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RESUMO

Ourigos-do-mar atuam como moduladores da abundancia, composicao e riqueza de macroalgas
nos sistemas bentonicos rasos. Em comunidades que abrigam mais de uma espécie, a compreensao
de fatores como a utiliza¢do e compartilhamento de recursos troficos sdo aspectos centrais para o
entendimento da dindmica dos ecossistemas em que elas estdo inseridas. Na ilha de Santa Catarina,
no Sul do Brasil, as espécies Echinometra lucunter e Paracentrotus gaimardi ocupam a mesma
faixa de habitat, onde sdo encontradas principalmente nas areas mais rasas dos costdes rochosos
(1-3 metros). Para identificar se um dos fatores que permite a coexisténcia dessas espécies € o
particionamento de recursos troficos, esse trabalho se propds a investigar o contetido estomacal de
vinte (20) individuos de cada espécie, provindos de dois locais diferentes (costdes do Gravata e
Matadeiro), de modo a verificar se o particionamento alimentar das espécies se modificaria em
relacdo a diferengas na composi¢cdo dos ambientes. Utilizando analises de nivel taxondmico e
morfologico na identificacdo do contetido estomacal, e o indice de Pianka para verificar o grau de
sobreposi¢cdo trofica entre as espécies em cada local, averiguou-se que, apesar dos costdes
apresentarem diferencas na composicao bentonica, a aquisi¢ao de recursos se manteve similar
entre as espécies nos dois locais com ambas sendo classificadas como herbivoras generalistas,
apresentando baixo grau de dissimilaridade na obtengdo de recursos troficos. Os resultados
encontrados indicam que as espécies possuem como principal fator modulador da dieta a
disponibilidade de recursos. E a alta sobreposicao trofica ocorre pelo comportamento generalista
das espécies, que utilizam e compartilham os recursos disponiveis no ambiente.

Palavras-chave: Bentos. Ecologia tréfica. Echinometra lucunter. Paracentrotus gaimardi.



ABSTRACT

Sea urchins play a key role in shallow rocky shores, acting as modulators of abundance, density
and species composition of macroalgae. In communities that host more than one species,
understanding how trophic resources are used and partitioned is a key aspect of understanding the
ecosystem's dynamics in which they are inserted. In Santa Catarina island, Southern Brazil,
Echinometra lucunter and Paracentrotus gaimardi show a high spatial overlap, in the upper (1-3
m) subtidal zone. To evaluate if one of the factors that allows the coexistence of these species is
the partitioning of trophic resources, this study aimed to investigate the stomach contents of twenty
(20) individuals of each species, coming from two sites (Gravata and Matadeiro rocky shores) to
verify feeding patterns of the species. Using taxonomic and morphological levels in identifying
stomach contents and Pianka index to assess the degree of trophic overlap between species in each
site. Despite the differences in benthic composition, the feeding patterns of both species were
similar in both sites with the species being classified as generalist herbivores. The species showed
a low degree of dissimilarity in the acquisition of trophic resources, and a high trophic overlap.
The results indicate that the main influencing factor of the feeding patterns was the availability of
resources. The high trophic overlap occurs due to the generalist behavior of the species, which use
and share the resources available in the environment.

Keywords: Benthos. Trophic ecology. Echinometra lucunter. Paracentrotus gaimardi.
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1.0 INTRODUCAO GERAL

Nicho pode ser definido como a relagdo de um individuo ou de uma populagdo com todos
os aspectos de seu ambiente, e dessa forma, representa o ““ espaco ecologico” das espécies dentro
das comunidades (RICKLEFS, 1996). O conceito de nicho busca explicar como as espécies
estariam interagindo e sendo limitadas pelo seu meio abiotico - nicho Grinelliano - ou pelo seu
meio biodtico - nicho Eltoniano - (SOBERON, 2007; SOBERON & NAKAMURA, 2009).
Hutchinson, em 1957, propds que os limites de atividades de cada espécie estariam, na verdade,
sendo influenciados por um hiperespago multidimensional, na qual fatores biologicos (bidticos),
fisicos e quimicos (abidticos) estariam juntamente limitando a distribuicdo das espécies no

ambiente (PINTO-COELHO, 2006; CORNELL, 2012).

Pode-se dizer que a teoria do nicho decorre da visdo darwinista de que duas espécies em
coexisténcia devem ocupar espagos ecologicos distintos (SEXTON et al., 2017). E que a
competicdo interespecifica estaria agindo como um limitador ambiental, onde segundo
Hutchinson, o Nicho Fundamental (com auséncia de competidores) seria diminuido ou limitado
por uma espécie competidora, chamando este de Nicho Realizado (SOBERON, 2007; CORNELL,
2012). Na década de 1960 o conceito de nicho Hutchinsoniano foi alterado, sobretudo, porque o
modelo ndo previa sobreposicao entre diferentes espécies, pois as mesmas eram vistas competindo
por valores unicos de um fator ambiental em cada posi¢do do hiperespago, o que levaria sempre,
segundo o modelo, a exclusdo da espécie com menor poder competitivo (WHITTAKER, 1973;

CORNELL, 2012; POCHEVILLE, 2015).

Os ecologos Levins e MacArthur, em 1967, inseriram o principio de amplitude de nicho
que veio reformular o conceito de Nicho Fundamental de Hutchinson, modificando o paradigma
da exclusdo competitiva. O fracionamento de recursos ou ambientes organizados ao longo da
dimensao do nicho, como utilizacao em diferentes propor¢des de alimentos de tamanho diferentes
ou o tempo gasto em diferentes micro-habitats se tornaram a amplitude do nicho (CORNELL,

2012).

A sobreposi¢do de nicho veio para se referir a utilizacdo de alguns mesmos tipos de

recursos por duas ou mais espécies, sendo que a medida que a sobreposicdo aumentasse a
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competi¢do também deveria aumentar (SCHOENER, 1974; ABRAMS, 1980). Pianka (1974)
apontou que o modo como as espécies particionam recursos dentro de uma comunidade pode agir
como um forte modulador ambiental, pois ¢ um fator-chave para permitir a coexisténcia entre elas.
Assim, mesmo que haja sobreposicao de nicho, ela deve ser parcial ou minima, possibilitando que

as espécies que coexistem possam obter recursos de maneira satisfatoria para a manutencao de

suas populacdes no ambiente (PIANKA, 1974; SCHOENER, 1974).

Desse modo, a identificagdo dos fatores que permitem a coexisténcia de espécies vem
ganhando cada vez mais relevancia nos estudos ecologicos, sobretudo, por buscar compreender os
processos que levam a sustentacdo da biodiversidade nos ecossistemas (SCHOENER, 1974;
RODRIGUEZ-BARRERAS et al.,, 2016; LIEDKE et al., 2018). O entendimento das relacdes
troficas vem entdo a ser fundamental para o entendimento da dindmica dos ecossistemas,
principalmente em ambientes marinhos, onde uma grande diversidade de espécies aparenta ocupar
posigoes troficas semelhantes (VANDERKLIFT et al., 2006; SPTIZ et al., 2011; RODRIGUEZ-
BARRERAS et al., 2016).

Usualmente ¢ visto diferencas no tamanho das presas, na forma de captagdo e na area de
forrageio das espécies que, a priori, aparentam ter um aspecto alimentar semelhante (RIBI et al.,
1977; CONTRERAS & CASTILLA, 1987; SPITZ et al., 2011). Em alguns casos ¢ possivel notar
diferenciagdo alimentar entre estagios ontogenéticos em uma mesma populagdo, ao modo de evitar
a competicdo intraespecifica e diminuir a sobreposi¢do de nicho entre diferentes faixas etarias
(BRANDL et al., 2020). Ha casos onde ¢ possivel enxergar alargamento e retracdo do nicho
alimentar das espécies conforme as modificagcoes de padrdes ambientais (TAVARES, 2004), o que
pode gerar uma maior sobreposi¢cdo do nicho trofico e aumento do processo competitivo por
recursos, principalmente em situacdes onde a oferta de alimento se torna limitada (CASTRO-

SOUZA & BOND-BUCKUP, 2004).

