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Seaweed diversity associated with a Brazilian tropical rhodolith bed

Diversidad de macroalgas asociada con un manto de rodolitos tropical de Brasil
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ABSTRACT. This study describes the predominantly tropical, subtidal seaweed populations growing on rhodoliths between 4 and 18 m depth
in the southern part of Espirito Santo State (Brazil). Qualitative and quantitative sampling revealed species-rich algal communities, comprising
167 species. Three species of rhodophytes represent new records for the Brazilian marine flora (Lithothamnion muelleri, Scinaia aborealis, and
Mesophyllum engelhartii). Marked seasonal differences in fleshy algal species composition and abundance were related to seasonal instabilities
caused by winter-storm disturbance over the rhodolith beds. In relation to depth, rhodolith density appears to be an important factor for the
variation in the abundance of fleshy algae. The rhodolith community is composed of at least seven nongeniculate crustose coralline algal
species. Rhodolith beds in southern Espirito Santo State, in an area of 150 km?, provide an important habitat for epibenthic communities,
supporting 25% of the known macroalgal species richness along the Brazilian coast.

Key words: rhodoliths, marine algae of Brazil, benthic algal community, Espirito Santo State, crustose coralline algae.

RESUMEN. Se describen las poblaciones de las macroalgas submareales predominantemente tropicales que crecen sobre rodolitos entre 4 y
18 m de profundidad en la parte sur del estado de Espirito Santo (Brasil). Muestreos cualitativos y cuantitativos revelaron comunidades ricas en
especies de algas, incluyendo 167 especies. Tres especies de rodofitas son nuevas adiciones a la flora marina de Brasil (Lithothamnion muelleri,
Scinaia aborealis y Mesophyllum engelhartii). Las marcadas diferencias estacionales en la composicion y abundancia de especies de algas
carnosas se relacionaron con la inestabilidad causada por el disturbio de tormentas invernales sobre los mantos de rodolitos. En cuanto a la
profundidad, la densidad de rodolitos parece ser un factor importante para la variacion en la abundancia de algas carnosas. La comunidad
de rodolitos esta formada por al menos siete especies de algas coralinas no geniculadas. Se demostrd que los mantos de rodolitos, en un area de
150 km?, proporcionan un hébitat importante para las comunidades bentonicas, manteniendo 25% de la riqueza de especies de macroalgas
conocidas para la costa brasilefa.

Palabras clave: rodolitos, algas marinas de Brasil, comunidad algal benténica, estado de Espirito Santo, algas coralinas incrustantes.

INTRODUCTION INTRODUCCION

Marine algae, especially large, long-lived species with Las algas marinas, especialmente las especies grandes,
complex morphologies, can provide much of the diversity of longevas y de morfologia compleja, pueden proporcionar
habitats of benthic communities, acting as foundation species mucha de la dlver51daFl de habitats de comunidades bénticas,
(Foster et al. 2007). The large thallus of Laminaria and the actuando como especies fundamentales (Foster et al. 2007).

Se reconoce que el talo grande de Laminaria y los ejes
ramificados de las algas coralinas geniculadas son ejemplos
de especies formadoras de habitats (e.g., Norderhaug et al.
2002; Christie et al. 2003, 2007; Kelaher 2002; Kelaher et al.
2004; Liuzzi y Gappa 2008). Crain y Bertness (2006)
sugirieron que las especies fundamentales son “ingenieros
dominantes” y las funciones de tales especies son similares a

branched axes of geniculate coralline algae are widely recog-
nized examples of habitat-forming species (e.g., Norderhaug
et al. 2002; Christie et al. 2003, 2007; Kelaher 2002; Kelaher
et al. 2004; Liuzzi and Gappa 2008). Crain and Bertness
(2006) suggested that foundation species are “dominant
engineers” and the functions of such species are similar to

those of “ecosystem engineers”. Consequently, foundation las de los “ingenieros de ecosistemas”. Consecuentemente,
species have to be considered important elements in the las especies fundamentales deben considerarse elementos
processes of diversity conservation (Boogert et al. 2006, importantes en los procesos de conservacién de la diversidad
Foster et al. 2007). (Boogert et al. 2006, Foster et al. 2007).
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Rhodoliths, the free-living forms of a number of
nongeniculate coralline algal genera, have also been recog-
nized as foundation species (Amado-Filho et al. 2007, Foster
et al. 2007, Steller et al. 2007). The diversity of organisms
living on rhodoliths results from the provision of hard attach-
ment surfaces (Foster et al. 2007). It has been found that the
diversity of organisms associated with rhodoliths is related to
thallus size, complexity, and hardness in branched forms of
rhodoliths. Some environmental factors such as water
motion, light availability, sedimentation, and depth affect
rhodolith size, morphology, stability, and distribution (Steller
and Foster 1995, Harris et al. 1996, Basso 1998). The diver-
sity in the rhodolith surrounding sediments appears to be
related to the structural complexity provided by the dense
aggregations of the rhodoliths and their fragments (Kamenos
et al. 2003, Steller et al. 2003, Foster et al. 2007).

Rhodolith beds do not develop if water movement is too
high to promote breaking and unsustainable loss rates of
thalli, or if water movement is slight resulting in beds
covered by sediment (Foster 2001). The water movement,
however, must be sufficient to keep periodic rotations needed
to provide light to all sides and prevent biofouling (Steneck
1986). Rhodolith turnover represents a potential disturbance
event to seaweeds associated with the rhodoliths since they
could be pulled out, broken or buried by the movement
(Hinojosa-Arango et al. 2009). The occurrence of distur-
bance is, therefore, a key factor (van der Maarel 1993) for
rhodolith beds and their associated communities. The impor-
tance of disturbance for diversity has often been claimed and
proven (van der Maarel 1993). The well-known intermediate
disturbance hypothesis states the maintenance of high levels
of diversity for both terrestrial and aquatic habitats (Poff
1992, Giller 1996, Lake 2000).

According to Fujii et al. (2008), 774 infrageneric taxa
of macroalgae occur in Brazilian marine ecosystems, with
known records mostly restricted to the intertidal and
immediate shallow subtidal zones. Studies focusing on ben-
thic communities deeper than 5 m are scarce (Guimardes
2003), though rhodolith beds have been recognized as one of
the most promising subtidal habitats for Brazilian marine
diversity surveys (Horta et al. 2001).

