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RESUMO

Compreender os padrdes de estruturacdo genética e de conectividade em populag@es marinhas,
bem como quais sdo os principais fatores moduladores destes padrdes, sdo informacdes de
fundamental importancia para se determinar medidas efetivas de conservagéo das espécies neste
ambiente e, consequentemente, dos habitats que elas ocupam. As macroalgas marinhas formam
extensos bancos, que constituem habitats para uma grande diversidade de invertebrados
associados, 0s quais podem apresentar uma grande variedade de formas, modos de vida e
potencial de dispersdo. Neste trabalho, investigamos a estruturacdo e diversidade genética de
algumas espécies de invertebrados associados aos bancos de macroalgas marinhas no litoral
paulista, e avaliamos a influéncia de alguns fatores moduladores. Primeiramente, estudamos o
anfipode Hyale niger e os efeitos da distancia geografica, distancia ambiental e variages
morfoldgicas sobre a diferenciagdo genética, a partir de marcadores COIl e SNPs. Em um
segundo momento, avaliamos: (1) a estrutura genética e o fluxo génico em quatro espéecies com
diferentes potenciais de dispersdo (os anfipodes H. niger e Cymadusa filosa, com
desenvolvimento direto, e 0s moluscos Pinctada imbricata e Costoanachis sertulariarum, com
larva planctbnica), a partir de marcadores SNPs; (2) varia¢des na diversidade e composicédo de
espécies entre as assembleias de invertebrados associados as macroalgas marinhas; (3) a
influéncia da distancia geografica, da variabilidade ambiental e do padrdo de correntes sobre as
dissimilaridades genética e da comunidade; e (4) a correlacéo entre a diversidade genética das
quatro espécies e a diversidade de espécies da assembleia de invertebrados. Nos inicialmente
verificamos que, para Hyale niger, apesar dos marcadores SNPs terem retomado um padrao de
estruturacdo genética mais refinado do que os marcadores do gene COI, ambos indicaram que
a distancia ambiental foi a mais importante para explicar a diferenciacdo genética entre as
populacgdes, e que variages na morfologia do gnatépode 2 dos machos nao apresentam relacédo
com a genética, tratando-se possivelmente de plasticidade fenotipica. Observamos também que
as espécies de desenvolvimento direto (anfipodes) apresentaram alguma estrutura genética, ao
passo que 0s moluscos, com larvas planctdnicas, ndo apresentaram nenhuma estrutura. H. niger
apresentou maior estrutura genética que C. filosa, e o padrdo de correntes teve o maior efeito
sobre sua diferenciacdo genética. A maior diversidade de espécies foi encontrada em Ilha das
Palmas, uma area de protecdo integral, enquanto a menor diversidade foi observada no
Lamberto, uma &rea impactada e desprotegida. Variagdes nos parametros de comunidade estdo
muito relacionadas a variagdes na abundancia relativa de H. niger, indicando que esta espécie

tem um papel chave na estruturacdo das assembleias de invertebrados de algas. Somente valores



de correlagdo ndo-positivos foram observados entre a diversidade genética das espécies e a
diversidade de espécies, indicando que processos ndo-paralelos atuam sobre cada nivel de
diversidade, e que ndo se pode fazer inferéncias sobre um a partir do outro. Nosso trabalho traz
uma nova contribuicdo acerca de estudos genémicos e seus fatores moduladores para
invertebrados de algas, sendo um topico ainda escasso na literatura, ainda que de grande

importancia para contribuir para a conservacdo destes habitats costeiros.



ABSTRACT

Understanding the patterns of genetic structuring and connectivity in marine populations, as
well as disentangling the modulating factors generating those patters, are crucial information
allowing the elaboration of effective conservation measures of species in marine environment
and, consequently, the marine habitats they occupy. Marine macroalgae form extensive beds
that will constitute habitat for a great diversity of associated invertebrates, which can present a
wide variety of shapes, life habits and dispersion potentials. In this work, we investigated the
genetic structure and diversity of some seaweed-associated invertebrate species along Sao
Paulo coast and evaluated the influence of some modulating factors. Initially, we studied the
amphipod Hyale niger and the effects of geographic distances, environmental distances, and
morphological variations on genetic differentiations, using both COl and SNPs molecular
markers. Afterwards, we evaluated: (1) the genetic structure and gene flow patterns of four
seaweed-associated invertebrate species with distinct dispersion potentials (the amphipods H.
niger and Cymadusa filosa, both direct developers, and the mollusks Pinctada imbricata and
Costoanachis sertulariarum, with a planktonic larva), using SNP markers; (2) variations in
species diversity and composition among seaweed-associated invertebrate assemblages; (3) the
influence of geographic distance, environmental variability, and water flow patterns on the
genetic and assemblage dissimilarities; and (4) the correlations between genetic diversity of the
four species and species diversity of seaweed-associated invertebrate assemblages. We initially
verified that, for H. niger, even though SNPs revealed a finer spatial genetic structure than COI
marker, both indicated that environmental distance better explained genetic differentiation
among populations, and that variations in the morphology of the ganothopod 2 of males was
not genetic-related, possibly being a case of phenotypic plasticity. We also observed that direct
developers (amphipods) presented some genetic structure, whilst mollusks, with a planktonic
larva, showed no structure among populations. H. niger presented a stronger genetic structure
than C. filosa, and water flow patterns presented the higher effect on its genetic differentiation.
The higher species diversity was found in Palmas Island, a marine protected area, while the
lowest species diversity was found in Lamberto, an impacted unprotected area. Variations in
community parameters were highly associated with variations in the relative abundance of H.
niger, indicating the key role of this species for structuring seaweed-associated invertebrate
assemblages. Only non-positive correlations values were found between genetic diversity of
the four species and species diversity, indicating that non-parallel processes act on each

diversity level, therefore one cannot be used as a surrogate for the other. Our work brings a new



contribution on genomic studies and their modulating factors for seaweed invertebrates, which
is a scientific topic still scarce on literature, although of great relevance for the effective
conservation of those coastal habitats.
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INTRODUGCAO GERAL

As &guas oceénicas recobrem cerca de 70% da superficie do mundo, e diante desta
vastiddo, os limites existentes entre os diferentes ambientes, habitats e ecossistemas marinhos
sdo muitas vezes dificeis de serem identificados, ndo s6 por sua ampliddo, mas também pela
existéncia de correntes marinhas, que conseguem conectar diferentes habitats e regides
localizadas a milhares de quilémetros de distancia umas das outras (Oleksiak 2018). Nas aguas
marinhas, uma enorme diversidade de organismos pode ser encontrada, com cerca de 2,2
milhdes de espécies estimadas (Mora et al. 2011).

As espécies marinhas, de modo geral, podem ser divididas quanto ao local em que
elas ocorrem na coluna d’4gua, entre espécies peldgicas — aquelas que vivem na coluna d’agua,
e espécies betbnicas — aquelas que vivem sobre o fundo marinho. Dentre as espécies betonicas,
0s organismos podem ser classificados também quanto ao seu grau de movimentagéo, podendo
ser sésseis (ou seja, completamente fixos ao substrato), sedentarios (ndo sdo totalmente fixos
ao substrato, mas se movimentam pouco) ou errantes (movimentam-se livremente pelo
substrato) (Pereira & Soares-Gomes 2009).

As espécies bentbnicas podem apresentar desenvolvimento direto, ou seja, nao
apresentarem uma fase larval, dessa maneira apresentando todo o seu ciclo de vida no bentos
(ciclo de vida holobentdnico), ou entdo podem apresentar desenvolvimento indireto, com uma
fase larval pelagica que, apos viver algum tempo na coluna d’agua, ird se assentar e dar origem
aos juvenis de habito bentbnico (Pereira & Soares-Gomes 2009).

Supostamente, as espécies bentdnicas com desenvolvimento indireto e uma fase
larval pelagica séo capazes de dispersar-se por longas distancias, atraves da acdo das correntes
marinhas, mesmo apresentando mobilidade reduzida ap6s completarem seu desenvolvimento e
assentarem ao substrato (Bierne et al. 2016). Este seria um dos principais modos de dispersao
de espécies bentbnicas no ambiente marinho, e espécies com ciclo de vida holobentdnico
apresentariam um menor potencial de deslocamento, ficando mais restritas ao seu local de
origem (Foggo et al. 2007; Cowen & Sponaugle 2009). No entanto, outros modos de dispersao
para estas espécies também sdo conhecidos e ja foram descritos, como por exemplo a emissao
de propagulos por muitas espécies de algas marinhas (Norton 1992); pequenos invertebrados
de tamanho reduzido que emergem a coluna d’agua e dispersam-Se através das correntes
(“drifting”) (Havermans et al. 2007), ou entdo o transporte de organismos em associacdo com
estruturas flutuantes, tais como macroalgas, detritos marinhos e estruturas abidticas como

pedra-pomes e itens plasticos, processo conhecido como “rafting” (Thiel & Gutow 2004; Bravo
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et al. 2011). Entretanto, 0 modo e o potencial de dispersdo de muitas espécies marinhas
permanecem desconhecidos até hoje, devido a dificuldade de se rastrear e estudar tais eventos
e 0 uso de ferramentas moleculares para melhor compreender-se os padrdes de dispersao, fluxo
génico e conectividade dos organismos e de suas populagdes tem se mostrado uma alternativa
essencial para se compreender os limites existentes no vasto ambiente marinho.

Tradicionalmente, estudos genéticos populacionais tém usado marcadores
moleculares neutros de genes especificos para se estimar os padroes de diferenciacdo genética
entre populagdes marinhas (Oleksiak 2018). Devido a seu suposto alto grau de disperséo,
associado a uma alta fecundidade e elevados tamanhos populacionais, caracteristicas
normalmente atreladas a essas populacdes (Bierne et al. 2016), espera-se qu
e estas apresentem baixa diferenciagdo genética entre populacdes para estes loci neutros.
Eventos de dispersdo por longa distancia, ainda que raros, podem levar a um processo mais
acentuado de homogeneizacdo genética entre as populacfes (Waples 1998). Além disso, em
populacdes maiores (elevado tamanho populacional), processos neutros apresentariam um
menor efeito sobre as alteracdes populacionais, com uma menor diferenciacdo genética entre
elas devido a deriva genética (Kliman et al. 2008). No entanto, 0 advento de novas técnicas
moleculares, que nos permitem deixar de olhar somente para genes especificos e passar a olhar
para genomas completos ou pequenas e numerosas representagdes ao longo do genoma, tem
mudado essa perspectiva e mostrado que populacdes marinhas podem apresentar elevada
diferenciacdo genética, diferentes padrdes de conectividade, podendo ser influenciados por
fatores fisicos, bioldgicos, e elucidando o papel de processos adaptativos também na
determinacdo destes padrdes (Oleksiak 2018), sendo estes temas de interesse da Genémica
Populacional.

Estudos genébmicos, ao permitirem uma amostragem mais ampla do genoma,
avaliando polimorfismo em diferentes loci ao longo do genoma em paralelo e simultaneamente,
conseguem revelar padrbes de variabilidade genética em escalas ecoldgicas, espaciais e
temporais mais refinadas (Mardis 2008; Hohenlohe et al. 2018; Oleksiak & Rajora 2019). Além
disso, as analises genémicas requerem poucas informacdes genéticas e moleculares disponiveis
a priori sobre as espécies em estudo, 0 que é de extrema importancia para se estudar a
diversidade marinha, visto que conhecimentos prévios acerca de muitas das espécies que vivem
neste ambiente ainda sdo escassos, devido a dificuldade de estuda-las (Oleksiak & Rajora
2019).

Conforme foram se estabelecendo conhecimentos mais aprofundados sobre os

padrdes de estruturacdo genética e conectividade para as espécies marinhas, novas questdes
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passam a se tornar centrais no estudo destes organismos, como por exemplo quais seriam 0S
principais fatores responsaveis por determinar os padrbes demogréficos das populagdes
marinhas, para isso buscando integrar informacgdes gendmicas, conhecimento sobre os padroes
de movimentacdo e modo de vida das espécies e caracteristicas ambientais e modelos
oceanogréficos (Pérez-Portela & Riesgo 2018; Oleksiak & Rajora 2019). Compreender como
variagdes espaciais e ambientais podem atuar como moduladores da resposta genémica das
espécies ¢ interesse da area conhecida como “Seascape Genomics”, que integra conceitos de
Ecologia da Paisagem, andlises espaciais e processos oceanograficos, buscando quantificar
gradientes espaciais de caracteristicas ambientais que possam ser relevantes enquanto atributos
da paisagem, gerando variabilidade gendmica (Riginos et al. 2016).

O conhecimento acerca dos padrbes de estruturacdo gendmica das espécies
marinhas, conectividade entre suas populac@es e o levantamento de caracteristicas essenciais
da paisagem marinha para determinar tais padrbes € de extrema importancia para o
desenvolvimento de planos efetivos de conservacdo desta biodiversidade (Chatzigeorgiou et al.
2014; Heyden et al. 2014; Selkoe et al. 2016). O estabelecimento de areas protegidas nos
ecossistemas marinhos é de particular importancia, visto que: (1) grande parte da biodiversidade
presente nesses ambientes, incluindo aspectos da historia de vida e dindmica populacional das
espécies que ali vivem, ainda é amplamente desconhecida, o que dificulta a previsibilidade dos
efeitos e das respostas destas espécies a distdrbios naturais e antropicos; (2) os ecossistemas
marinhos promovem importantes servigos ambientais, como ciclagem de nutrientes, sequestro
de carbono e protecdo das regides costeiras; e (3) 0s ecossistemas marinhos apresentam um
papel essencial para populacdes humanas, cujo desenvolvimento econdémico-social gera um
impacto sobre as aguas marinhas (Parsons et al. 2014).

A degradacdo de habitats, o aquecimento global e a poluicdo estdo entre 0s
principais impactos cujos efeitos vém sendo observados sobre os ambientes costeiros (Miller &
Ayre 2008; Parsons et al. 2014), e a preocupacao com 0 crescimento de tais impactos sobre o
oceano tém aumentado o enfogque da comunidade cientifica sobre o estabelecimento de areas
de prote¢do marinhas (“marine protected areas”, ou MPAs) (Lubchenco et al. 2003; Miller &
Ayre 2008; Gill et al. 2017), as quais devem atuar tanto como fontes de recrutas para areas
adjacentes desprotegidas, como possibilitar uma dispersdo suficiente entre elas para
manutencdo da conectividade entre areas protegidas, dessa maneira assegurando a essas areas
um papel eficiente de conservagao (Palumbi 2003; Miller & Ayre 2008; Christie et al. 2010).

Dentre os habitats costeiros, 0s bancos de macrofitas possuem ampla

susceptibilidade a impactos antropogénicos, uma vez que podem acumular diferentes tipos de
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contaminantes em seus tecidos e terem sua abundéncia e diversidade afetadas em locais muito
impactados (Roberts et al. 2008). Estima-se que aproximadamente 29% dos habitats de algas
marinhas desapareceram desde o século XIX, totalizando cerca de 110km?2 perdidos ao ano
desde 1980 (Waycott et al. 2009). As macroalgas destacam-se devido a sua alta produtividade
(Christie et al. 2009; Roberts et al. 2008) e complexidade estrutural que propicia sitios
reprodutivos, abrigo contra predadores, maior estabilidade de fatores abidticos, e recurso
alimentar para uma grande diversidade de espécies que vivem associadas a elas (Christie et al.
2009). Desta forma, impactos antropogénicos sobre os bancos de macroalgas resultam em
desequilibrios neste sistema com consequéncias para as muitas espécies de animais que ali
vivem associadas (Roberts et al. 2008).

As macrdfitas e sua fauna associada também atuam como um elo entre diferentes
niveis tréficos em ambientes costeiros, uma vez que exportam grandes quantidades de
nutrientes, como carbono, fosforo e nitrogénio, para cadeias troficas marinhas, tanto por
transferéncia direta de matéria, como através de matéria organica dissolvida e/ou particulada,
assim, sua perda pode afetar negativamente a produtividade de espécies individuais ou grupo
de espécies, com propagacdo de seus efeitos (Airoldi et al. 2008). Portanto, a analise sobre a
diversidade de macroalgas e invertebrados associados pode fornecer informacgdes importantes
e que implicam em consequéncias relevantes para os demais niveis troficos e, entdo, para todo
equilibrio das cadeias troficas dos ecossistemas marinhos em que estéo inseridos.

Portanto, uma melhor compreensdo dos padrdes de estruturacdo, dispersdo e
conectividade das populactes de espécies que vivem associadas as macroalgas marinhas, bem
como sobre os principais fatores moduladores destes padrdes, é de fundamental importancia
para servirem de subsidio ao estabelecimento de medidas efetivas de conservacdo destes
importantes habitats marinhos. Neste estudo, investigamos a influéncia de diferentes fatores
moduladores — distancia geografica, variabilidade ambiental, variacGes fenotipicas, parametros
da comunidade e modelos oceanograficos — sobre a genética e gendmica populacional e
diferentes espécies-chave de invertebrados associados a macroalgas marinhas ao longo do
litoral paulista, incluindo no estudo areas com diferentes status de conservagao. No capitulo 1,
buscamos investigar, a partir do uso de diferentes marcadores moleculares (COI e SNPs), a
diferenciacdo genética e a histéria demografica do anfipode Hyale niger na area de estudo, bem
como avaliar as contribuicbes da distancia geografica, fatores ambientais e alteracdes
morfoldgicas na estruturacdo de suas populagdes. No capitulo 2, nés comparamos os padrdes
de estruturacdo genémica, fluxo génico e suas relacdes com a distancia geogréfica, variaveis

ambientais e modelos oceanograficos de circulagdo de correntes, entre quatro espécies de



18

invertebrados associados a macroalgas com diferentes tipos de desenvolvimento, sendo dois
anfipodes com desenvolvimento direto holobentdnicos — Hyale niger e Cymadusa filosa, e duas
espécies de moluscos com desenvolvimento indireto e larvas planctdnicas — o bivalve Pinctada

imbricata e o gastropode Costoanachis sertulariarum.
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CHAPTER 1: DIFFERENT FACTORS MODULATING GENETIC AND
MORPHOLOGICAL VARIATIONS OF A SEAWEED-ASSOCIATED MARINE

AMPHIPOD
Pedro A. S. Longo; Marianne Azevedo-Silva; Karine F. R. Mansur; Thais A. Marinho; André G. Madeira; Anete
P. de Souza; Shun K. Hirota; Yoshihisa Suyama; Gustavo M. Mori; Fosca P. P. Leite

Introduction

Unraveling the patterns of dispersal and connectivity in natural populations is
fundamental for better understanding species dynamics in nature, how they interact with their
habitats, and ultimately to guide decision for the conservation of species and habitats (Levin
2006; Christie et al. 2010; Magris et al. 2016; Pessanha et al. 2021). In marine systems, tracking
the dispersal and connectivity of benthic species is challenging due to their general high
capacity of displacement through water currents, either by larval dispersion during planktonic
life stages or as adults, using, for instance, buoyant structures (Thiel & Gutow 2005; Levin
2006; Buston & D’Aloia 2013; D’Aloia et al. 2015). Genetic studies and the use of molecular
techniques have risen as fundamental mechanisms for dealing with those issues and for
revealing patterns of distribution of marine species (Burton 2009; Heyden et al. 2014; Xuereb
et al. 2019).

Genetic structure and gene flow among populations may be modulated by
geographic distances, which can limit dispersal and thus increase genetic divergence in allele
frequencies, a model known as Isolation by Distance (IBD) (Wright 1943; Bradburd et al.
2013). Alternatively, variations in environmental features can result in processes such as
dispersal limitation, biased dispersal or selection against immigrants leading to local adaptation
of populations, a model known as Isolation by Environment (IBE) (Bradburd et al. 2013; Wang
& Bradburd 2014). Ultimately, phenotypes can also lead to genetic differentiation, depending
on the trait function and how it interacts with the environment, even though phenotypic
variation can also occur without an associated genetic divergence, and different biological and
evolutionary mechanisms can be responsible for partitioning genetic and phenotypic variations
among populations (Zamudio et al. 2016). Understanding how those non-mutually exclusive
factors (Sexton et al. 2014), can explain the distribution of genetic variability in marine species
over space is a topic of interest in the field of Seascape Genomics (Liggins et al. 2019). Also,
clarifying those patterns is essential to predict the impact of environmental changes on marine
populations, providing conservation guidance for preventing biodiversity loss (Zamudio et al.
2016; Wee et al. 2019; Selmoni et al. 2020).



20

Human-induced impacts on coastal environments, such as water pollution,
introduction of invasive species, and climate change, can have major ecological consequences,
including biodiversity and habitat losses (Lu et al. 2018; He & Silliman 2019; Pysek et al.
2020). Macroalgae habitats are particularly susceptible and have been facing reductions over
the last decades (Gorman et al. 2020). As seaweed beds play a major role as ecosystem
engineers, forming new habitat and providing multiple resources for marine species (e.g. food,
protection against predators and stressful environmental conditions, and sites for reproduction
and spawning) (Christie et al. 2009; Cacabelos et al. 2010; Fulton et al. 2020), such losses affect
coastal biodiversity at many levels (Roberts et al. 2008; Mayer-Pinto et al. 2020; Mancuso et
al. 2021).

Among seaweed-associated invertebrate assemblages, amphipods stand out as one
of the most numerous and diverse groups living in those habitats (Leite & Turra 2003; Tanaka
& Leite 2003; Leite et al. 2021; Longo et al. 2021). These organisms comprise both free-living
and tube-building species (Tanaka & Leite 2003; Jacobucci et al. 2009) with a great variety of
feeding habits (Jacobucci et al. 2009; Guerra-Garcia et al. 2014). These organisms also present
direct development (i.e. they lack a planktonic phase) (Vain6la et al. 2007). Due to these
features, amphipods are expected to have a limited dispersal potential, which could result in
highly structured populations (Sherman et al. 2008), as has been demonstrated in previous
studies (Baird et al. 2012; Walters et al. 2022; however see Tanaka & Leite 2004; Peres et al.
2019). Amphipod dispersal ability may vary according to growth stage, life habit (Bueno &
Leite 2019) and it may also depend on external structures, like rafting macroalgae, that seems
like a major hypothesis for explaining longer distances dispersal (Thiel & Gutow 2004; Haye
et al. 2012; Peres et al. 2019). However, the mechanisms underlying amphipod dispersal and
the distinct displacement potentials among different species remains to be further enlightened.
Thus, studies on population genomics and seascape genomics, including different molecular
markers are crucial for unraveling their dynamics and contributing for the conservation of those
animals and the habitats they live on.

This study aims to give a first contribution to understand the patterns of genetic
structuring and dispersal potential of the highly representative macroalgae-associated amphipod
Hyale niger (Haswell, 1879). Particularly, we (1) investigate the genetic differentiation and
describe the demographic history of H. niger populations in a fine spatial scale of dozens of
kilometers, and (2) evaluate the relative contributions of geographic distance, environmental
distance, and morphological changes for the genetic structuring of populations. We expect that

H. niger presents highly structured populations and limited dispersal potential, even in a small
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spatial scale, due to its direct development and lack of a planktonic larval phase. Moreover, we
expect geographic distance to be the predominant factor modulating genetic variation, because

environmental traits among populations at this fine scale are relatively similar.

Material and Methods
Sample collection

We selected eight localities along the S&o Paulo coast, in southeastern Brazil
(Figure 1). During the austral summer of 2018, we randomly sampled thirteen individuals of
the predominant macroalga species in the infralittoral zone. Algae fronds were wrapped in a
0.2-mm-mesh bag to prevent loss of the associated fauna and subsequently thawed and washed
in seawater to remove associated fauna. For SNP analyses, one individual of the amphipod
Hyale niger was obtained for each algal sample, except for the samples where no individuals
were found. For COI analyses, from five randomly selected algal samples from each locality,
we collected five individuals of H. niger, totalizing a maximum of 25 specimens per site.
Amphipods were immediately preserved in absolute ethanol and stored in -14°C for subsequent
genetic analyses. Separately, six samples of the predominant macroalga species were randomly
collected in each locality for the estimation of macroalgae wet weight, which we considered as
a proxy for habitat quantification.
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Figure 1. Map of the study area. SSB — Sdo Sebasti&o.

Molecular biology procedures

We extracted genomic DNA of H. niger with DNeasy Blood & Tissue Kit
(QIAGEN), following the manufacturer’s protocol for insects. To amplify the mitochondrial
gene cytochrome C oxidase | (COIl), we carried out PCR using the universal primers LCO1490
(5'-GGTCAACAAATCATAAAGATATTGG-3) and HCO2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3) (Folmer et al. 1994). PCR reactions were
performed in a final volume of 20y, containing 2.25ng DNA, 0.2uM each primer, 0.1uM each
dNTP, 2X PCR buffer, 1.5uM MgCl2, 0.8 unit Taq polymerase, and 20ug Bovine Serum
Albumin. PCR amplifications were conducted following the conditions: 95°C for 4min, 10 x
(97°C for 45s, 45°C for 1min (touchdown with a 0.5°C reduction per cycle), 72°C for 1min and
30s), 35 x (97°C for 45s, 40°C for 1min, 72°C for 1min and 30s) and 72°C for 10min.
Amplification products were purified by a standard polyethylene glycol (PEG) precipitation
protocol and double sequenced using BigDye Terminator v3.1 (Applied Biosystems) in a
ABI3500 automated sequencer (Applied Biosystems). Sequences were edited using software
ChromasPro v. 2.1.9 (Technelysium Pty Ltd) and compared with GeneBank database through
BLAST (Altschul et al. 1990). COI sequences were checked for stop codons after translating
with the invertebrate mitochondrial code and determining correct reading frame in GENEIOUS
version 2021.2.2 (https://www.geneious.com).

To obtain, validate and genotype SNPs we constructed and sequenced MIG-seq
(“Multiplexed Inter simple sequence repeat — ISSR — Genotyping by Sequencing”) libraries, as
described by Suyama & Matsuki (2015). Shortly, hundreds to thousands of ISSR loci were
selectively amplified using eight pairs of 12 base di- and trinucleotide microsatellites to
drastically reduce genome complexity. SNP identification and selection was performed
following Suyama and Matsuki (2015). The first 14 bases (12 nucleotides of the microsatellite
used to construct the MIG-seq libraries, and two bases of first PCR primers) of read 2 were
removed using FASTX-Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/), which was also used
to filter reads by quality (Phred Q score = 30 for at least 40% of the read bases). The filtered
reads were then used as input for STACKS 1.15 (Catchen et al. 2011) for de novo assembly.
We removed sequences with more than 30% missing data using the VCFtools v.0.1.12b
(Danecek et al. 2011) and retained only biallelic SNPs, high quality sequences for downstream
analysis.

Genetic analysis



23

COl data

We quantified the genetic diversity of H. niger populations by haplotype diversity
(h) and nucleotide diversity (m) (Nei 1987) using ‘pegas’ package (Paradis 2010), in software
R (R Core Team 2021). The pairwise Fst among samples was estimated with ARLEQUIN 3.5
(Excoffier et al. 2010). The genetic structure of populations was evaluated by analysis of
molecular variance (AMOVA) also using ARLEQUIN and we tested three hypotheses: (1)
considering two hierarchical levels: (i) individuals from different samples within the same site,
and (i) individuals from different sites; (2) including the difference among genetic groups
identified using COI data; and (3) including the difference among genetic groups indicated with
SNP data. We considered a significant departure from a random distribution and the maximum
variance among groups (®CT) as the criteria for determining the best hypothesized
arrangement. The relationship among COI haplotypes was investigated through the
construction of a minimum spanning network using software POpART v.4.8.4 (Leigh & Bryant,
2015).

To investigate deviations from neutrality, mismatch distribution computations and
neutrality tests were performed using ARLEQUIN 3.5 (Excoffier & Lischer 2010). The sum of
the squares deviation (SSD) and the raggedness index (r) were used as estimators of mismatch
distribution, and Tajima’s D (Tajima 1989) test and Fu’s Fs test (Fu 1997) were used as
neutrality tests. As a demographic parameter, we calculated Tau, which represents the time
since expansion expressed in units of mutational time (Rogers 1995). Tau values were
transformed to estimate the real time since expansion (t in generations) with the equation t =
Tau/2u (Rogers & Harpending 1992), where u = 1 x time of one generation x length of segment.
u is the mutation rate for the whole sequence studied and p is the mutation rate for COI. The
mutation rates of COI gene was estimated as 1.9% per million years and a generation time of
one month was considered for H. niger (Campbell et al. 2020).

We also used the Bayesian coalescent approach implemented in BEAST 1.7.4
(Drummond et al. 2005) within the CIPRES portal (Miller & Pfeiffer 2010) to infer historical
demography. This procedure was used for: (1) individuals from all localities; (2) two genetic
groups identified with COIl data separately. We used the Bayesian skyline plot model
(Drummond et al. 2006) assuming a piecewise constant model with ten coalescent intervals;
Markov-Chain-Monte-Carlo simulations were run under the HKY+G model with four gamma
categories using a strict molecular clock (Drummond et al. 2006). We used the divergence rate
of the COI region (1.9% per million years) and ran six independent runs with 30 million

iterations each. Tracer 1.5 (Drummond & Rambaut 2007) was used to assess convergence of
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runs and the Effective Sample Size (ESS) of each parameter. To obtain an adequate effective
sample size (ESS >200), the six independent runs performed for each simulation were combined
using the Logcombiner utility of the BEAST 1.7.4 package. The resulting file was used to
estimate population size change through time, that was visualized by the Bayesian skyline plot
computed with Tracer 1.5.

SNP data

Initially, two different methods for the detection of loci putatively under selection
and based on population differentiation (Fst outliers) were performed, considering each
sampling site as a population: FDIST (Fagundes et al. 2007), implemented in the LOSITAN
software (Antao et al. 2008); Bayesian method of population differentiation implemented in the
BAYESCAN 2.1 software (Foll and Gaggiotti 2008). Complementarily, we used PCADAPT
(Luu et al. 2017) to detect signs of natural selection without any prior information of grouping
of individuals. We considered as loci putatively under selection if all three methods indicated
that a given locus is not neutral, a conservative approach due to the high rates of false positives
given by Fst outliers methods (Bierne et al. 2013; Francois et al. 2016). Only three non-neutral
loci were detected and disregarded in downstream analyses.

For the estimation of genetic diversity of H. niger in each locality, we calculated
the alellic richness (Ar), the observed heterozygosity (Ho), and the gene diversity (Hs) using
‘hierfstat’ package (Goudet 2005), and the proportion of heterozygous loci (PHt) with ‘genehet’
(Coulon 2010) package in software R. The pairwise Fst among sampling sites was also
calculated in ‘hierfstat’ package.

The genetic structure among populations was investigated with STRUCTURE
v.2.3.4 (Pritchard et al. 2000), in which the number of populations (K) was allowed to vary
from 1 to 11. We performed 20 runs for each K, with a burn-in period of 50,000 followed by
1,000,000 MCMC iterations. The most likely number of genetic groups was selected based on
AK ad hoc statistic (Evanno et al., 2005) using the program STRUCTURE HARVESTER (Earl
& von Holdt 2012). To identify the optimal alignment of inferred clusters across different
values of K, we used the software CLUMPAK (Kopelman et al. 2015), and the graphic for the
best K value was built with the ‘Distruct’ application also implemented in CLUMPAK. Also,
we carried out Discriminant analysis of principal components (DAPC, Jombart et al., 2010) to
describe the genetic structure of our data in ‘adegenet’ package (Jombart 2008). We considered
the clusters identified with STRUCTURE as prior information while the best number of
principal components (PCs) was selected according to the a-score function in ‘adegenet’.

Finally, the genetic structure of populations was also tested by an analysis of molecular variance
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(AMOVA) in software ARLEQUIN. Three different AMOVA hypotheses were tested: (1)
considering individuals from different sites; (2) including the difference among genetic groups
indicated by COI data; and (3) including the difference among genetic groups indicated by SNP
data.
Morphometric analysis

To investigate the relationship between morphological variations and genetic
differentiation among populations of H. niger, we used as a proxy measurement of the outer
surface of the right gnathopod 2 propodus of adult males, under a geometric morphometric
framework (Zelditch et al. 2004). The posterior gnathopod is a rigid and thus well-preserved
structure in amphipods, that has been associated with relevant behavioral features such as
reproduction, copulation, and stabilization onto host macroalgae (Appadoo & Mayers 2003;
Hume et al. 2005; Nahavandi et al. 2011). The association of morphology of this structure with
genetic variation has also already been studied for other amphipod species (Peres et al. 2019).