Ouricos-do-mar desempenham um importante papel nos ambientes bentonicos marinhos
(BIRKELAND, 1989; STENECK, 2020), atuando na manuten¢do da biodiversidade dos
ecossistemas tropicais (BELLWOOD et al., 2004) e temperados (STENECK et al., 2002),
modulando a abundancia, densidade e composicao das espécies dos produtores primarios como

macroalgas (LAWRENCE, 1975; MCCLANAHAN, 1992; JOHANSSON et al., 2010) e gramas
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marinhas (KLUMPP et al., 1993), sobretudo atualmente, onde a sobrepesca esta reduzindo

drasticamente a populagdo de outros herbivoros marinhos (HUGHES et al., 2007).

Por possuirem esse importante papel estruturador, diversos estudos vém buscando
identificar como as diferentes espécies de ouri¢cos-do-mar utilizam e compartilham os recursos
troficos nas diferentes comunidades em que habitam ao redor do globo (e.g. CONTRERAS &
CASTILLA, 1987; VANDERKLIFT et al, 2006; HIRATSUKA & UEHARA, 2007,
CABANILLAS-TERAN et al., 2016; RODRIGUEZ-BARRERAS et al., 2016), verificando como
as variagdes ambientais e na disponibilidade de recursos troficos (e.g. VILLACA, 1988;
GUILLOU & LUMINGAS, 1999; YATSUYA & NAKAHARA, 2004; CABANILLAS-TERAN
et al., 2016; GIL et al., 2021) podem afetar o habito alimentar, o nicho trofico (CABANILLAS-
TERAN et al., 2019) e o particionamento de recursos entre espécies que coexistem em diferentes
comunidades (RODRIGUEZ-BARRERAS et al., 2020).

De modo geral, as assembleias de ouri¢os-do-mar sdo caracterizadas por uma baixa riqueza
(2 a 5 espécies), mas com populagdes muito grandes que podem chegar a dezenas de individuos
por metro quadrado (VANDERKLIFT et al, 2006; HIRATSUKA & UEHARA, 2007;
CORDEIRO et al., 2014; RODRIGUEZ-BARRERAS et al., 2016; LABBE-BELLAS et al., 2016).
Nos costdes rochosos rasos das regides Sul e Sudeste do Brasil — pertencentes a provincia
biogeografica do Atlantico Sudoeste Temperado Quente (SPALDING et al., 2007), sao quatro as
principais espécies de ourico-do-mar encontradas compondo as assembleias no bentos, sendo elas:
Echinometra lucunter (Linnaeus, 1758), Paracentrotus gaimardi (Blainville, 1825), Arbacia
lixula (Linnaeus, 1758) e Lytechinus variegatus (Lamarck, 1816) (OLIVEIRA, 1991; SANCHEZ-
JEREZ et al., 2001; TAVARES, 2004; CORDEIRO et al., 2014).

Em Santa Catarina, Sul do Brasil, com exce¢do de L. variegatus (encontrada em baixa
abundancia e densidade no estado), os recifes rochosos rasos mantém esse padrao com E. lucunter,
P. gaimardi e A. lixula ocorrendo em elevada abundancia, dominando as assembleias de ourigos-
do-mar no local (XAVIER, 2010; LABBE-BELLAS et al., 2016; MARTINS, 2016). Na ilha de
Santa Catarina o padrdo da distribuicdo dessas espécies nas regides do infralitoral (regido
permanentemente imersa) nos costdes indica uma divisdo na ocupagdo de habitat, movida pela
alteracdo do gradiente fisico. A espécie A. lixula ocorre em altas densidades nas regides mais

profundas do que 3 metros nos costdes da ilha, enquanto as outras duas espécies estdo em maiores
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densidades acima disso (MARTINS, 2016). Esse padrao de distribui¢ao ¢ também encontrado no
Rio de Janeiro (CORDEIRO et al., 2014) ¢ em Sdo Paulo (SANCHEZ-JEREZ et al., 2001),
indicando que A. lixula responde positivamente ao aumento da profundidade no ambiente,
crescendo em maiores valores de abundancia e biomassa nas areas inferiores a 3 metros de

profundidade.

Por outro lado, assim como em outros costoes rochosos rasos ao longo da costa do Sul e
Sudeste brasileira (CORDEIRO et al., 2014; LABBE-BELLAS et al., 2016), E. lucunter ¢ P.
gaimardi possuem um padrao similar de ocupagao de habitat (nicho espacial), nos costdes da ilha
de Santa Catarina, onde ambas habitam as regides superiores do infralitoral, sendo encontradas em
maiores densidades nas regides entre 1,5 até 3 metros de profundidade (MARTINS, 2016). Tanto
E. lucunter (OLIVEIRA, 1991; REYES-LUJAN et al., 2015, TAVARES et al., 2020) quanto P.
gaimardi (QUEIROZ, 2020) sdo reconhecidamente espécies de habito herbivoro, apresentando
baixa ingestdo de material animal (TAVARES, 2004; VILLACA, 1988, TAVARES et al., 2020).
Sendo assim, a compreensdo de como as espécies estdo utilizando e compartilhando os recursos
troficos nos ambientes onde ambas ocorrem se torna necessaria. A ilha de Santa Catarina se mostra
entdo um importante sitio para avaliar a ecologia alimentar de E. lucunter e P. gaimardi, sobretudo,
por se tratar de um local onde elas sdo encontradas em densidades populacionais similares, com

esse padrao sendo observado em diferentes costdes na ilha (MARTINS, 2016).

Desse modo, o atual trabalho teve como objetivo geral: verificar através de um recorte
sazonal (verao) se o particionamento de recursos troéficos € um dos fatores que permite a
coexisténcia das espécies; 1) investigando o contetido estomacal de vinte (20) individuos de cada
espécie provindos de dois locais diferentes (costdes do Gravatd e Matadeiro); 2) identificando se
hé - e quais - as diferengas de disponibilidade de recursos troficos entre os locais, e se elas afetam
a dieta e o particionamento de nicho trofico entre as espécies. Esperando-se encontrar: 1)
diferencas do habito alimentar entre ambas as espécies ao modo de diminuir ou evitar a
sobreposicdo de nicho trofico; 2) a disponibilidade de recursos troficos presentes nos costdes
atuando como moduladora da dieta das espécies, influenciando na aquisicdo dos recursos

alimentares.
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2.0.1 Abstract

ABSTRACT

Sea urchins play a key role in shallow rocky shores, acting as modulators of abundance, density
and species composition of macroalgae. In communities that host more than one species,
understanding how trophic resources are used and partitioned is a key aspect of understanding the
ecosystem's dynamics in which they are inserted. In Santa Catarina island, Southern Brazil,
Echinometra lucunter and Paracentrotus gaimardi show a high spatial overlap, in the upper (1-3
m) subtidal zone. To evaluate if one of the factors that allows the coexistence of these species is
the partitioning of trophic resources, this study aimed to investigate the stomach contents of twenty
(20) individuals of each species, coming from two sites (Gravatd and Matadeiro rocky shores) to
verify feeding patterns of the species. Using taxonomic and morphological levels in identifying
stomach contents and Pianka index to assess the degree of trophic overlap between species in each
site. It was found that despite the differences in benthic composition, the feeding patterns of both
species were similar in both sites with the species being classified as generalist herbivores. The
species showed a low degree of dissimilarity in the acquisition of trophic resources, and a high
trophic overlap. The results found indicate that the main influencing factor of the feeding patterns
was the availability of resources. The high trophic overlap occurs due to the generalist behavior of
the species, which use and share the resources available in the environment.

Key-words: Benthos; Trophic ecology; Echinometra lucunter; Paracentrotus gaimardi
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2.1 Introduction

Trophic ecology is one of the most relevant areas for understanding mechanisms driving
species coexistence (Spitz et al., 2011; Liedke et al., 2018; Kent and Sherry, 2020). It also helps
understanding species ecosystem functions (Rosumek et al., 2018; Hayden et al., 2019),
particularly in marine ecosystems where several species have similar trophic positions (Ribi et al.,
1977, Spitz et al., 2011; Fernandez et al., 2017; Liedke et al., 2018; Brandl et al., 2020). The co-
occurrence of species may be possible due to differences in resource partitioning associated with
differences in feeding behavior that limit the trophic overlap (Pianka, 1974; Cornell, 2012). Thus,
resources partitioning can be one of the main drivers for explaining how species can coexist in
communities with high biodiversity (Pianka, 1973; Schoener, 1974). The shallow reef habitats, for
example, harbor great animal richness (Vanderklift and Kendrick, 2004; Floeter et al., 2007; Aued
et al., 2018), being some taxa, such as the sea urchins, mostly associated with this environment

(McPherson, 1969; Lawrence and Sammarco, 1982; Labbé-Bellas et al., 2016; Steneck, 2020).