The region that comprises Espirito Santo State (18.35° to
21.30° S) is understood to be the transition between the
tropical and subtropical Brazilian coast. Possessing high
marine macroalgal diversity, the region is considered the
richest in Brazil (Guimaraes 2003, 2006). Its high diversity
has been associated, in part, with the presence of extensive
rhodolith beds (fig. 1a) extending from the intertidal zone
down to 100 m depth (Horta et al. 2001, Guimaraes 2006,
Amado-Filho et al. 2007). In a recent study, Amado-Filho
et al. (2007) showed that individual rhodoliths (fig. 1b)
occurring from 4 to 55 m depth along the southern coast of
Espirito Santo increased in size and their density decreased
from the shallow to the deeper zones; however, studies
are required to determine how this rhodolith distribution
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Los rodolitos, las formas de vida libre de varios géneros
de algas coralinas no geniculadas, también han sido reconoci-
dos como especies fundamentales (Amado-Filho et al. 2007,
Foster et al. 2007, Steller et al. 2007). La diversidad de los
organismos que viven sobre los rodolitos probablemente sea
resultado de que proporcionan superficies duras para la fija-
cion (Foster et al. 2007). Se ha encontrado que la diversidad
de los organismos asociados con los rodolitos se relaciona
con el tamafio y la complejidad del talo, asi como su dureza
en las formas ramificadas. Algunos factores ambientales,
tales como el movimiento del agua, la disponibilidad de luz,
la sedimentaciéon y la profundidad, afectan el tamafio, la
morfologia, la estabilidad y la distribucién de los rodolitos
(Steller y Foster 1995, Harris et al. 1996, Basso 1998). La
diversidad en los sedimentos circundantes probablemente
esté relacionada con la complejidad estructural proporcio-
nada por las densas agregaciones de los rodolitos y sus
fragmentos (Kamenos et al. 2003, Steller et al. 2003, Foster
et al. 2007).

Los mantos de rodolitos no se desarrollan si el movi-
miento del agua es tan fuerte que causa la fragmentacion y
tasas insostenibles de pérdida de talos, o si el movimiento del
agua es tan leve que los mantos quedan cubiertos de sedi-
mento (Foster 2001). El movimiento del agua més bien tiene
que ser lo suficiente para permitir las rotaciones periodicas
necesarias para recibir luz en todos los lados y evitar la
bioincrustacion (Steneck 1986). La rotacion de los rodolitos
representa un evento de pertubacion potencial para las algas
asociadas a ellos ya que pueden ser arrancadas, rotas o sepul-
tadas por el movimiento (Hinojosa-Arango et al. 2009). Por
lo tanto, la ocurrencia de disturbios es importante (van der
Maarel 1993) para los mantos de rodolitos y sus comunidades
asociadas, y su importancia para la diversidad ha sido afir-
mada y comprobada frecuentemente (van der Maarel 1993).
La bien conocida hipoétesis del disturbio intermedio predice el
mantenimiento de niveles altos de diversidad para habitats
tanto terrestres como acuaticos (Poff 1992, Giller 1996, Lake
2000).

Segtin Fujii et al. (2008), en los ecosistemas marinos
brasilefios se han encontrado 774 taxones infragenéricos de
macroalgas, restringiéndose los registros conocidos a las
zonas intermareales y submareales someras. Son pocos los
estudios que se han enfocado en las comunidades bentonicas
por debajo de los 5 m de profundidad (Guimardes 2003), a
pesar de que los mantos de rodolitos se consideran uno de los
habitats submareales mas favorables para realizar muestreos
de la diversidad marina de Brasil (Horta et al. 2001).

La region que comprende el estado de Espirito Santo
(18.35° a 21.30° S) se conoce como una zona transicional
entre la costa brasilefia tropical y subtropical. Con una gran
diversidad de macroalgas marinas, la region es considerada la
mas rica de Brasil (Guimaraes 2003, 2006). Su gran diversi-
dad ha sido asociada, en parte, con la presencia de mantos de
rodolitos (fig. 1a) que se extienden de la zona intermareal
hasta los 100 m de profundidad (Horta et al. 2001, Guimaraes
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Figure 1. (a) General aspect of the rhodolith beds at 18 m depth off Espirito Santo State, Brazil. (b) Typical individual rhodolith
found at 18 m depth on the continental shelf of Espirito Santo State, with a characteristic associated seaweed, Dictyopteris jolyana.

Figura 1. (a) Aspecto general de los mantos de rodolitos a 18 m de profundidad frente al estado de Espirito Santo, Brasil.
(b) Rodolito individual tipico encontrado a 18 m de profundidad sobre la plataforma continental del estado de Espirito Santo con una
alga caracteristica asociada, Dictyopteris jolyana.

affects the associated seaweed communities. Generally, the
degradation rate of natural systems is higher than that for
conservation initiatives (Crowder et al. 2000, Brodie et al.
2009). In order to implement appropriate management and
conservation initiatives in marine ecosystems, it is necessary
to know and understand the structure and dynamics of marine
communities (temporal and spatial) and populations. This
study aimed to test the hypothesis that rhodolith beds from
Espirito Santo State are among the most diverse beds
recorded, supporting the assumption that they contribute to
the high diversity of marine algae in the state (Guimaraes
2003, 2006).