Individuals used for morphometric analysis were the same used for genetic analysis
of COI data (except when we used female individuals due to the lack of enough males, or when
right gnathopod 2 of males was absent, in which cases those individuals were removed from
the morphometric approach). Images were acquired using a Zeiss AxioCam camera and
AxioVision software v.4.8 (Carl Zeiss). Nine landmarks were selected (Supplementary material
1) and digitized using the software tpsDig version 2.30 (Adams et al. 2004), and general
Procrustes analysis (GPA) was used to quantify shape and size variation, by using a least-
squared algorithm to align homologous landmarks, removing information unrelated to shape
(Rohlf & Slice 1990). The GPA and most statistical analyses were carried out using the
MorphoJ software package, version 1.06d (Klingenberg 2011). A principal components
analysis (PCA) was carried out to identify and account for the redundancy of the
variation/covariation matrix of the GPA shape coordinates, besides displaying the major shape
variation features. To evaluate the variation in shape and size of propodus between insular and
coastal populations (which was the main trend observed in the PCA analysis), a Procrustes
ANOVA and a Centroid Size (the square-root of the summed squared distances between all
landmarks, Zelditch et al. 2012) ANOVA, respectively, were performed in R software using
‘geomorph’ package (Adams et al. 2004). To test the separation between insular and coastal
populations, we performed a linear discriminant analysis (LDA). In MorphoJ, we also obtained
the Procrustes distance matrix, a pairwise comparison of the shape among populations from
different localities, which was used in the association tests with genetic distance. To study the

relationship between the variation of geometric shape and size of the propodus of male
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gnathopods 2 in H. niger, we performed a multivariate regression analysis of the shape variables
and centroid size. Finally, as we observed a similar coastal-insular pattern for both H. niger
morphology and macroalgae wet weight, we performed a linear regression analysis between
these two variables using the mean values obtained at each site.
Geographic and Environmental distances

The pairwise geographic distances among localities were obtained though the
calculation of Euclidean distance between pairs of localities considering the geographic
coordinates (WGS-84 world coordinate system) of each site. To investigate the effect of
environmental differences on genetic differentiation among H. niger populations, we used the
macroalgae wet weight measures we collected in this study and 19 environmental variables for
each sampling locality, including 10 oceanographic variables from BioOracle online database
(Tyberghein et al. 2012; Assis et al. 2017) and 9 oceanographic variables from MARSPEC
online database (Sbrocco & Barber 2013). Variables were obtained with the package
‘sdmpredictors’ (Bosch et al. 2017) and highly correlated variables (r > 0.7) were previously
removed with the function removeCollinearity from package ‘virtualspecies’ (Leroy et al.
2016) in software R. With this environmental matrix, we performed a principal components
analysis (PCA), and with the mean of the scores for the first three principal components (which
retained > 70% of the total variance of environmental data) we calculated the Euclidean

distances between pairs of populations.

Association tests

To investigate the relationship between genetic distances for both COl and SNP
markers, and geographical, environmental, and morphometric factors, we initially conducted
simple Mantel tests to assess correlations between geographic, environmental, and
morphometric distances with genetic differentiation. Then, partial Mantel tests (Smouse et al.
1986) were performed to evaluate the effect of each factor when conditioned to another factor
as a covariate (Legendre 1993). Both Mantel tests were conducted using the ‘ecodist’ package
(Goslee & Urban 2007), with 10000 permutations. Finally, we also conducted a multiple matrix
regression with randomization (MMRR) using the MMRR function in R with 10000
permutations (Wang 2013), to estimate the independent effects of each predictor variable on
genetic differentiation. Since environmental factor was suggested as the main effect affecting

genetic variation, we performed a MMRR analysis and partial Mantel tests for each
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environmental variable separately, considering geographic distance as a covariable, to identify

the most important environmental features to modulate genetic structuring of H. niger.

Results
Genetic analysis

Fragments of COI gene with 584 bp in length were obtained from 169 individuals
of Hyale niger and 91 haplotypes were identified, which presented 89 polymorphic sites, with
48 singletons and no indels. As for SNP data, a total of 513 biallellic SNPs were retained after
bioinformatics efforts for reads filtering, quality control and removal of the three loci pointed
as putatively under selection. For each locality, the numbers of haplotypes, haplotype diversity
(h) and nucleotide diversity () for COI data, and the number of individuals, allelic richness
(Ar), observed heterozygosity (Ho), gene diversity (Hs) and proportion of heterozygous loci
(PHt) for SNP data are presented in Table 1. Haplotype diversity was, in general, high for all
populations, ranging from 0.7879 in Moela to 0.9819 in Monté&o de Trigo. As for nucleotide
diversity, higher values were found for the populations of Alcatrazes, Buzios and Conchas,
which presented 7 higher than 0.0070; while the lowest values were found for the Moela, Mar
Casado, Baleia and Figueira populations, with 7 lower than 0.0045. Genetic diversity
parameters did not show expressive variation among populations from different localities, as
illustrated by the lack of significant differences in PHt (ANOVA, F = 0.838, P = 0.56).

Table 1. Genetic diversity parameters of the eight populations of H. niger based on COI and
SNP markers. h: nucleotide diversity; z: haplotype diversity; Ar: alellic richness; Ho: observed

heterozygosity; Hs: gene diversity; PHt: proportion of heterozygous loci.

COI SNP
Site N Number of haplotypes Private haplotypes Genetic Diversity N Genetic diversity
h T Ar Ho Hs PHt
Buzios 22 22 12 0.9481 0.0085 9 1.2736 0.1579 0.1363  0.8822 +0.0050
Conchas 20 20 10 0.9526 0.0072 6 1.2881 0.1684 0.1409  0.8844 +0.0034
Alcatrazes 21 21 9 0.9643 0.0086 9 1.2767 0.1621 0.1376  0.8793 +0.0038
Figueira 19 19 10 0.8905 0.0044 13 1.2897 0.1699 0.1445  0.8748 +0.0070
Montdo de Trigo 24 24 17 0.9819 0.0067 12 1.2721 0.1567 0.1360  0.8884 +0.0053
Baleia 19 19 9 0.9240 0.0043 10 1.2812 0.1621 0.1403  0.8805 +0.0070
Mar Casado 22 22 10 0.9221 0.0038 9 12932 0.1707 0.1461 0.8754+0.0031
Moela 22 22 7 0.7879 0.0028 6 1.2882 0.1704 0.1438  0.8771+0.0040
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Pairwise Fst for COI indicated the formation of two main genetic groups from all
localities: one with the populations from Alcatrazes, Buzios and Conchas, and the other with
the remaining populations (Figure 2a, upper panel). As for SNP data, the pairwise Fst analysis
showed that even though the separation of Alcatrazes, Buzios and Conchas from the remaining
populations is also true, the latter may be further divided in three main groups: one with the
individuals from Baleia and Montéo de Trigo, another formed by individuals from Mar Casado
and Moela, and the last one with individuals from Figueira (Figure 2a, bottom panel). The
Bayesian STRUCTURE assignment analysis confirmed this pattern, with formation of these
four distinct clusters (K = 4, Figure 2b, Supplementary material 2), and the scatter plot from
DAPC analysis considering K = 4 reinforced this result (Figure 2c). AMOVA results for both
COI and SNP data revealed that most of the total variance lies within localities and supported

the distinct genetic grouping revealed by each marker (Table 2).
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Figure 2. Population genetic structure of Hyale niger. A: heatmap of the pairwise Fst among
populations from the eight sampled locations (upper: COI markers, bottom: SNP markers, *
indicates statistically significant genetic differentiation). B: Map showing each locality and

respective population assignment based on STRUCTURE analysis considering 513 SNPs
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and K = 4.. C: Scatterplot for the Discriminant Analysis of Principal Components (DAPC)
for H. niger individuals, considering the two first principal coordinates and K = 4. D:
Minimum spanning network based on the COI haplotypes. Each circle represents a
haplotype, the area of the circle in proportional to the number of individuals with each

haplotype. Different colors represent the different sampling areas.

Table 2. Analysis of Molecular VVariance (AMOVA) for COI and SNP markers, testing for the
differences among sites (AMOVA 1), between the two genetic groups indicated by COI
markers (AMOVA 2) and among the four genetic groups indicated by SNP markers

(AMOVA 3). Values in bold indicate statistically significant results.

Source of Variation col SNP

Variance components Fixation index % variation P-value Variance components Fixation index % variation P-value

AMOVA 1 (per site)

Among sites 0.23434 0.11975 11.98 <0.0001 0.90472 0.06593 6.59 <0.0001
Among fronds within site 0.04807 0.02791 2.46 0.1711 - - - -
Within fronds (COI) / Within sites (SNP) 1.67442 0.14432 85.57 <0.0001 12.81865 - 93.41
AMOVA 2 (two main genetic groups)
Among groups 0.33103 0.15683 15.68 0.0176 0.17727 0.01284 1.28 0.0718
Among sites within groups 0.06528 0.03668 3.09 <0.0001 0.81512 0.05979 5.9 <0.0001
Within sites 1.71448 0.18775 81.22 <0.0001 12.81865 0.07185 92.81 <0.0001
AMOVA 3 (four main genetic groups)
Among groups 0.18145 0.09189 9.19 0.0596 0.52747 0.03821 3.82 0.0013
Among sites within groups 0.09153 0.13825 4.64 <0.0001 0.45791 0.03449 3.32 <0.0001
Within sites 1.70156 0.05105 86.18 <0.0001 12.81865 0.07138 92.86 <0.0001

The minimum spanning network for COI data presented a star-shape configuration
with three haplotypes shared by most populations, from which most of the other exclusive
haplotypes diverged by one or two mutations (Figure 2d). The central and most abundant
haplotype was shared by all populations except Buzios. Even though there is not a clear
geographical pattern in the haplotype network structure, it is noteworthy that most haplotypes
from Alcatrazes were derived from one main local haplotype, and that some haplotypes from

Buzios, Conchas and Alcatrazes presented a common exclusive diversification path.
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The mismatch distribution obtained from COI data for all populations did not differ
significantly from a sudden expansion model (Table 3). As for neutrality tests, Fu’s Fs was
significant and negative for all populations, also indicating the occurrence of a sudden
expansion, whereas Tajima’s D was negative and significant for all populations except
Alcatrazes, Conchas and Bulzios (Table 3). A Bayesian Skyline Plot was constructed
considering (i) all H. niger individuals from S& Paulo coast sampled in this study, (ii)
individuals from Alcatrazes, Buzios and Conchas separately, and (iii) individuals from the
remaining sampling sites separately. Mismatch distribution indicate that Hyale niger
populations from Alcatrazes, Buzios and Conchas originated earlier than remaining populations
(Table 3). This result is consistent with the results from the Bayesian Skyline Plots (Figure 3),
which indicate that overall H. niger populations from S&o Paulo coast experienced a recent
demographic expansion event around 180,000 generations ago, however when we consider the
two main COI genetic groups, populations from Alcatrazes, Buzios and Conchas also emerged
around 180,000 generations, while the remaining populations expanded later, around 150,000
generations ago, which corresponds to approximately 15,000 and 12,500 years ago,
respectively, considering the short generation time of approximately 1 month of H. niger
(Campbell et al. 2020).

Table 3. Mismatch distribution and Neutrality Tests analysis calculated for populations o H.
niger. Values in bold indicate non-significant results (did not differ from sudden expansion

model). Tau = expansion parameter. *Generation time for H. niger ~ 1 month.

Mismatch distribution Neutrality Tests

Populations SSD P-value SSD Raggedness (r) P-valuer Tau t(in generations) t(inyears)* Tajima'sD P-value Fu'sFs P-value
Baleia 0.00114756 0.909 0.03423276 0.747 2.623 118195.7462 9849.645518 -2.05804 0.0068 -25.6725 <0.0001
Conchas 0.01005559 0.722 0.01603878 0.947 5.99 269917.0872 22493.0906 -0.01529 0.5448 -21.4467 <0.0001
Alcatrazes 0.01409992 0.7 0.02773243 0.749 8.139 366753.7851 30562.81543 -0.81151 0.2107 -20.948 <0.0001
Figueira 0.01121728 0.182 0.06220717 0.246  2.859 128830.2091 10735.85076 -1.7889 0.0198 -25.4734 <0.0001
Buzios 0.03003859 0.074 0.06405427 0.095 6.279 282939.7981 23578.31651 -1.03124 0.1538 -22.6472 <0.0001
Moela 0.0018155 0.821 0.04660707 0.71 1.471 66285.1478 5523.762317 -2.05614 0.0057 -27.5709 <0.0001
Mar Casado 0.00388671 0.563 0.06191788 0.357 2.188 98594.08796 8216.173997 -2.00479 0.0061 -26.8736 <0.0001
Montdo de Trigo 0.00250877 0.619 0.02834226 0.461 3.918 176550.1081 14712.50901 -2.12203 0.0041 -25.9297 <0.0001
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Figure 3. Demographic history of H. niger estimated using Bayesian skyline plots from COI
sequences, considering all individuals and separately individuals from each of the two main
genetic groups. Upper: individuals from all localities; middle: individuals from Montdo de
Trigo, Baleia, Figueira, Mar Casado and Moela; bottom: individuals from Alcatrazes, Buzios

and Conchas.
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Morphometric analysis

The PCA analysis for the geometric morphometrics of the propodus shape of Hyale
niger revealed no clear differentiation among populations from different sites (Figure 4A).
However, one may observe a slight morphological separation of individuals from insular and
coastal areas (Figure 4B). This trend becomes more evident with the results of the linear
discriminant analysis, which resulted in a significant differentiation between coastal and insular
individuals (Figure 5A). Propodus shape of coastal individuals are generally more rectangular
and with a larger insertion of the propodus on the carpus (Figure 5A). Both Procrustes ANOVA
for shape variation and Centroid Size ANOVA for size variation unveiled significant coastal-
insular differentiation (Centroid Size, F = 27.52, P < 0.001; Procrustes, F = 3.7379, P = 0.011;
Figure 5B). The morphological variation in H. niger populations revealed to be size related, as
the regression analysis showed a positive and significant linear relationship between shape and
size of the propodus of gnathopod II, with coastal individuals presenting larger propodus of
gnathopod in general (Figure 5C). Coastal areas overall also presented macroalgae beds with
larger fronds (ANOVA, F = 8.6446, P = 0.0052, Figure 5D), and a positive relationship was
found between the mean frond wet weight and the mean centroid size of H. niger propodus of
gnathopod Il from each locality (Regression Analysis, F = 28.99, Adjusted Rz = 0.799, P =
0.0017, Figure 5E), indicating that the larger algal fronds in coastal areas allow the

establishment of individuals with larger gnathopods, which results in morphological
differentiation among populations.
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Figure 4. Scatterplot of the first and second principal components of the principal components
analysis (PCA) of geometric morphometric data of the Hyale niger propodus of gnathopod I1.

A: individuals divided by site. B: individuals divided by position (coastal or insular area).
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Figure 5. A: Linear Discriminant Analysis (LDA) of geometric morphometric data of the Hyale
niger propodus of gnathopod 11 from coastal and insular sites. B: difference in centroid size of
gnathopods from insular and coastal individuals (ANOVA, F = 27.52, P < 0.001). C:
Relationship between the regression score, representing the shape variation among individuals,
and centroid size. D: difference in algae wet weight from insular and coastal macroalgae beds
(ANOVA, F = 8.6446, P = 0.0052). E: Relationship between the mean centroid size of

gnathopods of amphipods and macroalgae wet weight. For B and D, solid horizontal lines
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indicate median, boxes indicate first and third quartiles, * indicates statistically significant
difference.
Environmental distances

After removal of the highly correlated variables (r > 0.7), 19 variables were retained
and used for the environmental PCA. The first three axes of the PCA, which retained more than
80% of the data variance, were used for calculation of environmental distances. Environmental
variance among samples was explained mainly by variations in iron range, dissolved oxygen
range, phosphate mean (PC1) and algae wet weight (PC2) (Figure 6).
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Figure 6. Locations of populations of Hyale niger in a bidimensional projection of the principal
components analysis used to calculate the environmental distance. The color gradient represents
the contribution of each environmental variable to principal components PC1 (Dim1) and PC2
(Dim2).

Association tests
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For both COI and SNP markers, results of the association tests were very similar.
The simple Mantle tests showed that genetic distances among H. niger populations were
significantly and positively correlated with geographical and environmental distances, but not
with morphometric distance (Table 4, Figure 7). When controlling for the other two variables
in the Partial Mantel tests, the effect of environmental distance remained strong and significant,
whereas the effect of geographical distance became non-significant when controlled for
environmental effect (Table 5). In addition, all models from the multivariate regression analysis
that considered as the predictor effect the combination of the environmental distance with one
or both the other predictor variables were also significant (Table 5). The model that excluded
the effect of environmental distance was not significant.
Table 4. Simple and partial Mantel tests between geographical, environmental, and
morphometric distances with genetic distances (for both COI and SNP data) of H. niger

populations.
Seascape feature Controlled col SNP
r P-value r P-value
Geographical distance - 0.4242  0.0331 0.4075  0.0359
Environment distance - 0.5208 0.0066 0.5394 0.0043
Morphometric distance - -0.07646  0.6403 -0.07832  0.597

Geographical distance  Environment distance  0.07998  0.3297 0.02931 0.41
Geographical distance Morphometricdistance  0.445 0.0317 0.4284  0.0295
Environment distance  Geographical distance  0.3421  0.0603 0.3878  0.1094
Environment distance Morphometricdistance 0.5791  0.0035 0.5995 <0.0001
Morphometric distance Geographical distance -0.1666  0.7745 -0.1641 0.726
Morphometric distance Environment distance  -0.3055  0.9452 -0.3196  0.9457
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Table 5. Regression coefficient ([3), coefficient of determination (R?) and significance (P) of the multiple matrix
regression with randomization analysis in the association between a combination of geographical distance,

environmental, and morphometric distances with genetic distance (COI and SNP data) of Hyale niger.

Combination of variables B geographical P-value B environment P-value B morphometry P-value R? P-value
Dgeo + Denv 0.098 0.6294 0.449 0.1008 - - 0.276 0.0405
col Dgeo + Dmorfo 0.45 0.0294 - - -0.153 0.3586 0.203 0.0768
Denv + Dmorfo - - 0.611 0.0049 -0.276 0.1089 0.339 0.0224
Dgeo + Denv + Dmorfo 0.061 0.7549 0.565 0.0625 -0.271 0.1273 0.341 0.0449
Dgeo + Denv 0.035 0.7256 0.513 0.044 - - 0.291 0.019
SNP Dgeo + Dmorfo 0.433 0.0375 - - -0.152 0.5148 0.203 0.0768
Denv + Dmorfo - - 0.633 0.0021 -0.285 0.1458 0.363 0.0103
Dgeo + Denv + Dmorfo -0.003 0.9864 0.635 0.0217 -0.285 0.1706 0.363 0.0213

Since environmental distance was the most important effect explaining genetic
variations, we also analyzed the correlation between each environmental variable and the
genetic distance, for both COI and SNP data (Table 6). Variations in light at sea bottom, nitrate
concentration and silicate concentration were significantly correlated with genetic distances for
both molecular markers (Table 6).

Table 6. Multiple matrix regression with randomization (MMRR) analysis and partial Mantel
test for the associations between the environmental variables of sampling sites and the genetic

distances (COI and SNP data) of Hyale niger. Significant results are shown in bold.

col SNP
Environmental variable MMRR Partial Mantel Test MMRR Partial Mantel Test
6 P-value r P-value 6 P-value r P-value
Chlorophyll_mean -0.101  0.5077 -0.1116  0.6536 0.172 0.193 -0.0838  0.5567
Current_velocity_mean -0.135  0.6529 -0.08719  0.5774 0.216 0.0771  0.2451  0.2601
Dissolved_oxygen_mean 0.177 0.2908 0.1859 0.1768 0.283 0.0387 0.3743 0.0982
Dissolved_oxygen_range 0.232 0.4652 0.1485 0.2839 0.191 0.1161 0.1734 0.282
Iron_range 0.425 0.0791 0.3681  0.0557 0.425 4.50E-03  0.5569  0.0179
Phosphate_mean 0.188 0.2471  0.1949 0.1451 0.339  0.0178 0.455 0.063
Light_at_bottom_mean 0.515  0.0215 0.569  0.0226 0.286  0.0159  0.3797  0.0089
Nitrate_range 0.457 0.027 0.5013  0.0243 0.363 0.0121 0.4863  0.0159
Primary_production_mean 0.084 0.62 0.09161  0.2924 0.186  0.1473  0.1545 0.2762
Silicate_range 0.366 0.0394 0.4029  0.0323 0.313 0.0231 0.4196  0.0403
East_West_aspect -0.03 0.8706 -0.03056  0.5482 0.227  0.0906 0.271  0.1763
North_South_Aspect -0.066  0.6911 0.07275  0.2599 0.227  0.0554 -0.2709  0.9459
Plan_curvature 0.192 0.2259 0.2082  0.1515 0.246  0.0745 0.3099 0.1165
Bathymetric_slope -0.052 0.8084 -0.04481  0.3958 0.181  0.1356 0.134  0.2953
Concavity -0.23  0.3031 -0.2172  0.8288 0.168  0.1956 -0.0503  0.5167
Salinity_annual_mean 0.028 09111 0.0242 0.3702 0.172  0.1908 -0.0818  0.6036
Salinity_annual_range -0.501 0.0549 -0.3717  0.9989 0.2 0.1391 -0.203  0.8024
Temperature_annual_mean 0.25 0.1546 0.2737 0.0962 0.277 0.0399 0.3656 0.1127
Temperature_annual_range 0.497 0.0271 0.5132  0.0283 0.171  0.1219 0.0742  0.3352

algae wet weight 0.198 0.062 -0.1499 0.7671 0.167 0.1319 0.0365  0.4005
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Discussion

In this study, we observed that Hyale niger populations presented genetic structure
even at a fine spatial scale, with the formation of two and four genetic groups for COI and SNP
data, respectively. Unexpectedly, isolation by environment and not isolation by distance best
explained the patterns of genetic differentiation, for both molecular markers. Morphometric
analysis showed a differentiation between coastal and insular populations, however there was
no relation with genetic differences, suggesting distinct modulator factors for genetic and
morphological variations. To our best knowledge, this is the first evaluation on the genetic
structure of the conspicuous seaweed-associated marine amphipod H. niger and the first
simultaneous investigation on the effects of geographic distance, environmental factors, and
morphological features on the genetic differentiation of a marine amphipod, considering both
genomic and mtDNA information.

Our findings indicated that H. niger population expansion along S&o Paulo coast
begun around 15,000 years ago, following the Last Glacial Maximum (LGM), when there was
a retraction of continental glaciers with a consequent sea level rise and sea temperature rise,
which is known to have favored the population expansion of marine species (Naro-Maciel et
al. 2011; Ludt & Rocha 2015; Diaz et al. 2018) and may have allowed the colonization and
survival of H. niger populations in the region. Interestingly, even in our narrow spatial scale,
H. niger presented and earlier expansion process in Alcatrazes, Buzios and Conchas, one of the
two genetic groups revealed by COIl data. With the progressive sea level rise after LGM, it is
possible that areas more distant to the shore and with deeper bathymetry such as Alzatrazes and
Buzios were suitable earlier for the recruitment and establishment of macroalgae. Shifted
distribution of habitat-forming seaweed during past climate-changing events are known to have
an important role for the structure and diversity of marine species (Fraser 2016), especially for
direct development seaweed-associated amphipods like H. niger (Thiel & Gutow 2004; Flynn
et al. 2009). Complementarily, we hypothesize that the first colonizers came from northern
lower latitude waters going southwards, following the general trend of range poleward
expansion of marine species (Avila et al. 2018), dispersing mainly through the Brazil Coast
circulation, and thus initially colonizing upper northern regions of Sdo Paulo coast like Conchas
shore. Also, the more depositional and productive areas of Sdo Paulo Bight like near Cape Frio
(northwards, closer to Conchas shore) and southeast of Sdo Sebastido Island (closer to Buzios
island and Alcatrazes archipelago) (Mahiques et al. 2002; Mahiques et al. 2010) may have

favored the establishment and growth of macroalgae species (Airoldi & Cinelli 1997; Lanari &
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Coutinho 2014), thus forming suitable habitat for H. niger populations expansion initially in
those three areas.

The lower values of nucleotide diversity (w) in Figueira, Baleia, Mar Casado and
Moela populations can be considered low-medium levels of genetic diversity according to the
classification proposed by Goodall-Copestake et al. (2012) for cox genes in animals, in contrast
with the high levels found in Alcatrazes, Blzios and Conchas populations. This difference may
be explained by the demographic history of H. niger, in which we expect that genetic diversity
would be lower in the areas where the amphipod presented a later demographic expansion after
LGM, thus experiencing stronger and more recent bottlenecks, which could result in lower
values of currently genetic diversity (Nei et al. 1975). Also, non-mutually-exclusively, we do
not disregard the impacts of anthropogenic activities. Even though the association of
anthropogenic impacts and lower genetic diversity is complex and not consistent across taxa
(Millette et al. 2020), lower genetic diversity due to higher human-induced impact has been
demonstrated for different animal groups (Nehemia & Kochzius 2017; Hamamoto et al. 2021;
Getelina et al. 2022), including amphipods (Ungherese et al. 2010; Chung et al. 2011; Svara et
al. 2022). In line with this explanation, nucleotide diversity based on COI gene has been shown
to be an effective proxy for a first evaluation of the conservation status of animal species (Petit-
Marty et al. 2021). Therefore, the lower nucleotide diversity of H. niger in Figueira, Baleia,
Mar Casado, Moela and Montéo de Trigo could be due to their high proximity to urbanized
regions, in special the highly anthropized areas of the Sdo Sebastido Channel (Turra et al. 2017;
Duleba et al. 2018) and Baixada Santista (Oliveira 2009; Silva-Oscar-Junior et al. 2019), in
contrast with the more isolated Conchas, Buzios and Alcatrazes, the latter being a highly
preserved marine protected area (Rolim et al. 2019; Karlovic et al. 2021).

Unlike COI data, SNPs-based genetic data showed similar genetic diversity among
localities and higher resolution of the genetic structure, with the formation of four genetic
groups. Incongruency in the results between mtDNA and nDNA or genome-wide DNA has
already been reported (e.g. Galaska et al. 2017; Hirano et al. 2019; Nowland et al. 2019; Yang
et al. 2020; Yamazaki et al. 2022) and is generally related to different inheritance patterns of
mtDNA and nDNA, in which the former seems to lose ancestral polymorphism faster than
nDNA (Funk & Omland 2003; Toews & Brelsford 2012; Hirano et al. 2019). Mitochondrial-
specific traits such as frequent introgressions and incomplete lineage sorting may also bias the
investigation of genetic structuring of populations (Ballard & Whitlock 2004; Yamazaki et al.
2022). Therefore, the combined interpretation of mtDNA and nDNA-based analyses provide a

more complete comprehension of genetic organization (Teske et al. 2018; Yamazaki et al.
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2022), at different scales, allowing the detection of broader and finer spatial genetic structure
(Heylar et al. 2011; Nowland et al. 2019). In our study, the genetic group revealed by COI data
formed by Alcatrazes, Blzios and Conchas was also recovered by SNP data, however the
second genetic group indicated by mtDNA may be subdivided according to SNPs analysis: (i)
Mar Casado and Moela; (ii) Baleia and Montéo de Trigo; and (iii) Figueira.

The genetic divergence for both COI and SNP data were significantly influenced
by geographic distances and environmental distances among localities. Environmental
variability and geographic distances are frequently correlated; thus, Isolation by Distance (IBD)
and Isolation by Environment (IBE) are not mutually exclusive and sometimes can produce
similar patterns (Manthey & Moyle 2015), which is the case in this study. Our data showed that
actually both factors were important for modulating genetic structure of H. niger, as has already
been registered for other species (Deli et al. 2018; Nielsen et al. 2020; Nikolakis et al. 2022).
Even though IBD alone was sufficient to explain the genetic variation, MMRR results
evidenced that environmental variability was most relevant for explaining genetic divergence,
which agrees with multiple studies, that identified IBE as the best predictor of genetic variations
in different species (e.g., Lee & Mitchell-Olds 2011; Rodriguez-Zarate et al. 2018; Jiang et al.
2019; da Silva et al. 2021; Frish et al. 2021).

The key environmental factors involved in the genetic structuring of H. niger
populations were mainly related to nutrient concentrations, such as nitrate and silicate
concentrations, which were particularly higher in Alcatrazes, Conchas and Buzios. Our main
hypothesis is that nutrient inputs in those areas are due to upwelling formation, particularly in
Cabo Frio region in Sdo Paulo coast. In this area, especially during warmer months, the
dominant NE winds favor the transport to offshore of the Coastal Water (CW), allowing the
penetration of the deeper cold and nutrient-rich South Atlantic Central Water (SACW) in
shallower areas of the inner shelf (Castelao & Barth 2006; Yamashita et al. 2016). These recent
upwelled and nutrient-rich waters occupy a large portion of the South Brazil Bright northern
sector shelf and are preferentially advected southwestward, reaching southern S&o Sebastido
island (Lorenzzetti & Gaeta 1996; Castelao & Barth 2006; Calil et al. 2021). In Ubatuba region,
upwelling of SACW waters is also responsible for nutrient enrichment of some areas, together
with some sediment resuspension events due to physical disturbances of wave action, which
are most effective in the bays oriented in S-SE direction, which is the case of the bay where
Conchas shore is located into (Quintana et al. 2015). Intrusion of SACW in shallow waters

increasing nutrient availability and thus productivity are also known to happen close to Séo
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Sebastido island (Calil et al. 2021) and in Alcatrazes archipelago (Karlovic et al. 2021), which
would explain higher nutrient levels in Blzios and Alcatrazes, respectively.

Increasing nutrient availability in the environment may result in higher nutrient
uptake by macroalgae species (Alquezar et al. 2013; Li et al. 2019; Ohtake et al. 2020; Lapointe
et al. 2021), thus increasing their nutrient content, which could positively affect fitness,
performance, and reproductive potential of herbivore seaweed-associated amphipods
(Kraufvelin et al. 2006; Duarte et al. 2010; Sudo & Yoshida 2021), like H. niger. Macroalgae
from nutrient-rich environments presented a higher nutritional level, increasing the
performance of the marine herbivore amphipod Gammarus locusta Kraufvelin et al. (2006) .
Accordingly, our results suggest that environmental limitations in nutrient contents of
macroalgae within areas with restricted nutrient concentrations could be limiting the
distribution and fitness of H. niger populations along S&o Paulo coast, thus contributing for the
formation of genetic groups. However, as the relationship between nutrient availability,
macroalgae and amphipods’ fitness may be weak (Machado et al. 2018), studies that investigate
how macroalgae nutrient contents may affect the fitness of H. niger should be further explored
in future work for testing this hypothesis.

Another possibility to explain our findings based on genetic information is that S&o
Sebastido island could be acting as a genetic barrier and that gene flow through the S&o
Sebastido Channel (SSC) would be reduced, influencing the genetic structure of H. niger,
especially if we consider the higher resolution of SNP data. The SSC is approximately 25km
long and has two openings of 6-7km wide, with a narrowing of nearly 2km wide in its central
part (Pires-Vanin et al. 2013). Hydrodynamics in SSC is highly variable in direction and speed
through the year, but generally wind blows from northeast and promotes southwest currents,
however when there is a cold front and temperature drops, the wind direction reverses and
promotes northeast currents (Fo 1990; Birocchi et al. 2021). In our study, H. niger southwest
from the S8o Sebastido island could be assigned to two groups, one formed by the two
populations from Baixada Santista (Moela and Mar Casado), and the other formed by the
populations from the geographically close Baleia and Montéo de Trigo island. The third group
is formed by Figueira population, which despite being geographically close to these two last
areas, is the only site located within the SSC, and that genetically differentiated from all
remaining populations, an indicative of a limited gene flow through the channel. In that case,
populations from Alcatrazes and Buzios, which are located south to Sdo Sebastido island and
farther from Sdo Sebastido coast, would have a stronger connection to the northern localities

like Conchas shore, because the gene flow around S&o Sebastido island would be facilitated,
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thus justifying the fourth genetic group, composed by Alcatrazes, Buzios and Conchas. Future
investigation considering the water circulation patterns among localities, including differences
in the resistance to gene flow, might provide a more complete and realistic understanding on
the patterns of genetic structuring in the studied area.