Most often, sea urchins species live in assemblages, which can support a certain number of
species, usually ranging from two to five (Bulleri et al., 1999; Guidetti et al., 2004; Vanderklift
and Kendrick, 2004; Cordeiro et al., 2014; Labbé-Bellas et al., 2016). They play a key role in
marine communities (Birkeland, 1989; Johansson et al., 2010), characterized as primarily
herbivorous (Lawrence et al., 2020) often acting as modulators of abundance, density and species
composition of macroalgae (Carpenter, 1988, 1990; McClanahan, 1992) and seagrass (Klumpp et
al., 1993). They are key in maintaining biodiversity in both tropical (Sammarco, 1982; Bellwood

et al., 2004) and temperate (Steneck et al., 2002) shallow benthic marine ecosystems.

Having such an important function, several studies have tried to understand the
relationships of sea urchins and their environments (Klumpp et al., 1993; Vanderklift et al., 2006;
Calderon et al., 2007), and how this influences their trophic ecology and feeding behavior (Larson
et al., 1980). Depth gradients (Gil et al., 2021), seasonality (Agatsuma et al., 2000; Reyes-Lujan
et al., 2015; Tavares et al., 2020), and stochastic events (Navarrete et al., 2008; Cabanillas-Teran
etal., 2019) were investigated and demonstrated that the sea urchins species can show great trophic
plasticity, adapting their dietary pattern to environmental conditions and resource availability. In

some cases, expanding their trophic level from herbivory to omnivory (Tavares, 2004), or even
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changing the feeding methods, in some environments acting as a passive grazer capturing drift

algae and in others as a biofilm grazer (Gil et al., 2021).

In addition, several studies have evaluated how coexisting species with potentially similar
diets use and partition the feeding resources (Vasquez et al., 1984; Contreras and Castilla, 1987;
Vanderklift et al., 2006; Rodriguez-Barreras et al., 2016). In some cases, it is possible to verify
trophic differentiation to avoid or minimize competition (Privitera et al., 2008). Arbacia lixula, for
example, was classified from omnivorous to carnivorous in Southeastern Brazil where it cohabits
shallow rocky shores with Echinometra lucunter and Lytechinus variegatus, both herbivorous
species (Oliveira, 1991). However, in the Mediterranean, 4. lixula shows a herbivorous feeding
pattern, but shares the same habitat with only one species, Paracentrotus lividus (Bulleri et al.,
1999; Privitera et al., 2008). Dietary differentiation can also occur regarding food capturing mode,
as described by Contreras and Castilla (1987). In shallow Chilean rocky shores, these authors
studied two sympatric herbivorous sea urchin species, Loxechinus albus and Tetrapygus niger, and
observed that the first one was specialized in capturing drift algae while 7. niger had basically a

scraping feeding habit.

Thus, trophic overlap and resource partitioning can vary between sites depending on
differences in the availability of resources and environmental composition (Cobb and Lawrence
2005; Privitera et al., 2008 Cabanillas-Teran et al., 2016; Rodriguez-Barreras et al., 2020). On the
West Coast of Central Florida (USA), Cobb and Lawrence (2005) found differences in the dietary
pattern of Arbacia punctulata (omnivorous) with cohabiting the same sites with Lytechinus
variegatus (herbivorous). Throughout the study, in different seasons and locations, the availability
of resources varied. In the low supply of algal material, 4. punctulata presented unimpressive
consumption of this material, acting like a carnivore. But in situations of algal material is not
limited, the species increased consumption of this resource, overlapping the consumption of algal

material with L. variegatus.

In Southeastern and Southern Brazil, the shallow rocky shores are inhabited by three
coexisting sea urchin species: 4. lixula, E. lucunter and Paracentrotus gaimardi (Cordeiro et al.,
2014; Labbé-Bellas et al., 2016). E. lucunter and P. gaimardi show high spatial overlap in the
upper (1-3 m) subtidal zone with high abundances and density (Cordeiro et al., 2014). 4. lixula is

more abundant and increases in density in regions deeper than 3-meter depth (Sanchez-Jérez et al.,
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2001), indicating differentiation of the spatial niche between the species with E. lucunter and P.

gaimardi.

Thus, we investigate whether the trophic niche differentiation can be a factor that allows
the coexistence of both sea urchin species E. lucunter and P. gaimardi in Santa Catarina island,
Southern Brazil. To identify how environmental factors influence the partitioning of food
resources between the species we: 1) analyzed both species diets; 2) verified if differences in
benthic composition influenced their diet and, consequently, the trophic niche partition between

those species.
2.2 Material and methods
2.2.1 Study Area

Santa Catarina island (27° 35' S; 48° 32' W) is located on Southern Brazilian coast (Figure
1). During the austral summer, the island is under influence of tropical waters from Brazil Current
and South Atlantic Central Water, while the Plata River plume and the Sub-Antarctic Water are
prevalent during the winter (Piola et al., 2000, 2005; Pereira et al., 2009). Regional sea surface
temperature ranges from 17°C to 20°C approximately during the winter, and from 23°C to 27°C
approximately in the summer (Carvalho et al., 1998; Segal et al., 2017). The local shallow benthic
community is mainly composed of turf algae and frondose macroalgae (Aued et al., 2018). The
sampling sites, Gravata (27°36°46S; 48°25°59W) and Matadeiro (27°45° 258S; 48°29°37W) were
classified as semi-exposed rocky shores, susceptible to wave action from east and northern

quadrant winds (Carvalho et al., 1998).
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Fig.1. A: Map from Santa Catarina island indicating both sampling sites. B: Echinometra lucunter.
C: Paracentrotus gaimardi. Photos: Taind Gaspar.

2.2.2 Sea urchins sampling

The sea urchin species, E. lucunter and P. gaimardi, were collected (n = 10 of each) in
both sites Matadeiro and Gravata in January, during the austral summer of 2020, at shallow depths
(2-3 m) during low tide. Sampling occurred in the early morning hours (7:30 a.m. — 9:00 a.m.).
Only individuals of > 2 c¢m in test diameter were collected to avoid the influence of ontogenetic
changes in feeding patterns as suggested by Larson et al., (1980) and Cabanillas-Teran et al.,
(2016). The sampled individuals were conditioned individually in zip-lock bags, covered by ice

and taken to the laboratory.

2.2.3 Sites characterization

To characterize the benthic community, we used a set of fifteen 25x25 cm photo quadrats,
haphazardly placed in the same area where sea urchins were collected. The images were analyzed

using the photoQuad software (Trygonis and Sini, 2012). To identify the components of the
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benthic cover, 50 points were randomly scattered over each image and the organisms below each
point were identified at the lowest taxonomic level, either using proper literature (e.g. Littler and
Little, 2000; Horta, 2001; Nassar, 2012, Lindner, 2018). Algae species were grouped in: articulated
calcareous algae (ACA), corticated, crustose, filamentous, foliose and leathery, following Steneck
and Dethier (1994) morphological groups classification. The epilithic algae matrix formed thick
mats < 2 cm tall were classified as “turf” (Connell et al., 2014; Longo et al., 2015). Animal groups
were classified according to phylum except for cnidarians that were separate in zoanthids and other
cnidarian (anemone Bunodosoma sp.). The bare substrate was also classified as bare rock and

sediment (SED), composed of sand and gravel.