MATERIAL AND METHODS

The study area comprised the southern part of Espirito
Santo State, Brazil (20°55'27" S, 40°45'22" W; 21°01'57" S,
40°40'54" W), from 2 to 20 km offshore (fig. 2). This area is
found in an intertropical region that characteristically has
two main seasons: a rainy summer and a dry winter. The
southeastern coast of Brazil is exposed to the Brazil Current
Tropical Water with temperatures around 20°C and salinity
higher than 36. However, between October and March,
upwelled South Atlantic Central Water (SACW) can reach
the study area. The SACW has typical temperatures between
6°C and 20°C, and salinity between 34.6 and 36 (Silveira et
al. 2000). Two very distinct abiotic conditions are observed:
(1) a rainy summer, with winds blowing from the NE and E
(Niemer 1977, Vera et al. 2002) and the arrival of cold
upwelled SACW; and (2) a dry winter, when frequent storms
from the S and SE (Niemer 1977, Vera et al 2002) reach the
region and the sea surface waters reach temperatures higher
than during the summer.
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2006, Amado-Filho et al. 2007). En un estudio reciente,
Amado-Filho et al. (2007) observaron un aumento en la talla
de rodolitos individuales (fig. 1b) entre 4 y 55 m de profundi-
dad en la costa sur de Espirito Santo, asi como una reduccioén
en su densidad de las zonas mas someras a las mas profundas;
sin embargo, se requieren estudios para determinar como esta
distribucion de rodolitos afecta las comunidades algales
asociadas. En general, la tasa de degradacion de los sistemas
naturales es mayor que la de las iniciativas de conservacion
(Crowder et al. 2000, Brodie et al. 2009). Para poder imple-
mentar las estrategias de manejo e iniciativas de conserva-
cion adecuadas en los sistemas marinos, €s necesario conocer
y entender la estructura y la dindmica de las comunidades
(temporales y espaciales) y poblaciones marinas. El objetivo
del presente trabajo fue probar la hipdtesis de que los mantos
de rodolitos del estado de Espirito Santo son de los mantos
mas diversos registrados, respaldando la suposicion de que
contribuyen a la alta diversidad de algas marinas del estado
(Guimarées 2003, 2006).

MATERIALES Y METODOS

El 4area de estudio se localiza en la parte sur del
estado de Espirito Santo, Brasil (20°55'27" S, 40°45'22" W,
21°01'57" S, 40°40'54" W), a una distancia de 2 a 20 km de la
costa (fig. 2). Se encuentra en una region intertropical que
tipicamente presenta dos estaciones: un verano lluvioso y un
invierno seco. La costa sudoriental de Brasil esta expuesta a
Agua Tropical de la Corriente de Brasil, con temperaturas
alrededor de 20°C y salinidad >36; sin embargo, entre
octubre y marzo, Agua Central del Atlantico Sur (ACAS),
sujeta a procesos de surgencia, puede alcanzar el area de estu-
dio. La ACAS presenta temperaturas tipicas de 6°C a 20°C y
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Samples were obtained by scuba diving at four sites at
depths of 4, 6, 10, and 18 m (fig. 2). The sites were chosen to
represent, as much as possible, the different general physiog-
nomic characteristics of the area. Qualitative sampling was
performed in March 2004 (summer), August 2004 (winter),
November 2004 (spring), and April 2005 (autumn), with
specimens of algal material collected to obtain the maximum
number of species for the area. Two transect lines, 20 m in
length, running parallel and separated by a distance of
approximately 1500 m from each other, were positioned
along the substratum at each depth during March and August
2004. The sample unit was a 0.0625-m? quadrat (Amado-
Filho et al. 2006, 2007; Pefia and Barbara 2008). Along each
transect line, four quadrats were haphazardly positioned
(n =8 for each depth), and all the contents (surface to 15 cm)
from each quadrat, including the rhodoliths, were transferred
to collection bags. In the laboratory, all samples were fixed in
4% formalin seawater. Seaweeds were sorted and identified
under a stereo microscope and an optical microscope. The
samples were oven-dried at 60°C for 48 h, and then weighed
on an analytical balance to determine their dry mass.
Rhodolith densities were determined by individual counts of
rhodoliths in the quadrats and results were expressed as
rhodolith individuals per square meter.

All the rhodoliths collected at each depth were numbered.
Fifty individuals were randomly drawn and their dimensions
(widest, intermediate, and narrowest diameters) were
measured.

Identification of coralline species that composed the
rhodoliths was done using Woelkerling and Harvey (1993),
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Figure 2. Map of the study area in the southern region of
Espirito Santo State, Brazil. The black dots indicate the
sampling depth sites. The dashed lines delimitate the 20-, 50-,
and 100-m isobaths.

Figura 2. Mapa del area de estudio en la parte sur del estado
de Espirito Santo, Brasil. Los puntos negros indican las
profundidades de muestreo. Las lineas discontinuas indican las
isobatas de 20, 50 y 100 m.

salinidades entre 34.6 y 36 (Silveira et al. 2000). Se observan
dos condiciones abidticas muy distintas: (1) un verano
lluvioso, con vientos del NE y E (Niemer 1977, Vera et al.
2002) y el arribo de aguas frias de surgencia; y (2) un
invierno seco, cuando las tormentas frecuentes del S y SE
(Niemer 1977, Vera et al 2002) llegan a la region y la tempe-
ratura del agua superficial del mar puede ser mayor que
durante el verano.

Las muestras se obtuvieron mediante buceo autébnomo en
cuatro sitios localizados a profundidades de 4, 6, 10 y 18 m
(fig. 2). Los sitios se escogieron para representar, lo mas
posible, las diferentes caracteristics fisionomicas generales
del area. Se realizaron muestreos cualitativos en marzo de
2004 (verano), agosto de 2004 (invierno), noviembre de 2004
(primavera) y abril de 2005 (otofio), recolectando especimen-
es de material algal para obtener el maximo ntimero de espe-
cies en el area. En cada sitio, durante marzo y agosto de
2004, se establecieron dos lineas de transecto de 20 m de
largo en el sustrato, posicionadas en forma paralela y a una
distancia de aproximadamente 1500 m entre si. La unidad de
muestreo fue un cuadrante de 0.0625 m? (Amado-Filho et al.
2006, 2007; Pefia y Barbara 2008). A lo largo de cada linea,
se colocaron aleatoriamente cuatro cuadrantes (n = 8 para
cada profundidad). Todo el material (superficie a 15 cm)
recolectado en cada cuadrante, incluyendo los rodolitos, fue
colocado en bolsas. En el laboratorio, todas las muestras se
fijaron con formol al 4% en agua de mar. Las macroalgas se
separaron y se identificaron bajo un microscopio estereos-
copico y un microscopio Optico. Las muestras se secaron en
un horno a 60°C durante 48 h y posteriormente se pesaron en
una balanza analitica para determinar el peso seco. La densi-
dad de rodolitos se determind mediante el conteo individual
de rodolitos en los cuadrantes, expresandose los resultados
como individuos de rodolitos por metro cuadrado.