As for morphological variation, the geometric morphometry of the propodus of
gnathopod Il of males indicated that the differentiation observed between coastal and insular
individuals was not associated with genetic variation. Zamudio et al. (2016) reports that the
existence of clustered phenotypes that are not associated to a parallel genetic differentiation
may reflect a pattern of phenotypic plasticity. Previous studies have already reported the lack
of relationship between phenotypic and genotypic variation (Silva & Paula 2008; Madeira et al.
2012; Paolucci et al. 2014; Vendrami et al. 2017) and in those cases, morphological
differentiation was also associated to phenotypic plasticity due to environmental variation
(Miner et al. 2005; Silva & Paula 2008; Vendrami et al. 2017). Peres et al. (2019), studying the
seaweed-associated amphipod Cymadusa filosa, also found a disassociation between genetic
variation and morphometric divergence of gnathopod 11, argued that such mismatch could be
due to phenotypic plasticity in response to different environmental conditions, such as chemical
water characteristics and wave action. Similarly, our results indicate that morphometric
variation may be explained by phenotypic plasticity. Although environmental distance was not
a good predictor for morphological divergence, the variation in macroalgae wet weight
presented a strong and significant relationship with morphometric trait, in which coastal
localities presented larger macroalgae fronds that carried amphipod populations with larger and
morphologically distinct gnathopod Il than insular populations. Cothran & Jeyasingh (2010)
showed that amphipods from the genus Hyalella presented allometric variation in the
morphometry of gnathopod I1, with smaller and more variable gnathopods in response to food
stress, and that this was particularly accentuated in males, in which this feature is sexually
selected. Therefore, our findings suggest that the smaller gnathopods of H. niger in insular
areas, where quantity of algae (and thus food availability for herbivore species) is lower, may
be due to food stress in those areas. Such explanation may be experimentally tested in future
studies.

In conclusion, our data showed that, even at a fine spatial scale, the amphipod Hyale
niger presented structured populations and that both historical and current processes are likely
involved in shaping its genetic structure. We also demonstrated that isolation by environment
(IBE) is the current predominant factor modulating genetic variation, and that nutrient

concentrations in seawater seem most relevant for explaining genetic structure. In addition, our
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data indicated that morphological variations in gnathopod Il structure of males are not genetic-
related and are probably plastic due to variations in the size of macroalgae fronds. Hyale niger
is one of the most conspicuous species in macroalgae habitats (Bueno et al. 2017; Bueno et al.
2019; Ferreira et al. 2019; Machado et al. 2019; Leite et al. 2021) and alterations on its
populations are highly responsible for changes observed in seaweed-associated invertebrate
diversity and composition (Bueno et al. 2019; Machado et al. 2019; Leite et al. 2021).
Therefore, understanding how H. niger populations are structured at genetic and phenotypic
levels and unveiling the modulating factors underlying those patterns are fundamental for better
understanding the dynamics of seaweed-invertebrate associations. Such information provide
solid evidence for the establishment of conservation measures for those habitats, which have
been threatened over the last decades (Takolander et al. 2017; Capdevilla et al. 2019; Gorman
et al. 2020), despite their extreme importance for marine coastal environments (Christie et al.
2009; Macreadie et al. 2017; Duffy et al. 2019).
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Supplementary 1 — Microphotograph of the male propodus of gnathopod 2, showing the

position of the nine landmarks used in morphometric analysis.
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CHAPTER 2: MULTISPECIES POPULATION GENOMICS AND COMMUNITY
VARIATIONS OF SEAWEED-ASSOCIATED INVERTEBRATES UNVEIL

INDEPENDENT RESPONSES ACROSS BIODIVERSITY LEVELS
Pedro A. S. Longo; Marianne Azevedo-Silva; Karine F. R. Mansur; André G. Madeira; Shun K. Hirota; Anete P.

de Souza; Joseph Harari; Yoshihisa Suyama; Gustavo M. Mori; Fosca P. P. Leite

Introduction

Biodiversity is the variety of life across all levels of organization Colwell et al.
(2009), and it can be expressed in two fundamental levels: the genetic diversity and species
diversity (Vellend 2003; Hughes et al. 2008; Lamy et al. 2017). Both levels have traditionally
been treated independently, however it has been shown that intra and interspecific variations
may be driven by parallel processes and thus be correlated, potentially presenting effects on
different ecological scales (Vellend 2003, 2005; Vellend & Geber 2005; Witham et al. 2006;
Hughes et al. 2008; Lamy et al. 2017). These studies are in the field of Community Genetics
(Agrawal 2003), which usually aims to investigate the existence of “species-genetic diversity
correlations” (SGDC), quantifying the relationship between genetic diversity variations of one
or more focal species and the species diversity of the community in which they are inserted in
(Vellend 2003, 2005; Vellend & Geber 2005; Lamy et al. 2013, Papadopoulou et al. 2011).
These investigations usually try to understand how different factors like habitat structure,
spatial heterogeneity and environmental features modulate biological diversity in its different
levels (Witham et al. 2006; Hughes et al. 2008; Laroche et al. 2015).

Unravelling how those modulating factors can affect genetic structure and SGDC
patterns of marine populations is one of the main goals of Seascape Genomic, a progression of
Seascape Genetics (Selkoe et al. 2016a) and derived from Landscape Genomics, applied for
marine habitats, which are usually very dynamic in space and time, highly influenced by water
currents where species present complex life histories, relatively high dispersal potentials and
large effective population sizes (Riginos et al. 2016; Liggins et al. 2019).

Understanding the patterns of genetic structure and species distribution in marine
realm is a complex process, due to the wide extension of ocean waters and the influence of
water currents, which promote connectivity among distant localities (Oleksiak 2018).
Therefore, to unravel genetic and species variability, it is important to comprehend not only the
historical processes and geographic features that may have generated current patterns of

biodiversity distribution, but also consider how relevant biotic features of different species, like
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relevant life history traits, morphological variations and responses to environmental gradients
may generate those patterns (Papadopoulou & Knowles 2016).

Dispersal is a fundamental process that leads to the movement of species across
localities and ultimately is responsible for the patterns of spatial structure and connectivity in
metapopulations of a species (Clobert et al. 2004). Most of marine benthic species present an
elevated dispersal capacity through water currents, mainly due to the existence of a pelagic
larval phase. However, species with direct development are not uncommon and are traditionally
expected to present a more restricted dispersal ability and lower rates of individuals exchange
among subpopulations (Wares et al. 2001; Foggo et al. 2007; Cowen & Sponaugle 2009).
Besides larval duration, dispersal potential in marine species may also be modulated by other
factors like environmental conditions and historical processes, which are all determinant
features for generating the patterns of species distribution and spatial structuring of their
populations (Pringle & Wares 2007; Jolly et al. 2009).

Documenting dispersal events in marine environment is rather challenging and
information on larval and species movements in the literature is scarce (Christie et al. 2010). In
this context, genetic studies raise as an essential alternative and have been extensively explored
for better understanding patterns of dispersal and connectivity in the marine realm (Heyden et
al. 2014). Over the past decades, the use of molecular tools, together with the advances in
sequencing technology (with the rise of multiple methods of next-sequencing techniques,
Davey et al. 2011; Levy & Myers 2016) applied for population genomics studies have been of
extreme importance for investigating the structure and dynamics of marine populations,
generating crucial guideline information for the development of conservation measures for
marine biodiversity (Chatzigeorgiou et al. 2014; Heyden et al. 2014). Associated to population
genomics approaches, the use of biophysical models of dispersal can be of great contribution
for comprehending how these complex dynamics of marine species may be influenced by
seascape features (Jahnke & Jonsson 2022) which, in turn, can be fundamental for the
conservation planning of marine habitats (Selkoe et al. 2016a, Selkoe et al. 2016b). However,
different species may be distinctly affected by seascape features depending on their particular
life histories (Bostrom et al. 2011), and understanding those species-specific particularities is
crucial for establishing effective conservation measures for marine coastal habitats (Palumbi
2003; Bostrom et al. 2011).

Seaweed beds constitute an important and highly productive marine coastal habitat,
presenting a worldwide distribution and allowing a great diversity of species to thrive by living

in association to macroalgae fronds, where they benefit from multiple resources, such as food,
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refuge against predators and higher environmental stability (Roberts et al. 2008; Christie et al.
2009; Cacabelos et al. 2010). However, they are also highly susceptible and therefore threatened
by the recent overall increase of anthropogenic impacts on coastal areas over the last decades,
raising the importance to discuss conservation of those habitats (Roberts et al. 2008; Gorman
et al. 2020; Mayer-Pinto et al. 2020).

The goal of this study is to unveil the predominant factors that modulate variations
in seaweed-associated invertebrate community and in populations of four focal species from a
discrete community. We developed a study integrating information from Population Genomics
in a multispecies approach, to better understand intra- and interspecies dynamics in seaweed
habits. Specifically, we first aim to compare if species with different types of dispersal will
have differences in their genetic structure in a fine spatial scale of dozens of kilometers. We
expect that species with a planktonic larval phase (the bivalve Pinctada imbricata Rding, 1798
and the gastropod Costoanachis sertulariarum (d’Orbigny, 1839)) will present lower or no
genetic structure, in contrast to direct developer species with parental care and no planktonic
phase (the amphipods Hyale niger (Haswell, 1879) and Cymadusa filosa Savigny, 1816).
Secondly, we want to investigate if the genetic variation of some key species and variations in
the whole seaweed-associated invertebrate assemblages are modulated by similar factors. To
answer that, we will consider as potential modulating factors the geographic distance, the
environmental dissimilarities, and the dispersal simulations among localities. Finally, we tested
whether there is correlation between the two levels of biological organization (genetic and

community) in marine invertebrates living in macroalgae habitats.
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Material and Methods
Sample collection

Samples were taken in 12 localities along the S8o Paulo coast, in southeastern
Brazil, with different conservation status (Table 1, Figure 1), during the austral summer of 2018.
For genetic analysis, at each locality, thirteen individuals of the predominant macroalga species
were randomly collected in the infralittoral zone, where algae fronds were wrapped in a 0.2-
mm-mesh bag to prevent loss of the associated fauna. Fronds were thawed and washed in
seawater to remove associated fauna, and one individual of each of the four invertebrate species
studied was obtained from each algal sample, except for the samples where no individuals were
found. Specimens were immediately preserved in absolute ethanol under -14°C and used in the
subsequent genetic analysis. For community analysis, samples were taken in all localities except
in Moela and Cibratel. At each locality, four fronds of the predominant macroalga species were
randomly collected in the infralittoral zone, where algae fronds were wrapped in a 0.2-mm-
mesh bag to prevent loss of the associated fauna, and then preserved at -14°C. In the laboratory,
fronds were thawed and carefully washed three times in distilled water to remove the associated
fauna, which was preserved in 70% ethanol. All the macrofauna retained by the 0.2-mm-mesh
bag was considered. The fauna was sorted under a stereomicroscope of 6:1 zoom factor
combined with a S1.0 9 plan apochromat objective; invertebrates were separated for
identification to species level (or the lowest possible taxonomic level).
Table 1. Sampling localities, conservation status of the area, number of individuals of each

species collected for genetic analysis. * Indicates sites samples for community analysis were

also taken.
Site Conservation Status Genetic
Hyale niger Cymadusa filosa Pinctada imbricata Costoanachis sertulariarum

Lamberto* Unprotected 0 4 9 11
Conchas* Partial Protection 6 4 8 1
Buzios* Partial Protection 9 10 5 0
Palmas* Full Protection 0 0 10 2
Figueira* Unprotected 13 4 3 4
Baleia* Partial Protection 10 9 10 13
Montdo de Trigo*  Partial Protection 12 9 13 6
Alcatrazes ESEC* Full Protection 9 9 4 0
Alcatrazes Refuge* Full Protection 7 6 4 0
Mar Casado* Partial Protection 9 6 7 9
Moela Partial Protection 6 0 0 0
Cibratel Partial Protection 3 0 0 0
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Figure 1. Map of the study area, and indication of which samples were taken in each area. SSB
Island — S&o Sebastido Island; SSB Channel — Sdo Sebastido Channel.

DNA extraction

Genomic DNA was extracted from whole individuals of H. niger, C. filosa, P.
imbricata and C. sertulariarum. For H. niger, DNA was extracted with DNeasy Blood & Tissue
Kit (QIAGEN), following the manufacturer’s protocol for insects. For C. filosa, we used the
protocol for DNA extraction described by Aljanabi & Martinez (1997). Briefly, individuals
were immersed in a buffer containing 10mM Tris-HCI, 2mM EDTA and 400mM NaCl and
then macerated in a TissueLyser (QIAGEN). 40uL of sodium dodecyl sulfate (SDS, 20%
solution) and 8pL of Proteinase K (20ng.mL) were added and samples were incubated for one
hour at 60°C. Afterwards, 300uL of NaCl 5M was added and samples were centrifuged at
13000rpm for 30 minutes. The supernatant was recovered and precipitated in cold isopropanol,
then samples were incubated for one hour at -20°C. Finally, samples were washed in two
successive baths in absolute and 70% ethanol, respectively, and then dried and resuspended in
100puL TED solution (3mM Tris-HCI and 0.2mM EDTA). For both molluscan species, DNA
extraction was based on the protocol described by Sokolov (2000): individuals were immersed
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in 200uL buffer solution (50mM Tris-HCI, 10mM EDTA and 100mM NacCl), and macerated
in a TissueLyser (QIAGEN). Then, we added 725uL of the buffer, SOuL of SDS 20%, and 15uL
of Proteinase K (20ng.mL1). Samples were incubated for one hour at 55°C, then we added
100uL saturated KCl and incubated them for 5 minutes in ice. Afterwards, samples were
centrifuged at 13000rpm for 15 minutes, supernatant was recovered, and we added 450uL
Phenol — chloroform — isoamyl alcohol mixture (5:24:1), centrifugated samples at 13000 for
15minutes, and then supernatant was recovered. This step was performed twice. DNA samples
were then precipitated in cold isopropanol, incubated for 10 minutes in room temperature, and
centrifuged for more 20 minutes at 13000rpm. Pellets were then washed in two successive baths
with 70% cold ethanol, completely dried and resuspended in TED buffer.
MIG-seq library preparation and sequencing

The obtention, validation and genotyping of SNPs were performed through the
MIG-seq (“multiplexed ISSR genotyping by sequencing”) technique (Suyamal & Matsuki
2015). Shortly, hundreds to thousands of ISSR loci were selectively amplified using eight pairs
of 12 base di- and trinucleotide microsatellites. The first 14 bases (12 nucleotides of the
microsatellite used to construct the MIG-seq libraries, and two bases of first PCR primers) of
read 2 were removed using FASTX-Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/), which
was also used to filter reads by quality (Phred Q score = 30 for at least 40% of the read bases).
The filtered reads were then used as input for STACKS 1.15 (Catchen et al. 2011) for de novo
assembly. Only biallelic SNPs were maintained and sequences with high quality were used for
analysis, with the removal of sequences with more than 30% missing data (35% was allowed
for C. filosa) using the VCFtools v.0.1.12b (Danecek et al. 2011).
Particle dispersal model

Simulations of the three-dimensional coastal circulation were performed through
the Delft3D Flow Hydrodynamic Module (Deltares 2019). This module calculates flows and
transports resulting from the action of meteorological forces, density and tides, in a coastal
domain covered by a computational grid. In the present work, a regular Arakawa C type grid
was used, between 23°S and 25.5° and between 43°W and 47°W, with 1196 points parallel to
the coast, 410 points perpendicular to the coast, horizontal spacing of 400 m and 8 vertical
sigma levels equally spaced; the maximum depth of the modeled region is 160 m. The model
uses the Navier-Stokes equations, based on mass, momentum, heat, and salt conservation laws,
resolved by the finite difference method. Thus, the model computes the sea level, east, north,
and vertical components of the currents, and temperature, salinity, and seawater density, in

three-dimensional standard.
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The hydrodynamic model was processed from the specification of surface
meteorological forces and boundary conditions at the open boundaries of the grid. As for the
meteorological forces, the model runs considered wind at the surface, atmospheric pressure
reduced at sea level, total cloud cover, relative humidity at the surface and air temperature at
the surface; these variables were extracted from the Global CFSv2 atmospheric model, with a
time resolution of one hour (Saha et al. 2011). Regarding lateral boundary conditions, tide
fluctuations were provided by the global TPXO tidal model (Egbert et al. 1994) and mean sea
level oscillations, currents, temperature, and salinity (3D standard), with daily temporal
resolution, were extracted from Copernicus Marine Environment Monitoring Service
(CMEMS) GAFP0124 Model (Lellouche et al. 2016; Nouel 2018).

The implemented hydrodynamic model, with the mentioned boundary conditions,
has been routinely used in oceanographic studies of the S&o Paulo State coastal region, such as
the forecast of storm surges (Ruiz et al 2021) and the study of the dispersion of effluent plumes
(Yang et al 2019).

For the purposes of this work, the hydrodynamic model has been processed for the
Sé&o Paulo coast from January 2017 until May 2018, providing hourly surface currents for the
particle dispersion model. This model renews in time the positions of particles in the ocean,
through the mathematical relationship:

Renewed position = starting position + speed * time interval

This expression is used with the ocean currents computed at the grid points by the
hydrodynamic model being interpolated to the exact positions of the particles. With the
successive calculations of particle positions, their trajectories over time are determined. This
type of modeling has been extensively used in many dispersion studies, such as the modeling
of plastic trajectories in coastal areas (Gorman et al 2020).

In the present study, 12 geographical positions were selected, in which 100 particles
were launched at the beginning of each simulation month, to determine the trajectories of the
particles throughout each month. By analyzing the particle trajectories, it was then possible to
determine the estimated dispersal among localities on the So Paulo coast.

To calculate particle dispersals, we considered a 2km buffer around each
geographic coordinate. Both sites from Alcatrazes (ESEC and Refuge) are too close from each
other, so their geographic buffers overlapped, thus we considered only Alcatrazes Refuge in the
analysis.

Two different matrices were constructed from the results of particle dispersal

model: (1) the asymmetric dispersal rate, which was calculated from the proportion of particles
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that reached a particular locality that was originated from each of the remaining sites; and (2)
the rate of particle exchange between each pair of localities, which was calculated as the sum

(Y3 [t

of the number of particles released from site “x” that reached site “y” and the number of

[

particles released from “y” that reached “x”, divided by the total number of particles released
from “x” and “y”. The first measure is hereafter considered as an estimation of asymmetric
dispersal among localities, whilst the second one as a symmetric measure of dispersal distance
among pairs of localities. We also estimated the level of connectivity of each locality, which
was considered as the number of particles reaching each site that came from other localities
divided by the total number of particles released from other localities.
Genetic analysis

Initially, three different methods for the detection of loci putatively under selection
and based on population differentiation (Fst outliers) were performed, considering each
sampling site as a population: FDIST (Fagundes et al. 2007), implemented in the LOSITAN
software (Antao et al. 2008); Bayesian method of population differentiation implemented in the
BAYESCAN 2.1 software (Foll and Gaggiotti 2008); and Fst outliers detection with the
function ‘qvalue’ of the package PCADAPT (Luu et al. 2017) in software R. We considered as
loci putatively under selection if all three methods indicated that a given locus was not neutral,
a conservative approach due to the high rates of false positives given by Fst outliers methods
(Bierne et al. 2013; Francois et al. 2016). Three loci for H. niger and two loci for C. filosa were
detected as outliers and were not considered in downstream analyses. To estimate the genetic
diversity of the studied species in each locality, we calculated the allelic richness (Ar), the
observed heterozygosity (Ho), and the gene diversity (Hs) using ‘hierfstat’ package (Goudet
2005) in R.

We inferred the genetic structure of our focus species using different approaches.
The pairwise Fst among populations from different localities were estimated in ‘hierfstat’
package (Goudet 2005). Also, individuals were assigned to populations using STRUCTURE
v.2.3.4 (Pritchard et al. 2000) Bayesian method, in which the number of populations (K) was
allowed to vary from 1 to 11. The program performed 20 runs for each value of K, with a burn-
in period of 50,000 followed by 1,000,000 MCMC iterations. The most likely number of genetic
groups was selected based on AK ad hoc statistics using the program STRUCTURE
HARVESTER (Earl & von Holdt 2012). To identify the optimal alignment of inferred clusters
across different values of K, we used the software CLUMPAK (Kopelman et al. 2015), which

was also used to build the most likely K with the “Distruct” application.
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Recent asymmetric migration rates among pairs of sampling localities were
estimated using BayesAss 3.04 (Wilson & Rannala 2003), implemented in BA3-SNPs
(Mussmann et al. 2019), which uses a Bayesian MCMC approach and multilocus genotypes to
estimate migration rates over the last several generations. For H. niger, final mixing parameters
for allele frequencies, inbreeding coefficients, and migration rates were 0.4, 0.2, and 0.1,
respectively. For the other three species, mixing parameters could not reach optimal acceptance
according to Wilson & Rannala (2003), so they were set to 1.0, the maximum value. The final
analysis was completed using 10,000,000 MCMC iterations with 6,000,000 iterations discarded
as burn-in. Migration rates and 95% credible intervals (calculated as migration rate +
1.96*standard deviation) were estimated, and values of migration rates can be considered
statistically significant if 95% credible intervals are higher than zero (Wilson & Rannala 2003).
Community analysis

Species diversity of seaweed-associated invertebrate assemblages was compared
among localities using a combined individual-based interpolation and extrapolation approach
(Colwell et al. 2012), based on the first three Hill numbers (species richness for g = 0, Shannon
diversity for g = 1 and Simpson diversity for g = 2) (Chao et al. 2014). Rarefactions were
performed with 400 bootstrap resamplings, using the INEXT package in R software (Hsieh et
al. 2016). Results were considered statistically significant (o = 0.05) when 95% confidence
intervals did not overlap. We also constructed a dissimilarity matrix among assemblages of
each pair of sampling localities, using the Sgrensen index of beta diversity as a measure
dissimilarity (Baselga 2010).

Assemblage structure among localities was compared using a permutational
analysis of variance (PERMANOVA, Anderson 2001). This analysis was based on a Bray—
Curtis similarity matrix constructed from the mean densities of invertebrate species (log (X +
1) transformed) with 9,999 permutations. To evaluate the homogeneity of dispersal among
groups, a PERMDISP procedure was performed using the similarity matrix. Pairwise
comparisons were performed for significant effects, and the species that most contributed to the
differences found were indicated by a SIMPER analysis (Clarke 1993). Differences in
assemblage structure were viewed using the constrained ordination technique CAP (Canonical
Analysis of Principal Coordinates), using the CAP classification success rate and CAP
traceQ m’HQ_m statistics, and were performed with 9,999 permutations using the Bray-Curtis

similarity matrices.
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Association tests

The pairwise geographic distances among localities were obtained though the
calculation of Euclidean distance between pairs of localities considering the geographic
coordinates (WGS-84) of each site. To investigate the effect of environmental differences on
genetic differentiation among populations, we selected 19 environmental variables for each
sampling locality, including 10 oceanographic variables from BioOracle online database
(Tyberghein et al. 2012; Assis et al. 2017) and 9 oceanographic variables from MARSPEC
online database (Shrocco & Barber 2013). Oceanographic variables were obtained with the
package ‘sdmpredictors’ (Bosch et al. 2017) and highly correlated variables (r > 0.7) were
removed with the function removeCollinearity from package ‘virtualspecies’ (Leroy et al.
2016) in R. Afterwards, we ran BIOENV analyses using the program primer v. 6 (PRIMER-E
Ltd, Lutton, UK) to identify which environmental variables were most correlated with the
pairwise genetic distance matrix based on FST of each species. With those variables, we
calculated the Euclidean distances between pairs of localities, which was used as a measure of
environmental distance.

To test for the relationship between (1) genetic distances of each invertebrate
species and geographical, environmental, and dispersal distances among localities; (2)
asymmetric migration rates among populations of each species and asymmetric dispersal
estimations among localities; (3) beta diversity of invertebrate assemblages and geographical,
environmental, and dispersal distances among localities; and (4) genetic distance among
populations of each species and beta diversity among invertebrate assemblages of each site, we
conducted a multiple matrix regression with randomization (MMRR) analysis using the MMRR
function in R with 10000 permutations (Wang 2013), to estimate the independent effects of
each predictor variable, separately and together, on genetic differentiation.

To check for the association between genetic diversity of the four species and
species diversity of invertebrate assemblages (a-SGDC), we also calculated the Spearman’s
rank correlation coefficient. As the three genetic diversity indexes considered in this study were
highly correlated among each other, we selected Ar and checked for its correlation with species
diversity. As a proxy for species diversity, we calculated the non-parametric Chao-1 species
richness estimator, which is based on the proportion between the number of species collected
once (“singletons”) and the number of species collected twice (“doubletons’) (Chao 1984).

When significant species-genetic diversity correlations (a-SGDC) were found, we

investigated the effects of habitat size, environmental variables, and connectivity level of each
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site, on the a-SGDC, by performing regression analysis, considering as response variables the

Chao-1 species richness estimator and Ar (see supplementary material 1 for further details).

Results
Oceanographic modelling

Our dispersal estimations were obtained using the particle dispersal models and
consist in the fraction of particles released in a particular locality that reached each of the further
localities. This was represented in an asymmetric transport matrix (supplementary 2) and in
Figure 2. We observed that, even though there is a slight connection among all localities, some
main stronger patterns of dispersal are evident, mainly connecting the areas further southwards
(Moela, Mar Casado, Baleia and Mont&o de Trigo) and areas located northwards from Séo
Sebastido island (Buzios, Lamberto, Palmas and Conchas). Alcatrazes, which is located south
of S&o Sebastido island however at 45km offshore, and Figueira, which is positioned inside the
S&o Sebastido Channel, both received mainly from areas southwards and from Buzios, but sent

particles only northwards. Cibratel was the most isolated locality in our sampling design.

Cibratel
La m be rto
S

Figure 2. Graphic representation of the bilateral particle dispersal model.

Genetic analysis
After bioinformatics efforts for reads filtering, quality control and removal of loci

putatively under selection, we retained a total of 513, 148, 328 and 248 biallelic SNPs for Hyale
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niger, Cymadusa filosa, Pinctada imbricata and Costoanachis sertulariarum, respectively.
Across the 12 sampling locations along S&o Paulo coast, each species was present at 510 sites.
Genetic diversity estimates varied considerably between species and samples (Table 2). For H.
niger, 84 individuals were sampled from 10 different sampling localities. The average allelic
richness varied from 1.1338 (Alcatrazes Refuge) to 1.1477 (Mar Casado) and mean parameters
of heterozygosity (Ho and Hs) were higher in Mar Casado (1.1707 and 1.1461, respectively)
and lower in Alcatrazes Refuge (1.1520 and 1.1288, respectively). Overall, genetic diversity
was highest in Mar Casado, Moela and Figueira, and lowest in Alcatrazes (especially in
Refuge), Buzios and Cibratel.

For C. filosa, a total of 61 individuals were collected in 9 different sampling
localities. In general, values of genetic diversity were higher than values of H. niger. Genetic
diversity was overall highest in Alcatrazes ESEC and Buzios, and lowest in Baleia, Figueira
and Lamberto.

Diversity values for molluscan species were rather similar than values of amphipods.
For P. imbricata, 73 individuals were collected in 10 different sites. Ar, Ho and Hs were highest
in Figueira (1.1406, 0.1512 and 0.1369, respectively) and lowest in Baleia (1.1208, 0.1364 and
0.1197, respectively). For C. sertulariarum, we collected 43 specimens from 5 localities. Genetic
diversity was higher in Figueira (Ar: 1.997, Ho: 0.2217, Hs: 0.2003) and lower in Montéo de Trigo
(Ar: 1.1568, Ho: 0.1780, Hs: 0.1537).

Table 2. Genetic diversity of the populations of Hyale niger, Cymadusa filosa, Pinctada imbricata and Costoanz

sertulariarum based on SNP markers. Ar: alellic richness; Ho: observed heterozygosity; Hs: gene diversity.

Site Hyale niger Cymadusa filosa Pinctada imbricata Costoanachis sertulariarum
N Genetic diversity N Genetic diversity N Genetic diversity N Genetic diversity
Ar Ho Hs Ar Ho Hs Ar Ho Hs Ar Ho Hs
Baleia 10 1.1416 0.1621  0.1403 9 11849  0.2205 0.1820 10 11208 0.1364 0.1197 13 11720  0.1995  0.1706
Buzios 9 11378  0.1579  0.1363 10 1.2439 0.2975  0.2403 5 11320 0.1509  0.1292 0 - - -
Cibratel 3 11429 01567  0.1282 0 - - - 0 - - - 0
Conchas 6 11439  0.1684  0.1409 4 1.2255 0.2649 0.2191 8 11277  0.1455  0.1260 <3
Alcatrazes ESEC 9 1.1393 0.1621 0.1376 9 1.2443  0.2939  0.2403 4 11307 0.1463  0.1259 0
Alcatrazes Refuge 7 11338  0.1520  0.1288 6 1.2137  0.2537  0.2078 4 11329 0.1443  0.1229 0 - - -
Figueira 13 1.1457 0.1699 0.1445 4 1.2073  0.2420  0.2001 3 1.1406  0.1512  0.1369 4 11997  0.2217 0.2003
Lamberto - - - 4 1.2095 0.2387  0.1967 9 11255 0.1421  0.1243 11 11642 0.1904 0.1625
Mar Casado 9 1.1477  0.1707  0.1461 6 1.2252  0.2604  0.2227 7 11295 0.1463  0.1276 9 11662 0.1930  0.1639
Moela 6 1.1466  0.1704  0.1438 0 - - - 0 - - - 0 - - -
Montdo de Trigp 12 11371  0.1567  0.1360 9 1.2238  0.2736  0.2202 13 11323 0.1502 0.1315 6 11568 0.1780  0.1537
Palmas - - - 0 - - - 10 11310 0.1488  0.1298 <3 - - -

The pairwise Fstand the Bayesian STRUCTURE assignment analysis indicated
that both amphipod species, with a direct development, presented structured populations, whilst
molluscan species, with a pelagic larva, had no observable genetic structure (Figure 3). Among

amphipods, C. filosa presented lower genetic structure, with the formation of two genetic
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clusters (STRUCTURE, k = 2, Figure 3B), one composed by Buzios and both Alcatrazes
populations, and the other by the remaining populations, whereas for H. niger we found three
genetic clusters (STRUCTURE, k = 3, Figure 3B): the first one included populations from
Alcatrazes (ESEC and Refuge), Buzios and Conchas; the second group was formed by Baleia,
Mont&o de Trigo, Moela and Mar Casado; while Figueira individuals formed a third separated
genetic cluster, along with the three individuals from Cibratel.

Estimations of migration rates among pairs of populations were in general low (m
< 0.01) for all species, however some punctual signs of recent gene flow could be observed
(Figure 4). For H. niger, current migration could be inferred among populations from the same
genetic cluster, such as from Alcatrazes Refuge into Alcatrazes ESEC, from Conchas into
Buzios and from Moela into Mar Casado (Figure 4A). For C. filosa, signs of current migration
could be observed from Buzios and Alcatrazes Refuge into Alcatrazes ESEC, and from
Lamberto, Conchas, Figueira, Mont&o de Trigo and Mar Casado into Baleia (Figure 4B). For
P. imbricata, the higher migration rates were observed from all localities into Palmas (Figure
4C). For C. sertulariarum, higher migration rates were found from all localities into Baleia
(Figure 4D).
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Figure 3. Genetic structure of the amphipods Hyale niger, Cymadusa filosa, the bivalve

Pinctada imbricata and the gastropod Costoanachis sertulariarum along sampling stations in

Séo Paulo coast. A: heatmaps of the pairwise Fst among populations of each species. * indicates

statistically significant genetic differentiation.