To identify the turf components, we scraped the substrate using 5 quadrats (10x10 cm)
haphazardly placed in the same sampling area with five replicates in each site (Longo et al., 2015).
In the lab, the turf was sifted with a three-level sieve (710, 500, and 425 pm) and washed with
distilled water to separate the sediment from the organic matter. Only the macroalgae were used
to characterize the turf components. The animal component was not considered for diversity or
biomass analyses in this study. The algae species were separated in morphological groups and
were kept in the oven for drying (50°+10°C for 48 hours) to determine the dry weight and measure

their relative biomass (Reyes-Lujan et al., 2015).
2.2.4 Sea urchin laboratory processing

In the laboratory, sea urchins were fixed and conserved in saline formaldehyde 10% until
dissection and had their carapace diameter without spines measured with a digital caliper. Each
individual was carefully dissected, had the gut removed, and the wet weight measured using an
analytical scale. An indirect analysis of intake was measured using the repletion index (RI),

adapted from Guillou and Lumingas (1999):

wet weight of gut contents

RI x 100

wet body weight

After weighing, individual gut content was homogenized and partitioned into two equal

portions. One portion was used to quantify the inorganic gut content index (IGCI), adapted from
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Tavares, 2004), and the other was used in diet analysis. To identify the intake of organic matter,
one portion was put to dry for four days (60°£10°C) and had its dry weight measured by the end
of this period. The dried matter was then burned in a muffle furnace for 550°C for two hours and

weighted to calculate the IGCI using the formula:

ash weight

IGCI = , x 100
dry gut content weight

The difference of the inorganic matter percentage was used to identify the amount of

ingested organic matter (organic matter index or OMI).
2.2.5 Diet analysis

For the analysis of the gut content, we used a stereomicroscope and optical microscope to
identify all items to the lowest taxonomic group possible using the proper literature (e.g. Littler
and Littler, 2000; Horta, 2001; Brusca and Brusca, 2007; Nassar, 2012; Lindner, 2018), and

consulting taxonomic experts when necessary.

After the sorting, the organic identifiable items were put in a Petri dish (over a graph paper
1 mm?) and compressed to 1 mm of height with a histological glass supported by two small glass
slides 1 mm. The volume (mm?) of an item was measured by counting the number of grid cells
occupied by the items (Liedke et al., 2016, 2018). We also used the frequency of items and volume

to calculate the food index (IAi) proposed for Kawakami and Vazzoler (1980) as follows:

(Fi.Vi)
n_ (Fi.Vi)

%IAL =

In which, Fi represents the total number of stomachs with a given type of prey, i is relative
to all stomachs, and Vi is the relative volume of the prey in relation to all prey volumes in the

stomachs of all individuals. We calculated the IAi according to taxa levels (IAi;) and
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morphological approach (IAin) for verifying whether these aspects showed influences in food

intake by sea urchins species.
2.2.6 Niche Overlap

The niche overlap was measured using taxonomic and morphological groups to identify

patterns of similarity in resource utilization in each site, applying the Pianka's index (1973):

0jk=Y. Pij Pik/ V (3} Pij ¥ Pik)

where Ojx = Pianka's measure of niche overlap index between species j and k; p;; = proportion of
resource i of the total resources used by species j; pi = proportion of resource i of the total
resources used by species k. The Pianka's index ranges from 0 to 1, where the closer to 1, the larger

is the niche overlap between the species, and values > 0.6 indicate a high overlap (Pianka, 1973).

2.2.7 Statistical analysis

We used a Student’s t-test or Wilcoxon test to verify differences in intraspecific test size
and RI between sites. Also used t-test to verify intra and interspecific differences in the OMI,
replacing occasional outlier values for the sample general means (Tukey, 1977). The diet
composition was compared between species and sites using the taxa in a two-way ANOVA
(Gotelli and Ellison, 2013). Assumptions of normality (t-test and ANOVA) and homogeneity
(ANOVA) were tested by Shapiro-Wilk (Royston, 1995) and Bartlett's tests (Bartlett, 1937),

respectively.

Non-metric multidimensional scaling (nMDS) and one-way analyses of similarity
(ANOSIM) using Bray-Curtis dissimilarities (999 permutations) were performed to investigate
differences in the diet composition using morphological groups (Clarke, 1993; Anderson and
Walsh, 2013). The percentage similarity analysis (SIMPER) was applied a posteriori to check the
morphological groups that differed between species (Clarke, 1993).

We tested a null model using the algorithm RA3 to evaluate the Pianka's index significance

(Winemiller and Pianka, 1990). We also compared the observed result of the Pianka's index with
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the mean of 999 randomized. If the p-value is significantly lower (< 0.05) we assumed that the

niche overlap is greater than expected by chance (Albrecht and Gotelli, 2001).

Differences in the benthic cover composition were assessed using PERMANOVA
(Euclidean distance and 999 permutations) followed by a SIMPER analysis for identifying
components contributing to differences between sites (Clarke, 1993; Anderson and Walsh, 2013).
The PERMDISP test for homogeneity of dispersion was done to validate the PERMANOVA
results checking for groups' dispersion (Anderson and Walsh, 2013). Principal component analysis

(PCA) was used to visualize associations between benthic components.

All analyses were performed in the R software (R core team, 2020) using the packages
“EcoSimR” (Gotelli et al., 2015), “ggplot2” (Wickham, 2016), “plyr” (Wickham, 2011),
“reshape2” (Wickham, 2007) and “vegan” (Oksanen et al., 2020) using a 95% confidence level

indicating significance with a 0.05 alpha level.
2.3 Results
2.3.1 Sea urchins' attributes

Paracentrotus gaimardi individuals were larger in Gravata (44.6 = 3.08 mm) than Matadeiro
(41.26 = 3.03 mm) (t = 2.48, p < 0.05), but E. lucunter did not show differences in size between
sites (Gravata: 57.84 + 9.05 mm; Matadeiro: 57.24 + 10.47 mm; t = 0.13, p > 0.05). The RI also
did not vary between sites for E. lucunter (t = 1.12, p > 0.05) or P. gaimardi (w =72, p > 0.05).
The OMI in gut content was significantly larger for E. lucunter (t = -3.39, p < 0.001) and P.
gaimardi (t = -3.03, p < 0.001) at Matadeiro than in Gravata, but was similar for species within

sites (p > 0.05, Figure 2).
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Fig. 2. Average amount of organic material (organic matter index) found in the plot of both species at the
two sites.

2.3.2 Resource availability

We recorded a total of 21 taxa across both sites and grouped them in 13 categories to
characterize the environments (Figure 3). A total of 16 algae taxa of six morphological groups
were recorded in both sites (Table S1). The dominant macroalgae species (excluding turf algae) in
Gravata was Sargassum spp. (28.6%), followed by Jania sp. (16%), Hypnea pseudomusciformis
(11%), Pterocladiella capillacea (10.5%), Canistrocarpus cervicornis (9.3%), and Codium
intertextum (7%). Matadeiro was mostly covered by crustose coralline algae (CCA; 28.7%),

Codium intertextum (24.6%), H. pseudomusciformis (19.8%) and P. capillacea (8.5%).

The invertebrate macrofauna was dominated by sea urchins and cnidarians (represented by

Bunodosoma sp.). sponges (Tedania ignis) and zoanthids were found only in Gravata site (Table
S1).
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Fig. 3. The relative benthic cover of Gravata and Matadeiro, Santa Catarina, Brazil. The bars represent the
median, the two hinges indicate from 25% to 75% of data and two whiskers mean 95% of confidence
intervals. ACA: articulate calcareous algae; SED: sand and gravel.

The PERMANOVA showed differences in the benthic cover composition between the sites
(F=6.08,R2=0.17, p=0.001) (Figure 4). A contrast SIMPER showed that the difference was
caused by the high concentration of SED (p < 0.01) and the leathery Sargassum spp. (p <0.01) in
Gravata, and the crustose algae (p < 0.01) and rock (p < 0.05) in Matadeiro. For ACA and foliose
algae groups, the difference between sites was marginally significant (p = 0.06). There was no
significant difference between sites for sea urchins (p = 0.08) and cnidarian (p = 0.54) in benthic
cover. In the same way, the relative cover for corticated and filamentous algae did not differ
between sites (p =0.37 and p = 0.12 respectively). The turf was the main component in both sites,
in Gravata representing 42% of total benthic cover and 38% in Matadeiro. ACA dominated
biomass turf in both sites (Figure 5), but the species richness was dominated by red corticated and

filamentous algae in both sites (S2 Table).
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2.3.3 Diet analysis
2.3.3.1 Taxonomic composition

A total of 38 taxa were identified in the stomach contents for both sites and species (S3
Table). Thirty-four and 30 taxa items were found in gut content of sea urchins from Gravata and
Matadeiro, respectively. The mean taxa richness was higher in Gravata site (F =44.6, p < 0.001),
but did not differ between species (F = 0.60, p > 0.05) or in interaction between species and site

(F=1.36, p > 0.05).