Todos los rodolitos recolectados en cada profundidad
fueron numerados. Se escogieron aleatoriamente 50 indivi-
duos y se midieron sus dimensiones (didmetros mas ancho,
intermedio y mas angosto).

La identificacion de las especies coralinas que forman los
rodolitos se realizd de acuerdo con Woelkerling y Harvey
(1993), Wilks y Woelkerling (1995), Harvey et al. (2003,
2006), Harvey y Woelkerling (2007) y Villas-Boas et al.
(2009). Los especimenes conservados en formol fueron
descalcificados en acido nitrico al 10% y luego sumergidos
sucesivamente en soluciones de etanol al 70%, 90% y 100%
durante un minimo de 30 min en cada una. Posteriormente se
sumergieron en medio de filtracion Leica Historesin (Leica
Microsystems, Wetzlar, Alemania) y una vez completamente
infiltrados, se agregd una solucién endurecedora (Leica
Historesin Hardner). Todos los especimenes se seccionaron
(12-15 pm de espesor) con un microtomo Bright 5030
(Bright Instrument Co. Ltd., Inglaterra). Cada seccion se
retir6 de la cuchilla del microtomo usando un cepillo de pelo
de sable fino, se transfiri6 a un portaobjetos cubierto con
agua destilada y se coloco sobre un plato caliente hasta
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Wilks and Woelkerling (1995), Harvey et al. (2003, 2006),
Harvey and Woelkerling (2007), and Villas-Boas et al.
(2009). Formalin-preserved specimens were first decalcified
in 10% nitric acid, and later immersed sequentially in 70%,
90%, and 100% ecthanol solutions for a minimum of 30 min
each. Specimens were next immersed in Leica Historesin
filtration medium (Leica Microsystems, Wetzlar, Germany)
and once completely infiltrated, a hardening solution (Leica
Historesin Hardner) was added. All specimens were sec-
tioned (12—15 pum thickness) using a Bright 5030 microtome
(Bright Instrument Co. Ltd., UK). Each individual section
was removed from the microtome blade using a fine sable-
hair brush, transferred to a microscope slide covered with
distilled water, and placed on a hot plate until dry. Slides
were then stained with 1% toluidine blue.

For the other algal species, slides were made by mounting
hand-cut sections using single-edge razor blades or selected
fragments for the gelatinous species. These preparations were
stained with a solution of 1% aniline blue plus IN HCI.
Voucher specimens for all algae are deposited in the
Herbarium of the Botanical Institute of Sdo Paulo (SP) and in
the Herbarium of the Botanical Garden of Rio de Janeiro
(RB), Brazil. Macroalgal name classification follows Wynne
(2005) and Schneider and Wynne (2007). The qualitative
aspects of the flora associated with the rhodolith bed were
determined by the richness and Serensen indices among
depths and among seasons. The rhodolith densities and
dimensions among depths and seasons (after homogeneity of
variance assessment, Cochran test) were compared by a two-
way ANOVA, and the Tukey post-hoc test was performed
when necessary (Zar 1999).

In order to determine the quantitative aspects of the algae
associated with rhodolith beds, a two-way ANOVA was used
to evaluate biomass variations among depths and between
seasons. The dry weight was converted to arcsinVX. The
Tukey post-hoc test was carried out for multiple comparisons
of means (Zar 1999). Multidimensional scaling (MDS)
ordination was used to summarize similarities (Bray-Curtis)
among depths and seasons, and a two-way analysis of simi-
larities (ANOSIM) was performed to evaluate the significant
differences among them (Clarke and Warwick 1994). The
univariate statistical analyses were performed using Statistica
(version 6.0), while the multivariate statistical analyses were
carried out using Primer (version 6.0).

RESULTS

A total of 167 species, including some infraspecific taxa
and rhodolith-forming coralline algal species, were found
(see appendix). Of these, 126 belong to the Rhodophyta, 21
to the Phaeophyceae, and 20 to the Chlorophyta. Three spe-
cies of red algae were new additions to the Brazilian marine
flora (Lithothamnion muelleri, Mesophyllum engelhartii, and
Scinaia aborealis). Taxonomic descriptions and comments
on these new records follow.
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secarse. Los portaobjetos se tifiieron con azul de toluidina
al 1%.

Para las otras especies de algas, los portaobjetos se
prepararon montando secciones cortadas a mano con hojas de
afeitar de un solo filo o, en el caso de las especies gelatinosas,
fragmentos seleccionados. Estas preparaciones fueron tefiidas
con una solucion de anilina azul al 1% mas HCI 1N. Se depo-
sitaron especimenes de referencia de todas las algas en los
herbarios del Instituto Botanico de Sdo Paulo (SP) y del
Jardin Botanico de Rio de Janeiro (RB), Brasil. La clasifica-
cion de los nombres de las macroalgas sigue a Wynne (2005) y
Schneider y Wynne (2007). Los aspectos cualitativos de la flora
asociada con el manto rodolitico se determinaron mediante los
indices de riqueza y Serensen entre las profundidades y entre
las estaciones del afio. Se compararon las densidades y las
dimensiones de los rodolitos entre profundidades y estacio-
nes (después de evaluar la homogeneidad de varianzas,
prueba de Cochran) mediante un analisis de varianza
(ANOVA) de dos vias, realizandose la prueba post hoc de
Tukey cuando era necesario (Zar 1999).

Para determinar los aspectos cuantitativos de las algas
asociadas a los mantos de rodolitos, se utilizo un ANOVA de
dos vias para evaluar las variaciones de biomasa entre pro-
fundidades y entre estaciones. El peso seco se transformé en
arcosenoVX. Se realizé una prueba post hoc de Tukey para
comparaciones multiples de medias (Zar 1999). La técnica
de escalamiento multidimensional (MDS) se utilizd para
resumir las similitudes (Bray-Curtis) entre profundidades y
estaciones, realizandose un analisis de similitud (ANOSIM)
de dos vias para evaluar las diferencias significativas entre
ellas (Clarke y Warwick 1994). El anélisis estadistico univa-
riado se llevd a cabo usando la paqueteria Statistica (version
6.0), mientras que para el analisis estadistico multivariado se
utiliz6 la paqueteria Primer (version 6.0).

