marine Science, 5, 502. 
https://doi.org/10.3389/fmars.2018.00502 

 

Gabara, S. S., Hamilton, S. L., Edwards, M. S., & Steller, D. L. (2018). 
Rhodolith structural loss decreases abundance, diversity, and stability of benthic 
communities at Santa Catalina Island, CA. Marine Ecology Progress Series, 595, 71- 
88. https://doi.org/10.3354/meps12528 

https://doi.org/10.1016/j.pecon.2019.12.003
https://doi.org/10.7773/cm.v33i4.1221
https://doi.org/10.1038/nature06614
https://doi.org/10.1046/j.1529-8817.2001.00195.x
https://doi.org/10.3389/fmars.2018.00502
https://doi.org/10.3354/meps12528


35 
 

 

Gherardi, D. F. (2004). Community structure and carbonate production of a 
temperate rhodolith bank from Arvoredo Island, southern Brazil. Brazilian Journal of 
Oceanography, 52, 207-224. 

 
Grall, J., Le Loc'h, F., Guyonnet, B., & Riera, P. (2006). Community structure 

and food web based on stable isotopes (δ15N and δ13C) analysis of a North Eastern 
Atlantic maerl bed. Journal of experimental marine biology and ecology, 338(1), 1-15. 
https://doi.org/10.1016/j.jembe.2006.06.013 

 

Harvey, A. S., & Bird, F. L. (2008). Community structure of a rhodolith bed from 
cold-temperate waters (southern Australia). Australian journal of botany, 56(5), 437- 
450. https://doi.org/10.1071/BT07186 

 

Hinojosa‐Arango, G., & Riosmena‐Rodríguez, R. (2004). Influence of 
Rhodolith‐forming species and growth‐form on associated fauna of rhodolith beds in 
the central‐west Gulf of California, México. Marine ecology, 25(2), 109-127. 
https://doi.org/10.1111/j.1439-0485.2004.00019.x 

 

Horta, P. A., Salles, J. P., Bouzon, J. L., Scherner, F., Cabral, D. Q., & Bouzon, 
Z. L. (2008). Composição e estrutura do fitobentos do infralitoral da Reserva Biológica 
Marinha do Arvoredo, Santa Catarina, Brasil-implicações para a conservação. 
Oecologia Brasiliensis, 12(2), 6. 

 
Jackson, C. M., Kamenos, N. A., Moore, P. G., & Young, M. (2004). Meiofaunal 

bivalves in maerl and other substrata; their diversity and community structure. Ophelia, 
58(1), 48-60. https://doi.org/10.1080/00785236.2004.10410212 

 

Jardim, V. L., Gauthier, O., Toumi, C., & Grall, J. (2022). Quantifying maerl 
(rhodolith) habitat complexity along an environmental gradient at regional scale in the 
Northeast Atlantic. Marine Environmental Research, 181, 105768. 
https://doi.org/10.1016/j.marenvres.2022.105768 

 

Kamenos, N. A., Moore, P. G., & Hall-Spencer, J. M. (2004). Nursery-area 
function of maerl grounds for juvenile queen scallops Aequipecten opercularis and 
other invertebrates. Marine Ecology Progress Series, 274, 183-189. 
doi:10.3354/meps274183 

 

Krayesky-Self, S., Schmidt, W. E., Phung, D., Henry, C., Sauvage, T., 
Camacho, O., ... & Fredericq, S. (2017). Eukaryotic life inhabits rhodolith-forming 
coralline algae (Hapalidiales, Rhodophyta), remarkable marine benthic microhabitats. 
Scientific reports, 7(1), 45850. https://doi.org/10.1038/srep45850 

 

Littler, M. M., Littler, D. S., Blair, S. M., & Norris, J. N. (1986). Deep-water plant 
communities from an uncharted seamount off San Salvador Island, Bahamas: 
distribution, abundance, and primary productivity. Deep Sea Research Part A. 
Oceanographic Research Papers, 33(7), 881-892. https://doi.org/10.1016/0198- 
0149(86)90003-8 

 