B: populations assignment based on

STRUCTURE analysis considering 513, 148, 328 and 248 SNPs and K = 4, 3, 3 and 3,
respectively, for H. niger, C. filosa, P. imbricata and C. sertulariarum. Each vertical bar is an

individual and different colors indicate the different genetic clusters.
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Figure 4. Migration rates estimates between pairs of sites estimated from BAYESASS. Values
represent the fraction of individuals in a column population that is derived from a row
population (per generation). * indicates statistically significant migration rates. A: Hyale niger;

B: Cymadusa filosa; C: Pinctada imbricata; D: Costoanachis sertulariarum.

Community analysis

Species diversity of seaweed-associated invertebrate assemblages differed among
localities according to the comparison of the interpolated and extrapolated rarefaction curves
(based on Hill numbers g = 0, 1, 2; Figures 5ABC). It showed that species diversity (for g =1
and g = 2, equivalent to Shannon and Simpson diversity, respectively) was significantly higher
in Palmas, Conchas and Alcatrazes Refuge, respectively, and was significantly lower in Mar
Casado and Lamberto, respectivelly (Figures 5BC), while species richness (q = 0, Figure 5A)

was higher only in Palmas.
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As for species composition, all assemblages presented significantly different
invertebrate compositions except for Buzios and Alcatrazes ESEC (PERMANOVA, Pseudo-F
=9.6066, P = 0.0001, supplementary material 3). Among the species that most contributed for
differences in species composition, there were the amphipods Hyale niger (Haswell, 1879),
Ericthonius brasiliensis (Dana, 1853) and Stenothoe sp., the isopod Janaira gracilis Moreira &
Pires, 1977, the gastropod Bittiolum varium (L. Pfeiffer, 1840) and the ophiuroid Ophiothela
mirabilis Verrill, 1867 (SIMPER results, Figure 5E, Supplementary material 4). It is also
noteworthy that assemblages that presented differences in species diversity, such as Palmas,
Alcatrazes Refuge and Lamberto in general presented more dissimilar species composition
(Figure 5D), and that changes in the relative densities of some key species like H. niger are
essential for explaining diversity changes (Figure 5E).

Overall, H. niger was a very frequent species in most localities, with a relative
density between 20-40%, reaching 50% in Mar Casado, where this species was most dominant,
together with B. catarinensis and E. brasiliensis, resulting in a reduced species diversity (Figure
5E). Meanwhile, both in Lamberto, where invertebrate diversity was lower, and in Palmas,
Conchas and Acatrazes Refuge, where diversity was higher, a similar phenomenon was
observed: an expressive reduction in the relative density of H. niger. However, in Lamberto, in
the absence of H. niger, we observed a strong dominance of the gastropod B. varium, probably
causing a diversity drop in this site, whilst in the most diverse localities, the absence of H. niger
resulted in more even assemblages, with more species represented in lower relative densities,

which would explain the high species diversity (Figure 5E).



77

A.
B.
80 Q=1
20
60
g B
B o 15
= =
= 5
g4 3
L |3
[=% 9
S & 10
————
20
5
0 0
0 500 1066 1500 0 500 1000 1500
Number of individuals Number of individuals
Baleia Conchas Figueira Mar_Casado [@] Paimas E Baleia g Conchas (@ Figueira Mar_Casado Palmas
% Buzios ESEC_Alcatrazes 4| Lamberto Montao_de_Trigo Refugio_Alcatrazes @] Buzios || ESEC_Alcatrazes | € Lamberto (@ Montao_de_Trigo  Refugio_Alcatrazes
C: 3 D.
= Site
0.4- Transform: Log(X+1)
e Resemblance: S17 Bray Curtis similarity (+d) A Alcatrazes ESEC
- Alcatrazes Refuge
M Montdo de Trigo
12 @ Figueira
‘? P L ) 02 * ® Baleia
g * -+ Conchas
% [l L 4 » Lamberto
z %% ® o > Palmas
3 8 g " A °® + < /\ Bzios
& 3] ‘ + + > Mar Casado
‘ A
4 F
-0.2
) %
0 500 1000 1500 04
Number of individuals 0.2 0 0.2 0.4 0.6
E] Baleia E Conchas Figueira Mar_Casado Palmas CAP1
@/ Buzios [{@] ESEC_Aatrazes )| Lamberto [@)] Montao_de_Trigo ~ Refugio_Alcatrazes
E.  Dens: 99.9 23.0 41 30.5 27.1 19.4 27.4
100% . .
0/ 4
90% S
— o]
80% i |
60% A
50%-+
40%
30%+1
20%+1
10%-
0% - = pw— - TS ”
Alcatrazes Alcatrazes Montdo de  Figueira Baleia Conchas  Lamberto  Palmas Buzios Mar
ESEC Refuge Trigo Casado
B Hyale_niger m Ampithoe_ramondi B8 Cymadusa_filosa B Ericthonius_brasiliensis

@ Aora_spinicornis

W Photis_sarae

B Chondrochelia_dubia
O Ophioplocus_januarii

W Podocerus_fissipes
M Caprella_scaura
O Pinctada_imbricata

E Ophiothela_mirabilis

@ Stenothoe_sp
OJanaira_gracilis
B Bittiolum_varium

O Other species

W Batea_catharinensis
B Paracerceis_sculpta

@ Costoanachis_sertulariarum



78

Figure 5. Species diversity and composition for the seaweed-associated invertebrate assemblages in
the sampling localities of this study. A, B, C: Individual-based rarefaction (solid lines) and
extrapolation (dashed lines, up to triple the reference sample size, following recommendations by
Colwell et al. 2012) of molluscan diversity based on Hill numbers (A: q=0;B:q=1;C:q=2). D:
CAP analysis based on Bray-Curtis similarity among invertebrate samples from the 10 localities. E:
Relative densities of the most representative invertebrate species from the 10 sampling localities (we
selected, besides the four species also includes in the genetic analysis, the four species that most
contributed for pairwise differences in assemblage structure, indicated by SIMPER analysis).

Association tests

MMRR analysis showed that different factors were responsible for modulating the
genetic distances among populations of each species (Table 3, Figure 6A).

For H. niger, both the effects of geographic distance, environmental distance and
differences in water circulation significantly affected genetic differentiation, and the model
considering all three variables together best explained genetic distances (Table 3). The
BIOENV analysis pointed out primary productivity, silicate and iron concentrations in
seawater, and sea surface temperature and salinity as the best set of environmental predictors
explaining genetic variation for this species (Table 3). Likewise, there was also a significant
association between asymmetric rates of gene flow and modelled dispersal for H. niger
(MMRR, R2=0.1978; P = 0.0463, Figure 6B).

For C. filosa, environmental distance was the only significant factor explaining
genetic differentiation of populations, and BIOENV analysis pointed out primary productivity,
silicate concentrations and sea surface temperature and the best variables explaining genetic
variation (Table 3). Like the former amphipod, C. filosa also presented a significant association
between rates of gene flow and particle dispersal among locations (MMRR, R2 = 0.1820; P =
0.0339, Figure 6B).

For P. imbricata, only environmental distance was significant for explaining
genetic distance, and exclusively when considered together with dispersal distance (Table 3).
Sea surface temperature was the only predictor environmental variable pointed out by BIOENV
procedure (Table 3). The relationship between particle dispersal and migration among
populations, although significant, was very weak (MMRR, R? = 0.0603; P = 0.0468, Figure
6B).



79

For C. sertulariarum, genetic variation was very low and was not associated with
by any factors considered in this study (Tables 3, MMRR, Rz =0.0662; P = 0.3256, Figure 6B).

At the community level, MMRR analysis indicated that environmental distance
among localities was significant for explaining the patterns of pairwise beta diversity (Sorensen
index) among invertebrate assemblages, and the model considering environmental distance
together with geographic distance better explained community variation (Table 4, MMRR, R?
= 0.2185, P = 0.0205; Figure 6C). The BIOENV analysis indicated light at bottom, iron
concentrations and sea surface temperature as the best oceanographic variables for explaining
community distances (Table 4).
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Figure 6. Multiple matrix regression with randomization (MMRR) analyses between genetic

distance and combinations of geographical distance, environmental distance, and dispersal

distance. A. the relationship between genetic distance and geographic, environmental, and

dispersal distances for H. niger, C. filosa, P. imbricata and C. sertulariarum; B. the relationship

between asymmetric rates of gene flow among populations and dispersal simulations among

localities for H. niger, C. filosa, P. imbricata and C. sertulariarum; C. the relationship between

beta diversity of seaweed-associated invertebrate assemblages and geographic, environmental,

and dispersal distances.
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Table 3. Results of the BIOENV analysis and regression coefficient (R), coefficient of
determination (R?) and significance (P-value) of the multiple matrix regression with
randomization analysis in the association between genetic distance and combinations of
geographical distance, environmental distance, and dispersal distance of Hyale niger,
Cymadusa filosa, Pinctada imbricata and Costoanachis sertulariarum populations. Bold
indicates statistically significant results.

Variables BIOENV Combination of variables B geographical P-value B environment P-value B dispersal P-value R? P-value
Correlation: 0.8142292 Dgeo 0.408 0.0111 - - 0.1665  0.0111
Primary productivity Denv 0.4927 0.0052 - - 0.2343 0.0052
Sillicate Ddisp - - - - -0.5879 0.0008  0.383  <0.0001
Hyale niger Iron Dgeo+Denv 0.4801 0.0211 0.4965 0.0031 - - 0.3741  0.0023
Sea Surface Salinity Dgeo+Ddisp 0.1526 0.3354 - - -0.5154 0.0045  0.4044 0.002
Sea Surface Temperature Denv+Ddisp - - 0.3137 0.0385 -0.5254 0.002 0.492 0.0017
Dgeo+Denv+Ddisp 0.1454 0.5238 0.3215 0.0348 -0.4713 0.0072 0503  0.0039
Correlation: 0.5743423 Dgeo 0.0454 0.8099 - - - - 0.0021 0.8099
Light at bottom Denv - - 0.2594 0.109 - - 0.0673 0.109
Cymadusa Primary productivity Ddisp - - - - -0.0048 0.9841 <0.0001 0.9841
Y filosa Sea Surface Temperature Dgeo+Denv 0.047 0.8079 0.2597 0.1162 - - 0.0695 0.3685
Algae wet weight Dgeo+Ddisp 0.0492 0.8471 - - 0.0169 0.9407 0.0018  0.9803
Denv+Ddisp - - 0.3013 0.1426 -0.0604 0.7919 0.073 0.3557
Dgeo+Denv+Ddisp 0.0185 0.9425 0.2996 0.1489 -0.0519 0.8247 0.0732 0.6127
Correlation: 0.2938506 Dgeo -0.0023 0.8961 - - - - 0.0005  0.8961
Sea Surface Temperature Denv - - 0.2431 0.2544 - - 0.0591 0.2544
. Ddisp - - - - -0.0353 0.8117 0.0015 0.8117
Pinctada
. . Dgeo+Denv -0.0298 0.8694 0.2439 0.2643 - - 0.06 0.4835
imbricata
Dgeo+Ddisp -0.0374 0.8677 - - -0.0545 0.731  0.0028  0.9567
Denv+Ddisp - - 0.629 0.0119 0.0387 0.7468  0.3813  0.0156
Dgeo+Denv+Ddisp 0.0766 0.688 0.642 0.0109 0.0795 0.5199 0.3865  0.0249
Correlation: 0.3919744 Dgeo -0.0362 0.927 - - - - 0.0013 0.927
Phosphate Denv - - 0.1305 0.8195 - - 0.017  0.8195
Cost hi Ddisp - - - - 0.3432 0.4012  0.1178  0.4012
S:; ‘;::'Z: ":1 Dgeo+Denv 00239 09731 01407  0.8095 - ; 00175  0.9722
lariaru Dgeo+Ddisp 0.2967 0.5884 - - 0.5297 0235 0171  0.5878
Denv+Ddisp - - -0.1771 0.739 0.4613 0.4201 0.1352  0.7018
Dgeo+Denv+Ddisp 0.2945 0.6362 -0.1731 0.76 0.6438 0.278  0.1877  0.8219
Table 4. Results of the BIOENV analysis and regression coefficient (1), coefficient of
determination (R2?) and significance (P-value) of the multiple matrix regression with
randomization analysis in the association between beta diversity of invertebrate assemblages
and combinations of geographical distance, environmental distance, and dispersal distance.
Bold indicates statistically significant results.
Variables BIOENV Combination of variables B geographical P-value f environment P-value f waterflow P-value R? P-value
Correlation: 0.5234874 Dgeo 0.139 0.3359 - - - - 0.0193  0.3359
Light at bottom Denv - - 0.4526 0.0123 - - 0.2048  0.0123
Iron Dwf - - - - 0.1045 0.49 0.0129 0.49
Sea Surface Temperature Dgeo+Denv 0.117 0.3709 0.4468 0.0145 - - 0.2185  0.0205
Dgeo+Dwf 0.105 0.498 - - 0.0906 0.5608 0.026 0.6291
Denv+Dwf - - 0.3885 0.0319 0.1774 0.2222  0.1826  0.0593
Dgeo+Denv+Dwf 0.0498 0.7269 0.3809 0.0312 0.1694 0.2594 0.503 0.1039




82

Association tests: SGDCs

Hyale niger was the only species that presented significant SGDC results, with
negative a-SGDC between genetic diversity and species richness (Spearman’s correlation, Rho
= -0.8809; P = 0.0072), and positive R-SGDC (MMRR, R2 = 0.3926, P < 0.0001). The other
three species presented only non-significant SGDC results (P > 0.1, supplementary material 5
and 6). When checking for the influence of habitat size, environmental variables, and
connectivity on a-SGDCs of H. niger (the only species with significant SGDC results), we
found that neither factor explained invertebrate species richness, while genetic diversity was
only explained by variations in connectivity (supplementary material 1).
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Figure 7. Graphical illustrations of A. the relationship between the Allelic Richness (Ar) and
Species Richness (Chao-1 estimator) for H. niger, C. filosa, P. imbricata and C. sertulariarum;
B. the relationship between the Genetic Distance (Fst) and the beta diversity (Sorensen index)

among localities for H. niger, C. filosa, P. imbricata and C. sertulariarum.

Discussion

To our knowledge, this is the first study that simultaneously evaluates how genetic
variation of different species and the community they compose are modulated and their
association, in the highly diverse and ecologically important marine seaweed habitats. Our
results showed that species with a direct development and no planktonic phase presented

structured populations even at a fine spatial scale, whereas mollusks, with planktonic larvae,
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presented no genetic structure. Among amphipods, Hyale niger presented a stronger genetic
structure than Cymadusa filosa. Overall, environmental distance was the main factor
modulating genetic variation of species (especially amphipods) and invertebrate assemblages.
Abiotic variables related to nutrient concentrations and productivity, such as primary
productivity, silicate concentrations and light at bottom, and to temperature (sea surface
temperature) best explained both genetic and community levels. However, water circulation
among localities was also important for explaining genetic variation of species, especially for
amphipods and particularly for H. niger. For this species, the association of geographic,
environmental and simulated dispersal factors best explained genetic structuring. As for the
associations between genetic and community levels, overall, we found only non-positive SGDC
values for all species.

Genetic level

The dispersal ability of animals, which is frequently related to the type of
development in marine species, is highly associated with population genetic structure (Hoskin
1997; Arndt & Smith 1998; Bohonak 1999). Previous studies have shown that species with a
direct development had stronger genetic structure than species with planktonic larvae and that
life history strategy was more important to explain genetic differentiation than larvae duration
in the plankton, for example (Teske et al. 2007; Riginos et al. 2011). In our study, there was a
clear genetic structure for the direct developer amphipods, whereas the molluscan species with
pelagic larvae presented no genetic structure, confirming that pattern. Walters et al. (2022), also
developing a multispecies study considering small invertebrates with different dispersal
abilities at a fine spatial scale, reported that genetic structuring was influenced by a combination
of dispersal potential and habitat preference of freshwater species. Noteworthy is that our spatial
scale is even finer than the one in Walters et al. (2022), and even so we could observe clear
genetic structures for both marine amphipods. These results reinforce the importance of
including life history features and biotic information about different species, besides historical
and geologic factors, building a more trait-based approach for explaining the genetic structuring
patterns of populations (Papadopoulou & Knowles 2016).

Even though it is expected for amphipods to present high genetic differentiation
among localities as they are direct brooders with supposed limited dispersal potential (Franz &
Mohamed 1989; Palumbi 1994; Ros et al. 2020), several studies have shown that this is not
necessarily true (Havermans et al. 2007; Wildish 2012; Peres et al. 2019). Peres et al. (2019)
reported that there was no clear genetic structure for C. filosa populations in different areas

along the northern coast of Sdo Paulo. Complementarily, dispersal in this species is higher in
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juveniles than in adults, and that over large spatial scales (scale of Km), it is not sex-biased and
possibly occurs through rafting of floating substrates like macroalgae (Peres et al. 2021, Thiel
& Gutow 2004) following a long-distance dispersal pattern rather than in stepping-stones,
because there was no sign of Isolation by Distance (IBD). In our study, with a slightly larger
geographic scale than Peres et al. (2019) and Peres et al. (2021), C. filosa presented a genetic
differentiation, but with the formation of only two genetic groups, showing a lower genetic
structure and probably lower dispersal potential than the other amphipod Hyale niger, which
had a higher genetic differentiation among populations, and the formation of three genetic
clusters.

Amphipods in this study present distinct life habits: while H. niger is a free-living,
highly mobile species (Tanaka & Leite 2004), C. filosa is a tube-building species, using detritus,
faecal pellets and macroalgae fronds for tube construction (Appadoo & Myers 2003). Bueno &
Leite (2019), found that there was no difference in dispersal according to life habits for
recolonization of macroalgae despite their initial expectations that free living species could
disperse longer distances than tube-building. In fact, there can be a great variation in dispersal
abilities among species within each category (Tanaka & Leite 2004). Our results indicate that
the free-living H. niger, unlike the tube building C. filosa, probably disperse for shorter
distances and discontinuously in stepping-stones, as indicated by its greater genetic structure
among localities and significant signs of IBD for this species.

For both species, as for many crustacean brooders, rafting on floating macroalgae
may be a plausible explanation for understanding their dispersal abilities for longer distances
(Gutow & Thiel 2005; Haye et al. 2012). Rafting can be a successful dispersal mechanism for
species that can survive on floating structures for extended periods (Scheltema 1977), so our
main hypothesis here is that tube-building lifestyle is responsible for a better attachment of
individuals to the alga, reducing dislodgement (Fenwick 1976; Moore & Eastman 2015). Also
it increases protection against visual predators (Moore & Eastman 2015), which could allow C.
filosa to stay and survive for longer periods on rafting and thus disperse continuously and for
longer distances than H. niger.

For this species, on the other hand, other dispersal methods also reported for
amphipods, like floating of individuals on water surface and passively drifting through water
currents (Havermans et al. 2007; Drolet & Barbeau 2012; Peres et al. 2021), may be more
important than rafting itself. Even though Bueno & Leite (2019) observed no difference in
dispersal distance among life habits of these two species through drifting, our spatial scale is

way larger than the one of their field experiments. So, it is possible that for the smaller and
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more motile species H. niger, dispersal through drifting may be effective for displacement in
the scale of kilometers, but not enough to equally cover the whole studied area, being higher
among closer localities. It could explain the significant signs of IBD only for this species, and
the significant and strong effect of water currents predicting genetic differentiation, since the
model of particle dispersal considers passively drifting particles that may behave similarly to
what would be a drifting amphipod.

Areas with more intense water circulation, usually geographically close from each
other, such as Moela and Mar Casado, Baleia and Mont&o de Trigo, and Buzios and Conchas,
presented lower genetic differentiation and higher migration rates of H. niger populations. For
this species, there was the formation of a genetic cluster including all populations located
southwestward from Sdo Sebastido (SSB) Island except the two Alcatrazes sites, which are
located at ~ 45km from SSB shore and were grouped in a second genetic cluster with the sites
located northward from Sdo Sebastido Island (Buzios and Conchas). Figueira formed a third
separated genetic cluster. A similar pattern of genetic structuring for H. niger in this region was
previously presented in Longo et al. (in prep.), likely because of existence of the role played by
the Sdo Sebastido (SSB) island as a barrier to movements, with limited gene flow through the
S&o Sebastido Channel. This could contribute to the formation of separated genetic clusters for
the populations southwestward from the island and close to shore, northward from the island or
farther from shore, and within SSB Channel. Authors hypothesized that southwestward
populations would have limited capacity for northward dispersal through the SSB channel, and
that populations from the more offshore Alcatrazes island would more easily disperse in that
direction moving around SSB island (Longo et al., in prep). In our study, we show that genetic
distances of H. niger are in fact mostly explained by differences in water circulation pattern
among localities, and that circulation through the SSB channel exists, but seems mostly
unidirectional and northwards. Indeed, connections among all localities with Figueira (within
SSB channel) are less expressive than connections among northward and southwestward
localities, respectively, indicating that SSB island might not be an actual barrier, however it
may provide limiting dispersal through SSB channel for drifting species and thus be crucial for
the genetic structure of some benthic invertebrates like H. niger.

Another possibility to explain the clear differentiation of Figueira population of H.
niger would be anthropogenic stress. Figueira is an unprotected area, highly urbanized, with
intense boating activity, and located within SSB channel, relatively close to an oil terminal.
Therefore, we cannot reject that local environmental contamination could act as a selective

agent for H. niger populations, which had become tolerant and well-adapted to stressors like
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contamination stress, explaining the formation of a distinct genetic cluster together with the
high-density levels observed for this species in this locality. Environmental contamination may
affect genetic structure of animal species (Guttman 1994; Zvuloni 2008; Bach & Dahll6f 2012)
and rapid adaptative responses to pollutants, following the pace of environmental change, are
particularly possible for small-bodied species with a short generation time (Bergland et al. 2014;
Whitehead et al. 2017), as is the case of H. niger. However, studies testing the specific relation
between contaminant concentrations and genetic variability for this species are still necessary
for testing this hypothesis. Also, in this study we are considering only neutral loci so, even
though selective responses may reflect on demographic patterns (Li et al. 2012), any hypothesis
based on adaptive pressures should be taken with caution and further tested including the
adaptive information of genomic data.

For both amphipod species, environmental differences among localities,
represented mainly by nutrient-related variables and sea surface temperature, were important
for explaining genetic differentiation among populations. The main genetic pattern that is
coincident between these two species is the clear differentiation of Alcatrazes populations. In
Alcatrazes, most nutrients concentrations such as silicate, phosphate and nitrate were higher
than in the remaining localities, however iron concentration and primary productivity were
lower. Following what was previously discussed in Longo et al. (in prep.), it is possible that
nutrient inputs are due to upwelling formations in that area (Lorenzzetti & Gaeta 1996; Calil et
al. 2021; Karlovic et al. 2021), and this might increase nutrient availability and consequently
nutrient uptake by macroalgae species (Ohtake et al. 2020; Lapointe et al. 2021), increasing the
fitness of associated herbivore amphipods (Kraufvelin et al. 2006; Sudo & Yoshida 2021) such
as H. niger and C. filosa, contributing to the formation of their genetic clusters. However, even
in an apparent nutrient-rich environment, primary productivity in Alcatrazes was lower than in
the other localities. One possible explanation is that the lower levels of iron in that area could
be acting as a limiting factor for local productivity since this element is essential for several
photosynthetic processes and for the growth of phytoplankton elements like diatoms (Martin &
Fitzwater 1988; Whitney et al. 2005). Another possibility is the presence of coherent vortices
associated to the upwelling region, which can reduce primary productivity (Pasquero et al.
2005). However, further investigations on nutrient dynamics in Alcatrazes are still needed to
confirm either of these hypotheses.

Our results also showed that even in a more restricted spatial scale and limited
temperature gradient, variations in Sea Surface Temperature (SST) can also be important for

explaining genetic differences, as was seen for H. niger, C. filosa and P. imbricata. A few
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studies have also demonstrated that SST is a relevant feature for modulating genetic divergence
in different aquatic invertebrates, including other crustaceans and mollusks, however sampling
in wider temperature gradients, usually in interlatitudinal spatial scales (Banks et al. 2007; Paul
et al. 2012; Wei et al. 2013; Singh et al. 2018). Considering a more extensive spatial scale in
our study would probably reveal more accentuated genetic structure patterns and better
elucidate the effects of SST for genetic differentiation of these species, however our results
already demonstrate that even slight variations in SST may have an effect on genetic structure
of seaweed-associated invertebrate species, which raises important questions about how will
these species genetically respond to the future scenarios of temperature change due to climate
change, for example.

Community Data

Species diversity of seaweed-associated invertebrate assemblages differed among
localities and was higher in Marine Protected Areas (MPAS) like Palmas and Alcatrazes Refuge,
and in sites of partial protection and more isolated from urbanized centers, like Conchas, whilst
was lower in Lamberto, an unprotected area close to a state marina, and in Mar Casado, of
partial protection but located within Baixada Santista, a highly urbanized region of Sdo Paulo
coast. In arecent work in the same area, we studied the species diversity and composition of
peracarid and molluscan assemblages separately and found similar patterns (Mansur et al. in
prep.). Specifically, we observed a lower species diversity in more impacted areas like
Lamberto and found a significant association of lower diversity values and higher heavy metal
concentrations in algal tissues. In this study, we explored the effect of other oceanographic
variables on the diversity patterns of invertebrate assemblages, and show that environmental
dissimilarities among localities, particularly alterations in iron concentration, light at bottom
and SST, best explained community variations.

Localities with the more extreme diversity alterations (higher and lower values)
also presented most dissimilar assemblage composition, with one major similar feature: the
extremely reduced relative densities of Hyale niger. This species is herbivorous, can feed on
both the host alga and other associated epiphytic algae (Jacobucci & Leite 2008, 2014), and can
benefit from increments of seaweed biomass, increasing its density on macroalgae habitats
(Leite et al. 2021). Therefore, our results suggest that variations in species diversity and
composition are due to a combination of local nutrient/light limitations, macroalgae growth,
anthropogenic impact, and colonization rate of northern areas, with H. niger as a key species

driving community patterns.
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Seaweed growth may be influenced by different environmental factors in marine
environment, and limitations of nutrients availability and light incidence can be essential to
modulate macroalgae growth and productivity in coastal areas (Davison & Pearson 1996;
Viaroli et al. 2005). Among nutrients, iron is essential for chlorophyll synthesis and
photosynthetic reactions (Kwon et al. 2022) and can also have a major role in nitrate utilization
by macroalgae, thus in its production and growth (Viaroli et al. 2005). Likewise, light incidence
is crucial for modulating photosynthetic rates of macroalgae and, consequently, their growth
(Hanelt & Figueroa 2012). Hence, we hypothesize that in Palmas, Alcatrazes Refuge and
Conchas, where species diversity was higher, the lower levels of iron concentration and light at
bottom may have limited macroalgae growth, which is corroborated by the smaller fronds in
those areas (supplementary material 1). It would lead to reduced populations of the fast-growing
herbivorous amphipod H. niger, while many other non-herbivorous species, like the amphipods
Ericthonius brasiliensis, Stenothoe sp., Photis sarae and Caprella scaura, the bivalve Pinctada
imbricata and the ophiuroids Ophiothela mirabilis and Ophioplocus januarii, were able to

thrive, resulting in species-rich and species-even assemblages in those areas.

Meanwhile, in Lamberto, despite the similarly low levels of light at bottom,
probably due to elevated water turbidity in that area, iron concentrations are higher and
macroalgae fronds are large, so we believe that the limiting densities of H. niger populations in
that area could be due to anthropogenic impact, since Lamberto is located within the Saco da
Ribeira, an area with high concentrations of different pollutants, such as heavy metals,
hydrocarbons, and organic pollution (CETESB 2014, 2015, 2016), being probably the most
contaminated area in our sampling (Mansur et al. in prep). Amphipods can be highly sensitive
to marine contamination (Landrum et al. 2003; Roberts et al. 2006; Felden et al. 2008),
including Hyallidae species (Goulding et al. 2017; Wu et al. 2021), and particularly for H. niger.
There is evidence that different pollutants in sediments and/or in water affect this species
(Passarelli et al. 2017, Passarelli et al. 2019), but Mansur et al. (in prep) and Longo et al. (2021)
did not find a significant relationship between this species’ densities and heavy metal
concentrations in host algal tissue. Therefore, it is possible that pollutants othern than heavy
metals limit the growth of H. niger populations, and that allowed the strong dominance of the
opportunistic and more tolerant gastropod species Bittiolum varium (Longo et al. 2021),

resulting in a lower species diversity in that locality.

Finally, dispersal limitations of H. niger for sites located northward from SSB

island, as was further discussed in the previous section, may also have limited the colonization
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of that species in sites like Lamberto, Palmas and Conchas, and would help explain the reduced

densities of H. niger in those areas.

Relationship between genetic and community levels

Positive values of SGDC have been extensively reported in the literature, driven by
different factors like site size, connectivity, and environmental features, which can have parallel
eco-evolutionary effects on both diversity levels (Vellend 2004; Vellend & Geber 2005;
Messmer et al. 2012; Kahilainen et al. 2014; Laroche et al. 2015; Fortune et al. 2016; Knott et
al. 2018). Non-positive SGDC, although less frequent, have also been reported and usually
indicate that species and genetic diversity are modulated by different predominant factors
(Taberlet et al. 2012; Kahilainen et al. 2014 Seymour et al. 2016; Marchesini et al. 2018).
Positive SGDCs have been frequently (but not exclusively) associated to discrete habitat units
such as islands, forest fragments and lakes, while non-positive correlations would be more
associated with more arbitrary spatial units (Taberlet et al. 2012; Vellend et al. 2014).
Therefore, co-variation between species and genetic diversity is still not a consensus and thus
should be tested for different systems and especially in a multi-species approach (Fourtune et
al. 2016; Seymour et al. 2016; Watanabe & Monaghan 2017).

Our study is the first attempt to investigate the existence of SGDCs for seaweed-
associated invertebrate assemblages. We found only non-positive a-SGDCs for all species
studies, while for B-SGDC, values were positive for H. niger and not significant of the
remaining species. Studies on 3-SGDC of multiple-species have already indicated that stronger
values can be found for focal species with low dispersive abilities (Papadopoulou et al. 2011),
which is one possible reason why we have found positive and significant values for the more
abundant and less dispersive amphipod H. niger in contrast to the other species. The positive
R-SGDC values found for H. niger agree with most of the recent results in the literature (Lamy
et al. 2017) and are probably justified here by the strong influence of environmental variables
on both genetic and species dissimilarities among localities (Fortune et al. 2016).

As for a-SGDC, only H. niger presented significant but negative correlations.
Negative a-SGDCs can arise under different scenarios, such as when focal species has opposite
responses to environmental variations than other species from the community, or when
community factors like interspecific competition can affect population size and thus genetic
diversity of focal species (Vellend 2005; Lamy et al. 2017). We tested for the effects of site

factors (environmental variables, macroalgae frond size - which was used as a proxy of habitat
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size, and connectivity) on both genetic and species diversity and found that, even though
connectivity promoted genetic diversity, probably due to a higher number of immigrants in
more connected areas (Lamy et al. 2013), that was not true for the whole community, as would
be expected (Lamy et al. 2013; Chust et al. 2016), and none of the other factors presented any
effect on either diversity levels. We argue that community factors rather than site factors might
be predominant for explaining the observed negative a-SGDC. In species-richer communities,
more species would be co-existing and thus competing for available resources, resulting in
species with decreased niche breadth and lower effective population size due to limiting
carrying capacity of the system, consequently losing genetic diversity (Vellend & Geber 2005;
Silvertown & Freeland 2009; Laroche et al. 2015; Xu et al. 2016), especially for the more
isolated populations (lower connectivity) (Palumbi 1994).

For future studies of H. niger SGDCs in macroalgal habitats we suggest that (1) this
hypothesis should be further investigated, including the potential effects of biotic interactions
for SGDCs; (2) the role of other potential environmental variables, such as anthropogenic
disturbances, which can lead to parallel (Frey et al. 2016; Schwensow et al. 2022) and non-
parallel (Wei & Jiang 2012) effects on genetic and species diversity, and other potential
environmental features that can act on species interactions (Lamy et al. 2017); and (3) also
include the adaptative genetic variation, which would allow a more complete investigation of
the mechanisms producing SGDCs (Watanabe & Monaghan 2017; Pfeiffer et al. 2018). Even
though several aspects of species-genetic diversity correlations for seaweed invertebrates
remain to be studied, our results are an important indicator that those diversity levels are not
positively related and then species diversity cannot be used as a surrogate for genetic diversity,

or vice versa, in conservation planning of macroalgae habitats.