RESULTADOS

Se encontraron un total de 167 especies, incluyendo
algunos taxones infraespecificos y especies de algas coralinas
formadoras de rodolitos (ver apéndice). De éstas, 126 perte-
necen a la division Rhodophyta, 21 a Phaecophyceae y 20 a
Chlorophyta. Tres especies de algas rojas resultaron ser
nuevas adiciones a la flora marina de Brasil (Lithothamnion
muelleri, Mesophyllum engelhartii y Scinaia aborealis). A
continuaciéon se presentan las descripciones taxondémicas y
unos comentarios sobre estos nuevos registros.

Lithothamnion muelleri Lenormand ex Rosanoff

Planta de vida libre (fig. 3a) con forma de crecimiento
incrustante, grumoso a fruticoso. Construccién interna
mondmera, filamentos adyacentes conectados por fusiones
celulares, células epitaliales en forma de taza, células
iniciales subepitaliales igual o mas largas que la célula
inmediatamente subyacente (fig. 3b, c). Conceptaculos
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Lithothamnion muelleri Lenormand ex Rosanoff

Free living plants (fig. 3a) with encrusting to lumpy to
fruticose growth form. Monomerous internal construction,
adjacent filaments joined by cell fusions, flared epithallial
cells, subepithallial initials as long or longer than the cell
immediately below them (fig. 3b, c). Multiporate tetrasporan-
gial conceptacles, raised in relation to the surrounding
vegetative thallus surface; chambers 150-190 pum high and
350-500 pm in diameter (fig. 3d). Roofs of tetrasporangial
conceptacles composed of 5-6 layers of cells. Filaments bor-
dering pore canals of tetrasporangial conceptacle composed
of cells that do not differ in size and shape from cells in other
roof filaments (fig. 3e). Tetrasporangial conceptacle pore,
13-14 pm in diameter, surrounded by 6-7 cells (fig. 31).
Gametangial samples were not seen.

The vegetative and reproductive characters of the mate-
rial from Espirito Santo agree with L. muelleri described by
Wilks and Woelkerling (1995), except that the latter has been
normally found attached, not free living in Australia, while
the Espirito Santo specimens were found free living (rhodo-
lith). This trait, however, agrees with that observed by Foster
et al. (2007), who also found L. muelleri as rhodolith form.

Material examined: Espirito Santo (GM Amado Filho,
iii.2004, RB 502220; GM Amado Filho, viii.2004, RB
502221).

Mesophyllum engelhartii (Foslie) Adey

Free living plants (fig. 4a) with encrusting to warty
growth form. Monomerous internal construction, adjacent
filaments joined by cell fusions, epithallial cells rounded or
flattened but not flared, subepithallial initials as long or
longer than the cell immediately below them (fig. 4b).
Tetrasporangial conceptacles multiporate, raised in relation
to the surrounding vegetative thallus surface; chambers
130200 pm high and 250-400 pm in diameter; roofs
mound-like or flat composed of 57 layers of cells (fig. 4c,
d). Tetrasporangial conceptacle pore canals lined by cells that
are similar in size and shape to other roof cells (fig. 4d).
Gametangial material not found.

The features observed for the material from Espirito
Santo correspond to M. engelhartii described by Woelkerling
and Harvey (1993).

Material examined: Espirito Santo (GM Amado Filho,
iii.2004, RB 502255).

Scinaia aborealis Huisman

Plants up to 18 cm high, thalli five to ten times
dichotomously branched, with regular to irregular constric-
tions at the bases of the branches (fig. 5). Segments
elongated, 8—10 mm in length and 1-2 mm wide. Cortex
composed almost entirely of distally flattened utricles of
relatively uniform size, 25-30 pm long and 15-20 pum in
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tetrasporangiales multiporados, elevados en relacion con
la superficie del talo vegetativo circundante; camaras de
150-190 pum de alto y 350-500 um de diametro (fig. 3d).
Los techos de los conceptaculos formados por 5-6 capas de
células. Los filamentos bordeando los conductos de los poros
del conceptaculo tetrasporangial compuestos de células que
no difieren en tamafio y forma de las células en otros filamen-
tos del techo (fig. 3¢). El poro del conceptaculo tetrasporan-
gial, 13—-14 um de didmetro, rodeado de 6—7 células (fig. 31).
No se observaron muestras gametangiales.

Los caracteres vegetativos y reproductivos del material de
Espirito Santo concuerdan con las descritas para L. muelleri
por Wilks y Woelkerling (1995), excepto que en este ultimo
caso, en Australia la especie generalmente se encuentra fija'y
no en vida libre, mientras que los especimenes de Espirito
Santo se encontraron en vida libre (rodolito). Esta caracterist-
ica, sin embargo, concuerda con lo observado por Foster
et al. (2007), quienes también encontraron L. muelleri en
forma rodolitica.

Material examinado: Espirito Santo (GM Amado Filho,
iii.2004, RB 502220, GM Amado Filho, viii.2004, RB
502221).

Mesophyllum engelhartii (Foslie) Adey

Plantas de vida libre (fig. 4a) con forma de crecimiento
incrustante a verrucoso. Construccion interna mondmera,
filamentos adyacentes conectados por fusiones celulares,
células epitaliales redondeadas o aplanadas pero no en forma
de taza, células iniciales subepitaliales igual o mas largas que
la célula inmediatamente subyacente (fig. 4b). Conceptaculos
tetrasporangiales multiporados, elevados en relacion con la
superficie del talo vegetativo circundante; cémaras de
130200 pm de alto y 250-400 pum de didmetro; techos
monticulados o aplanados formados por 57 capas de células
(fig. 4c, d). Los conductos de los poros del conceptaculo
tetrasporangial forrados por células de tamafio y forma simi-
lar que las otras células del techo (fig. 4d). No se encontrd
material gametangial.

Los caracteres encontrados para el material de Espirito
Santo corresponden a M. engelhartii descrita por Woelkerling
y Harvey (1993).

Material examinado: Espirito Santo (GM Amado Filho,
iii.2004, RB 502255).