The IAi using taxonomic groups showed that both species had diverse diets in Gravata,
ingesting more taxa and in larger quantities than in Matadeiro (Figure 6, S3 Table). In Gravata,
there was no dominance of a particular algae. E. [ucunter gut content exhibited a similar
contribution of Corallinales (18.3%), Pterocladiella capillacea (17.4%), Ulva spp. (15.5%),
Hypnea spp. (14.3%) and Codium spp. (13.8%). Intake of animal taxa was low (< 1%), although
frequent (found in 100% of stomachs). In P. gaimardi gut content, Corallinales (26.7%) and
Sargassum spp. (25.8%) were dominant, followed by Hypnea spp. (11.9%) and Ulva spp. (9.2%).
Still, bivalves (mollusk) and peracarida (crustacean) were found in 70% of P. gaimardi stomachs,

and showed relative contribution of 1.5% and 1.3% in diet, respectively.

In Matadeiro, Hypnea spp. (35.4%) and P. capillacea (33.1%) were the main components
of E. lucunter diet, followed by Codium spp. (11.2%), Corallinales (6.6%) and Ulva spp. (5.7%)
(Figure 6, S3 Table). The intake of animal taxa was low, as in the Gravata site. No animal item
represented > 0.5% in the food index (IAi). P. gaimardi from the Matadeiro site had a clear
domain of Hypnea spp. (49.6%) in its diet. P. capillacea (13.3%), Centroceras clavulatum (9.5%)
and Ulva spp. (9%) also appeared frequently in stomachs. In this site, Peracarida (3.1% in [A1)

had a high frequency of occurrence in gut content of P. gaimardi (80%).
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Fig. 6. Food index in taxa levels (IAi) for Echinometra lucunter and Paracentrotus gaimardi in both
Gravata and Matadeiro sites. [tems with [Ai less than 5% were grouped into large groups (animals and other
algae) for better graphical visualization.

2.3.3.2  Morphological analyses

Codium spp. had more than one species in the environment (Matadeiro) from different
morphological groups (see S1 Table), but it was not possible to differentiate them by analyzing the

stomach content, so they were classified together (Figure 7).
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for better graphical visualization.

Echinometra lucunter showed a large consumption of corticated (39.7%), followed by
ACA (17.1%), foliose (15.1%), Codium spp. (13%), leathery (6.8%) and filamentous (6.1%). P.
gaimardi had three groups dominating the gut content and exhibiting a similar contribution:
corticated (24.7%), ACA (24.2%) and leathery (23.4%), followed by filamentous (13.2%) and
foliose (9.5%). ANOSIM showed differences in feeding patterns (R = 0.49, p = 0.001). The
SIMPER showed the groups that contributed to this difference were Codium spp. (p <0.01) more
consumed by E. lucunter, and leathery (p < 0.01) and filamentous (p = 0.001) most consumed by
P. gaimardi. Despite the difference pointed out by ANOSIM, the nMDS showed a high degree of

niche overlap between the species in Gravata (Figure 8A).

In Matadeiro, the corticated algae dominated the [Aim of both species. In E. lucunter gut
72% of the stomach contents was constituted by corticated, following for Codium spp. (10.7%),
ACA (6.3%) and foliose (5.6%). In P. gaimardi, the corticated was 64.5% of the stomach contents,
filamentous (16.1%) and foliose (8%) were the second and third most abundant morphological

groups respectively. The ANOSIM (R = 0.33, p = 0.001) showed a low difference in feeding
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patterns in the Matadeiro site. SIMPER pointed crustose algae (p < 0.05) as more consumed for E.
lucunter and, filamentous algae (p = 0.001), hydroid (p < 0.05) and crustacean (p < 0.05), more
consumed for P. gaimardi, as responsible for this difference. The nMDS showed a high degree of

overlap between the species (Figure 8B).

A) Gravata nMDS @ E lucunter B) Matadeiro nMDS @ Elucunter

) Stress:0.12 A P gaimardi Stress: 0.13 A Pgaimardi
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Fig. 8. nMDS using Bray-Curtis dissimilarity between E. [ucunter and P. gaimardi in Gravatd and
Matadeiro sites.

2.3.4 Pianka's index

The Pianka's index indicated a high feeding pattern overlap at both sites, using both

morphological and taxonomic groups (Table 1).

Table 1
Pianka's niche overlap index and null model per site using morphological food index/taxonomic
food index (IA1).

Pianka's index Null model P-value
Gravata 0.82/0.72 0.33/0.20 p<0.01/p<0.01
Matadeiro 0.97/0.85 0.15/0.12 p<0.05/p<0.01
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2.4 Discussion

Our results support the evidence that the E. lucunter and P. gaimardi are typical
herbivorous species, during summer, in Southern Brazil (with unimpressive ingestion of animal

material), showing a high trophic overlap due to this similar feeding pattern.

Along the Brazilian coast, the feeding patterns of E. lucunter appear to differ according to
the availability of food resources. Several authors classified E. lucunter as herbivore (Oliveira,
1991; Mendes and Tavares, 2006; Tavares et al., 2020). However, the species has already been
described as omnivorous with a tendency for herbivory in the coldest seasons of the years when
algae resources were limited (Tavares, 2004). On rocky shores from Venezuela, E. lucunter was
described as an opportunistic omnivore (Reyes-Lujan et al., 2015), while in Puerto Rico the species
maintained a herbivore behavior, even in different sites and in the presence of co-occurring species
(Rodriguez-Barreras et al., 2016). As expected, our data support the description of E. lucunter as
a generalist herbivore (McClanahan and Muthiga, 2020) with a lower preference for animal items
than other sea urchin species (McClintock et al., 1982). In our study, the low ingestion of animal
material may indicate incidental capture while grazing on macroalgae (Vanderklift et al., 2006;
Hiratsuka and Uehara, 2007), because the most of animal material in the gut content (sponges and
cnidarians in Gravaté site and mollusks in the Matadeiro site) were conspicuous components of

the epifauna.

Paracentrotus gaimardi was described as herbivorous during the summer, becoming
omnivorous during the winter in Southeastern Brazil (Villaga, 1988). Queiroz (2020) confirmed
the feeding behavior of the species as typically herbivore, just like the congeneric species
Paracentrotus lividus (Boudouresque and Verlaque, 2020). Isotopic analysis in different sites with
different proportions and availability of resources demonstrated that the P. /ividus presented a low
trophic level, being clearly a herbivorous species (Wangensteen et al., 2011). The presence of
animal material such as sponge, cnidarian, mollusk and bryozoan was constantly found in P.
lividus gut content, but in low proportions, and related to accidental ingestion (Boudouresque and
Verlaque, 2020), which appears to be the same pattern found in our study. The high frequencies of
crustaceans (peracarida) in the P. gaimardi gut content in Matadeiro site may be linked with the
abundance of these animals on the red macroalgae Hypnea spp. (Nascimento and Rosso, 2007),

the most consumed algae.
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The high contribution in stomach content of the common algae species in the subtidal
benthic community in both sites demonstrates that active grazing is the main source used to obtain
food (Hiratsuka and Uehara, 2007). The availability of resources in the field is known as the main
driver of the diversity of items found in the stomach contents of sea urchins’ herbivores species
(Vasquez et al., 1984; Cobb and Lawrence, 2005; Murillo-Navarro and Jiménez-Guirado, 2012;
Gil et al., 2021), followed by anti-herbivore adaptation, such as chemical and morphological
aspects in algae (Cobb and Lawrence, 2005; Souza et al., 2008; Bianco et al., 2010; Vergés et al.,
2011). For example, the foliose Canistrocarpus cervicornis had a low consumption (IAi < 0.5 for
both species), despite being an important component of benthos in Gravata. Thus, it is considered
as avoided for sea urchin species. Chemical compounds (e.g. diterpenes in C. cervicornis) that
serve as deterrents against herbivores are the factors that lead to this avoided behavior of feeding
by sea urchins for this species (Bianco et al., 2010). However, selectivity also seems to occur,
especially in environments where the food supply is not limited (Larson et al., 1980; Boudouresque
and Verlaque, 2020). On the coast of Chile, the most consumed algae, by the species Tetrapygus
niger is the Chlorophyta Ulva rigida, even though this not being the most abundant algae in the
benthic community (Navarrete et al., 2008). In Argentina, the algae Ceramium virgatum,
Lophurela hookeriana, Streblocadia camptoclada and Chaetomorpha linum were highly

consumed although less available in the field than other algae species (Gil et al., 2021).