Lundquist, C. J., Bulmer, R. H., Clark, M. R., Hillman, J. R., Nelson, W. A., 
Norrie, C. R., ... & Hewitt, J. E. (2017). Challenges for the conservation of marine small 

https://doi.org/10.1016/j.jembe.2006.06.013
https://doi.org/10.1071/BT07186
https://doi.org/10.1111/j.1439-0485.2004.00019.x
https://doi.org/10.1080/00785236.2004.10410212
https://doi.org/10.1016/j.marenvres.2022.105768
https://www.int-res.com/abstracts/meps/v274/p183-189
https://doi.org/10.1038/srep45850
https://doi.org/10.1016/0198-0149(86)90003-8
https://doi.org/10.1016/0198-0149(86)90003-8


36 
 

 

natural features. Biological Conservation, 211, 69-79. 
https://doi.org/10.1016/j.biocon.2016.12.027 

MacArthur, R. H., & MacArthur, J. W. (1961). On bird species diversity. 
Ecology, 42(3), 594-598. https://doi.org/10.2307/1932254 

 

Matano, R. P., Palma, E. D., & Piola, A. R. (2010). The influence of the Brazil 
and Malvinas Currents on the Southwestern Atlantic Shelf circulation. Ocean Science, 
6(4), 983-995. https://doi.org/10.5194/os-6-983-2010 

 

McConnico, L.A., Foster M.S., Steller, D. L., Riosmena-Rodríguez, R. (2014). 

Population biology of a long-lived rhodolith: the consequences of becoming old and 

large. Marine Ecology Prog. Ser., 504, 109-118. 

McConnico, L. A., Hernández-Carmona, G., & Riosmena-Rodríguez, R. 
(2018). Nutrient production in rhodolith beds: impact of a foundation species and its 
associates. Marine Ecology Progress Series, 590, 53-66. 
https://doi.org/10.3354/meps12513 

 

McCoy, S. J., & Kamenos, N. A. (2015). Coralline algae (Rhodophyta) in a 
changing world: integrating ecological, physiological, and geochemical responses to 
global change. Journal of phycology, 51(1), 6-24. https://doi.org/10.1111/jpy.12262 

 

Mendez Trejo, M. D. C., Neill, K. F., Twist, B. A., & Nelson, W. A. (2021). 
Cryptofauna associated with rhodoliths: Diversity is species‐specific and influenced by 
habitat. Marine Ecology, 42(3), e12647. https://doi.org/10.1111/maec.12647 

 

Möller Jr, O. O., Piola, A. R., Freitas, A. C., & Campos, E. J. (2008). The effects 
of river discharge and seasonal winds on the shelf off southeastern South America. 
Continental shelf research, 28(13), 1607-1624. 
https://doi.org/10.1016/j.csr.2008.03.012 

 

Moura, R. L., Abieri, M. L., Castro, G. M., Carlos-Júnior, L. A., Chiroque- 
Solano, P. M., Fernandes, N. C., ... & Bastos, A. C. (2021). Tropical rhodolith beds are 
a major and belittled reef fish habitat. Scientific reports, 11(1), 794. 
https://doi.org/10.1038/s41598-020-80574-w 

 

Ordines, F., Bauzá, M., Sbert, M., Roca, P., Gianotti, M., & Massutí, E. (2015). 
Red algal beds increase the condition of nekto-benthic fish. Journal of Sea Research, 
95, 115-123. https://doi.org/10.1016/j.seares.2014.08.002 

 

Orselli, I. B., Kerr, R., Ito, R. G., Tavano, V. M., Mendes, C. R. B., & Garcia, C. 
A. (2018). How fast is the Patagonian shelf-break acidifying? Journal of Marine 
Systems, 178, 1-14. https://doi.org/10.1016/j.jmarsys.2017.10.007 

 