Scinaia aborealis Huisman

Plantas de 18 cm de alto. Talos con 5-10 ramificaciones
dicétomas, con constricciones regulares a irregulares en la
base de las ramas (fig. 5). Segmentos alargados, 8—10 mm de
largo vy 1-2 mm de ancho. Corteza compuesta casi en su
totalidad de utriculos distalmente aplanados de tamafio
relativamente uniforme, 25-30 pm de largo y 15-20 um de
diametro. Células hipoginas con tres ramas estériles: una
rama tricelular (normalmente con una célula lateral separada
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diameter. Hypogynous cell with three sterile branches: a
three-celled branch (usually with a single lateral cell cut off
from its basal cell), a two-celled branch, and a one-celled
branch. Mature cystocarps, 90—150 pum in diameter. Male
structures not observed.

de su célula basal), una rama bicelular y una rama unicelular.
Cistocarpos maduros de 90-150 pm de didmetro. No se
observaron estructuras masculinas.

La morfologia vegetativa y los caracteres reproductivos
del material de Espirito Santo concuerdan con los de

Figure 3. Vegetative and reproductive features of Lithothamnion muelleri. (a) Plant growth form. (b) Transversal section showing
monomerous thallus construction and cell fusions (f). (¢) Transversal section showing flared epithallial cells (arrowhead), subepithallial
initials (i), and cell fusions between adjacent erect filaments (f). (d) Transversal section showing a raised tetrasporangial multiporate
conceptacle (arrow) in relation to the surrounding vegetative thallus surface. (€) Section through a tetrasporangial conceptacle roof
showing pore canals (p); note that roof cells adjacent to pore canals are similar in size and shape to other roof cells. (f) Surface view of the
tetrasporangial conceptacle roof showing pore plates (p) surrounded by 6-7 cells.

Figura 3. Caracteres vegetativos y reproductivos de Lithothamnion muelleri. (a) Forma de crecimiento de la planta. (b) Corte transversal
mostrando la construccién mondmera del talo y fusiones celulares (f). (¢) Corte transversal mostrando células epitaliales en forma de
taza (flecha), células iniciales subepitaliales (i), y fusiones celulares entre los filamentos erectos adyacentes (f). (d) Corte transversal
mostrando un conceptaculo tetrasporangial multiporado (flecha) y elevado en relacion con la superficie del talo vegetativo circundante.
(e) Corte del techo del conceptaculo tetrasporangial mostrando los conductos de los poros (p); notese que las células del techo adyacentes
a los conductos de los poros son similares en cuanto a tamafio y forma a las otras células del techo. (f) Vista superficial del techo del
conceptaculo tetrasporangial mostrando las placas de los poros (p) rodeadas por 6—7 células.
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The habit, vegetative morphology, and reproductive
characters of the material from Espirito Santo agree with
those of S. aborealis described from Sorrento, western
Australia (Huisman 1986). Our specimens differ from the
Australian material because the latter is monoecious, whereas
we found only female plants in Espirito Santo.

Material examined: Espirito Santo (GM Amado Filho,
18.ii.2004, RB 481804; GM Amado Filho, 09.xi.2004, RB
481809; GM Amado Filho, 03.iii.2004, RB 481810).

In relation to the associated algal flora, strong seasonal
changes were observed in species composition. Only 38

S. aborealis de Sorrento, Australia occidental (Huisman
1986); sin embargo, nuestros especimenes difieren del mate-
rial australiano ya que este ultimo es monoico, mientras que
so6lo se encontraron plantas hembras en Espirito Santo.
Material examinado: Espirito Santo (GM Amado Filho,
18.i1.2004, RB 481804; GM Amado Filho, 09.xi.2004, RB
481809; GM Amado Filho, 03.iii.2004, RB 481810).

En cuanto a la flora algal asociada, la composicion de
especies mostrd fuertes cambios estacionales. Se observaron
solamente 38 especies durante todo el afio y se encontraron
66 especies (39% del total) en una sola estacion (apéndice).

Figure 4. Vegetative and reproductive anatomy of Mesophyllum engelhartii. (a) Plant growth form. (b) Section through the vegetative thallus
showing the monomerous construction, rounded epithallial cells (black arrows), and cell fusions between adjacent filaments (white arrows).
(c) Transversal section showing a raised tetrasporangial multiporate conceptacle in relation to the surrounding vegetative thallus surface.
(d) Section through the tetrasporangial conceptacle roof showing the pore canals (p); note that roof cells adjacent to pore canals are similar in

size and shape to other roof cells.

Figura 4. Anatomia vegetativa y reproductiva de Mesophyllum engelhartii. (a) Forma de crecimiento de la planta. (b) Corte del talo
vegetativo mostrando la construccion monomera, células epitaliales redondas (flechas negras), y fusiones celulares entre los filamentos
adyacentes (flechas blancas). (C) Corte transversal mostrando un conceptaculo tetrasporangial multiporado y elevado en relacion con la
superficie del talo vegetativo circundante. (d) Corte del techo del conceptaculo tetrasporangial mostrando los conductos de los poros (p);
noétese que las células del techo adyacente a los canales de los poros son similares en cuanto a tamafio y forma a las otras células del techo.
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species occurred throughout the year, while 66 species (39%
of the total) were found in only one season (appendix). Most
of the species were annual or ephemeral, 131 were resident in
summer, while 89, 87, and 63 taxa were found during winter,
spring, and autumn, respectively. The Serensen similarity
index varied from 0.57 (winter and spring) to 0.67 (summer
and autumn).

Even more striking was the strong zonal pattern of spe-
cies distribution, with only 24 species occurring at all the
sampling depths (appendix). Highest species richness was
observed at 6 m (123 species) and 18 m (100 species); these
two depths also had the highest number of exclusive taxa
(6 m, 26 taxa; 18 m, 28 taxa). The highest Serensen value
was 0.65 (between 6 and 10 m), while the lowest value was
0.41 (between 4 and 18 m). Chlorophyta were restricted to
specific depths with none found at all the sampling depths.

Seven species of nongeniculate coralline algae were iden-
tified as forming rhodoliths: two of the family Hapalidiaceae
(Mesophyllum engelhartii and Lithothamnion muelleri), and
five (most frequently observed, pers. obs.) Corallinaceae
(Hydrolithon cf. onkodes, Lithophyllum corallinae, L.
johansenii, L. stictaeforme, and Neogoniolithon cf. brassica-
florida).