The different intake of Sargassum spp. between P. gaimairdi and E. lucunter in Gravata
may be related to food preferences. Mendes and Tavares (2006) showed a low degree of preference
in Sargassum consumption in the field for E. lucunter. Some species of Sargassum produce
polyphenols (Steinberg, 1986) and E. lucunter may be more sensitive to this compound than P.
gaimardi. Algae from the genus Codium was less preferred by Paracentrotus genus, or even
considered avoided (Boudouresque and Verlaque, 2020). For E. lucunter, Codium had a high
consumption, when a variety of algae was offered in multiple-choice feeding assays (Erickson et
al., 2006) or a complement resource in the field (Mendes and Tavares, 2006). Thus, it could explain

this difference in the acquisition of these resources by both species in this study.

The crustose coralline algae (CCA) were not consumed on any of the sites, despite being
the dominant algae group (not considering turf) in Matadeiro. Mendes and Tavares (2000), verified

in the field that the most avoided algae group by E. lucunter was CCA. Being less susceptible to
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herbivory, possibly to morphological aspects that make grazing and assimilation difficult (Little
et al., 1983), and with the availability of resources more susceptible to grazing and high caloric
values (e.g. corticated) (Little et al., 1983), the consumption of these algae would be contrary to

the optimal foraging theory (Hughes, 1980).

On the other hand, the filamentous algae were significantly consumed, mainly by P.
gaimardi (S4 Table). The fact that this algae group is unrepresentative in the environment
(especially in Gravata where they are found basically in turf) may indicate a preference for this
morphological group (Mendes and Tavares, 2006) possibly caused by low resistance to herbivory
(Little et al., 1983).

Articulated coralline algae (ACA) had higher consumption in Gravata than the Matadeiro
site for both species. This difference was possibly responsible for the difference in the organic
matter index (OMI) (higher in the Matadeiro). As they have calcified cortex (Little and Little,
2000), the increase in consumption of this algae naturally increases the amount of inorganic
material consumed by sea urchins (Murillo-Navarro and Jiménez-Guirado, 2012), making the OMI
lower than in sites where there is a low intake of this morphological group. However, this
difference in consumption was not different between species in the same site.

That difference in ACA consumption appears to be related to its availability in the field
(Murillo-Navarro and Jiménez-Guirado, 2012; Gil et al., 2021). Despite being an important
component of turf (greater biomass), the aggregation of ACA has already been recognized as least
preferred or negatively selected for sea urchin species when other sources of resources such as
flesh macroalgae are available in the field (Hiratsuka and Uehara, 2007; McClanahan and Muthiga,
2020). However, in the field, the ACA was the third preferred morphological group by E. lucunter
in Rio de Janeiro, Brazil (Mendes and Tavares, 2006). Larson et al. (1980) showed the Corallina
officinalis (ACA) were significantly preferred over other non-calcareous algae species by
Strongylocentrotus droebachiensis in Maine, USA. Accidental consumption can also be taken into
account due to the proximity to another food item (Hiratsuka and Uehara, 2007; Gil et al., 2021).

Commonly, sea urchins have morphological variations (e.g. relative larger Aristotle’s
lantern or smaller test size) in sites with resource limitation or greater competition (Black et al.,
1984, 1992; Ebert 1968; Levitan, 1991). In our study, the E. lucunter did not differ in test size
between sites, and P. gaimardi had a larger relative test size in Gravata (site with the biggest OMI).

In addition, it is common to find lower RI values in sea urchins that live in environments with a
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low supply of resources, when compared to those that live in sites with a greater supply of food
(Guillou and Lumingas, 1999; Cobb and Lawrence, 2005; Reyes-Lujan et al. 2015). In our study
the intraspecific RI of species did not vary between sites, indicating that there is no limitation in
trophic resources at sites. Furthermore, it is common in environments with low availability of
resources that species that cohabit in the same place do not overlap their diets, avoiding

competition (Cobb and Lawrence, 2005; Privitera et al., 2008; Wangensteen et al., 2011).

Our analysis showed that the differences in feeding patterns between species were not
sufficient to indicate a trophic niche partitioning even using different metrics analyses (IAi; and
[Ain). Brandl et al. (2020) pointed out that as analysis resolution increases niche overlap should
decrease. Our results suggest this pattern, but even at lower resolutions, the trophic niche overlap
remained high (Pianka's index >0.6) between species in both sites, indicating a high similarity in

the trophic position for E. lucunter and P. gaimardi in Santa Catarina Island, Southern Brazil.

Nonetheless, high trophic similarity cannot be used to indicate that both species have the
same structuring role in communities either. Sammarco (1982) found in Jamaica that two sea
urchin species, Diadema antillarum and Echinometra viridis, affected differently the benthic
composition, with the first acting homogeneously in the environment, while E. viridis, even at high
densities, created only patches algal-free. In general, niche overlap (in our case, trophic niche)
measures were designed to understand the degree of the utilization of common resources between
species, and also should not be used to measure the degree of competition between species

(Lawlor, 1980).

Although several studies reported that the trophic dissimilarity is one of the main drivers
that allow the coexistence among sea urchins species (Contreras and Castilla, 1987; Cobb and
Lawrence, 2005; Privitera et al., 2008; Wangensteen et al., 2011; Cabanillas-Teran et al., 2016;
Rodriguez-Barreras et al., 2016), the high consumption of the same resources by more than one
species is related to their high availability in the environment and does not seem to be a limiting

factor (Vésquez et al., 1984; Vanderklift et al., 2006; the present study).

In Okinawa (Japan), four Echinometra species have the same feeding types and preferences
for the same resources, but they occur in segregated habitats (Hiratsuka and Uehara, 2007). In
Chile, three of four sea urchin species strongly overlap their trophic niche feeding high proportions

of the kelp Macrocystis pyrifera, but there is no overlap in microhabitat utilization, except for two



43

of them (Vasquez et al., 1984). Although recent studies have indicated distribution patterns
(Cordeiro et al., 2014) and habitat relationships (Labbé-Bellas et al., 2016) for both E. lucunter
and P. gaimardi, future studies that assess the microhabitats use - e.g. substrate slope, crevices -
(Bulleri et al., 1999) can elucidate this apparent high spatial overlap (Cordeiro et al., 2014; Labbé-
Bellas et al., 2016) and trophic niche between species in the superficial subtidal zones in shallow

rocky shores.

We also should not underestimate the high feeding plasticity of sea urchin species (Wing
et al., 2008; Rodriguez-Barreras et al., 2016; Gil et al., 2021). Especially in situations of high
abundance of resources (Vanderklift et al., 2006; Oliveira et al., 2021), the generalist feeding
patterns tend to reduce the competitive potential between species and, at the same time, increase
the apparent trophic niche overlap (Schoener, 1971). Then, studies that take into account, as well
other aspects of the niche dimensions, such as microhabitats’ use, and feeding patterns in temporal
scale (seasonal scale) can provide a more specific perspective on the relationship between E.

lucunter and P. gaimardi.
2.5 Conclusion

E. lucunter and P. gaimardi had a high trophic niche overlap, caused by the high
consumption of algal material, being first-order consumers (herbivores). The feeding pattern of
both species is primarily influenced by the availability of resources, and to some degree, for
morphological and chemical aspects of the algae, causing sea urchins to avoid it. The distinction
between sites (availability of resources) did not exert significant changes in the degree of food
partitioning between species. Thus, the generalist herbivore feeding pattern and the high supply of
trophic resources indicate that there is no direct competition between species. In addition, other
dimensions of the niche must be analyzed, in order to have a better understanding of the

mechanisms that allow the coexistence of both species in the shallow rocky shores.
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2.7 Supplementary Material

S1 Table
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List of taxa found in benthic cover analysis in two shallow rocky shores (Gravatad and Matadeiro)

in Santa Catarina island, Brazil.

Species Morphological Sites
Groups Gravata Matadeiro

Algae
Chlorophyta
Codium spp. Corticated - X
Codium intertextum Crustose X X
Ulva spp. Foliose X X
Phaeophyceae
Colpomenia sinuosa Crustose X X
Canistrocarpus cervicornis Foliose X X
Sargassum spp. Leathery X X
Rhodophyceae
Amphiroa spp. ACA X X
Arthrocardia variabilis ACA X X
Asparagopsis sp. Corticated X -
Centroceras clavulatum Filamentous X X
Jania spp ACA X X
Corallinales algae Crustose X X
Chondracanthus acicularis Corticated X X
Hypnea pseudomussiforme Corticated X X
Plocamium brasiliense Corticated X -
Pterocladiella capillacea Corticated X X

Metazoa

Cnidaria
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Bunodosoma sp. Cnidarian X X
Zoanthids Zoanthids X -
Echinodermata
Echinometra lucunter Sea urchin X X
Paracentrotus gaimardi Sea urchin X X
Parazoa
Porifera
Tedania ignis Sponge X -
S2 Table
List of species present in the turf in both sites.