Otero-Ferrer, F., Mannarà, E., Cosme, M., Falace, A., Montiel-Nelson, J. A., 
Espino, F., ... & Tuya, F. (2019). Early-faunal colonization patterns of discrete habitat 
units: A case study with rhodolith-associated vagile macrofauna. Estuarine, Coastal 
and Shelf Science, 218, 9-22. https://doi.org/10.1016/j.ecss.2018.11.020 

https://doi.org/10.1016/j.biocon.2016.12.027
https://doi.org/10.2307/1932254
https://doi.org/10.5194/os-6-983-2010
https://doi.org/10.3354/meps12513
https://doi.org/10.1111/jpy.12262
https://doi.org/10.1111/maec.12647
https://doi.org/10.1016/j.csr.2008.03.012
https://doi.org/10.1038/s41598-020-80574-w
https://doi.org/10.1016/j.seares.2014.08.002
https://doi.org/10.1016/j.jmarsys.2017.10.007
https://doi.org/10.1016/j.ecss.2018.11.020


37 
 

 

3. OTERO-FERRER, F., COSME, M., TUYA, F., ESPINO, F., HAROUN, R. 
(2020). EFFECT OF DEPTH AND SEASONALITY ON THE FUNCTIONING OF 
RHODOLITH SEABEDS ESTUARINE, COASTAL AND SHELF SCIENCE. 235, 
106579. 

 
Pascelli, C., Riul, P., Riosmena-Rodríguez, R., Scherner, F., Nunes, M., Hall- 

Spencer, J. M., ... & Horta, P. (2013). Seasonal and depth-driven changes in rhodolith 
bed structure and associated macroalgae off Arvoredo island (southeastern Brazil). 
Aquatic Botany, 111, 62-65. https://doi.org/10.1016/j.aquabot.2013.05.009 

 

Peña, V., Bárbara, I., Grall, J., Maggs, C. A., & Hall-Spencer, J. M. (2014). The 
diversity of seaweeds on maerl in the NE Atlantic. Marine biodiversity, 44, 533-551. 
https://doi.org/10.1007/s12526-014-0214-7 

 

Pereira-Filho, G.H., Veras, P.D.C., Francini-Filho, R.B., Moura, R.L., Pinheiro, 

H.T., Gibran, F.Z., Matheus, Z., Neves, L.M., Amado-Filho, G.M. (2015). Effects of the 

sand tilefish Malacanthus plumieri on the structure and dynamics of a rhodolith bed in 

the Fernando de Noronha Archipelago, tropical West Atlantic. Marine Ecology Prog 

Ser. 541, 65–73. 

 

Prata, J., Costa, D. A., Manso, C. L. D. C., Crispim, M. C., & Christoffersen, M. 
L. (2017). Echinodermata associated to rhodoliths from Seixas Beach, State of 
Paraíba, Northeast Brazil. Biota Neotropica, 17, e20170363. 
https://doi.org/10.1590/1676-0611-BN-2017-0363 

 

Riosmena-Rodriguez, R., Medina-López, M.A. (2010). The role of rhodolith 

beds in the recruitment of invertebrate species from the southwestern Gulf of 

California, México. In: Israel A, ed. Seaweeds and Their Role in Global Changing 

Environments: Cellular Origin, Life in Extreme Habitats, Astrobiology. Berlin: Springer, 

127–138. 

 

Riosmena-Rodríguez, R. (2017). Natural history of rhodolith/maërl beds: their 
role in near-shore biodiversity and management. Rhodolith/Maërl beds: A global 
perspective, 3-26. https://doi.org/10.1007/978-3-319-29315-8_1 

 

Riul, P., Lacouth, P., Pagliosa, P. R., Christoffersen, M. L., & Horta, P. A. 
(2009). Rhodolith beds at the easternmost extreme of South America: Community 
structure of an endangered environment. Aquatic Botany, 90(4), 315-320. 
https://doi.org/10.1016/j.aquabot.2008.12.002 

 

Rocha, R. M., Metri, R., & Omuro, J. Y. (2006). Spatial distribution and 
abundance of ascidians in a bank of coralline algae at Porto Norte, Arvoredo Island, 
Santa Catarina. Journal of Coastal Research, 1676-1679. 
http://www.jstor.org/stable/25743044 

 

Scherner, F., Riul, P., Bastos, E. D. U. A. R. D. O., Bouzon, Z. L., Pagliosa, P. 
R., Blankensteyn, A., ... & Horta, P. A. (2010). Herbivory in a rhodolith bed: a 
structuring factor. Pan-American Journal of Aquatic Sciences, 5(3), 358-366. 