Rhodolith densities varied from 12.4 to 162.5 ind m2.
The two-way ANOVA indicated that rhodolith density was
significantly different among the sampled depths, but not
between the sampled seasons. The 4 m (summer = 20.5 +
8.07 ind m2, winter = 42.5 £+ 14.6 ind m?) and 10 m depths
(summer = 12.4 + 3.3 ind m2, winter = 43.1 + 14.1 ind m?)
presented significantly lower quantities of rhodoliths per
square meter than that observed at 6 m (summer = 155.6 +
53.1 ind m2, winter = 130.4 + 56.2 ind m2) and 18 m depths
(summer = 162.5 £+ 45 ind m2, winter = 148.1 + 53 ind m?)
(P <0.05, ANOVA followed by Tukey test) (fig. 6a). No dif-
ferences in rhodolith diameter were found among depths; the
widest, intermediate, and narrowest axes varied in diameter
from 2.0 to 9.5 cm (mean = 5.7), 2.0 to 8.0 cm (mean = 4.2),
and 1.5 to 7.0 cm (mean = 3.4), respectively. The mean of the
three axes resulted in a rhodolith diameter of 4.5 + 1.3 cm for
the study area.

The total mean biomass (dry weight) of the macroalgae
(excluding rhodoliths) varied from 1.88 g m= (lowest) in
winter at 18 m depth to 17.38 g m2 (highest) in summer at
4 m depth. The two-way ANOVA indicated significant differ-
ences between seasons and among depths. Samples from the
summer period were higher in biomass than those from the
winter period, and a trend of higher biomass was observed at
4 and 10 m (fig. 6b).

The MDS based on the Bray-Curtis similarity index
showed that five groups can be distinguished at the similarity
level of 52%. The sample units obtained at 6, 10, and 18 m
depths during the winter constituted one group, while those
obtained during the summer composed three distinct groups
according to depth. The 4 m depth constituted a distinct
group regardless of the season (fig. 7).
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La mayoria de las especies fueron anuales o efimeras, 131
fueron residentes en verano, mientras que en invierno,
primavera y otofio se encontraron 89, 87 y 63 taxones, res-
pectivamente. El indice de similutud de Serensen varid de
0.57 (invierno y primavera) a 0.67 (verano y otoflo).

La distribucion de especies también mostrdé un marcado
patréon zonal, encontrandose solo 24 especies en todas las
profundidades de muestreo (apéndice). La mayor riqueza
de especies se observo a los 6 m (123 especies) y 18 m
(100 especies); estas dos profundidades también presentaron
el mayor nimero de taxones exclusivos (6 m, 26 taxones;
18 m, 28 taxones). El mayor valor de Serensen fue 0.65
(entre 6 y 10 m) y el menor fue 0.41 (entre 4 y 18 m). Las
clorofitas (Chlorophyta) se restringieron a profundidades
especificas y ninguna se encontrd en todas las profundidades
muestreadas.

Se identificaron siete especies de algas coralinas no geni-
culadas como formadoras de rodolitos: dos de la familia
Hapalidiaceaec (Mesophyllum engelhartii y Lithothamnion
muelleri) y cinco (observadas con mayor frecuencia, obs.
pers.) de la familia Corallinaceae (Hydrolithon cf. onkodes,
Lithophyllum corallinae, L. johansenii, L. stictaeforme y
Neogoniolithon cf. brassica-florida).

La densidad de rodolitos vari6 de 12.4 a 162.5 ind m™2.
El ANOVA de dos vias indicé que la densidad rodolitica
fue significativamente diferente entre las profundidades
de muestreo pero no entre las estaciones del afio. Las profun-
didades de 4 m (verano = 20.5 + 8.07 ind m2, invierno =
425 £14.6 ind m?) y 10 m (verano = 12.4 + 3.3 ind m=2,
invierno = 43.1 + 14.1 ind m?) presentaron cantidades

Figure 5. Specimen of Scinaia aborealis growing in its
natural habitat.
Figura 5. Espécimen de Scinaia aborealis creciendo en su
hébitat natural.
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Table 1. Ranked percentage of importance (Pi %) of the taxa (excluding rhodolith-forming coralline species) that contributed to
more than 1% of the total mean biomass from the sampled depths during summer and winter.

Tabla 1. Porcentaje de importancia (Pi %) de los taxones (excluyendo las especies coralinas formadoras de rodolitos) que
contribuyeron a mas de 1% de la biomasa media total de las profundidades muestreadas en verano e invierno.

Depth Summer Winter
Species Pi (%) Species Pi (%)

4m Sargassum hystrix 253 Sargassum hystrix 37.8
Sargassum platycarpum 17.4 Stypopodium zonale 234
Zonaria tournefortii 13.6 Sargassum filipendula 18.4
Sargassum filipendula 13.1 Lobophora variegata 4.9
Lobophora variegata 7.4
Stypopodium zonale 44

6m Solieria filiformis 313 Sargassum hystrix 20.6
Halymenia floresia 15.3 Cryptonemia seminervis 19.4
Spatoglossum schroederi 11.3 Plocamium brasiliense 15.2
Dictyopteris plagiogramma 6.9 Bryothamnion triquetum 12.6
Tricleocarpa fragilis 6.2 Peyssonnelia inamoena 8.4
Halymenia floridana 3.5 Jania adhaerens 2.6

Gracilaria cervicornis 24
Dictyopteris delicatula 1.8

10 m Dictyopteris jolyana 30.1 Zonaria tournefortii 20.5
Jania adhaerens 19.7 Plocamium brasiliense 19.4
Sargassum furcatum 10.0 Cryptonemia seminervis 18.5
Sargassum filipendula 9.2 Jania adhaerens 17.9
Dictyopteris plagiogramma 6.9 Peyssonnelia inamoena 6.4
Dictyota mertensii 6.7 Sargassum hystrix 6.0

18 m Dictyopteris jolyana 40.9 Peyssonnelia sp. 345
Agardhiella floridana 34.7 Plocamium brasiliense 20.9
Dictyopteris plagiogramma 6.1 Dictyopteris jolyana 12.6
Tsengia sp. 5.5 Stypopodium zonale 104

The communities associated with the rhodolith beds were
significantly different in relation to both depth and season
(ANOSIM, R=10.745, P <0.01; R=10.514, P <0.01, respec-
tively). Among different depths, only at 4 m were no differ-
ences between seasons detected (R = 0.249, P > 0.05). The
stress value associated with the final MDS plot (0.19)
indicated that the final solution was useful for explaining the
relationship among seasons and depths (Clarke and Warwick
1994).