Species Functional Sites

Groups Gravata Matadeiro

Chlorophyta*
Chaetomorpha sp. Filamentous X X
Cladophora spp. Filamentous X X
Cladophoropsis Filamentous - X
membranacea
Codium intertextum Crustose - X
Derbesia marina Filamentous X X
Ulva spp. Foliose X X
Phaeophyceae*
Canitrocarpus cervicornis Foliose X -
Sargassum spp. Leathery X X
Rhodophyceae*
Aglaothamnion felipponei Filamentous X -
Amphiroa spp. ACA X X
Arthrocardia variabilis ACA X X



Centroceras clavulatum
Ceramium sp.
Ceratodictyon planicaule
Ceratodictyon variabile
Champia sp.

Chondracanthus Acicularis

Chondria sp.
Gelidium crinale
Gelidium pusillum

Gymnogongrus griffithsiae
Herposhiponia tenella
Hypnea pseudomussiforme

Hypnea spinella
Jania spp.

Laurencia catarinenses

Neosiphonia sp.
Polysiphonia spp.

Polysiphonia subtilissima
Pterocladiella capillacea
Pterosiphonia parasitica

Pterosiphonia sp.

Filamentous
Filamentous
Corticated
Corticated
Corticated

Corticated

Corticated
Corticated
Corticated

Corticated

Filamentous

Corticated

Corticated
ACA

Corticated

Filamentous
Filamentous

Filamentous

Corticated

Filamentous

Filamentous

XX X ) X X

<X X

=
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Frequency of occurrence (%, FO), volume (%, V) in the diet and taxonomic feeding index (%, IAi;) of organic dietary items of
Echinometra lucunter and Paracentrotus gaimardi from populations of Matadeiro and Gravata sites.

Matadeiro

Echinometra lucunter

Paracentrotus gaimardi

Echinometra lucunter

Paracentrotus gaimardi

Food Items

FO A% 1A FO A% 1Ai FO \% 1Ai FO v 1A
Algae
Chlorophyta
Chaetomorpha sp. 10 0.2 <0.1 30 0.7 0.2 - - - - - -
Cladophora spp. 50 1.1 0.6 80 2.8 2.5 40 0.6 0.3 70 1.9 1.6
Cladophoropsis - - - - - - - - - 20 0.3 <0.1
membranacea
Codium spp. 90 13.8 13.8 40 1 0.4 90 11 11.2 50 2.8 1.7
Derbesia marina 10 0.4 <0.1 10 0.1 <0.1 10 0.1 <0.1 30 1.1 0.4
Ulva spp. 100 13.9 15.5 100 8.1 9.2 80 6.3 5.7 90 8.1 9
Phaeophyta
Canitrocarpus 30 0.5 0.1 50 1.1 0.6 10 0.1 <0.1 - - -
cervicornis
Hincksia sp. - - - 50 24 1.4 - - - - - -
Sargassum spp. 100 6.5 7.2 100 22.8 25.8 30 1.3 0.4 - - -
Spachelaria sp. 10 <0.1 <0.01 - - - - - - - - -

Rhodophyta



Aglaothamnion felipponei
Bangia sp.

Centroceras clavulatum
Ceradyction planicaule
Ceramium spp.

Champia sp.

Chondracanthus
acicularis

Corallinales**
Gracilaria sp.
Gelidiales**
Herposhiponia tenella
Hypnea spp.
Polysiphonia spp.
Plocamium brasiliense
Pterocladiella capillacea
Pterosiphonia spp.
Rhodomelaceae*
Spyridia sp.

Metazoa

Annelida

Polychaeta

10
90
10
20

80

100
20
80

100
80
20
100
20
60

20

<0.1
<0.1
1.5
0.3

<0.1

3.9

16.4
0.4
2.1

12.8
1.4
0.5

15.5
0.6
2.2

0.9

<0.01
<0.01
1.5
<0.1

<0.1

3.5

18.3
<0.1
1.8

14.3
1.2
0.1

17.4
0.1
1.4

0.2

20
100

30

70

100
10
90

100
80
50
70
60
20

0.1
2.8

0.3

3.5

23.6
0.1
2.7

10.5
2.1

53
1.2
0.7

<0.1
3.1

0.1

2.7

26.7
<0.1
2.7

11.9
1.9
0.5
4.2
0.8
0.1

100

10
10
40

70
10
60
10
100
20
20
100
10
60

1.7

<0.1
<0.1
1.1

83
0.3
2.2
<0.1
31
0.1
0.5
29
0.1
1.9

1.9

<0.01
<0.01

0.5

6.6
<0.1
1.5
<0.01
354
<0.1
0.1
331
<0.1

1.3

40
10
100
70
20
80
40
20
10

7.7

<0.1

<0.1
40.3
1.9
1.4
13.5

1.2
0.3
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9.5

<0.1

<0.1

49.6
1.6
0.3

13.3
0.5
0.3

<0.1



Arthropoda:
Crustacea

Eucarida
Peracarida
Bryozoa
Bugula sp.
Cnidaria
Hydrozoa
Mollusca
Bivalvia
Gastropoda
Eggs
Undetermined
Parazoa
Porifera
Vascular Plant

Seeds

40

50

30
10

10

50

10

0.8

0.5

<0.1

<0.1

1.3

<0.1

0.3

0.5

0.1

<0.01

<0.01

0.7

<0.01

20
70

20

60

70

20

0.3
1.6

0.1

1.4

1.9

<0.1

0.5

<0.1
1.3

<0.1

0.9

1.5

<0.01

0.1

10
40

30

50
20

10

30

10

0.1
0.7

0.4

0.7

<0.1

<0.1

0.8

0.1

<0.1
0.3

0.1

0.4

<0.01

<0.01

0.2

<0.1

80

60

20
20

10

40

20

3.2

3.5

0.5
0.1

<0.1

0.3

62

3.1

2.6

0.1

<0.1

<0.1

<0.1

**Family /* Order / Bold numbers highlight 1Ai higher than 5.
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Frequency of occurrence (%, FO), volume (%, V) in the diet and feeding index (%, [Aim) of morphological dietary items of Echinometra lucunter
and Paracentrotus gaimardi from populations of Matadeiro and Gravata sites.

Gravata Matadeiro
Food Ttems Echinometra lucunter Paracentrotus gaimardi Echinometra lucunter Paracentrotus gaimardi

FO \Y IAi FO v [Ai FO A% IAi FO A% IAi
Algae
ACA 100 16.4 17.1 100 23.6 24.2 70 8.3 6.3 50 5.6 3
Corticated 100 38 39.7 100 24.1 24.7 100 66.3 72 100 58.6 64.5
Codium* 90 13.8 13 40 1 0.4 90 11 10.7 50 2.8 1.5
Filamentous 100 5.8 6.1 100 12.9 13.2 100 3 3.2 100 14.7 16.1
Foliose 100 14.4 15.1 100 9.2 9.5 80 6.5 5.6 90 8.1 8
Leathery 100 6.5 6.8 100 22.8 234 30 1.3 0.4 - - -
Metazoa
Annelida 20 0.9 0.2 - - - - - - - - -
Arthropoda: 40 0.8 0.3 80 2 1.6 40 0.9 0.4 80 3.2 2.8
Crustacea
Bryozoa - - - 20 0.5 0.1 - - - - - -
Cnidaria 50 1 0.5 60 1.4 0.9 30 0.4 0.1 60 3.5 2.3
Mollusca 30 0.5 0.1 80 1.9 1.6 60 0.8 0.5 40 0.6 0.2
Eggs 10 <0.1 <0.01 - - - 10 <0.1 <0.01 10 <0.1 <0.01

Parazoa



Porifera 50 1.3 0.6

Vascular plant

Seeds 10 <0.1 <0.01

20

0.1

<0.1

30

10

0.8

0.1

0.2

<0.01

40

20

0.3

0.8

<0.1

64

* Genus/ Numbers in bold indicate 1Ai higher than 5.
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3.0 CONSIDERACOES FINAIS

Poucos trabalhos vém sendo realizados com as assembleias de ourigos-do-mar em Santa
Catarina. Quando existem, os focos principais sao sobre a distribuicdo e abundancia das espécies
(e.g. XAVIER, 2010; LABBE-BELLAS et al., 2016, MARTINS, 2016). Sendo a ecologia trofica
tdo importante para se ter uma melhor compreensado da estruturacdo das comunidades e um melhor
entendimento das relagdes entre os organismos (ROSUMEK et al., 2018), nosso trabalho se propos
a suprir essa lacuna de informacao, identificando o habito alimentar de duas das espécies mais
abundantes nos costdes rochosos rasos do estado: Echinometra lucunter e Paracentrotus gaimardi.