https://doi.org/10.1016/j.aquabot.2013.05.009
https://doi.org/10.1007/s12526-014-0214-7
https://doi.org/10.1590/1676-0611-BN-2017-0363
https://doi.org/10.1007/978-3-319-29315-8_1
https://doi.org/10.1016/j.aquabot.2008.12.002
http://www.jstor.org/stable/25743044


38 
 

 

Sissini, M. N., Oliveira, M. C., Gabrielson, P. W., Robinson, N. M., Okolodkov, 
Y. B., Riosmena-Rodríguez, R., & Horta, P. A. (2014). Mesophyllum erubescens 
(Corallinales, Rhodophyta)—so many species in one epithet. Phytotaxa, 190(1), 299- 
319. https://doi.org/10.11646/phytotaxa.190.1.18 

 

Sneed, E. D., & Folk, R. L. (1958). Pebbles in the lower Colorado River, Texas 
a study in particle morphogenesis. The Journal of Geology, 66(2), 114-150. 
https://doi.org/10.1086/626490 

 

Steller, D. L., & Cáceres-Martínez, C. (2009). Coralline algal rhodoliths 
enhance larval settlement and early growth of the Pacific calico scallop Argopecten 
ventricosus. Marine ecology progress series, 396, 49-60. 
https://doi.org/10.3354/meps08261 

 

Steller, D. L., & Foster, M. S. (1995). Environmental factors influencing 
distribution and morphology of rhodoliths in Bahía Concepción, BCS, México. Journal 
of experimental marine biology and ecology, 194(2), 201-212. 
https://doi.org/10.1016/0022-0981(95)00086-0 

 
 

Steller, D.L., Foster, M.S. Environmental factors influencing distribution and 

morphology of rhodolits in Bahia Concepcion, B.C.S., Mexico. (1996). Oceanographic 

Literature Review. 43 (8), 818-819. 

 

Steller, D. L., Riosmena‐Rodríguez, R., Foster, M. S., & Roberts, C. A. (2003). 
Rhodolith bed diversity in the Gulf of California: the importance of rhodolith structure 
and consequences of disturbance. Aquatic conservation: marine and freshwater 
ecosystems, 13(S1), S5-S20. https://doi.org/10.1002/aqc.564 

 

Strub, P. T., James, C., Combes, V., Matano, R. P., Piola, A. R., Palma, E. D., 

... & Ruiz‐Etcheverry, L. A. (2015). Altimeter‐derived seasonal circulation on the 
southwest Atlantic shelf: 27°–43° S. Journal of Geophysical Research: Oceans, 
120(5), 3391-3418. https://doi.org/10.1002/2015JC010769 

 

Struck, T. H., Paul, C., Hill, N., Hartmann, S., Hösel, C., Kube, M., ... & 
Bleidorn, C. (2011). Phylogenomic analyses unravel annelid evolution. Nature, 
471(7336), 95-98. https://doi.org/10.1038/nature09864 

 

Sugihara, G., & May, R. M. (1990). Applications of fractals in ecology. Trends 
in Ecology & Evolution, 5(3), 79-86. https://doi.org/10.1016/0169-5347(90)90235-6 

 

Teichert, S. (2014). Hollow rhodoliths increase Svalbard's shelf biodiversity. 
Scientific Reports, 4(1), 6972. https://doi.org/10.1038/srep06972 

 

Telford, M. J., Wise, M. J., & Gowri-Shankar, V. (2005). Consideration of RNA 
secondary structure significantly improves likelihood-based estimates of phylogeny: 
examples from the bilateria. Molecular Biology and Evolution, 22(4), 1129-1136. 
https://doi.org/10.1093/molbev/msi099 

https://doi.org/10.11646/phytotaxa.190.1.18
https://doi.org/10.1086/626490
https://doi.org/10.3354/meps08261
https://doi.org/10.1016/0022-0981(95)00086-0
https://doi.org/10.1002/aqc.564
https://doi.org/10.1002/2015JC010769
https://doi.org/10.1038/nature09864
https://doi.org/10.1016/0169-5347(90)90235-6
https://doi.org/10.1038/srep06972
https://doi.org/10.1093/molbev/msi099