Final remarks

Macroalgae habitats have been facing expressive reductions over the past decades
due to increasing anthropogenic impacts in coastal areas (Gorman et al. 2020). This trend is
major threat for associated invertebrate species (Roberts et al. 2008; Mayer-Pinto et al. 2020;
Mancuso et al. 2021) and highlight the need for effective conservation measures for preserving
those habitats and their associated biodiversity. Our results bring out important aspects of
seaweed-associated invertebrate biology that should be considered for planning their future
conservation. In our study, not only we confirm that species with a planktonic larval phase will
present lower genetic structure than direct developers, but also show that different co-existing

brooder species can have different dispersal potentials and thus distinct patterns of genetic
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structure and gene flow, which highlights the importance of considering multi-species
approaches for establishing effective conservation measures of these habitats. We also show
that, for both amphipod species, Alcatrazes populations constituted a clearly distinct genetic
cluster, while for the whole invertebrate assemblage, Palmas presented the highest levels of
species richness and diversity. Alcatrazes and Palmas are considered pristine areas, since they
are both part of ESEC Tupinambas and Alcatrazes Archipelago Marine Refuge, two major
marine protected areas (MPAS) in S&o Paulo coast, which elucidates the importance of existing
MPAs for maintaining both species and genetic diversity of seaweed-associated fauna. And
finally, we indicate that species and genetic diversity are not driven by parallel processes and
one level cannot be used as a surrogate for the other in conservation planning of macroalgae
habitats.

As a final conclusion of this work, we show that species with different life histories
in relevant biotic features — such as the type of development in marine species — may result in
differences of key ecological processes like dispersal, which in turn affect the genetic structure
of species and ultimately influence the distribution of multiple species, resulting in potential

effects on community parameters.
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Supplementary 1 — Algal data, PCA and Regression analysis results

The effects of habitat size, environmental variables, and connectivity on species-genetic
diversity correlations (a-SGDC) were investigated with regression analysis. This analysis was
performed only for H. niger, since this was the only species that presented significant values of
SGDC.

Habitat size was measured as the mean macroalgae wet weight in each site (Table S1.1).

Table S1.1 — Mean algal wet weight (g) in each locality

Site Algal weight
Lamberto 27.16783333
Conchas 7.798166667
Buzios 26.081
Palmas 2.0415
Figueira 24.72366667
Baleia 12.958
Montao_de_Trigo 8.9935
Alcatrazes_ESEC  7.105166667
Alcatrazes_Refuge 6.613333333
Mar_Casado 26.74083333
Moela 3.473

For environmental variables, we first calculated a principal components analysis (PCA)
considering the most important variables obtained with bioenv procedure, considering the
genetic differentiation of H. niger populations and the beta-diversity values for invertebrate
assemblages’ dissimilarities. Environmental variables were normalized prior to PCA
construction, which is presented in Figure SX.1. As a proxy for environmental variables, we

used the first principal component (PC1) of PCA.
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Figure S1.1 — PCA analysis for environmental variables. PC1 was considered in regression
analysis.
Regression analysis results are presented in Table S1.2.

Table S1.2 — Regression analysis results

Response variable Predictor variable(s)

P-value R?
Species Diversity Environmental 0.7955 -0.1526
Connectivity 0.7061 -0.137
Habitat Size 0.3314 0.01636
Genetic Diversity Environmental 0.1412 0.2107
(H. niger) Connectivity 0.04819 0.4225

Habitat Size 0.1613 0.1814




Supplementary 2 — Particle dispersal matrix.
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Supplementary 3 - PERMANOVA analysis results

Table S3.1 - PERMANOVA results

Source of variation

df

MS Pseudo-F P-value

Site

Residuals

9 6884.7 9.6066
716.66

30

Transformation: log(x+1)

21500

0.0001

Table S3.2 — Posteriori pairwise results of PERMANOVA.

Alcatrazes ESEC

P=0.0326
Av. dissimilarity:
P =0.0261
Av. dissimilarity:
P =0.0293
Av. dissimilarity:
P =0.0306
Av. dissimilarity:
P =0.0295
Av. dissimilarity:
P =0.0266
Av. dissimilarity:
P =0.0309
Av. dissimilarity:
P=0.0568
Av. dissimilarity:
P=0.0279
Av. dissimilarity:

t=3.7712
57.94
t=2.5069
47.38
t=4.1131
82.58
t=2.7171
49.09
t=3.0239
60.86
t=4.8807
90.47
t=3.2309
82.59
t=1.5942
48.84
t=2.6688
55.36

Alcatrazes Refuge

P =0.0292 t=3.8378
Av. dissimilarity: 65.13

P =0.0286 t=4.8248
Av. dissimilarity: 91.62

P =0.0296 t=3.8662
Av. dissimilarity: 65.20

P =0.0298 t=3.8688
Av. dissimilarity: 73.87

P=0.027 t=4.8791
Av. dissimilarity: 88.60

P=0.0274 t=3.0389
Av. dissimilarity: 77.35

P =0.0291 t=2.3048
Av. dissimilarity: 60.31

P =0.0305 t=4.2198
Av. dissimilarity: 77.96

Montgo de Trigo

P=0.0292 t=3.2845
Av. dissimilarity: 75.55

P =0.0262 t=2.2207
Av. dissimilarity: 46.94

P=00273  t=3.0682
Av. dissimilarity: 66.59

P=0.0293 t=4.2155
Av. dissimilarity: 87.23

P=0.0263 t=2.9055
Av. dissimilarity: 80.40

P =0.0255 t=1.5572
Av. dissimilarity: 53.00

P=0.0276 t=2.601
Av. dissimilarity: 58.84

Figueira

P=0.03 t=3.6799
Av. dissimilarity: 80.08
P=0.0285  t=3.4564
Av. dissimilarity: 83.53
P =0.0307 t=2.9321
Av. dissimilarity: 78.75
P =0.0281 t=2.8325
Av. dissimilarity: 87.69
P =0.0276 t=2.6555
Av. dissimilarity: 81.90
P=0.026 t=3.0307
Av. dissimilarity: 76.66

Baleia

P=0.0265 t=2.648
Av. dissimilarity: 59.25

P=0.0271 t=4.0465
Av. dissimilarity: 82.41

P=0.0301 t=2.9614
Av. dissimilarity: 80.62

Conchas

P=0.027 t=3.6327
Av. dissimilarity: 82.62
P=0.0294 t=2.8092
Av. dissimilarity: 82.28

P=0.0313 t=187 P=0.0292 t=2.5366
Av. dissimilarity: 57.09  Av. imilarity: 73.85
P=0.0279 t=2.0966 P=0.0259 t=3.0126

Av. dissimilarity: 50.47

Av. dissimilarity: 71.25
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Lamberto Palmas Buzios
P=0.0318 t=2.5331
Av. dissimilarity: 77.54
P=0.0293 t=3.249 P=0.0291 t=2.433
Av. dissimilarity: 90.63 Av. dissimilarity: 83.94
P=0.0299 t=3.9379 P=0.0273 t=3.1037 P =0.0298 t=1.6754

Av. dissimilarity: 89.72 Av. dissimilarity: 89.18 Av. dissimilarity: 58.63



Supplementary 4 — SIMPER Results

SIMPER

Similarity Percentages - species contributions

One-Way Analysis

Data worksheet

Name: densidades log(x+1)

Data type: Abundance
Sample selection: All
Variable selection: All

Parameters

Resemblance: S17 Bray Curtis similarity
Cut off for low contributions: 90.00%

Factor Groups
Sample
ESEC_Alcatrazes
ESEC_Alcatrazes
ESEC_Alcatrazes
ESEC_Alcatrazes
Refugio_Alcatrazes
Refugio_Alcatrazes
Refugio_Alcatrazes
Refugio_Alcatrazes
Montao_de_Trigo
Montao_de_Trigo
Montao_de_Trigo
Montao_de_Trigo
Figueira

Figueira

Figueira

Figueira

Baleia

Baleia

Baleia

Baleia

Conchas

Conchas

Conchas

Conchas

Lamberto

Lamberto

Lamberto

Lamberto

Palmas

Site
ESEC_Alcatrazes
ESEC_Alcatrazes
ESEC_Alcatrazes
ESEC_Alcatrazes
Refugio_Alcatrazes
Refugio_Alcatrazes
Refugio_Alcatrazes
Refugio_Alcatrazes
Montao_de_Trigo
Montao_de_Trigo
Montao_de_Trigo
Montao_de_Trigo
Figueira

Figueira

Figueira

Figueira

Baleia

Baleia

Baleia

Baleia

Conchas

Conchas

Conchas

Conchas

Lamberto

Lamberto

Lamberto

Lamberto

Palmas

110



Palmas Palmas
Palmas Palmas
Palmas Palmas
Buzios Buzios
Buzios Buzios
Buzios Buzios
Buzios Buzios
Mar_Casado Mar_Casado
Mar_Casado Mar_Casado
Mar_Casado Mar_Casado
Mar_Casado Mar_Casado

Group ESEC_Alcatrazes
Average similarity: 72.87

Species

Hyale niger
Stenothoe_sp
Ericthonius_brasiliensis
Podocerus_fissipes
Chondrochelia_dubia
Ampithoe_ramondi
Janaira_gracilis
Cymadusa_filosa

Group Refugio_Alcatrazes
Average similarity: 71.99

Species
Ericthonius_brasiliensis
Stenothoe_sp
Photis_sarae
Aora_spinicornis
Alaba_incerta
Janaira_gracilis
Caprella_scaura
Rissoella_ornata
Assiminea_sp.
Ampithoe_ramondi
Paracerceis_sculpta
Chondrochelia_dubia
Pinctada_imbricata

Group Montao_de_Trigo
Average similarity: 66.13

Species

Hyale niger
Stenothoe_sp
Caprella_scaura

Av.Abund Av.Sim Sim/SD Contrib%

2.34
1.85
1.50
1.38
0.83
1.13
0.98
0.68

Av.Abund Av.Sim Sim/SD Contrib%

3.23
2.40
2.37
2.10
1.66
2.01
2.06
131
0.93
1.25
0.65
0.71
0.70

Av.Abund Av.Sim Sim/SD Contrib%

2.02
1.93
0.97

16.62
13.50
10.00
6.98
5.82
5.68
5.63
3.21

10.92
8.28
7.34
6.57
6.00
5.98
431
411
2.94
2.78
2.32
1.90
1.80

17.42
16.17
6.35

16.23
9.54
4.33
2.06
5.98
1.30
2.82
1.41

8.31
8.90
3.98
6.76
6.98
2.18
1.32
8.33
7.49
1.85
3.74
4.99
2.79

6.74
4.56
2.62

22.81
18.52
13.72
9.58
7.99
7.80
7.72
4.40

15.17
11.50
10.20
9.13
8.34
8.30
5.99
5.71
4.09
3.87
3.22
2.65
2.50

26.34
24.46
9.60

Cum.%
22.81
41.34
55.05
64.63
72.62
80.42
88.14
92.55

Cum.%
15.17
26.67
36.87
46.00
54.34
62.64
68.63
74.34
78.43
82.30
85.52
88.16
90.66

Cum.%
26.34
50.79
60.40

111



Janaira_gracilis
Ericthonius_brasiliensis
Cymadusa_filosa
Pinctada_imbricata
Ophiactis_lymani
Gammaropsis_palmata
Alaba_incerta
Chondrochelia_dubia
Ophiothela_mirabilis

Group Figueira
Average similarity: 48.91

Species

Hyale niger
Hippolyte_obliquimanus
Ophiothela_mirabilis
Janaira_gracilis
Bittiolum_varium
Cymadusa_filosa

Group Baleia
Average similarity: 67.27

Species

Hyale_niger
Janaira_gracilis
Stenothoe_sp
Chondrochelia_dubia
Aora_spinicornis
Pinctada_imbricata
Cymadusa_filosa
Eulithidium_affine
Ericthonius_brasiliensis
Gammaropsis_palmata
Costoanachis_sertulariarum

Group Conchas
Average similarity: 59.82

Species
Janaira_gracilis
Hyale_niger
Chondrochelia_dubia
Podocerus_fissipes
Stenothoe_sp
Sunampithoe_pelagica
Pinctada_imbricata
Mitrela_dichroa
Hyale_macrodactyla

0.86
0.35
0.34
0.49
0.23
0.31
0.22
0.16
0.14

0.86
0.26
0.31
0.29
0.29
0.12

5.57
2.85
2.56
2.22
1.48
1.39
1.38
1.21
1.18

17.45
9.22
7.28
6.28
3.71
2.92

1.35
2.48
1.79
0.83
2.58
1.33
3.43
2.96
4.55

8.43
4.31
3.87
3.35
2.25
2.10
2.09
1.82
1.78

Av.Abund Av.Sim Sim/SD Contrib%

3.85 35.67
2.05 18.84
3.01 14.89
1.59 12.83
1.22 7.59
1.00 5.98

68.82
73.14
77.00
80.35
82.60
84.70
86.79
88.61
90.39

Cum.%
35.67
54.52
69.40
82.24
89.83
95.80

Av.Abund Av.Sim Sim/SD Contrib% Cum.%

2.44
1.45
1.56
0.70
0.88
0.70
0.52
0.50
0.63
0.48
0.24

17.48 15.05
8.57 6.11
7.96 1.28
4.95 7.04
4.34 3.11
4.03 2.93
3.71 1478
3.32 4.25
2.70 1.84
2.54 2.31
1.66 4.28

2598  25.98
12.74  38.72
11.83  50.56
7.36 57.92
6.45 64.37
5.99 70.37
5.52 75.89
4.93 80.82
4.01 84.83
3.78 88.61
2.47 91.08

Av.Abund Av.Sim Sim/SD Contrib% Cum.%

1.53
1.27
1.10
1.00
1.27
0.71
0.58
0.65
1.07

6.74
6.45
5.71
5.52
4.80
4.54
4.17
3.98
3.67

111
4.54
1.71
3.92
0.88
14.56
6.18
5.12
1.57

11.27
10.79
9.54
9.23
8.02
7.59
6.97
6.65
6.14

11.27
22.06
31.59
40.83
48.85
56.44
63.41
70.06
76.20
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Elasmopus_pectenicrus
Bittiolum_varium
Pachycheles_laevidactylus
Epialtus_bituberculatus

Group Lamberto
Average similarity: 58.04

Species
Bittiolum_varium
Paracerceis_sculpta
Eulithidium_affine
Hippolyte_obliquimanus
Chondrochelia_dubia
Mitrela_dichroa
Janaira_gracilis
Pinctada_imbricata

Group Palmas
Average similarity: 43.41

Species
Ophiothela_mirabilis
Pinctada_imbricata
Bittiolum_varium
Ericthonius_brasiliensis
Ophioplocus_januarii
Alvania_auberiana
Photis_sarae
Lysianassa_teminino
Caecum_brasilicum
Chondrochelia_dubia
Cymadusa_tartarugae
Musculus_lateralis
Stenothoe_sp
Janaira_gracilis
Paracerceis_sculpta
Costoanachis_sparsa

Group Buzios
Average similarity: 47.84

Species
Ericthonius_brasiliensis
Hyale_niger
Aora_spinicornis
Janaira_gracilis
Stenothoe_sp
Caprella_scaura
Ampithoe_ramondi

0.73
0.46
0.39
0.32

3.40
2.87
1.22
1.18

2.84
2.81
0.88
0.91

5.68
4.79
2.05
1.97

Av.Abund Av.Sim Sim/SD Contrib%

2.58
0.81
0.29
0.32
0.27
0.20
0.27
0.16

33.83
8.38
2.57
2.56
2.08
1.62
1.06
1.04

8.28
1.71
1.96
1.22
1.95
3.18
0.61
1.40

58.29
14.44
4.42
4.42
3.58
2.79
1.83
1.80

81.87
86.67
88.71
90.68

Cum.%
58.29
72.73
77.16
81.58
85.16
87.95
89.78
91.57

Av.Abund Av.Sim Sim/SD Contrib% Cum.%

0.93
1.23
1.09
0.88
0.95
0.76
0.54
0.60
0.50
0.37
0.29
0.25
0.23
0.12
0.20
0.16

6.39
6.31
4.96
4.60
3.68
2.21
191
1.66
1.48
1.30
1.22
1.02
0.98
0.60
0.59
0.57

1.01
2.82
3.00
2.79
1.45
0.85
0.55
0.87
1.95
0.90
4.23
2.21
2.09
0.82
0.77
0.77

14.71
14.53
11.43
10.60
8.48
5.10
4.40
3.83
341
2.99
2.80
2.36
2.26
1.37
1.36
1.32

14.71
29.24
40.67
51.27
59.75
64.85
69.24
73.07
76.49
79.47
82.28
84.63
86.90
88.27
89.63
90.95

Av.Abund Av.Sim Sim/SD Contrib% Cum.%

2.04
1.72
0.75
111
1.47
0.42
0.58

12.77
8.61
4.72
4.45
3.93
2.60
2.42

2.50
1.78
3.89
1.13
0.65
1.65
1.15

26.69
18.01
9.87
9.31
8.21
5.43
5.07

26.69
44.70
54.57
63.88
72.09
77.52
82.58
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Cymadusa_filosa 0.28 1.38 1.75 2.89 85.48
Alaba_incerta 0.24 1.30 1.15 2.71 88.19
Jassa_slateryi 0.46 1.17 0.68 2.45 90.64

Group Mar_Casado
Average similarity: 61.04

Species Av.Abund Av.Sim Sim/SD Contrib% Cum.%
Hyale_niger 2.57 26.97  6.62 4419  44.19
Batea_catharinensis 1.60 11.66 2.19 19.11  63.30
Janaira_gracilis 1.24 8.69 2.46 1424 7754
Ericthonius_brasiliensis 1.21 5.00 0.86 8.19 85.73
Stenothoe_sp 0.42 2.22 0.75 3.63 89.36
Costoanachis_sertulariarum 0.34 2.02 1.17 3.31 92.67

Groups ESEC_Alcatrazes & Refugio_Alcatrazes
Average dissimilarity = 57.94

Group ESEC_Alcatrazes  Group Refugio_Alcatrazes

Species Av.Abund Av.Abund
Av.Diss Diss/SD
Contrib% Cum.%

Photis_sarae 0.06 2.37

5.91 4.51

10.20 10.20
Aora_spinicornis 0.08 2.10

5.13 5.54

8.85 19.05
Caprella_scaura 0.20 2.06

4.45 1.85

7.67 26.73
Ericthonius_brasiliensis 1.50 3.23

4.36 3.42

7.52 34.25
Hyale_niger 2.34 0.73

4.08 2.85

7.04 41.29
Alaba_incerta 0.12 1.66

3.98 6.98

6.88 48.17
Podocerus_fissipes 1.38 0.00

3.55 1.87

6.13 54.30
Janaira_gracilis 0.98 2.01

2.89 1.78

4.99 59.29



Assiminea_sp.

Ampithoe_ramondi

Rissoella_ornata

Paracerceis_sculpta

Pinctada_imbricata

Stenothoe_sp

Musculus_lateralis

Astyris_lunata

Cymadusa_filosa

Pseudaeginella_montoucheti

Chondrochelia_dubia

Anachis_fenneli

Ophioplocus_januarii

Bittiolum_varium

2.35
4.06

2.01
3.47

1.85
3.19

1.65
2.85

1.49
2.57

1.36
2.35

1.25
2.16

1.25
2.15

1.08
1.87

0.87
1.50

0.79
1.36

0.71
1.23

0.67
1.16

0.64
111

0.00

1.13

0.56

0.02

0.09

1.85

0.00

0.00

0.68

0.02

0.83

0.14

0.00

0.00

Groups ESEC_Alcatrazes & Montao_de_Trigo

Average dissimilarity = 47.38

Group ESEC_Alcatrazes

8.81
63.34

1.50
66.81

1.77
70.00

4.13
72.86

2.55
75.43

1.62
77.78

1.88
79.94

0.96
82.10

1.22
83.97

1.15
85.47

1.43
86.84

1.21
88.07

0.65
89.22

1.90
90.34

Group Montao_de_Trigo

0.93

1.25

1.31

0.65

0.70

2.40

0.50

0.56

0.43

0.39

0.71

0.31

0.27

0.27
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Species Av.Abund Av.Abund

Av.Diss Diss/SD

Contrib% Cum.%
Podocerus_fissipes 1.38 0.03
6.18 1.89 13.04

13.04
Ericthonius_brasiliensis 1.50 0.35
5.37 2.45 11.34

24.38
Ampithoe_ramondi 1.13 0.13
4,71 1.48 9.93

34.31
Caprella_scaura 0.20 0.97
3.40 1.74 7.17

41.48
Chondrochelia_dubia 0.83 0.16
3.16 2.85 6.67

48.15
Hyale_niger 2.34 2.02
2.90 141 6.11

54.26
Stenothoe_sp 1.85 1.93
2.50 1.97 5.27

59.53
Janaira_gracilis 0.98 0.86
2.23 1.33 4.70

64.23
Rissoella_ornata 0.56 0.09
2.14 1.40 4.52

68.75
Cymadusa_filosa 0.68 0.34
2.02 1.55 4.27

73.03
Pinctada_imbricata 0.09 0.49
1.96 1.57 4.14

77.17
Gammaropsis_palmata 0.00 0.31
1.33 1.41 2.82

79.99
Ophiactis_lymani 0.00 0.23
1.01 2.30 2.12

82.11
Anachis_fenneli 0.14 0.16
0.86 1.23 1.82

83.93
Ophiothela_mirabilis 0.00 0.14
0.64 2.74 1.35

85.29



Alaba_incerta
0.59

Perna_perna
0.59

Carpias_minutus
0.59

Paracerceis_sculpta

0.57

Groups Refugio_Alcatrazes &

Average dissimilarity = 65.13

Species

Ericthonius_brasiliensis

Photis_sarae

Aora_spinicornis

Alaba_incerta

Caprella_scaura

Hyale_niger

Janaira_gracilis

Rissoella_ornata

Ampithoe_ramondi

0.12
1.35
86.54
0.01
0.82
87.79
0.13
1.57
89.03
0.02
0.87
90.23

Montao_de_Trigo

Group Refugio_Alcatrazes

Av.Abund
Av.Diss
Contrib%

3.23
7.97
12.24
2.37
6.53
10.03
2.10
5.54
8.50
1.66
4.08
6.26
2.06
3.69
5.66
0.73
3.46
5.31
2.01
3.42
5.25
1.31
3.31
5.09
1.25
2.88

4.42

0.22
1.25

0.13
1.25

0.01
1.25

0.14
1.20
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Group Montao_de_Trigo

Av.Abund
Diss/SD
Cum.%

0.35
7.09
12.24
0.02
4.40
22.26
0.08
5.46
30.76
0.22
4.74
37.03
0.97
1.87
42.69
2.02
1.96
48.00
0.86
1.64
53.25
0.09
8.25
58.33
0.13
1.85
62.75



Assiminea_sp.

Stenothoe_sp

Chondrochelia_dubia

Paracerceis_sculpta

Astyris_lunata

Musculus_lateralis

Pinctada_imbricata

Pseudaeginella_montoucheti

Carpias_minutus

Gammaropsis_palmata

Cymadusa_filosa

Ophioplocus_januarii

Anachis_fenneli

Bittiolum_varium

Arcidae_morfo2

Ophiactis_lymani

2.54
3.91

1.74
2.67

1.52
2.33

1.47
2.25

1.34
2.05

1.33
2.04

1.12
1.71

0.92
1.41

0.85
131

0.83
1.28

0.75
1.16

0.72
111

0.71
1.10

0.65
1.00

0.55
0.84

0.54
0.83

0.93

2.40

0.71

0.65

0.56

0.50

0.70

0.39

0.30

0.00

0.43

0.27

0.31

0.27

0.22

0.04

7.73
66.66

1.40
69.33

1.84
71.66

2.76
73.92

0.96
75.97

1.83
78.01

1.40
79.72

1.19
81.14

1.07
82.45

1.31
83.72

1.82
84.88

0.65
85.99

1.55
87.09

1.75
88.09

0.92
88.93

1.62
89.76

0.00

1.93

0.16

0.14

0.00

0.01

0.49

0.04

0.01

0.31

0.34

0.00

0.16

0.02

0.00

0.23
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Phtisica_verae 0.24 0.00
0.53 0.56
0.82 90.58

Groups ESEC_Alcatrazes & Figueira
Average dissimilarity = 82.58

Group ESEC_Alcatrazes  Group Figueira
Species Av.Abund Av.Abund Av.Diss

Diss/SD Contrib% Cum.%
Stenothoe_sp 1.85 0.01 12.44
7.44 15.07 15.07
Hyale_niger 2.34 0.86 10.42
1.88 12.62 27.69
Ericthonius_brasiliensis 1.50 0.01 10.31
2.87 12.49 40.18
Podocerus_fissipes 1.38 0.00 9.21
1.97 11.15 51.34
Ampithoe_ramondi 1.13 0.03 7.67
1.57 9.29 60.62
Chondrochelia_dubia 0.83 0.02 5.57
3.46 6.75 67.37
Janaira_gracilis 0.98 0.29 4.68
1.75 5.67 73.05
Rissoella_ornata 0.56 0.00 3.75
1.70 4.55 77.59
Cymadusa_filosa 0.68 0.12 3.72
1.63 451 82.10
Ophiothela_mirabilis 0.00 0.31 2.08
1.32 2.52 84.62
Bittiolum_varium 0.00 0.29 1.82
1.15 2.21 86.82
Hippolyte_obliquimanus 0.00 0.26 1.78
2.71 2.15 88.97
Caprella_scaura 0.20 0.01 1.33
1.12 1.61 90.58
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Groups Refugio_Alcatrazes & Figueira
Average dissimilarity = 91.62

Group Refugio_Alcatrazes

Group Figueira

Species Av.Abund Av.Abund
Av.Diss Diss/SD
Contrib% Cum.%
Ericthonius_brasiliensis 3.23 0.01 11.15
6.08 12.17 12.17
Stenothoe_sp 2.40 0.01 8.27
8.09 9.03 21.20
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Photis_sarae 2.37 0.00 8.20
4.14 8.95 30.15
Aora_spinicornis 2.10 0.00 7.17
5.60 7.83 37.98
Caprella_scaura 2.06 0.01 6.43
2.12 7.02 45.00
Janaira_gracilis 2.01 0.29 6.08
2.28 6.63 51.63
Alaba_incerta 1.66 0.00 5.83
5.09 6.37 58.00
Rissoella_ornata 1.31 0.00 4.43
8.82 4.83 62.84
Ampithoe_ramondi 1.25 0.03 3.87
2.18 4.23 67.06
Assiminea_sp. 0.93 0.00 3.16
7.32 3.45 70.52
Chondrochelia_dubia 0.71 0.02 2.36
2.43 2.58 73.10
Pinctada_imbricata 0.70 0.00 2.28
3.54 2.49 75.59
Hyale_niger 0.73 0.86 2.27
1.39 2.48 78.07
Paracerceis_sculpta 0.65 0.06 2.13
3.28 2.33 80.39
Musculus_lateralis 0.50 0.00 1.68
1.90 1.83 82.22
Astyris_lunata 0.56 0.01 1.61
0.99 1.75 83.98
Pseudaeginella_montoucheti 0.39 0.06 1.14
1.26 1.25 85.22
Carpias_minutus 0.30 0.00 1.09
1.07 1.19 86.41
Ophiothela_mirabilis 0.00 0.31 1.08
1.26 1.18 87.59
Cymadusa_filosa 0.43 0.12 1.07
1.30 1.17 88.76
Anachis_fenneli 0.31 0.00 0.94
1.22 1.03 89.79
Hippolyte_obliquimanus 0.00 0.26 0.91
2.50 0.99 90.78

Groups Montao_de_Trigo & Figueira
Average dissimilarity = 75.55

Group Montao_de_Trigo  Group Figueira

Species Av.Abund Av.Abund Av.Diss
Diss/SD Contrib% Cum.%
Stenothoe_sp 1.93 0.01 16.02

4.45 21.21 21.21



Hyale_niger
1.98
Caprella_scaura
2.44
Janaira_gracilis
1.86

Pinctada_imbricata
1.47

Ericthonius_brasiliensis

1.91

Hippolyte_obliquimanus

2.33

Gammaropsis_palmata

1.46
Bittiolum_varium
1.07
Cymadusa_filosa
1.78

Alaba_incerta

2.58
Ophiactis_lymani
1.93
Ophiothela_mirabilis
0.77

Perna_perna

0.84
Anachis_fenneli
1.54
Chondrochelia_dubia
2.15
Batea_catharinensis
1.40
Paracerceis_sculpta
0.94

Cymodoce_brasiliensis

0.66
Ampithoe_ramondi
1.42

14.46

10.20

7.00

5.01

4.10

3.01

2.98

2.83

2.59

2.26

2.20

2.00

1.67

1.58

151

1.46

1.42

1.32

1.26

Groups ESEC_Alcatrazes & Baleia

Average dissimilarity = 49.09

Species

Podocerus_fissipes
1.92
Ampithoe_ramondi
1.66

Group ESEC_Alcatrazes

2.02

0.97

0.86

0.49

0.35

0.00

0.31

0.02

0.34

0.22

0.23

0.14

0.13

0.16

0.16

0.12

0.14

0.11

0.13

Av.Abund

Diss/SD

11.15

9.38

1.38

1.13

0.86
35.66

0.01
45.86

0.29
52.86

0.00
57.88

0.01
61.97

0.26
64.99

0.01
67.97

0.29
70.80

0.12
73.39

0.00
75.65

0.02
77.85

0.31
79.85

0.00
81.53

0.00
83.11

0.02
84.62

0.00
86.07

0.06
87.49

0.00
88.81

0.03
90.08

Group Baleia

Av.Abund
Contrib%
0.00

11.15

0.00

20.53

10.92

7.71

5.29

3.79

3.09

2.28

2.25

2.14

1.96

1.71

1.66

1.51

1.27

1.19

1.14

1.10

1.07

1.00

0.96

Av.Diss
Cum.%

5.47

4.61
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Ericthonius_brasiliensis
1.70

Aora_spinicornis

2.05

Stenothoe_sp

1.27

Janaira_gracilis

1.46
Pinctada_imbricata
2.89

Rissoella_ornata

1.65
Eulithidium_affine
2.90
Gammaropsis_palmata
2.54

Hyale niger

1.54
Hourstonius_wakabarae
1.19

Cymadusa_filosa

1.59
Batea_catharinensis
0.61

Costoanachis_sertulariarum

4.51
Leucothoe_spinicarpa
0.65
Chondrochelia_dubia
1.13
Ophiactis_lymani

2.33
Caprella_scaura
1.06
Mitrela_dichroa
0.95
Anachis_fenneli
0.63
Carpias_minutus
1.49
Alaba_incerta
1.28

Paracaprella_dubiaski
0.81
Caprella_equilibra
0.56
Elasmopus_pectenicrus
1.73

Arcidae_morfo2

2.94

7.66

6.21

5.28

4.83

4.79

4.54

4.16

3.78

3.41

2.99

2.85

2.80

2.00

1.63

1.58

1.39

1.36

1.16

111

1.08

1.02

0.93

0.86

0.84

0.81

1.50

0.08

1.85

0.98

0.09

0.56

0.00

0.00

2.34

0.00

0.68

0.00

0.00

0.00

0.83

0.00

0.20

0.00

0.14

0.13

0.12

0.00

0.00

0.01

0.00

0.63
28.19
0.88
34.40
1.56
39.68
1.45
44.50
0.70
49.30
0.00
53.84
0.50
58.00
0.48
61.78
2.44
65.19
0.39
68.18
0.52
71.03
0.38
73.83
0.24
75.83
0.20
77.46
0.70
79.04
0.18
80.43
0.04
81.79
0.13
82.95
0.00
84.06
0.00
85.13
0.00
86.16
0.12
87.09
0.12
87.95
0.11
88.79
0.10
89.61