Através dos nossos resultados foi possivel verificar uma alta sobreposi¢do de nicho trofico
entre as espécies, com a disponibilidade de recursos sendo o principal fator de influéncia na dieta
de E. lucunter e P. gaimardi, sendo o habito herbivoro dominante em ambas. A alta sobreposicao
de nicho tréfico fez com que a nossa hipotese de diferenciacao alimentar entre as espécies para
evitar a competicdo fosse rejeitada. Entretanto, a disponibilidade de recursos atuando como
moduladora na dieta das espécies corroborou nossa segunda hipodtese, sendo possivel identificar
um padrao alimentar herbivoro generalista para ambas.

A alta sobreposicao trofica parece decorrer principalmente desse comportamento alimentar
generalista, que tende a se adaptar a oferta de recursos disponiveis no ambiente (VANDERKLIFT
et al., 2006; OLIVEIRA et al., 2021). O comportamento generalista tende a reduzir o potencial
competitivo entre espécies e, a0 mesmo tempo, aumentar a sobreposicdo de nicho trofico
(SCHOENER, 1971). Do mesmo modo que diminui processos competitivos, o habito herbivoro
generalista, leva a uma alta plasticidade alimentar, fazendo com que espécies de ouricos-do-mar
consigam se adaptar a diferentes ambientes, ajudando a explicar a alta variacdo de habitats
ocupados por espécies com esse padrao (COBB & LAWRENCE, 2005; GIL et al., 2021).

Porém, mesmo com o padrdo generalista evidente, o baixo consumo de algas com
metabolitos secundarios (que repelem a herbivoria) indica, em algum grau, seletividade alimentar.
Somado a isso, a baixa taxa de ingestao de material animal corrobora o apontamento de falta de
processo competitivo por recursos troficos entre as espécies, j4 que somente em situagdes

extremas, onde a disponibilidade de material vegetal ¢ baixa, as espécies de ouri¢os-do-mar
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tendem a ingerir grandes quantidades de itens animais e algas pouco palataveis (COBB &
LAWRENCE, 2005).

Entretanto, vale ressaltar que estudos mais amplos que avaliem a forma preferencial de
captacdo de alimento (CONTRERAS & CASTILLA, 1987) e ocupagdo de micro-habitats devem
ser realizados com o intuito de verificar outros aspectos e dimensdes do nicho de ambas as espécies
(VASQUEZ et al., 1984), possibilitando assim, uma melhor compreensdo de como elas utilizam,

exploram e compartilham recursos.
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4.0 APENDICES

Apéndice 1: Imagens A e B sdo referentes ao costdo do Gravata e C e D ao costdo do Matadeiro. Numeros
sinalizam a espécie de alga/ grupo identificado no PhotoQuad. N°1: Jania spp., N°2: Codium intertextum,
N°3: Canistrocarpus cervicornis, N° 4: Hypnea pseudomusciformis, N°5: Sargassum spp., N°6: Matriz de

alga epilitica (turf), N°7: Pterocladiella capillacea. Camera: G12
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Apéndice 2: Prancha de identificacdo das algas mais comuns encontradas no ambiente e no contetido
estomacal dos ouri¢os-do-mar. A) Amphiroa spp. (calcaria articulada), B) Centroceras clavulatum
(filamentosa), C) Canistrocarpus cervicornis (folhosa), D) Hypnea pseudomusciformis (corticada), E)
Cladophora spp. (filamentosa), F) Sargassum spp. (coriacea), G) Pterocladiella capillacea (corticada), H)
Pterosiphonia spp. (filamentosa), Ulva spp. (folhosa). Camera: Carl Zeiss AxioCam MRc.
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TABELAS ESTATISTICAS COMPLEMENTARES

Shapiro-Wilk: teste de normalidade para comparar tamanho dos ourigos usando teste-t
Site Echinometra Paracentrotus
lucunter gaimardi

w p-value W p-value

Gravata 0.95 0.68 0.94 0.57

Matadeiro 0.91 0.30 0.94 0.61

Shapiro-Wilk: teste de normalidade para indice de replegdo (RI)
Site Echinometra Paracentrotus
lucunter gaimardi

\W p-value w p-value

Gravata 0.93 0.49 0.96 0.81

Matadeiro 0.90 0.25 0.83 0.04

Shapiro-Wilk: teste de normalidade para Indice de Replegdo de Matéria organica (IRMO)
Site Echinometra Paracentrotus
lucunter gaimardi

\W% p-value W p-value

Gravata 0.93 0.44 0.93 0.55

Matadeiro 0.96 0.83 091 0.30

Resultado do teste-t do IRMO do Matadeiro (Comparacao interespecifica)
T df p-value

0.27 17.58 0.78




Resultado do teste-t do IRMO do Gravata (Comparagdo interespecifica)

T

df

p-value

1.44

15.34

0.16
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Shapiro-Wilk: teste para comparagao de diversidade do contetido estomacal entre espécies e sites
para validar uso da ANOVA

Espécie Site p-value
Echinometra Gravata 0.44
Paracentrotus Gravata 0.43
Echinometra Matadeiro 0.26
Paracentrotus Matadeiro 0.12

Resultado do Bartlett 's test do conteido estomacal para validar a ANOVA

K-squared

df

p-value

4.41

0.22

BETADISPER para validar a utilizagdo da PERMANOVA para verificar diferencas na
composi¢do bentdnica

FN

Perm

Pr(>F)

1.41

999

0.25

SIMPER com dados de cobertura relativa analisados no PhotoQuad

Ava Avb Cs p
Turf 39.48 42.66 0.22 0.31
SED 7.89 28.43 0.42 0.001 ***
Crustose 18.66 2.45 0.58 0.004**
Sea urchin 13.55 3.77 0.70 0.08
Corticated 10.58 6.99 0.80 0.37
Leathery 0.54 6.69 0.85 0.003**
ACA 0.83 3.94 0.89 0.06
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Rock 3.20 0.27 0.92 0.046*
Foliose 0.82 2.88 0.95 0.06
Filamentous 2.61 0.40 0.97 0.12
Cnidarian 1.78 0.81 0.99 0.54
Zoanthids 0.00 0.40 0.99 1.00
Sponge 0.00 0.26 1.00 0.48
SIMPER com dados de grupos funcionais (Gravatd)
Ava Avb Cs p
Leathery 7.96 23.12 0.19 0.001 ***
Corticated 34.86 24.05 0.37 0.06
Crustose 13.75 1.12 0.54 0.003**
ACA 19.03 23.34 0.68 0.30
Foliose 13.76 9.00 0.79 0.16
Filamentous 543 13.19 0.90 0.001*
Mollusca 0.79 2.05 0.92 0.050%*
Crustaceae 0.73 1.95 0.94 0.08
Sponge 1.66 0.55 0.96 0.12
Cnidarian 0.98 1.45 0.98 0.77
Annelida 0.90 0.00 0.99 0.25
Bryozoan 0.00 0.13 0.99 0.47
Seed 0.05 0.00 0.99 0.69
Egg 0.04 0.00 1.00 0.65
SIMPER com dados de grupos funcionais (Matadeiro)
ava Avb Cs p

Corticated 66.87 57.10 0.24 0.12
Filamentous 2.87 15.14 0.43 0.001 ***
ACA 9.59 6.44 0.58 0.62
Crustose 9.78 2.67 0.70 0.012%*
Foliose 5.74 7.92 0.80 0.72
Cnidarian 0.56 4.13 0.86 0.035%*
Crustaceae 0.72 3.25 0.90 0.011*
Sponge 1.01 2.13 0.94 0.40
Leathery 1.77 0.00 0.97 0.20
Mollusca 0.96 0.83 0.99 0.72
Seed 0.11 0.30 0.99 0.49
Egg 0.02 0.05 1.00 1.00
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