39 
 

 

Tews, J., Brose, U., Grimm, V., Tielbörger, K., Wichmann, M. C., Schwager, 
M., & Jeltsch, F. (2004). Animal species diversity driven by habitat 
heterogeneity/diversity: the importance of keystone structures. Journal of 
biogeography, 31(1), 79-92. https://doi.org/10.1046/j.0305-0270.2003.00994.x 

 

Tuya, F., Schubert, N., Aguirre, J., Basso, D., Bastos, E. O., Berchez, F., ... & 
Tâmega, F. T. (2023). Levelling-up rhodolith-bed science to address global-scale 
conservation challenges. Science of The Total Environment, 164818.Jones, Clive & 
Lawton, John & Schachak, Moshe. (1994). Jones CG, Lawton JH, Shachak M.. 
Organisms as ecosystem engineers. Oikos 69: 373-386. Oikos. 69. 373-386. 
10.2307/3545850. https://doi.org/10.1016/j.scitotenv.2023.164818 

 

Van Der Heijden, L. H., & Kamenos, N. A. (2015). Reviews and syntheses: 
Calculating the global contribution of coralline algae to total carbon burial. 
Biogeosciences, 12(21), 6429-6441. https://doi.org/10.5194/bg-12-6429-2015 

 

Vieira-Pinto, T., Oliveira, M. C., Bouzon, J., Sissini, M., Richards, J. L., 
Riosmena-Rodríguez, R., & Horta, P. A. (2014). Lithophyllum species from Brazilian 
coast: range extension of Lithophyllum margaritae and description of Lithophyllum 
atlanticum sp. nov.(Corallinales, Corallinophycidae, Rhodophyta). Phytotaxa, 190(1), 
355-369. https://doi.org/10.11646/phytotaxa.190.1.21 

Weigert, A., Golombek, A., Gerth, M., Schwarz, F., Struck, T. H., & Bleidorn, 
C. (2016). Evolution of mitochondrial gene order in Annelida. Molecular Phylogenetics 
and Evolution, 94, 196-206. https://doi.org/10.1016/j.ympev.2015.08.008 

 

Weigert, A., Helm, C., Meyer, M., Nickel, B., Arendt, D., Hausdorf, B., ... & 
Struck, T. H. (2014). Illuminating the base of the annelid tree using transcriptomics. 
Molecular biology and evolution, 31(6), 1391-1401. 
https://doi.org/10.1093/molbev/msu080 

 

Woelkerling, W. J., Irvine, L. M., & Harvey, A. S. (1993). Growth-forms in non- 
geniculate coralline red algae (Coralliinales, Rhodophyta). Australian systematic 
botany, 6(4), 277-293. https://doi.org/10.1071/SB9930277 

 

Zheng, Z., Lai, Z., Wu, B., Song, X., Zhao, W., Zhong, R., ... & Wang, Q. 
(2023). The first high-quality chromosome-level genome of the Sipuncula Sipunculus 
nudus using HiFi and Hi-C data. Scientific Data, 10(1), 317. 
https://doi.org/10.1038/s41597-023-02235-7 

 

Zuur, A. F., Ieno, E. N., Elphick, C.S. (2010). A protocol for data exploration to 
avoid common statistical problems. Methods in ecology and evolution, 1(1), 3-14. 
https://doi.org/10.1111/j.2041-210X.2009.00001.x 

https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1016/j.scitotenv.2023.164818
https://doi.org/10.5194/bg-12-6429-2015
https://doi.org/10.11646/phytotaxa.190.1.21
https://doi.org/10.1016/j.ympev.2015.08.008
https://doi.org/10.1093/molbev/msu080
https://doi.org/10.1071/SB9930277
https://doi.org/10.1038/s41597-023-02235-7
https://doi.org/10.1111/j.2041-210X.2009.00001.x

		2023-11-24T14:08:28-0300


		2023-11-24T15:31:24-0300