3.76

3.05

2.59

2.37

2.35

2.23

2.04

1.85

1.67

1.47

1.40

1.38

0.98

0.80

0.78

0.68

0.67

0.57

0.54

0.53

0.50

0.46

0.42

0.41

0.40
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Bittiolum_varium
0.89 0.74

Groups Refugio_Alcatrazes & Baleia
Average dissimilarity = 65.20

Group Refugio_Alcatrazes

Species
Diss/SD

Ericthonius_brasiliensis

4.36
Photis_sarae

4.42
Caprella_scaura

1.98
Hyale niger

3.95
Alaba_incerta

6.35
Rissoella_ornata

7.38
Aora_spinicornis

1.92
Ampithoe_ramondi

2.11
Assiminea_sp.

7.47
Stenothoe_sp

1.31
Janaira_gracilis

1.51
Paracerceis_sculpta

4.01
Eulithidium_affine

2.93
Musculus_lateralis

1.86
Astyris_lunata

0.95
Gammaropsis_palmata

2.31
Hourstonius_wakabarae

1.15
Batea_catharinensis

0.60
Pseudaeginella_montoucheti

1.14
Carpias_minutus

1.07

0.00

Av.Abund

3.23

2.37

2.06

0.73

1.66

1.31

2.10

1.25

0.93

2.40

2.01

0.65

0.00

0.50

0.56

0.00

0.00

0.00

0.39

0.30

0.10

90.35

Group Baleia

Av.Abund
Contrib%
0.63
10.12
0.00
9.20
0.04
7.30
2.44
6.55
0.00
6.53
0.00
5.00
0.88
4.73
0.00
4,58
0.00
3.56
1.56
3.51
1.45
3.21
0.00
2.60
0.50
1.99
0.00
1.90
0.00
1.89
0.48
1.84
0.39
1.47
0.38
1.40
0.00
1.36
0.00
1.21
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0.36

Av.Diss
Cum.%
6.60
10.12
6.00
19.32
4,76
26.62
4.27
33.16
4.26
39.69
3.26
44.69
3.09
49.42
2.99
54.01
2.32
57.57
2.29
61.08
2.09
64.29
1.70
66.89
1.30
68.88
1.24
70.78
1.23
72.68
1.20
74.52
0.96
75.99
0.91
77.39
0.89
78.75
0.79
79.95



Pinctada_imbricata 0.70 0.70
1.34 1.19
Anachis_fenneli 0.31 0.00
1.19 1.10
Cymadusa_filosa 0.43 0.52
2.01 1.05
Ophioplocus_januarii 0.27 0.00
0.65 1.02
Costoanachis_sertulariarum 0.00 0.24
3.89 0.96
Chondrochelia_dubia 0.71 0.70
1.23 0.95
Arcidae_morfo2 0.22 0.10
1.73 0.82
Leucothoe_spinicarpa 0.00 0.20
0.64 0.79
Bittiolum_varium 0.27 0.10
1.43 0.77
Phtisica_verae 0.24 0.00
0.56 0.76
Caprella_equilibra 0.13 0.12
0.77 0.68

Groups Montao_de_Trigo & Baleia
Average dissimilarity = 46.94

Group Montao_de_Trigo  Group Baleia

Species Av.Abund Av.Abund
Diss/SD Contrib%
Caprella_scaura 0.97 0.04
2.12 8.61 8.61
Stenothoe_sp 1.93 1.56
1.40 7.53 16.14
Aora_spinicornis 0.08 0.88
2.12 7.27 23.41
Janaira_gracilis 0.86 1.45
1.34 6.54 29.96
Hyale_niger 2.02 2.44
2.13 6.52 36.48
Chondrochelia_dubia 0.16 0.70
3.44 5.26 41.73
Eulithidium_affine 0.02 0.50
2.44 4.81 46.54
Pinctada_imbricata 0.49 0.70
1.22 3.65 50.19
Batea_catharinensis 0.12 0.38
0.78 3.62 53.81
Ericthonius_brasiliensis 0.35 0.63

1.07 3.35 57.16

0.78
81.14
0.72
82.24
0.69
83.30
0.66
84.31
0.63
85.28
0.62
86.23
0.54
87.05
0.51
87.84
0.50
88.61
0.50
89.37
0.44
90.04

Av.Diss
Cum.%
4.04
3.54
341
3.07
3.06
2.47
2.26
1.71
1.70

1.57
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Hourstonius_wakabarae
1.13
Gammaropsis_palmata
1.37

Costoanachis_sertulariarum

3.64

Alaba_incerta

2.08
Leucothoe_spinicarpa
0.67
Cymadusa_filosa
1.21

Anachis_fenneli

1.39

Mitrela_dichroa

0.93
Paracerceis_sculpta
0.98
Ophiothela_mirabilis
2.55
Ampithoe_ramondi
2.02

Perna_perna

0.86
Caprella_equilibra
0.71
Ophiactis_lymani
1.32
Paracaprella_dubiaski
0.90
Cymodoce_brasiliensis
0.68
Elasmopus_pectenicrus
1.68

Arcidae_morfo2

2.82

Rissoella_ornata

1.38
Bittiolum_varium
1.03

Sphenia_fragilis

1.64
Ampithoe_marcuzzi
1.58
Turbonilla_multicostata
1.45

Groups Figueira & Baleia
Average dissimilarity = 80.08

3.32

2.80

2.32

2.00

1.95

1.83

1.43

1.40

1.40

1.35

1.32

1.28

1.15

1.14
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1.10

1.00

0.97

0.91

0.89

0.87

0.80

0.76

0.02

0.31

0.01

0.22

0.02

0.34

0.16

0.00

0.14

0.14

0.13

0.13

0.02

0.23

0.02

0.11

0.01

0.00

0.09

0.02

0.00

0.00

0.00

0.39
60.48
0.48
63.28
0.24
65.60
0.00
67.60
0.20
69.55
0.52
71.38
0.00
72.81
0.13
74.21
0.00
75.61
0.00
76.95
0.00
78.27
0.02
79.55
0.12
80.70
0.18
81.84
0.12
82.94
0.00
84.04
0.11
85.04
0.10
86.01
0.00
86.92
0.10
87.80
0.09
88.67
0.09
89.48
0.08
90.23

1.56

1.31

1.09

0.94

0.91

0.86

0.67

0.66

0.66

0.63

0.62

0.60

0.54

0.53

0.52

0.51

0.47

0.46

0.43

0.42

0.41

0.38

0.36

125



126

Group Figueira ~ Group Baleia

Species Av.Abund Av.Abund  Av.Diss Diss/SD
Contrib% Cum.%

Hyale niger 0.86 2.44 10.74 2.02
13.42 13.42

Stenothoe_sp 0.01 1.56 10.50 1.97
13.12 26.53

Janaira_gracilis 0.29 1.45 7.38 3.06
9.21 35.75

Aora_spinicornis 0.00 0.88 5.44 2.71
6.79 42.53

Chondrochelia_dubia 0.02 0.70 4.53 4.42
5.65 48.19

Pinctada_imbricata 0.00 0.70 4.40 4.26
5.50 53.69

Ericthonius_brasiliensis 0.01 0.63 4.06 1.63
5.07 58.75

Eulithidium_affine 0.05 0.50 3.19 1.91
3.99 62.74

Gammaropsis_palmata 0.01 0.48 2.97 2.57
3.71 66.44

Cymadusa_filosa 0.12 0.52 2.60 4.75
3.25 69.69

Hourstonius_wakabarae 0.01 0.39 2.26 1.18
2.82 72.51

Batea_catharinensis 0.00 0.38 2.14 0.61
2.68 75.19

Ophiothela_mirabilis 0.31 0.00 2.06 1.26
2.57 77.76

Bittiolum_varium 0.29 0.10 1.66 1.14
2.08 79.84

Costoanachis_sertulariarum 0.01 0.24 1.58 3.04
1.97 81.80

Leucothoe_spinicarpa 0.01 0.20 1.33 0.66
1.66 83.46

Hippolyte_obliquimanus 0.26 0.08 1.31 1.27
1.63 85.09

Mitrela_dichroa 0.01 0.13 0.98 0.86
1.22 86.31

Ophiactis_lymani 0.02 0.18 0.98 1.82
1.22 87.53

Paracaprella_dubiaski 0.01 0.12 0.73 0.85
0.91 88.44

Elasmopus_pectenicrus 0.00 0.11 0.69 1.54
0.86 89.30

Arcidae_morfo2 0.00 0.10 0.67 2.76
0.84 90.14

Groups ESEC_Alcatrazes & Conchas
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Average dissimilarity = 60.86

Group ESEC_Alcatrazes  Group Conchas

Species Av.Abund Av.Abund  Av.Diss
Diss/SD Contrib% Cum.%

Ericthonius_brasiliensis 1.50 0.08 5.70
2.59 9.36 9.36
Ampithoe_ramondi 1.13 0.00 4.52
1.61 7.42 16.78

Hyale niger 2.34 1.27 4.46
1.42 7.33 24.11
Hyale_macrodactyla 0.00 1.07 3.91
1.53 6.43 30.54

Janaira_gracilis 0.98 1.53 3.79
2.38 6.22 36.76

Stenothoe_sp 1.85 1.27 3.12
0.82 5.12 41.88
Podocerus_fissipes 1.38 1.00 2.75
1.21 4.52 46.40
Sunampithoe_pelagica 0.00 0.71 2.73
8.22 4.49 50.89
Elasmopus_pectenicrus 0.01 0.73 2.66
2.36 4.37 55.26

Mitrela_dichroa 0.00 0.65 2.53
3.20 4.16 59.42

Cymadusa_filosa 0.68 0.10 2.33
1.51 3.83 63.25

Rissoella_ornata 0.56 0.00 2.19
1.61 3.59 66.84
Pinctada_imbricata 0.09 0.58 1.92
5.10 3.16 70.00

Bittiolum_varium 0.00 0.46 1.90
2.27 3.12 73.13
Chondrochelia_dubia 0.83 1.10 1.88
1.93 3.09 76.21
Pachycheles_laevidactylus 0.00 0.39 1.46
1.42 2.40 78.61
Epialtus_bituberculatus 0.00 0.32 1.24
1.54 2.04 80.65
Hourstonius_wakabarae 0.00 0.33 1.15
0.90 1.89 82.54

Jassa_slateryi 0.00 0.27 0.99
0.89 1.63 84.17
Leucothoe_spinicarpa 0.00 0.21 0.95
0.80 1.56 85.72
Modiolus_carvalhoi 0.00 0.22 0.81
1.23 1.33 87.05
Monocorophium_acherusicum 0.03 0.19 0.75

1.27 1.23 88.28



Caprella_scaura 0.20
1.08 1.18
Eulithidium_affine 0.00
1.33 0.89

Groups Refugio_Alcatrazes & Conchas
Average dissimilarity = 73.87

Group Refugio_Alcatrazes

Species Av.Abund
Diss/SD
Ericthonius_brasiliensis 3.23
5.80
Photis_sarae 2.37
3.83
Aora_spinicornis 2.10
5.09
Caprella_scaura 2.06
1.96
Alaba_incerta 1.66
4.58
Rissoella_ornata 1.31
6.39
Stenothoe_sp 2.40
1.17
Ampithoe_ramondi 1.25
2.08
Hyale_macrodactyla 0.00
1.42
Podocerus_fissipes 0.00
3.15
Assiminea_sp. 0.93
6.44
Janaira_gracilis 2.01
0.99
Elasmopus_pectenicrus 0.00
2.11
Paracerceis_sculpta 0.65
3.82
Hyale_niger 0.73
1.59
Mitrela_dichroa 0.00
2.94
Sunampithoe_pelagica 0.17
1.83
Chondrochelia_dubia 0.71
1.52
Musculus_lateralis 0.50

1.84
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0.03 0.72

89.46

0.13 0.54

90.35

Group Conchas

Av.Abund
Contrib%
0.08
10.67
0.10
7.67
0.00
7.02
0.03
6.40
0.13
5.25
0.00
4.35
1.27
4.00
0.00
3.99
1.07
3.49
1.00
3.33
0.00
3.10
1.53
3.09
0.73
241
0.00
2.26
1.27
2.24
0.65
2.21
0.71
1.99
1.10
1.97
0.00
1.65

Av.Diss
Cum.%
7.88
10.67
5.67
18.34
5.19
25.36
4,73
31.76
3.88
37.01
3.21
41.36
2.96
45.36
2.94
49.35
2.58
52.84
2.46
56.18
2.29
59.28
2.28
62.37
1.78
64.78
1.67
67.04
1.65
69.28
1.63
71.48
1.47
73.47
1.45
75.44
1.22
77.09
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Astyris_lunata 0.56 0.00 1.22
0.95 1.65 78.74
Pachycheles_laevidactylus 0.00 0.39 0.96
1.33 1.30 80.03
Pseudaeginella_montoucheti 0.39 0.00 0.87
1.14 1.18 81.21
Cymadusa_filosa 0.43 0.10 0.87
1.36 1.18 82.39
Epialtus_bituberculatus 0.00 0.32 0.80
1.43 1.08 83.48
Hourstonius_wakabarae 0.00 0.33 0.77
0.89 1.05 84.53
Carpias_minutus 0.30 0.00 0.77
1.06 1.05 85.57
Anachis_fenneli 0.31 0.00 0.71
1.18 0.96 86.53
Bittiolum_varium 0.27 0.46 0.67
1.26 0.90 87.43
Jassa_slateryi 0.04 0.27 0.66
0.99 0.90 88.33
Pinctada_imbricata 0.70 0.58 0.65
1.97 0.89 89.21
Ophioplocus_januarii 0.27 0.00 0.65
0.65 0.88 90.10

Groups Montao_de_Trigo & Conchas
Average dissimilarity = 66.59

Group Montao_de _Trigo  Group Conchas

Species Av.Abund Av.Abund Av.Diss
Diss/SD Contrib% Cum.%
Janaira_gracilis 0.86 1.53 4.49
2.04 6.74 6.74
Stenothoe_sp 1.93 1.27 4.46
1.03 6.69 13.43
Hyale_macrodactyla 0.00 1.07 4.40
1.54 6.61 20.04
Chondrochelia_dubia 0.16 1.10 4.19
1.95 6.29 26.33
Podocerus_fissipes 0.03 1.00 4.14
3.64 6.22 32.55
Caprella_scaura 0.97 0.03 4.05
1.98 6.08 38.63
Hyale_niger 2.02 1.27 3.85
1.18 5.79 44.42
Sunampithoe_pelagica 0.00 0.71 3.10
6.44 4.65 49.07
Elasmopus_pectenicrus 0.01 0.73 3.01

2.40 4.53 53.60



Mitrela_dichroa

2.99

Bittiolum_varium

2.01
Pachycheles_laevidactylus
1.43
Pinctada_imbricata
1.66
Epialtus_bituberculatus
1.54
Ericthonius_brasiliensis
1.46
Hourstonius_wakabarae
0.97
Gammaropsis_palmata
1.35

Cymadusa_filosa

1.45

Jassa_slateryi

0.93
Leucothoe_spinicarpa
0.82
Monocorophium_acherusicum
1.22
Modiolus_carvalhoi
1.24

Ophiactis_lymani

1.69

Anachis_fenneli

1.36

Perna_perna

0.97
Paracerceis_sculpta
0.95
Ophiothela_mirabilis
2.35
Ampithoe_ramondi
1.91
Epialtus_brasiliensis
0.96

Alaba_incerta

1.08
Eulithidium_affine
1.25

Groups Figueira & Conchas
Average dissimilarity = 83.53

4.33

3.17

2.48

2.25

2.11

1.96

1.95

1.94

1.78

1.68

1.64

1.39

1.37

1.32

0.99

0.97

0.97

0.93

0.91

0.87

0.86

0.86

0.00

0.02

0.00

0.49

0.00

0.35

0.02

0.31

0.34

0.01

0.02

0.00

0.00

0.23

0.16

0.13

0.14

0.14

0.13

0.00

0.22

0.02

Group Figueira

0.65
57.93
0.46
61.09
0.39
63.57
0.58
65.82
0.32
67.93
0.08
69.90
0.33
71.85
0.00
73.78
0.10
75.56
0.27
77.24
0.21
78.88
0.19
80.27
0.22
81.64
0.03
82.95
0.00
83.94
0.06
84.91
0.00
85.87
0.00
86.80
0.00
87.72
0.14
88.59
0.13
89.45
0.13
90.31

Group Conchas

2.88

2.11

1.65

1.50

141

1.31

1.30

1.29

1.18

1.12

1.10

0.92

0.91

0.88

0.66

0.64

0.64

0.62

0.61

0.58

0.58

0.57
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Species

Janaira_gracilis

8.99
Chondrochelia_dubia
8.44

Stenothoe_sp

8.38
Hyale_macrodactyla
7.45
Podocerus_fissipes
7.36

Hyale niger

5.67
Sunampithoe_pelagica
5.42
Elasmopus_pectenicrus
5.22

Mitrela_dichroa

5.00
Pinctada_imbricata
4.57
Pachycheles_laevidactylus
2.84

Bittiolum_varium

2.54
Epialtus_bituberculatus
2.47
Ophiothela_mirabilis
2.43
Leucothoe_spinicarpa
2.11
Hourstonius_wakabarae
2.10

Jassa_slateryi

1.85
Hippolyte_obliquimanus
1.74
Monocorophium_acherusicum
1.68
Modiolus_carvalhoi
1.52
Eulithidium_affine
1.00

Cymadusa_filosa

0.98
Epialtus_brasiliensis
0.96

Groups Baleia & Conchas

Av.Abund

Contrib%

0.29

8.99

0.02
17.43

0.01
25.81

0.00
33.26

0.00
40.62

0.86
46.29

0.00
51.71

0.00
56.93

0.01
61.93

0.00
66.50

0.00
69.33

0.29
71.88

0.00
74.34

0.31
76.77

0.01
78.89

0.01
80.99

0.00
82.85

0.26
84.59

0.00
86.27

0.01
87.79

0.05
88.79

0.12
89.77

0.00
90.73

Av.Abund

Cum.%
1.53

1.10

1.27

1.07

1.00

1.27

0.71

0.73

0.65

0.58

0.39

0.46

0.32

0.00

0.21

0.33

0.27

0.07

0.19

0.22

0.13

0.10

0.14

Av.Diss Diss/SD

7.51

7.05

7.00

6.23

6.15

4.74

4.53

4.36

4.18

3.81

2.37

2.12

2.06

2.03

1.77

1.76

1.55

1.46

1.40

1.27

0.84

0.82

0.81

2.02

2.22

1.57

1.68

4.48

1.57

5.07

2.79

2.62

3.30

1.51

1.13

1.60

1.19

0.76

0.93

0.87

1.42

1.19

1.30

1.30

1.15

0.96
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Average dissimilarity = 59.25

Group Baleia  Group Conchas

Species Av.Abund Av.Abund Av.Diss Diss/SD
Contrib% Cum.%

Hyale niger 2.44 1.27 4.73 1.67
7.99 7.99

Hyale_macrodactyla 0.00 1.07 3.86 1.51
6.51 14.50

Podocerus_fissipes 0.00 1.00 3.72 3.63
6.29 20.78

Stenothoe_sp 1.56 1.27 3.60 1.03
6.08 26.87

Aora_spinicornis 0.88 0.00 3.25 2.23
5.48 32.35

Janaira_gracilis 1.45 1.53 3.16 1.27
5.33 37.68

Sunampithoe_pelagica 0.00 0.71 2.69 6.09
4.55 42.22

Elasmopus_pectenicrus 0.11 0.73 2.25 1.78
3.81 46.03

Ericthonius_brasiliensis 0.63 0.08 2.13 1.32
3.59 49.62

Chondrochelia_dubia 0.70 1.10 2.04 1.70
3.45 53.06

Mitrela_dichroa 0.13 0.65 1.95 2.37
3.29 56.35

Gammaropsis_palmata 0.48 0.00 1.79 2.32
3.03 59.38

Cymadusa_filosa 0.52 0.10 1.65 2.36
2.79 62.17

Bittiolum_varium 0.10 0.46 1.52 1.54
2.57 64.73

Hourstonius_wakabarae 0.39 0.33 1.51 1.32
2.55 67.28

Eulithidium_affine 0.50 0.13 1.44 1.91
2.43 69.71

Pachycheles_laevidactylus 0.00 0.39 1.44 1.40
2.43 72.15

Batea_catharinensis 0.38 0.00 1.33 0.60
2.25 74.39

Leucothoe_spinicarpa 0.20 0.21 1.15 1.03
1.94 76.33

Epialtus_bituberculatus 0.08 0.32 1.06 1.62
1.78 78.12

Jassa_slateryi 0.00 0.27 0.98 0.88
1.65 79.77

Pinctada_imbricata 0.70 0.58 0.96 2.77

1.63 81.39



Costoanachis_sertulariarum
1.60
Monocorophium_acherusicum
1.34

Modiolus_carvalhoi

1.25

Ophiactis_lymani

0.97

Epialtus_brasiliensis

0.86

Alaba_incerta

0.78

Paracaprella_dubiaski

0.75
Hippolyte_obliquimanus
0.69

Caprella_equilibra

0.69

0.24
83.00
0.00
84.33
0.06
85.58
0.18
86.55
0.00
87.42
0.00
88.19
0.12
88.94
0.08
89.63
0.12
90.33

Groups ESEC_Alcatrazes & Lamberto

Average dissimilarity = 90.47

Species

Bittiolum_varium
574

Hyale_niger

5.69

Stenothoe_sp

6.24
Ericthonius_brasiliensis
2.67
Podocerus_fissipes
1.94
Ampithoe_ramondi
1.63
Paracerceis_sculpta
1.87

Janaira_gracilis

1.69
Chondrochelia_dubia
1.80

Rissoella_ornata

1.67
Cymadusa_filosa
1.43

Hippolyte _obliquimanus
1.25

Group ESEC_Alcatrazes

Av.Abund
Diss/SD
0.00
15.19
2.34
14.00
1.85
11.06
1.50
8.66
1.38
8.20
1.13
6.96
0.02
4.70
0.98
4.40
0.83
3.51
0.56
3.34
0.68
3.25
0.00
1.93

0.00
0.19
0.22
0.03
0.14
0.13
0.00
0.07

0.00

Group Lamberto

0.95

0.79

0.74

0.58

0.51

0.46

0.44

0.41

0.41

Av.Abund

Contrib%

2.58
15.19

0.01
29.19

0.01
40.25

0.09
48.90

0.00
57.10

0.00
64.06

0.81
68.76

0.27
73.16

0.27
76.67

0.00
80.01

0.19
83.26

0.32
85.19

3.54

1.22

1.22

1.60

0.96

1.57

0.79

1.03

0.55

Av.Diss
Cum.%

13.75

12.66

10.00

7.83

7.42

6.30

4.25

3.98

3.17

3.02

2.94

1.74
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Eulithidium_affine 0.00 0.29 1.48
1.94 1.64 86.83
Caprella_scaura 0.20 0.01 1.08
1.17 1.20 88.03
Mitrela_dichroa 0.00 0.20 1.06
1.29 1.17 89.20
Anachis_fenneli 0.14 0.00 0.74
0.63 0.82 90.01

Groups Refugio_Alcatrazes & Lamberto
Average dissimilarity = 88.60

Group Refugio_Alcatrazes Group Lamberto

Species Av.Abund Av.Abund
Av.Diss Diss/SD
Contrib% Cum.%
Ericthonius_brasiliensis 3.23 0.09 9.61
6.14 10.85 10.85
Stenothoe_sp 2.40 0.01 7.32
8.79 8.26 19.11
Photis_sarae 2.37 0.00 7.25
4.28 8.18 27.29
Bittiolum_varium 0.27 2.58 7.15
2.98 8.07 35.37
Aora_spinicornis 2.10 0.00 6.35
5.61 7.17 42.54
Caprella_scaura 2.06 0.01 577
2.08 6.52 49.05
Janaira_gracilis 2.01 0.27 5.40
2.22 6.09 55.15
Alaba_incerta 1.66 0.01 511
5.59 577 60.92
Rissoella_ornata 1.31 0.00 3.93
8.29 4.43 65.35
Ampithoe_ramondi 1.25 0.00 3.56
2.21 4.02 69.37
Assiminea_sp. 0.93 0.00 2.80
7.50 3.16 72.53
Hyale_niger 0.73 0.01 2.37
1.43 2.68 75.21
Pinctada_imbricata 0.70 0.16 1.57
1.98 1.77 76.98
Astyris_lunata 0.56 0.01 1.45
0.97 1.64 78.61
Chondrochelia_dubia 0.71 0.27 1.40
1.39 1.58 80.20
Musculus_lateralis 0.50 0.07 1.28

1.52 1.44 81.64



Paracerceis_sculpta

Pseudaeginella_montoucheti

Cymadusa_filosa
Hippolyte_obliquimanus
Carpias_minutus
Eulithidium_affine
Anachis_fenneli

Ophioplocus_januarii

0.65
1.22

0.39
1.15

0.43
1.35

0.00
1.19

0.30
1.07

0.00
1.76

0.31
1.21

0.27
0.65

Groups Montao_de_Trigo & Lamberto

Average dissimilarity = 87.23

Species

Bittiolum_varium

4.96

Hyale_niger

4.74

Stenothoe_sp

3.95

Caprella_scaura

2.31
Paracerceis_sculpta
1.60

Janaira_gracilis

1.63
Pinctada_imbricata
1.50
Hippolyte_obliquimanus
1.24
Gammaropsis_palmata
1.45
Ericthonius_brasiliensis
1.42

Cymadusa_filosa

1.73
Eulithidium_affine
1.70

Ophiactis_lymani

2.32

Group Montao_de_Trigo

Av.Abund
Diss/SD
0.02
18.76
2.02
14.72
1.93
14.07
0.97
6.84
0.14
5.03
0.86
4.89
0.49
2.92
0.00
2.41
0.31
2.10
0.35
2.09
0.34
2.07
0.02
1.91
0.23
1.61

0.81

1.22

0.00

1.18

0.19

1.17

0.32

1.12

0.00

1.08

0.29

0.97

0.00

0.96

0.00

0.90

Group Lamberto

Av.Abund

Contrib%

2.58
18.76

0.01
33.47

0.01
47.54

0.01
54.39

0.81
59.42

0.27
64.31

0.16
67.23

0.32
69.65

0.00
71.75

0.09
73.84

0.19
75.91

0.29
77.82

0.00
79.43
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1.08
82.86
1.05
84.04
1.04
85.21
0.99
86.33
0.96
87.41
0.86
88.38
0.85
89.34
0.80
90.24

Av.Diss
Cum.%

16.36

12.84

12.27

5.97

4.39

4.27

2.55

2.10

1.84

1.83

1.80

1.66

1.41



Mitrela_dichroa

1.29

Alaba_incerta

2.13
Chondrochelia_dubia
1.08

Perna_perna

0.85

Anachis_fenneli

1.46
Ampithoe_ramondi
1.97
Batea_catharinensis
1.42
Cymodoce_brasiliensis
0.67

Rissoella_ornata

1.36

Costoanachis_sertulariarum

1.84
Phyllaplysia_engeli
1.14

Groups Figueira & Lamberto
Average dissimilarity = 78.75

Species
Bittiolum_varium
Hyale_niger
Paracerceis_sculpta
Janaira_gracilis
Ophiothela_mirabilis
Eulithidium_affine
Chondrochelia_dubia
Hippolyte_obliquimanus
Mitrela_dichroa

Cymadusa_filosa

1.45

1.42

1.25

1.07

1.07

1.03

0.94

0.86

0.72

0.65

0.63

0.00

0.22

0.16

0.13

0.16

0.13

0.12

0.11

0.09

0.01

0.03

Group Figueira

Av.Ab
Contrib%
0.29
34.00
0.86
11.78
0.06
11.64
0.29
4.18
0.31
3.65
0.05
3.52
0.02
3.43
0.26
2.87
0.01
2.74
0.12
2.61

und

0.20
80.88

0.01
82.30

0.27
83.55

0.00
84.62

0.00
85.69

0.00
86.72

0.00
87.66

0.00
88.52

0.00
89.23

0.10
89.88

0.10
90.52

Group Lamberto

Av.Abund

Cum.%

2.58

34.00

0.01

45.78

0.81

57.42

0.27

61.60

0.08

65.26

0.29

68.78

0.27

72.21

0.32

75.07

0.20

77.82

0.19

80.42

26.78

9.28

9.17

3.29

2.88

2.77

2.70

2.26

2.16

2.05

1.26

1.24

1.09

0.94

0.93

0.90

0.82

0.75

0.63

0.57

0.55

3.72

1.46

1.69

1.30

0.88

1.78

1.35

1.08

1.28

1.05
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Av.Diss Diss/SD



Pinctada_imbricata

Phyllaplysia_engeli

Costoanachis_sertulariarum

Ericthonius_brasiliensis
Sphenia_fragilis
Parvanachis_obesa
Musculus_lateralis

Amphipholis_squamata

Groups Baleia & Lamberto
Average dissimilarity = 82.41

Species

Bittiolum_varium
15.88

Hyale_niger

15.68

Stenothoe_sp

10.19

Janaira_gracilis

7.34

Aora_spinicornis

5.37
Paracerceis_sculpta
5.25
Ericthonius_brasiliensis
3.45
Pinctada_imbricata
3.39
Gammaropsis_palmata
2.98
Chondrochelia_dubia
2.86

Cymadusa_filosa

2.44
Hourstonius_wakabarae
2.32
Batea_catharinensis
2.16

0.00
211
0.00
1.48
0.01
1.24
0.01
1.18
0.00
1.00
0.00
1.00
0.00
0.97
0.00
0.82

Group Baleia

Av.Abund

Contrib%
0.10
15.88
2.44
31.55
1.56
41.74
1.45
49.08
0.88
54.45
0.00
59.70
0.63
63.15
0.70
66.55
0.48
69.53
0.70
72.39
0.52
74.83
0.39
77.15
0.38
79.31

0.16
82.54

0.10
84.02

0.10
85.26

0.09
86.44

0.08
87.45

0.08
88.45

0.07
89.41

0.06
90.23

Group Lamberto

Av.Abund
Cum.%

2.58

0.01

0.01

0.27

0.00

0.81

0.09

0.16

0.00

0.27

0.19

0.00

0.00

1.67

1.17

0.98

0.93

0.79

0.79

0.76

0.65

13.08

12.92

8.40

6.05

4.42

4.33

2.84

2.80

2.46

2.36

2.01

1.91

1.78

1.37

1.26

1.97

1.47

0.65

0.55

0.90

0.87

Av.Diss Diss/SD

3.80

8.07

1.94

2.40

2.49

1.82

1.34

2.17

2.51

1.68

1.89

1.20

0.61
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Hippolyte_obliquimanus
1.78
Eulithidium_affine
1.71
Leucothoe_spinicarpa
1.29

Ophiactis_lymani

1.09

Mitrela_dichroa

1.05
Costoanachis_sertulariarum
1.00
Paracaprella_dubiaski
0.72

Sphenia_fragilis

0.72
Caprella_equilibra
0.67
Elasmopus_pectenicrus
0.66

Arcidae_morfo2

0.65

Groups Conchas & Lamberto
Average dissimilarity = 82.62

Species

Bittiolum_varium
12.97

Janaira_gracilis

7.71

Hyale_niger

7.44

Stenothoe_sp

7.06
Hyale_macrodactyla
6.18
Podocerus_fissipes
6.03
Chondrochelia_dubia
5.42
Paracerceis_sculpta
5.15
Sunampithoe_pelagica
4.40
Elasmopus_pectenicrus
4.24

0.08
81.09
0.50
82.80
0.20
84.09
0.18
85.19
0.13
86.23
0.24
87.23
0.12
87.95
0.09
88.67
0.12
89.33
0.11
90.00
0.10
90.65

Group Conchas

Av.Abund

Contrib%
0.46
12.97
1.53
20.68
1.27
28.12
1.27
35.18
1.07
41.36
1.00
47.39
1.10
52.81
0.00
57.96
0.71
62.36
0.73
66.60

0.32

0.29

0.00

0.00

0.20

0.10

0.00

0.08

0.00

0.01

0.00

Group Lamberto

Av.Abund
Cum.%

2.58

0.27

0.01

0.01

0.00

0.00

0.27

0.81

0.00

0.01

1.47

141

1.07

0.90

0.86

0.82

0.60

0.59

0.55

0.55

0.54

10.72

6.37

6.15

5.83

5.10

4.99

4.48

4.25

3.64

3.50

1.05

1.11

0.64

241

1.19

1.78

0.81

1.68

0.56

1.61

2.76

Av.Diss Diss/SD

3.43

1.96

3.87

1.56

1.59

4.00

1.71

1.71

5.65

2.47
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Mitrela_dichroa

2.87

Pinctada_imbricata

2.74
Pachycheles_laevidactylus
2.33
Epialtus_bituberculatus
1.94
Hippolyte_obliquimanus
1.84
Hourstonius_wakabarae
1.77
Leucothoe_spinicarpa
1.63

Jassa_slateryi

1.55
Monocorophium_acherusicum
1.20

Cymadusa_filosa

1.19
Eulithidium_affine
1.18
Modiolus_carvalhoi
1.18
Epialtus_brasiliensis
0.81

Alaba_incerta

0.70
Fissurella_rosea
0.67

0.65
69.47
0.58
72.21
0.39
74.54
0.32
76.48
0.07
78.32
0.33
80.09
0.21
81.72
0.27
83.27
0.19
84.47
0.10
85.66
0.13
86.85
0.22
88.02
0.14
88.83
0.13
89.54
0.10
90.21

Groups ESEC_Alcatrazes & Palmas

Average dissimilarity = 82.59

Species
Hyale_niger

3.59

Stenothoe_sp

3.21
Podocerus_fissipes
1.73
Ampithoe_ramondi
1.55
Pinctada_imbricata
2.56

Ophiothela_mirabilis
1.74

Group ESEC_Alcatrazes

Av.Abund
Diss/SD
2.34
11.85
1.85
8.31
1.38
6.88
1.13
5.90
0.09
5.30
0.00
5.14

0.20

0.16

0.00

0.02

0.32

0.00

0.00

0.00

0.04

0.19

0.29

0.03

0.00

0.01

0.00

2.37

2.26

1.92

1.60

1.52

1.46

1.34

1.28

0.99

0.99

0.98

0.97

0.67

0.58

0.55

Group Palmas

Av.Abund

Contrib%
0.03
11.85
0.23
20.15
0.03
27.03
0.00
32.93
1.23
38.23
0.93
43.37

1.66

2.24

1.46

1.61

1.08

0.89

0.76

0.88

1.20

0.94

1.48

1.21

0.96

1.83

1.42

Av.Diss

Cum.%
9.78

6.86

5.68

4.87

4.38

4.25
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Bittiolum_varium

2.05 5.04
Ophioplocus_januarii

1.60 4.45
Janaira_gracilis

2.06 4.27
Ericthonius_brasiliensis

1.21 4.06
Alvania_auberiana

1.33 3.23
Cymadusa_filosa

151 3.10
Photis_sarae

1.00 2.83
Lysianassa_teminino

1.22 2.74
Chondrochelia_dubia

1.24 2.67
Rissoella_ornata

1.25 2.36
Caecum_brasilicum

1.36 2.12
Cymadusa_tartarugae

1.42 1.39
Eulimidae_sp4

0.56 1.23
Musculus_lateralis

1.78 1.13
Paracerceis_sculpta

0.94 1.03
Caprella_scaura

1.22 0.97
Costoanachis_sparsa

1.31 0.79
Astyris_lunata

1.40 0.73
Anachis_fenneli

0.62 0.70
Mithraculus_forceps

0.97 0.69
Omalacantha_bicornuta

0.74 0.69
Carpias_minutus

1.42 0.67

Groups Refugio_Alcatrazes & Palmas
Average dissimilarity = 77.35

Group Refugio_Alcatrazes

0.00

0.00

0.98

1.50

0.00

0.68

0.06

0.00

0.83

0.56

0.00

0.00

0.00

0.00

0.02

0.20

0.00

0.00

0.14

0.01

0.02

0.13

1.09
48.41
0.95
52.86
0.12
57.13
0.88
61.19
0.76
64.42
0.10
67.52
0.54
70.35
0.60
73.09
0.37
75.76
0.30
78.12
0.50
80.24
0.29
81.63
0.33
82.87
0.25
84.00
0.20
85.03
0.16
86.00
0.16
86.79
0.17
87.52
0.00
88.21
0.17
88.91
0.12
89.60
0.00
90.27

4.16

3.68

3.53

3.35

2.67

2.56

2.34

2.27

2.20

1.95

1.75

1.15

1.02

0.93

0.85

0.80

0.65

0.60

0.57

0.57

0.57

0.56

Group Palmas
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Species

Ericthonius_brasiliensis

Stenothoe_sp
Aora_spinicornis
Janaira_gracilis
Photis_sarae
Caprella_scaura
Alaba_incerta
Ampithoe_ramondi
Rissoella_ornata
Ophiothela_mirabilis
Assiminea_sp.
Ophioplocus_januarii
Bittiolum_varium
Hyale_niger
Alvania_auberiana
Pinctada_imbricata
Lysianassa_teminino
Astyris_lunata
Paracerceis_sculpta
Caecum_brasilicum
Chondrochelia_dubia

Cymadusa_filosa

Pseudaeginella_montoucheti

Musculus_lateralis

2.85

5.01

4.58

2.53

2.65

1.81

4.44

2.06

2.09

1.72

5.49

1.44

1.31

1.35

1.25

1.21

1.15

1.28

2.05

1.22

1.11

1.53

1.13

1.20

Av.Abund
Diss/SD

3.23

2.40

2.10

2.01

2.37

2.06

1.66

1.25

1.31

0.00

0.93

0.27

0.27

0.73

0.00

0.70

0.00

0.56

0.65

0.00

0.71

0.43

0.39

0.50

Av.Abund
Contrib%
0.88
8.07
0.23
7.30
0.00
7.00
0.12
6.40
0.54
6.03
0.16
6.02
0.09
5.39
0.00
3.96
0.30
3.46
0.93
3.34
0.00
3.09
0.95
2.72
1.09
2.69
0.03
2.52
0.76
2.30
1.23
211
0.60
1.90
0.17
1.69
0.20
1.56
0.50
1.51
0.37
1.39
0.10
1.27
0.05
1.12
0.25
1.08

141

Av.Diss
Cum.%
6.24
8.07
5.65
15.37
5.42
22.37
4.95
28.77
4.67
34.80
4.65
40.82
4.17
46.21
3.06
50.17
2.68
53.63
2.58
56.97
2.39
60.05
2.10
62.77
2.08
65.46
1.95
67.98
1.78
70.28
1.63
72.38
1.47
74.28
1.31
75.98
1.20
77.53
1.17
79.04
1.08
80.43
0.98
81.70
0.86
82.82
0.84
83.90



Carpias_minutus
Cymadusa_tartarugae
Anachis_fenneli
Eulimidae_sp4
Arcidae_morfo2
Phtisica_verae
Mithraculus_forceps

Costoanachis_sparsa

1.05

1.32

1.17

0.55

0.91

0.55

1.09

1.29

Groups Montao_de_Trigo & Palmas

Average dissimilarity = 80.40

Species

Hyale_niger

3.08

Stenothoe_sp

2.48
Bittiolum_varium
2.04
Ophiothela_mirabilis
1.58
Ophioplocus_januarii
1.58

Caprella_scaura

1.61
Pinctada_imbricata
1.52

Janaira_gracilis

1.66
Alvania_auberiana
1.29

Photis_sarae

0.98
Lysianassa_teminino
1.21
Ericthonius_brasiliensis
1.44
Caecum_brasilicum
1.40

Group Montao_de_Trigo

0.30

0.00

0.31

0.00

0.22

0.24

0.10

0.00

Av.Abund
Diss/SD

2.02
11.89

1.93
10.14

0.02
5.79

0.14
5.37

0.00
5.21

0.97
4.86

0.49
4.47

0.86
431

0.02
3.61

0.02
3.54

0.00
3.20

0.35
2.74

0.00
2.45

0.00
1.05
0.29
0.96
0.00
0.95
0.33
0.92
0.00
0.67
0.00
0.65
0.17
0.63
0.16
0.54

Group Palmas

Av.Abund
Contrib%
0.03
11.89
0.23
22.03
1.09
27.82
0.93
33.18
0.95
38.39
0.16
43.25
1.23
47.72
0.12
52.03
0.76
55.65
0.54
59.19
0.60
62.39
0.88
65.13
0.50
67.57

0.81
84.95
0.74
85.90
0.73
86.85
0.71
87.77
0.51
88.44
0.51
89.09
0.48
89.72
0.42
90.25

Av.Diss

Cum.%

9.56

8.15

4.65

4.32

4.19

3.91

3.59

3.47

2.90

2.85

2.57

2.20

1.97
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Cymadusa_filosa 0.34
1.42 1.72
Gammaropsis_palmata 0.31
1.35 1.70
Cymadusa_tartarugae 0.00
1.43 1.63
Chondrochelia_dubia 0.16
241 1.56
Rissoella_ornata 0.09
1.50 1.50
Eulimidae_sp4 0.00
0.56 1.39
Musculus_lateralis 0.01
1.69 1.26
Paracerceis_sculpta 0.14
1.05 1.17
Ophiactis_lymani 0.23
1.73 1.14
Anachis_fenneli 0.16
1.34 0.89
Costoanachis_sparsa 0.02
1.36 0.88
Omalacantha_bicornuta 0.00
0.72 0.86
Perna_perna 0.13
0.83 0.85
Astyris_lunata 0.00
1.41 0.85
Alaba_incerta 0.22
1.17 0.83
Ampithoe_ramondi 0.13
1.81 0.83
Mithraculus_forceps 0.00
0.99 0.83
Batea_catharinensis 0.12
1.35 0.75
Leucothoe_spinicarpa 0.02
1.09 0.70
Cymodoce_brasiliensis 0.11
0.66 0.69
Caecum_ryssotitum 0.00
0.96 0.69

Groups Figueira & Palmas
Average dissimilarity = 87.69

Group Figueira

Species Av.Abund
Contrib%

0.10
69.29
0.12
71.00
0.29
72.62
0.37
74.19
0.30
75.69
0.33
77.08
0.25
78.34
0.20
79.51
0.13
80.65
0.00
81.54
0.16
82.42
0.12
83.28
0.00
84.13
0.17
84.97
0.09
85.80
0.00
86.63
0.17
87.46
0.00
88.20
0.15
88.90
0.00
89.59
0.15
90.28

Group Palmas

Av.Abund

Cum.%

1.38

1.37

1.31

1.26

1.21

1.12

1.01

0.94

0.92

0.71

0.71

0.69

0.69

0.68

0.67

0.66

0.66

0.60

0.56

0.55

0.55

Av.Diss Diss/SD
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Pinctada_imbricata
9.30
Ophioplocus_januarii
7.12
Ophiothela_mirabilis
6.95

Hyale niger

6.79
Ericthonius_brasiliensis
6.43
Bittiolum_varium
6.07

Photis_sarae

5.45
Alvania_auberiana
4.78
Lysianassa_teminino
4.24
Caecum_brasilicum
3.18
Chondrochelia_dubia
2.43
Hippolyte_obliquimanus
2.31
Cymadusa_tartarugae
2.22

Stenothoe_sp

1.78
Paracerceis_sculpta
1.78
Musculus_lateralis
1.75

Rissoella_ornata

1.67

Eulimidae_sp4

1.66

Janaira_gracilis

1.61
Cymadusa_filosa
1.38
Omalacantha_bicornuta
1.30
Costoanachis_sparsa
1.25

Caprella_scaura

1.14

Astyris_lunata

1.07
Mithraculus_forceps
1.05

0.00
9.30

0.00
16.42

0.31
23.37

0.86
30.16

0.01
36.59

0.29
42.66

0.00
48.11

0.00
52.89

0.01
57.13

0.00
60.31

0.02
62.74

0.26
65.05

0.00
67.27

0.01
69.05

0.06
70.83

0.00
72.58

0.00
74.26

0.00
75.92

0.29
77.53

0.12
78.91

0.00
80.22

0.00
81.47

0.01
82.60

0.01
83.68

0.00
84.73

1.23

0.95

0.93

0.03

0.88

1.09

0.54

0.76

0.60

0.50

0.37

0.00

0.29

0.23

0.20

0.25

0.30

0.33

0.12

0.10

0.12

0.16

0.16

0.17

0.17

8.16

6.24

6.09

5.95

5.64

5.32

4.78

4.19

3.72

2.79

2.13

2.02

1.95

1.56

1.56

1.54

1.47

1.46

1.41

1.21

1.14

1.10

1.00

0.94

0.92

2.92

1.58

141

1.21

3.45

1.56

0.92

144

1.20

1.64

1.80

1.79

1.57

1.56

0.83

2.07

0.94

0.56

1.29

1.32

0.73

1.24

0.99

1.53

1.06
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Leucothoe_spinicarpa
0.92
Caecum_ryssotitum
0.85
Parvanachis_obesa
0.85
Gammaropsis_palmata
0.83
Ophiactis_lymani
0.81

Musculus_viator

0.73
Podochela_algicola
0.72

Groups Baleia & Palmas
Average dissimilarity = 80.62

Species

Hyale_niger

12.40

Stenothoe_sp

7.06

Janaira_gracilis

6.57
Ophiothela_mirabilis
5.19
Bittiolum_varium
4.63
Ophioplocus_januarii
4.50
Aora_spinicornis
4.32
Alvania_auberiana
3.26

Photis_sarae

3.04
Pinctada_imbricata
3.03
Lysianassa_teminino
2.77
Eulithidium_affine
2.53
Ericthonius_brasiliensis
2.36
Cymadusa_filosa
2.19

0.01
85.66

0.00
86.51

0.00
87.35

0.01
88.18

0.02
88.99

0.00
89.72

0.00
90.44

Group Baleia

Av.Abund
Contrib%

2.44
12.40
1.56
19.46
1.45
26.03
0.00
31.23
0.10
35.85
0.00
40.35
0.88
44.67
0.00
47.93
0.00
50.97
0.70
54.00
0.00
56.77
0.50
59.30
0.63
61.66
0.52
63.85

0.15

0.15

0.10

0.12

0.13

0.15

0.08

Group Palmas

Av.Abund

Cum.%
0.03

0.23

0.12

0.93

1.09

0.95

0.00

0.76

0.54

1.23

0.60

0.03

0.88

0.10

0.81

0.74

0.74

0.73

0.71

0.64

0.63

10.00

5.69

5.30

4.19

3.73

3.63

3.48

2.63

2.45

2.44

2.24

2.04

1.90

1.77

1.14

0.96

0.94

0.63

0.95

0.56

1.46

Av.Diss Diss/SD

4.23

1.60

3.09

1.68

1.68

1.56

2.16

1.31

0.99

1.40

1.20

2.05

1.30

1.82
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Caecum_brasilicum
2.14
Gammaropsis_palmata
2.08
Chondrochelia_dubia
1.99
Hourstonius_wakabarae
1.82
Batea_catharinensis
1.76
Cymadusa_tartarugae
141

Costoanachis_sertulariarum

1.27

Eulimidae_sp4

1.25
Leucothoe_spinicarpa
1.21
Rissoella_ornata
1.21
Musculus_lateralis
1.14
Paracerceis_sculpta
1.10
Ophiactis_lymani
0.82
Costoanachis_sparsa
0.77
Mitrela_dichroa

0.74
Astyris_lunata
0.74
Caprella_scaura
0.73

Mithraculus_forceps
0.73
Omalacantha_bicornuta
0.72
Caecum_ryssotitum
0.64

Musculus_viator

0.60
Paracaprella_dubiaski
0.59
Caprella_equilibra
0.54
Parvanachis_obesa
0.52

Groups Conchas & Palmas

0.00
65.99
0.48
68.07
0.70
70.06
0.39
71.88
0.38
73.64
0.00
75.05
0.24
76.32
0.00
77.56
0.20
78.78
0.00
79.98
0.00
81.12
0.00
82.22
0.18
83.04
0.01
83.82
0.13
84.56
0.00
85.30
0.04
86.03
0.00
86.75
0.00
87.47
0.04
88.11
0.02
88.71
0.12
89.30
0.12
89.84
0.05
90.36

0.50

0.12

0.37

0.02

0.00

0.29

0.00

0.33

0.15

0.30

0.25

0.20

0.13

0.16

0.00

0.17

0.16

0.17

0.12

0.15

0.15

0.00

0.00

0.10

1.73

1.68

1.60

1.46

1.42

1.13

1.02

1.00

0.98

0.97

0.92

0.89

0.66

0.62

0.60

0.60

0.59

0.59

0.58

0.52

0.48

0.47

0.44

0.42

1.34

1.69

1.10

1.11

0.59

1.39

3.13

0.56

0.88

0.92

1.74

0.90

1.83

1.31

0.89

1.38

1.07

0.97

0.71

1.28

0.64

0.79

0.55

1.08
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Average dissimilarity = 82.28

Group Conchas Group Palmas

Species Av.Abund Av.Abund  Av.Diss Diss/SD
Contrib% Cum.%

Janaira_gracilis 1.53 0.12 5.24 1.70
6.36 6.36

Hyale niger 1.27 0.03 4.79 2.74
5.83 12.19

Stenothoe_sp 1.27 0.23 4.36 1.75
5.30 17.49

Ophiothela_mirabilis 0.00 0.93 411 1.61
4.99 22.48

Hyale_macrodactyla 1.07 0.00 4.05 1.46
4.92 27.40

Podocerus_fissipes 1.00 0.03 3.83 2.81
4.65 32.06

Ophioplocus_januarii 0.00 0.95 3.56 1.52
4.33 36.38

Chondrochelia_dubia 1.10 0.37 3.30 1.39
4.01 40.39

Ericthonius_brasiliensis 0.08 0.88 2.98 2.13
3.63 44.02

Sunampithoe_pelagica 0.71 0.00 2.84 4.04
3.45 47.47

Elasmopus_pectenicrus 0.73 0.03 2.72 2.00
3.30 50.77

Mitrela_dichroa 0.65 0.00 2.64 2.56
3.21 53.98

Alvania_auberiana 0.04 0.76 2.49 1.24
3.02 57.00

Pinctada_imbricata 0.58 1.23 2.46 1.48
2.99 60.00

Bittiolum_varium 0.46 1.09 2.32 1.13
2.82 62.82

Photis_sarae 0.10 0.54 2.26 0.98
2.74 65.56

Lysianassa_teminino 0.00 0.60 2.20 1.18
2.67 68.23

Caecum_brasilicum 0.00 0.50 1.70 1.32
2.06 70.29

Pachycheles_laevidactylus 0.39 0.00 1.52 1.36
1.84 72.13

Epialtus_bituberculatus 0.32 0.06 1.19 1.32
1.45 73.59

Hourstonius_wakabarae 0.33 0.02 1.19 0.91
1.45 75.03

Cymadusa_tartarugae 0.00 0.29 1.11 1.37

1.35 76.39



Jassa_slateryi

1.24
Leucothoe_spinicarpa
1.23
Eulimidae_sp4
1.20
Rissoella_ornata
1.16
Musculus_lateralis
1.10
Paracerceis_sculpta
1.06

Monocorophium_acherusicum
1.02
Modiolus_carvalhoi

0.89
Costoanachis_sparsa
0.76

Astyris_lunata

0.71
Caprella_scaura
0.70
Mithraculus_forceps
0.70
Cymadusa_filosa
0.70

Omalacantha_bicornuta
0.69
Epialtus_brasiliensis
0.67

Groups Lamberto & Palmas
Average dissimilarity = 77.54

Species

Bittiolum_varium
12.28
Ophiothela_mirabilis
7.23
Pinctada_imbricata
7.16
Ophioplocus_januarii
6.38
Ericthonius_brasiliensis
5.19
Paracerceis_sculpta
4.66

0.27
77.63
0.21
78.86
0.00
80.06
0.00
81.22
0.00
82.32
0.00
83.37
0.19
84.40
0.22
85.29
0.00
86.05
0.00
86.77
0.03
87.47
0.00
88.17
0.10
88.86
0.00
89.55
0.14
90.22

Group Lamberto

Av.Abund

Contrib%

2.58
12.28

0.08
19.51

0.16
26.68

0.00
33.06

0.09
38.25

0.81
42.91

0.00

0.15

0.33

0.30

0.25

0.20

0.00

0.05

0.16

0.17

0.16

0.17

0.10

0.12

0.03

Group Palmas

Av.Abund
Cum.%

1.09

0.93

1.23

0.95

0.88

0.20

1.02

1.01

0.99

0.96

0.90

0.87

0.84

0.73

0.63

0.58

0.58

0.57

0.57

0.57

0.55

Av.Diss Diss/SD

9.52

5.61

5.55

4.95

4.02

3.62

0.86

0.92

0.55

0.91

1.70

0.88

1.17

1.14

1.26

1.35

0.93

0.96

0.94

0.70

1.12

1.51

1.49

2.22

1.58

2.39

1.41
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Photis_sarae

4.59
Alvania_auberiana
4.46
Lysianassa_teminino
3.87
Caecum_brasilicum
2.94
Hippolyte_obliquimanus
2.44
Cymadusa_tartarugae
1.99
Chondrochelia_dubia
1.97
Eulithidium_affine
1.93

Janaira_gracilis

1.85

Eulimidae_sp4

1.62

Rissoella_ornata
1.60

Stenothoe_sp

1.60
Cymadusa_filosa
1.54

Mitrela_dichroa

1.47
Musculus_lateralis
1.29
Omalacantha_bicornuta
1.10
Costoanachis_sparsa
1.04

Caprella_scaura

1.02

Astyris_lunata

1.00
Mithraculus_forceps
0.99
Parvanachis_obesa
0.95
Caecum_ryssotitum
0.89
Leucothoe_spinicarpa
0.88
Musculus_viator
0.80
Phyllaplysia_engeli
0.76

0.00
47.51

0.00
51.96

0.01
55.83

0.00
58.77

0.32
61.21

0.00
63.20

0.27
65.17

0.29
67.10

0.27
68.95

0.00
70.58

0.00
72.18

0.01
73.78

0.19
75.32

0.20
76.79

0.07
78.08

0.00
79.18

0.06
80.22

0.01
81.24

0.01
82.24

0.00
83.23

0.08
84.18

0.04
85.06

0.00
85.95

0.02
86.75

0.10
87.51

0.54

0.76

0.60

0.50

0.00

0.29

0.37

0.03

0.12

0.33

0.30

0.23

0.10

0.00

0.25

0.12

0.16

0.16

0.17

0.17

0.10

0.15

0.15

0.15

0.00

3.56

3.45

3.00

2.28

1.89

1.55

1.53

1.50

1.44

1.26

1.24

1.24

1.20

1.14

1.00

0.85

0.81

0.79

0.78

0.76

0.73

0.69

0.69

0.62

0.59

0.95

1.37

1.20

1.48

1.14

1.47

1.48

151

1.06

0.56

0.93

1.48

0.94

1.19

1.46

0.72

1.18

0.94

1.47

1.02

1.08

1.40

1.10

0.67

1.15
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Ophiactis_lymani

0.73
Gammaropsis_palmata
0.72

Costoanachis_sertulariarum

0.70
Podochela_algicola
0.62

0.00
88.24

0.00
88.96

0.10
89.66

0.00
90.28

Groups ESEC_Alcatrazes & Buzios

Average dissimilarity = 48.84

Species

Stenothoe_sp

1.79
Podocerus_fissipes
1.60

Hyale niger

1.05
Ericthonius_brasiliensis
1.99
Ampithoe_ramondi
1.18
Chondrochelia_dubia
2.35

Janaira_gracilis

1.39
Aora_spinicornis
2.21
Batea_catharinensis
0.70
Rissoella_ornata
1.36
Cymadusa_filosa
1.35
Jassa_slateryi
1.16
Caprella_scaura
1.24
Alaba_incerta
1.21
Anachis_fenneli
0.69

Caprella_equilibra
0.62

Group ESEC_Alcatrazes

Av.Abund
Diss/SD
1.85
11.94
1.38
11.37
2.34
9.31
1.50
7.86
1.13
7.29
0.83
6.87
0.98
6.11
0.08
5.75
0.00
4.72
0.56
451
0.68
431
0.00
3.48
0.20
2.53
0.12
1.55
0.14
1.25
0.00
1.23

Groups Refugio_Alcatrazes & Buzios

0.13

0.12

0.00

0.08

0.56

0.56

0.54

0.48

Group Buzios

Av.Abund

Contrib%
1.47
11.94
0.68
23.31
1.72
32.61
2.04
40.47
0.58
47.77
0.09
54.64
1.11
60.75
0.75
66.50
0.42
71.22
0.06
75.74
0.28
80.05
0.46
83.53
0.42
86.06
0.24
87.62
0.02
88.86
0.18
90.09

0.83

0.56

1.81

1.49

Av.Diss
Cum.%

5.83

5.95

4.55

3.84

3.56

3.36

2.99

2.81

2.31

2.20

211

1.70

1.24

0.76

0.61

0.60
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Average dissimilarity = 60.31

Species

Photis_sarae
Caprella_scaura
Alaba_incerta
Stenothoe_sp
Aora_spinicornis
Ericthonius_brasiliensis
Rissoella_ornata
Janaira_gracilis
Hyale_niger
Assiminea_sp.
Ampithoe_ramondi
Chondrochelia_dubia
Podocerus_fissipes
Pinctada_imbricata
Paracerceis_sculpta
Batea_catharinensis
Astyris_lunata
Musculus_lateralis
Jassa_slateryi
Pseudaeginella_montoucheti
Cymadusa_filosa

Anachis_fenneli

Group Refugio_Alcatrazes

Diss/SD

3.99

1.75

5.18

1.28

2.35

1.19

4.74

1.23

1.69

5.70

1.33

1.87

0.63

2.65

3.39

0.70

0.95

1.68

1.14

1.13

1.42

1.20

Av.Abund

2.37

2.06

1.66

2.40

2.10

3.23

1.31

2.01

0.73

0.93

1.25

0.71

0.00

0.70

0.65

0.00

0.56

0.50

0.04

0.39

0.43

0.31

Group Buzios

Av.Abund
Contrib%
0.01
10.41
0.42
6.89
0.24
6.33
1.47
6.26
0.75
5.92
2.04
5.62
0.06
5.43
1.11
5.12
1.72
5.03
0.01
4.03
0.58
3.47
0.09
2.77
0.68
2.60
0.07
2.59
0.10
2.49
0.42
2.18
0.00
2.14
0.04
1.96
0.46
1.79
0.01
1.52
0.28
1.26
0.02
1.19

151

Av.Diss
Cum.%
6.28
10.41
4.16
17.30
3.82
23.63
3.78
29.89
3.57
35.81
3.39
41.43
3.28
46.87
3.09
51.99
3.03
57.02
2.43
61.05
2.09
64.52
1.67
67.29
1.57
69.89
1.56
72.47
1.50
74.97
1.31
77.14
1.29
79.28
1.18
81.24
1.08
83.03
0.92
84.56
0.76
85.81
0.72
87.00



Carpias_minutus

1.05
Ophioplocus_januarii

0.66
Caprella_equilibra

0.81

Groups Montao_de_Trigo & Buzios
Average dissimilarity = 53.00

Group Montao_de_Trigo

0.30

0.27

0.13

Species Av.Abund
Diss/SD
Ericthonius_brasiliensis 0.35
2.52 14.46
Stenothoe_sp 1.93
1.45 12.95
Hyale niger 2.02
1.16 9.24
Janaira_gracilis 0.86
1.30 6.55
Aora_spinicornis 0.08
2.27 6.03
Caprella_scaura 0.97
1.34 5.32
Podocerus_fissipes 0.03
0.64 4.77
Batea_catharinensis 0.12
0.68 4.70
Ampithoe_ramondi 0.13
1.83 4.11
Pinctada_imbricata 0.49
1.56 4.04
Jassa_slateryi 0.01
1.14 3.51
Gammaropsis_palmata 0.31
1.33 2.30
Ophiactis_lymani 0.23
1.87 1.98
Cymadusa_filosa 0.34
1.17 1.81
Alaba_incerta 0.22
1.24 1.53
Caprella_equilibra 0.02
0.70 1.32
Chondrochelia_dubia 0.16
1.67 1.26
Anachis_fenneli 0.16
1.26 1.19

0.09
1.17

0.01
1.15

0.18
0.92

Group Buzios

Av.Abund
Contrib%
2.04
14.46
1.47
27.41
1.72
36.64
1.11
43.19
0.75
49.22
0.42
54.54
0.68
59.31
0.42
64.01
0.58
68.12
0.07
72.16
0.46
75.68
0.07
77.98
0.01
79.96
0.28
81.78
0.24
83.30
0.18
84.62
0.09
85.88
0.02
87.08

0.70
88.17

0.69
89.32

0.55
90.24

Av.Diss

Cum.%
7.66

6.86

4.89

3.47

3.19

2.82

2.53

2.49

2.18

2.14

1.86

1.22

1.05

0.96

0.81

0.70

0.67

0.63
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Paracerceis_sculpta

111 1.15
Ophiothela_mirabilis

2.11 1.13
Cymodoce_brasiliensis

0.66 1.09

Groups Figueira & Buzios
Average dissimilarity = 81.90

Group Figueira

Species Av.Abund
Contrib%

Ericthonius_brasiliensis 0.01
17.52 17.52
Stenothoe_sp 0.01
10.54 28.06
Hyale_niger 0.86
10.04 38.11
Janaira_gracilis 0.29
7.35 45.46
Aora_spinicornis 0.00
6.84 52.29
Batea_catharinensis 0.00
6.31 58.60
Ampithoe_ramondi 0.03
4.34 62.94
Caprella_scaura 0.01
4.34 67.28
Podocerus_fissipes 0.00
4.26 71.54
Jassa_slateryi 0.00
3.30 74.85
Ophiothela_mirabilis 0.31
2.84 77.69
Hippolyte_obliquimanus 0.26
2.65 80.34
Alaba_incerta 0.00
2.64 82.98
Bittiolum_varium 0.29
2.33 85.31
Cymadusa_filosa 0.12
1.71 87.02
Phtisica_marina 0.00
1.14 88.16
Caprella_equilibra 0.00
1.10 89.27
Pinctada_imbricata 0.00
1.01 90.27

0.10
88.23

0.02
89.36

0.00
90.44

Group Buzios

Av.Abund
Cum.%
2.04 14.35
1.47 8.64
1.72 8.23
1.11 6.02
0.75 5.60
0.42 5.17
0.58 3.55
0.42 3.55
0.68 3.49
0.46 2.71
0.02 2.33
0.00 2.17
0.24 2.16
0.08 1.91
0.28 1.40
0.08 0.93
0.18 0.90
0.07 0.82

0.61

0.60

0.58

Av.Diss Diss/SD

4.32

1.19

1.42

1.97

2.67

0.65

1.70

1.51

0.66

1.21

1.07

1.69

1.30

1.04

1.41

0.66

0.63

0.78
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Groups Baleia & Buzios
Average dissimilarity = 57.09

Group Baleia  Group Buzios

Species Av.Abund Av.Abund  Av.Diss Diss/SD
Contrib% Cum.%

Ericthonius_brasiliensis 0.63 2.04 5.85 2.12
10.25 10.25

Stenothoe_sp 1.56 1.47 5.60 1.46
9.80 20.05

Hyale niger 2.44 1.72 4.47 1.02
7.83 27.88

Janaira_gracilis 1.45 1.11 3.39 1.21
5.93 33.81

Chondrochelia_dubia 0.70 0.09 2.70 2.52
4.72 38.54

Batea_catharinensis 0.38 0.42 2.60 0.82
4.55 43.09

Pinctada_imbricata 0.70 0.07 2.53 2.93
4.42 47.51

Podocerus_fissipes 0.00 0.68 2.28 0.64
4.00 51.51

Ampithoe_ramondi 0.00 0.58 2.23 1.69
3.91 55.42

Eulithidium_affine 0.50 0.00 2.21 2.32
3.88 59.30

Aora_spinicornis 0.88 0.75 1.77 1.16
3.11 62.41

Caprella_scaura 0.04 0.42 1.70 1.50
2.98 65.38

Jassa_slateryi 0.00 0.46 1.68 1.15
2.94 68.32

Gammaropsis_palmata 0.48 0.07 1.64 1.93
2.87 71.19

Hourstonius_wakabarae 0.39 0.03 1.49 1.09
2.61 73.81

Cymadusa_filosa 0.52 0.28 1.15 1.29
2.01 75.82

Alaba_incerta 0.00 0.24 1.09 1.35
1.92 77.74

Costoanachis_sertulariarum 0.24 0.00 1.06 3.18
1.86 79.60

Leucothoe_spinicarpa 0.20 0.00 0.86 0.64
1.51 81.11

Caprella_equilibra 0.12 0.18 0.85 0.84
1.48 82.60

Ophiactis_lymani 0.18 0.01 0.69 1.90

1.21 83.80



Mitrela_dichroa

1.09
Paracaprella_dubiaski
0.86
Bittiolum_varium
0.84
Paracerceis_sculpta
0.82
Elasmopus_pectenicrus
0.79

Arcidae_morfo2

0.76

Phtisica_marina

0.72

Sphenia_fragilis

0.68

Groups Conchas & Buzios
Average dissimilarity = 73.85

Species

Ericthonius_brasiliensis
10.49

Stenothoe_sp

7.25
Chondrochelia_dubia
5.86
Podocerus_fissipes
5.80

Janaira_gracilis

571
Hyale_macrodactyla
5.67

Hyale_niger

5.35

Aora_spinicornis

4.12
Sunampithoe_pelagica
3.99
Elasmopus_pectenicrus
3.90

Mitrela_dichroa

3.71
Batea_catharinensis
3.02
Ampithoe_ramondi
2.97

0.13
84.89
0.12
85.75
0.10
86.59
0.00
87.42
0.11
88.21
0.10
88.97
0.00
89.69
0.09
90.37

Group Conchas

Av.Abund

Contrib%
0.08
10.49
1.27
17.74
1.10
23.60
1.00
29.40
1.53
35.11
1.07
40.78
1.27
46.12
0.00
50.25
0.71
54.23
0.73
58.14
0.65
61.84
0.00
64.87
0.00
67.83

0.00

0.00

0.08

0.10

0.01

0.00

0.08

0.00

Group Buzios

Av.Abund
Cum.%

2.04

1.47

0.09

0.68

111

0.00

1.72

0.75

0.00

0.01

0.00

0.42

0.58

0.62

0.49

0.48

0.47

0.45

0.43

0.41

0.39

7.74

5.36

4.33

4.28

4.22

4.19

3.95

3.04

2.94

2.88

2.74

2.23

2.19

0.89

0.79

1.09

1.20

1.55

2.47

0.69

1.54

Av.Diss Diss/SD

2.72

1.52

1.83

2.77

1.32

1.48

1.43

2.40

4.16

2.21

2.59

0.67

1.64
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Pinctada_imbricata
2.81

Caprella_scaura

2.36

Bittiolum_varium

2.33

Jassa_slateryi

2.26
Pachycheles_laevidactylus
2.12
Epialtus_bituberculatus
1.81
Hourstonius_wakabarae
1.67
Leucothoe_spinicarpa
141

Cymadusa_filosa

1.22
Monocorophium_acherusicum
1.18
Modiolus_carvalhoi
1.17

Alaba_incerta

1.03

Eulithidium_affine

0.79

Groups Lamberto & Buzios
Average dissimilarity = 90.63

Species

Bittiolum_varium
16.60
Ericthonius_brasiliensis

11.90
Hyale_niger
10.20
Stenothoe_sp
7.81
Janaira_gracilis
5.45
Aora_spinicornis
4.79
Paracerceis_sculpta
4.75

Batea_catharinensis
3.93

0.58
70.65
0.03
73.01
0.46
75.34
0.27
77.60
0.39
79.72
0.32
81.53
0.33
83.20
0.21
84.61
0.10
85.83
0.19
87.01
0.22
88.19
0.13
89.21
0.13
90.01

Group Lamberto

Av.Abund

Contrib%

2.58
16.60

0.09
28.50

0.01
38.70

0.01
46.51

0.27
51.96

0.00
56.75

0.81
61.50

0.00
65.44

0.07

0.42

0.08

0.46

0.00

0.00

0.03

0.00

0.28

0.00

0.00

0.24

0.00

Group Buzios

Av.Abund
Cum.%

0.08

2.04

1.72

1.47

111

0.75

0.10

0.42

2.08

1.75

1.72

1.67

1.57

1.34

1.23

1.04

0.90

0.87

0.87

0.76

0.59

15.05

10.78

9.24

7.08

4.94

4.34

431

3.57

5.26

1.43

1.59

1.27

1.37

1.46

0.93

0.77

1.32

1.17

1.20

1.00

1.26

Av.Diss Diss/SD

3.03

3.21

2.13

1.16

1.67

2.58

1.48

0.66
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Ampithoe_ramondi
3.33
Podocerus_fissipes
3.24
Caprella_scaura
2.97

Jassa_slateryi

2.45
Hippolyte_obliquimanus
2.19
Eulithidium_affine

1.84

Alaba_incerta

1.68
Cymadusa_filosa
1.60
Chondrochelia_dubia
151
Mitrela_dichroa
1.32
Caprella_equilibra
0.84
Pinctada_imbricata
0.81
Phtisica_marina
0.71
Phyllaplysia_engeli
0.64

Groups Palmas & Buzios
Average dissimilarity = 83.94

Species

Hyale_niger
Ericthonius_brasiliensis
Stenothoe_sp
Pinctada_imbricata
Ophiothela_mirabilis
Bittiolum_varium

Janaira_gracilis

0.00
68.76

0.00
72.01

0.01
74.98

0.00
77.43

0.32
79.62

0.29
81.46

0.01
83.14

0.19
84.74

0.27
86.25

0.20
87.57

0.00
88.41

0.16
89.22

0.00
89.93

0.10
90.57

Group Palmas

Av.Abund

Contrib%
0.03
8.44
0.88
15.18
0.23
21.34
1.23
26.98
0.93
32.44
1.09
37.35
0.12
42.12

0.58

0.68

0.42

0.46

0.00

0.00

0.24

0.28

0.09

0.00

0.18

0.07

0.08

0.00

Group Buzios

Av.Abund
Cum.%

1.72

2.04

1.47

0.07

0.02

0.08

111

3.01

2.94

2.69

2.22

1.99

1.67

1.52

1.45

1.37

1.19

0.76

0.73

0.65

0.58

7.09

5.66

5.17

4.73

4.59

4.12

4.01

1.75

0.65

1.56

1.18

1.14

1.71

1.28

1.37

1.12

1.20

0.62

1.21

0.67

1.11

Av.Diss Diss/SD

1.84

1.71

1.10

2.47

1.52

1.73

1.54
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8.44

6.74

6.16

5.63

5.47

4.90

4.77



Ophioplocus_januarii
Aora_spinicornis
Alvania_auberiana
Photis_sarae
Batea_catharinensis
Lysianassa_teminino
Podocerus_fissipes
Ampithoe_ramondi
Caecum_brasilicum
Jassa_slateryi
Caprella_scaura
Chondrochelia_dubia
Cymadusa_tartarugae
Cymadusa_filosa
Rissoella_ornata
Eulimidae_sp4
Alaba_incerta
Paracerceis_sculpta
Musculus_lateralis
Costoanachis_sparsa
Gammaropsis_palmata
Omalacantha_bicornuta
Astyris_lunata
Mithraculus_forceps

Caprella_equilibra

0.95
46.76
0.00
50.70
0.76
54.06
0.54
57.27
0.00
60.24
0.60
63.16
0.03
65.97
0.00
68.77
0.50
70.98
0.00
73.07
0.16
75.01
0.37
76.58
0.29
78.06
0.10
79.40
0.30
80.69
0.33
81.97
0.09
83.00
0.20
83.99
0.25
84.95
0.16
85.78
0.12
86.60
0.12
87.38
0.17
88.15
0.17
88.90
0.00
89.64

0.01

0.75

0.00

0.01

0.42

0.00

0.68

0.58

0.01

0.46

0.42

0.09

0.00

0.28

0.06

0.00

0.24

0.10

0.04

0.00

0.07

0.00

0.00

0.00

0.18

3.90

3.30

2.82

2.69

2.50

2.45

2.36

2.35

1.85

1.76

1.62

1.32

1.24

1.12

1.09

1.07

0.87

0.83

0.80

0.70

0.69

0.65

0.65

0.63

0.62

1.47

2.26

1.28

0.94

0.65

1.17

0.63

1.61

1.32

1.12

1.26

1.51

1.37

1.51

1.11

0.55

0.98

0.95

1.36

1.23

0.97

0.69

1.36

0.97

0.61
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4.65

3.93

3.36

3.21

2.97

291

2.81

2.80

2.20

2.10

1.93

1.57

1.48

1.34

1.30

1.28

1.04

0.99

0.95

0.84

0.82

0.78

0.77

0.75

0.74
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Leucothoe_spinicarpa 0.15 0.00 0.56 1.06 0.66
90.30

Groups ESEC_Alcatrazes & Mar_Casado
Average dissimilarity = 55.36

Group ESEC_Alcatrazes  Group Mar_Casado

Species Av.Abund Av.Abund Av.Diss
Diss/SD Contrib% Cum.%
Batea_catharinensis 0.00 1.60 7.23
2.59 13.06 13.06
Stenothoe_sp 1.85 0.42 6.72
3.44 12.15 25.21
Podocerus_fissipes 1.38 0.00 6.56
1.86 11.85 37.06
Ampithoe_ramondi 1.13 0.05 5.33
1.52 9.63 46.70
Ericthonius_brasiliensis 1.50 1.21 4.50
1.23 8.14 54.83
Chondrochelia_dubia 0.83 0.24 3.06
1.64 5.52 60.36
Janaira_gracilis 0.98 1.24 2.87
1.38 5.18 65.53
Cymadusa_filosa 0.68 0.11 2.75
1.46 4.97 70.50
Rissoella_ornata 0.56 0.00 2.67
1.61 4.83 75.33
Hyale_niger 2.34 2.57 2.17
1.54 3.92 79.26
Costoanachis_sertulariarum 0.00 0.34 1.50
1.78 2.71 81.97
Elasmopus_pectenicrus 0.01 0.34 1.43
1.37 2.59 84.55
Eulithidium_affine 0.00 0.25 1.13
1.06 2.05 86.60
Caprella_scaura 0.20 0.00 0.98
1.19 1.77 88.37
Anachis_fenneli 0.14 0.00 0.65
0.62 1.18 89.55
Carpias_minutus 0.13 0.00 0.63
1.46 1.14 90.69

Groups Refugio_Alcatrazes & Mar_Casado
Average dissimilarity = 77.96

Group Refugio_Alcatrazes Group Mar_Casado



Species

Photis_sarae
6.65

Ericthonius_brasiliensis

5.91

Aora_spinicornis
5.89

Stenothoe_sp
5.54

Caprella_scaura
5.39

Hyale niger
5.12

Alaba_incerta
4.73

Batea_catharinensis
4.43

Rissoella_ornata
3.64

Ampithoe_ramondi
3.18

Janaira_gracilis
2.87

Assiminea_sp.
2.60

Paracerceis_sculpta
1.90

Pinctada_imbricata
1.89

Chondrochelia_dubia
1.53

Musculus_lateralis
1.38

4.02

1.70
16.11

5.17
23.67

5.37
30.77

2.04
37.69

4.12
44.25

5.24
50.33

2.26
56.01

6.85
60.68

2.01
64.76

1.37
68.44

6.56
71.77

3.64
74.21

3.17
76.63

1.61
78.59

1.85
80.36

Av.Abund
Av.Diss
Contrib%

2.37

3.23

2.10

2.40

2.06

0.73

1.66

0.00

131

1.25

2.01

0.93

0.65

0.70

0.71

0.50

Av.Abund
Diss/SD
Cum.%

0.02
8.53

1.21
7.59

0.00
7.55

0.42
7.11

0.00
6.92

2.57
6.56

0.01
6.07

1.60
5.68

0.00
4.67

0.05
4.08

1.24
3.68

0.00
3.33

0.00
2.44

0.00
2.42

0.24
1.96

0.00
1.77
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8.53



Astyris_lunata
1.37

Pseudaeginella_montoucheti
0.98

Costoanachis_sertulariarum
0.93

Elasmopus_pectenicrus
0.91

Cymadusa_filosa
0.90

Carpias_minutus
0.88

Anachis_fenneli
0.79

Ophioplocus_januarii
0.74

Eulithidium_affine
0.70

Groups Montao_de_Trigo & Mar_Casado

Average dissimilarity = 58.84

Species

Stenothoe_sp
Batea_catharinensis
Ericthonius_brasiliensis
Caprella_scaura
Hyale_niger
Janaira_gracilis

Pinctada_imbricata

1.04
82.12

1.14
83.38

1.68
84.57

1.29
85.73

1.18
86.88

1.06
88.02

1.19
89.03

0.65
89.98

1.03
90.88

Group Montao_de_Trigo

Av.Abund
Diss/SD

1.93
2.52

0.12
2.34

0.35
1.66

0.97
2.14

2.02
2.00

0.86
1.44

0.49

1.38

0.56

0.39

0.00

0.00

0.43

0.30

0.31

0.27

0.00

0.04
1.76

0.00
1.25

0.34
1.19

0.34
1.16

0.11
1.15

0.00
1.13

0.00
1.02

0.00
0.95

0.25
0.90

Group Mar_Casado

Av.Abund

Contribh%

0.42

13.81

1.60

13.09

1.21
9.01

0.00
8.88

2.57
7.10

1.24
6.36

0.00
4.39

161

Av.Diss
Cum.%
8.12
13.81

7.70
26.90
5.30
35.90
5.22
44.78
4.18
51.88
3.74
58.25
2.58
62.64



Costoanachis_sertulariarum 0.01
1.69
Elasmopus_pectenicrus 0.01
1.35
Gammaropsis_palmata 0.31
1.38
Cymadusa_filosa 0.34
1.41
Eulithidium_affine 0.02
1.07
Ophiactis_lymani 0.23
2.14
Chondrochelia_dubia 0.16
1.12
Alaba_incerta 0.22
1.88
Paracerceis_sculpta 0.14
0.94
Anachis_fenneli 0.16
1.39
Perna_perna 0.13
0.84
Ophiothela_mirabilis 0.14
2.21
Cymodoce_brasiliensis 0.11
0.68
Caprella_danilevskii 0.00
0.91
Ampithoe_ramondi 0.13
1.23

Groups Figueira & Mar_Casado
Average dissimilarity = 76.66

Group Figueira

Species Av.Abund
Diss/SD
Hyale_niger 0.86
21.90
Batea_catharinensis 0.00
17.54
Ericthonius_brasiliensis 0.01
11.71
Janaira_gracilis 0.29
10.30
Stenothoe_sp 0.01
5.87
Ophiothela_mirabilis 0.31

3.89

0.34
2.89

0.34
2.81

0.00
2.73

0.11
2.38

0.25
2.19

0.00
2.08

0.24
1.92

0.01
1.86

0.00
1.40

0.00
1.39

0.00
1.36

0.00
1.34

0.01
1.10

0.12
0.98

0.05
0.97

Group Mar_Casado

Av.Abund

Contrib%

2.57
21.90

1.60
39.44

1.21
51.15

1.24
61.45

0.42
67.32

0.00
71.21

Av.Diss

Cum.%
16.79

13.44

8.98

7.89

4.50

2.98
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1.70
65.53
1.65
68.34
1.61
71.07
1.40
73.45
1.29
75.65
1.22
77.72
1.13
79.65
1.09
81.51
0.82
82.91
0.82
84.30
0.80
85.66
0.79
87.00
0.65
88.10
0.58
89.08
0.57
90.05

1.74

3.08

1.37

1.87

1.09

1.13



Costoanachis_sertulariarum
Hippolyte_obliquimanus
Elasmopus_pectenicrus
Bittiolum_varium
Eulithidium_affine
Chondrochelia_dubia

Cymadusa_filosa

Groups Baleia & Mar_Casado
Average dissimilarity = 50.47

Species
Batea_catharinensis
Stenothoe_sp
Ericthonius_brasiliensis
Aora_spinicornis
Pinctada_imbricata
Janaira_gracilis
Chondrochelia_dubia
Gammaropsis_palmata
Cymadusa_filosa
Hyale_niger
Hourstonius_wakabarae
Eulithidium_affine
Elasmopus_pectenicrus

Costoanachis_sertulariarum

0.01
3.42
0.26
3.38
0.00
3.31
0.29
3.17
0.05
2.64
0.02
2.18
0.12
1.32

Group Baleia

Av.Abund
Contrib%
0.38
12.14
1.56
11.50
0.63
8.49
0.88
7.80
0.70
6.29
1.45
5.91
0.70
4.80
0.48
4.32
0.52
3.92
2.44
3.16
0.39
2.97
0.50
2.91
0.11
2.47
0.24
1.89

0.34
74.63

0.00
78.00

0.34
81.32

0.01
84.49

0.25
87.13

0.24
89.30

0.11
90.62

Group Mar_Casado

Av.Abund

Cum.%

1.60
12.14

0.42
23.64

1.21
32.13

0.00
39.92

0.00
46.21

1.24
52.12

0.24
56.92

0.00
61.24

0.11
65.16

2.57
68.31

0.10
71.28

0.25
74.19

0.34
76.65

0.34
78.54

2.62

2.59

2.54

2.43

2.03

1.67

1.01

6.13

5.80

4.29

3.93

3.17

2.98

2.42

2.18

1.98

1.59

1.50

1.47

1.25

0.95
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1.75

1.65

1.32

1.02

1.16

0.84

0.88

Av.Diss Diss/SD

1.80

1.84

1.57

2.32

3.27

1.23

1.69

2.36

2.70

1.33

1.04

1.03

1.40

2.07



Leucothoe_spinicarpa
Ophiactis_lymani
Mitrela_dichroa
Paracaprella_dubiaski
Caprella_danilevskii
Caprella_equilibra

Arcidae_morfo2

Monocorophium_acherusicum

Bittiolum_varium
Sphenia_fragilis

Ampithoe_marcuzzi

Groups Conchas & Mar_Casado
Average dissimilarity = 71.25

Species
Batea_catharinensis
Hyale_niger
Ericthonius_brasiliensis
Stenothoe_sp
Hyale_macrodactyla
Podocerus_fissipes
Chondrochelia_dubia
Janaira_gracilis
Sunampithoe_pelagica

Mitrela_dichroa

0.20
1.88
0.18
1.59
0.13
1.19
0.12
1.05
0.00
0.98
0.12
0.97
0.10
0.94
0.00
0.91
0.10
0.85
0.09
0.84
0.09
0.77

Group Conchas

Av.Abund
Contrib%

0.00
9.82
1.27
8.85
0.08
6.87
1.27
6.45
1.07
6.40
1.00
6.22
1.10
5.93
1.53
5.78
0.71
4.52
0.65
3.95

0.01
80.42

0.00
82.01

0.04
83.20

0.00
84.25

0.12
85.23

0.00
86.21

0.00
87.15

0.11
88.06

0.01
88.90

0.00
89.74

0.00
90.52

Group Mar_Casado

Av.Abund

Cum.%

1.60

9.82

2.57
18.66

1.21
25.53

0.42
31.98

0.00
38.38

0.00
44.60

0.24
50.53

1.24
56.31

0.00
60.83

0.04
64.78

0.95

0.80

0.60

0.53

0.50

0.49

0.47

0.46

0.43

0.42

0.39

6.99

6.30

4.89

4.60

4.56

4.43

4.23

411

3.22

2.81

164

0.65

2.25

0.85

0.80

0.91

0.55

2.58

0.86

0.95

1.58

1.53

Av.Diss Diss/SD

2.30

1.65

1.32

2.05

1.52

3.46

1.65

1.26

4.62
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Pinctada_imbricata
Bittiolum_varium
Elasmopus_pectenicrus
Pachycheles_laevidactylus
Epialtus_bituberculatus
Costoanachis_sertulariarum
Hourstonius_wakabarae
Leucothoe_spinicarpa
Jassa_slateryi
Eulithidium_affine

Modiolus_carvalhoi

Monocorophium_acherusicum

0.58
3.77
0.46
3.12
0.73
3.06
0.39
2.40
0.32
2.05
0.00
2.04
0.33
1.92
0.21
1.62
0.27
1.61
0.13
1.50
0.22
1.33
0.19
1.16

Groups Lamberto & Mar_Casado

Average dissimilarity = 89.72

Species

Hyale_niger
Bittiolum_varium
Batea_catharinensis
Ericthonius_brasiliensis
Janaira_gracilis
Paracerceis_sculpta
Stenothoe_sp
Hippolyte_obliquimanus

Elasmopus_pectenicrus

Group Lamberto

Av.Abund
Diss/SD
0.01
19.75
2.58
19.57
0.00
11.37
0.09
7.70
0.27
7.15
0.81
6.34
0.01
3.55
0.32
2.52
0.01
2.20

0.00
68.54

0.01
71.67

0.34
74.73

0.00
77.13

0.00
79.18

0.34
81.22

0.10
83.14

0.01
84.77

0.00
86.38

0.25
87.88

0.00
89.21

0.11
90.37

Group Mar_Casado

Av.Abund

Contrib%

2.57
19.75

0.01
39.32

1.60
50.69

1.21
58.40

1.24
65.55

0.00
71.89

0.42
75.44

0.00
77.96

0.34
80.16

2.69

2.23

2.18

1.71

1.46

1.45

1.37

1.16

1.15

1.07

0.95

0.83

Av.Diss
Cum.%
17.72
17.56
10.20
6.91
6.42
5.69
3.18
2.26

1.98
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3.69

1.81

1.38

1.40

1.50

1.66

1.07

0.77

0.87

1.60

1.22

1.13

4.13

3.34

2.66

1.40

1.86

1.66

1.11

1.17

1.33



Chondrochelia_dubia
Costoanachis_sertulariarum
Eulithidium_affine
Cymadusa_filosa
Mitrela_dichroa
Pinctada_imbricata

Phyllaplysia_engeli

Groups Palmas & Mar_Casado
Average dissimilarity = 89.18

Species

Hyale_niger
Batea_catharinensis
Pinctada_imbricata
Ophiothela_mirabilis
Janaira_gracilis
Bittiolum_varium
Ericthonius_brasiliensis
Ophioplocus_januarii
Alvania_auberiana
Photis_sarae
Lysianassa_teminino
Caecum_brasilicum
Stenothoe_sp

Costoanachis_sertulariarum

0.27
1.99
0.10
1.93
0.29
1.86
0.19
1.34
0.20
1.23
0.16
1.13
0.10
0.78

Group Palmas

Av.Abund
Contrib%
0.03
14.45
0.00
8.56
1.23
6.33
0.93
5.86
0.12
5.84
1.09
5.46
0.88
4.97
0.95
4.89
0.76
3.47
0.54
3.37
0.60
2.95
0.50
2.28
0.23
1.98
0.00
1.77

0.24
82.15

0.34
84.08

0.25
85.94

0.11
87.28

0.04
88.51

0.00
89.64

0.00
90.42

Group Mar_Casado

Av.Abund

Cum.%

2.57
14.45

1.60
23.01

0.00
29.34

0.00
35.20

1.24
41.04

0.01
46.49

1.21
51.46

0.00
56.36

0.00
59.83

0.02
63.19

0.01
66.14

0.00
68.42

0.42
70.40

0.34
72.17

1.78

1.73

1.67

1.20

1.10

1.02

0.70

12.88

7.63

5.65

5.22

5.21

4.87

4.43

4.37

3.09

3.00

2.63

2.04

1.77

1.58

166

1.25

1.75

1.35

0.91

0.95

1.25

1.18

Av.Diss Diss/SD

3.25

2.20

2.63

1.54

1.88

1.99

1.46

1.52

1.33

0.92

1.15

1.40

1.03

1.61



Chondrochelia_dubia 0.37
1.75
Elasmopus_pectenicrus 0.03
1.66
Cymadusa_tartarugae 0.29
1.53
Eulithidium_affine 0.03
1.32
Eulimidae_sp4 0.33
1.29
Rissoella_ornata 0.30
1.26
Paracerceis_sculpta 0.20
1.25
Musculus_lateralis 0.25
1.23
Costoanachis_sparsa 0.16
0.84
Cymadusa_filosa 0.10
0.82
Omalacantha_bicornuta 0.12
0.82
Caprella_scaura 0.16
0.79
Mithraculus_forceps 0.17
0.77
Astyris_lunata 0.17
0.74
Leucothoe_spinicarpa 0.15
0.67
Caecum_ryssotitum 0.15
0.65
Caprella_danilevskii 0.00
0.59

Groups Buzios & Mar_Casado
Average dissimilarity = 58.63

Group Buzios

Species Av.Abund
Contrib%
Ericthonius_brasiliensis 2.04
10.96
Batea_catharinensis 0.42
10.47
Hyale_niger 1.72
10.42
Stenothoe_sp 1.47

10.24

0.24
73.93

0.34
75.59

0.00
77.12

0.25
78.43

0.00
79.72

0.00
80.98

0.00
82.23

0.00
83.46

0.01
84.31

0.11
85.13

0.00
85.94

0.00
86.73

0.00
87.50

0.04
88.24

0.01
88.91

0.01
89.56

0.12
90.15

Group Mar_Casado

Av.Abund

Cum.%

1.21
10.96

1.60
21.43

2.57
31.85

0.42
42.09

1.56

1.48

1.36

1.18

1.15

1.13

111

1.10

0.75

0.73

0.73

0.70

0.69

0.66

0.60

0.58

0.53

6.42

6.14

6.11

6.00

1.54

1.23
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1.02

0.55

0.92

0.84

1.77

1.35

1.25

0.70

0.89

0.99

1.48

1.06

1.03

0.88

1.30

2.06

0.96

1.41
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Janaira_gracilis
Aora_spinicornis
Podocerus_fissipes
Ampithoe_ramondi
Caprella_scaura
Jassa_slateryi
Costoanachis_sertulariarum
Elasmopus_pectenicrus
Alaba_incerta
Eulithidium_affine
Chondrochelia_dubia
Cymadusa_filosa
Caprella_equilibra
Paracerceis_sculpta
Caprella_danilevskii
Phtisica_marina

Monocorophium_acherusicum

111
7.10
0.75
6.47
0.68
4.53
0.58
4.28
0.42
4.02
0.46
3.38
0.00
2.80
0.01
2.68
0.24
2.25
0.00
2.11
0.09
1.86
0.28
1.76
0.18
1.17
0.10
1.01
0.00
0.93
0.08
0.92
0.00
0.86

49.19

55.66

60.18

64.46

68.48

71.86

74.66

77.34

79.59

81.70

83.56

85.32

86.50

87.51

88.44

89.36

90.22

1.24

0.00

0.00

0.05

0.00

0.00

0.34

0.34

0.01

0.25

0.24

0.11

0.00

0.00

0.12

0.00

0.11

4.16

3.79

2.65

2.51

2.35

1.98

1.64

1.57

1.32

1.24

1.09

1.03

0.69

0.59

0.55

0.54

0.51

1.26

2.39

0.64

1.61

1.52

1.15

1.62

1.27

1.22

1.00

0.88

1.34

0.62

1.16

0.88

0.66

0.84
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Supplementary 5. Results of the Spearman correlations between genetic diversity and species
diversity for the four species studied. Rho: Spearman’s rank correlation coefficient. Bold

indicates statistically significant results.

Species Variables Rho P
Hyale niger -0.8809 0.007242
Cymadusa filosa Allelic Richness X Species -0.0333 0.9484
Pinctada imbricata Richness (Chao-1) 0.0424  0.9186

Costoanachis sertulariarum -0.6797  0.2068
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Supplementary 6. Regression coefficient (B), coefficient of determination (R?) and significance
(P-value) of the multiple matrix regression with randomization analysis in the association
between beta diversity of invertebrate assemblages and genetic distance among populations of
each species in this study. Bold indicates statistically significant results.

Combination of variables B community P-value R? P-value
Hyale niger Dcom 0.6266 0.0002 0.3926 <0.0001
Cymadusa filosa Dcom 0.2662 0.1293 0.0709 0.1293
Pinctada imbricata Dcom -0.1724 0.324  0.0297 0.324

Costoanachis sertulariarum Dcom 0.4369 0.2118 0.1909 0.2118
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CONSIDERACOES FINAIS

Neste estudo, ndés mostramos que diferentes espécies-chave de invertebrados
associados aos bancos de macroalgas marinhas apresentam diferentes padrdes de estruturagéo
genética dentro de uma mesma escala espacial de dezenas de quilébmetros. Os moluscos, com
uma fase larval planctbnica, apresentaram uma auséncia de estrutura genética entre suas
populacdes, ao passo que os anfipodes, de desenvolvimento direto, apresentaram diferenciacao
genética. Mesmo entre anfipodes, também pudemos observar diferengas nos padrdes
estruturacdo de suas populacdes, sendo esta mais forte em Hyale niger do que em Cymadusa
filosa. Portanto, o potencial de dispersdo em espécies que apresentam parte de seu
desenvolvimento no plancton, conforme esperado, é maior do que espécies que apresentam todo
seu ciclo de vida bentdnico. No entanto, espécies de desenvolvimento direto como os anfipodes
também apresentam um elevado potencial de dispersdo, e que difere entre espécies, e que
possivelmente esta relacionado a aspectos da historia de vida de cada uma delas, tais como
crescimento, mobilidade, sobrevivéncia e potencial reprodutivo.

Além disso, vimos que a variabilidade ambiental entre os locais, principalmente
relacionado a concentracdo de nutrientes, foi o principal fator modulador da diferenciacéo
genetica dos anfipodes, de modo geral, porém para H. niger, a distancia geografica e os padrdes
de circulacédo de correntes também tiveram alto poder explicativo.

Nos também observamos variacfes morfoldgicas entre as populacdes de H. niger,
mas que nao apresentaram relacdo com as variagdes genéticas, tratando-se possivelmente de
plasticidade fenotipica. Da mesma forma, também pudemos observar variacdo nos parametros
de comunidade das assembleias de invertebrados associados as macroalgas marinhas, porém
somente encontramos relacGes ndo-positivas entre a diferenciacdo genética e a diferenciacédo
das comunidades, indicando que processos nao-paralelos seriam responsaveis por modular
esses dois niveis de diversidade para estes organismos.

Portanto, a partir dos resultados obtidos, podemos concluir que para se melhor
compreender os padrBes de dispersdo e conectividade entre diferentes manchas de habitats
formados por bancos de macrdéfitas, com o intuito, por exemplo, de se estabelecer medidas
efetivas de conservacdo a estes habitats, devemos preferencialmente considerar o
desenvolvimento de estudos com multiplas espécies, comparando a resposta ndo sé entre
espécies com habitos de vida distintos, mas também entre espécies com habitos semelhantes, e
que a diversidade genética e a diversidade de espécies aparentemente sdo modulados por fatores
independentes, portanto informagdes acerca de um nivel ndo podem ser utilizadas para de inferir

informacgdes acerca do outro. Além disso, mostramos também que o uso de marcadores
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moleculares de polimorfismos de nucleotideo Unico (SNPs) e de técnicas de sequenciamento
de nova geracdo podem apresentar um grau de estruturacdo genética mais refinado, quando
comparados com o uso de marcadores moleculares de sequéncia de genes especificos (no caso
deste estudo, o gene mitocondrial COI) e com técnicas de sequenciamento tradicionais, o que
ndo invalida a importancia destes Gltimos, que podem sim ser muito informativos, porém
destacamos a importancia de se usar diferentes tipos de marcadores quando possivel.

Por fim, nossos resultados demonstram também a grande importancia das areas de
protecdo integral marinhas (MPAS) do nosso litoral paulista, uma vez que Alcatrazes, por
exemplo, foi o principal ponto de diferenciacdo genética para as duas espécies de anfipodes em
estudo, mostrando que esta regido porta agrupamentos genéticos quase exclusivos, algo que
pode ocorrer também para outras espéecies que ali habitam; e, além disso, vimos que areas de
protecdo integral como a Ilha das Palmas, pertencente a ESEC Tupinambas, apresentou valores
mais altos de riqueza e diversidade de espécies, mesmo sendo uma ilha tdo préxima do
continente, inclusive préxima de areas impactadas como o Saco do Ribeira em Ubatuba,
demonstrando a grande importancia que manter e conservar estas areas possui para a

manutencdo da biodiversidade nos habitats de macroalgas.
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