The species that most contributed to the seaweed biomass
at each sampling depth are shown in table 1. At 4 m, the
brown algae Sargassum spp., Zonaria tournefortii,
Lobophora variegata, and Stypopodium zonale presented the
highest percentage of importance (Pi) values. The importance
of fleshy red algae increased with depth: Halymenia spp.
(18.8% at 6 m), Solieria filiformis (31.3% at 6 m), and
Aghardiella floridana (34.7% at 18 m) in summer; and
Cryptonemia seminervis (19.4% at 6 m, 18.5% at 10 m),
Peyssonnelia spp. (8.4% at 6 m, 6.4% at 10 m, 34.5% at
18 m), and Plocamium brasiliense (15.2% at 6 m, 19.4% at
10 m, 20.9% at 18 m) in winter. The geniculate coralline
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significativamente menores de rodolitos por metro cuadrado
que las observadas a 6 m (verano = 155.6 = 53.1 ind m?2,
invierno = 130.4 £ 56.2 ind m2) y 18 m (verano = 162.5 £
45 ind m2, invierno = 148.1 + 53 ind m?) (P <0.05, ANOVA
seguido por la prueba de Tukey) (fig. 6a). No se encontraron
diferencias en el diametro de los rodolitos entre profundida-
des, los ejes mas ancho, intermedio y mas angosto variando
en didmetro de 2.0 a 9.5 cm (media = 5.7), 2.0 a 8.0 cm
(media =4.2) y 1.5 a 7.0 cm (media = 3.4), respectivamente.
La media de los tres ejes arrojé un didmetro rodolitico de
4.5+ 1.3 cm para el area de estudio.

La biomasa media total (peso seco) de las macroalgas
(excluyendo los rodolitos) oscil6 entre 1.88 g m= (menor) en
invierno a 18 m de profundidad y 17.38 g m= (mayor) en
verano a 4 m de profundidad. El ANOVA de dos vias mostrd
diferencias significativas tanto entre estaciones como entre
profundidades. Las muestras recolectadas en verano presen-
taron una mayor biomasa que las de invierno y se observd
una tendencia de mayor biomasa a 4 y 10 m (fig. 6b).

Segun el MDS con base en el indice de similitud de Bray-
Curtis, se pueden distinguir cinco grupos al nivel de similitud
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Jania adhaerens also achieved high importance at around
10 m depth (19.7% in summer, 17.9% in winter). During
summer, Dictyopteris jolyana showed the highest Pi value at
10 m (30.1%) and 18 m (40.9%). During winter, at 10 m, the
highest Pi value corresponded to Zonaria tournefortii
(20.5%), while at 18 m it corresponded to Peyssonnelia spp.
(34.5%).

The species that were significantly different (ANOVA,
P < 0.05) between seasons were Cryptonemia seminervis,
Peyssonnelia spp., Plocamium brasiliense (higher in winter),
and Amphiroa rigida (higher in summer), while those signifi-
cantly different (P < 0.05) among depths were Lobophora
variegata, Sargassum hystrix, Stypopodium zonale (higher at
4 m), Solieria filiformis (higher at 6 m), and Jania adhaerens
(higher at 10 m) (fig. 8). Only Amphiroa beauvoisii,
Dictyurus occidentalis, and Dictyopteris jolyana were
different in both depths and seasons.

DiscuUsSION

The new records found in this study were Lithothamnion
muelleri, Scinaia aborealis (cited for the first time for the
Atlantic Ocean), and Mesophyllum engelhartii (cited for the
first time for the western Atlantic Ocean) according Guiry
and Guiry (2010). Lithothamnion muelleri was previously
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Figure 6. (a) Density of rhodoliths (mean + standard deviation)
and (b) total dry biomass (mean =+ standard deviation) of
macroalgae (excluding rhodoliths) for the four sampled depths
during summer and winter. The letters indicate differences
detected by the Tukey test.

Figura 6. (a) Densidad de rodolitos (media + desviacion
estandar) y (b) Biomasa seca total (media + desviacion estandar)
de las macroalgas (excluyendo rodolitos) para las cuatro
profundidades muestreadas durante verano e invierno. Las letras
indican las diferencias detectadas con la prueba de Tukey.
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de 52%. Las unidades de muestras obtenidas a los 6, 10 y
18 m de profundidad durante el invierno constituyeron un
grupo, mientras que las obtendidas en el verano constituye-
ron tres grupos distintos segun la profundidad. Las muestras
de 4 m de profundidad constituyeron un grupo distinto
independientemente de la estacion del afo (fig. 7).

Las comunidades asociadas con los mantos rodoliticos
fueron significativamente diferentes en cuanto a profundidad
y estacion del afio (ANOSIM, R=0.745,P <0.01; R=0.514,
P < 0.01, respectivamente). Entre las profundidades, sélo a
4 m no se encontraron diferencias entre estaciones (R =
0.249, P > 0.05). El valor de tension asociado con la grafica
final de MDS (0.19) indicé que la solucion final resulto util
para explicar la relacion entre estaciones y profundidades
(Clarke y Warwick 1994).

Las especies que contribuyeron mayormente a la biomasa
algal en cada profundidad de muestreo se muestran en la
tabla 1. A 4 m, las algas pardas Sargassum spp., Zonaria
tournefortii, Lobophora variegata y Stypopodium zonale
presentaron los mayores porcentajes de importancia (Pi). La
importancia de las algas rojas carnosas increment6 con la
profundidad: Halymenia spp. (18.8% a 6 m), Solieria
filiformis (31.3% a 6 m) y Aghardiella floridana (34.7% a
18 m) en verano; y Cryptonemia seminervis (19.4% a 6 m,
18.5% a 10 m), Peyssonnelia spp. (8.4% a 6 m, 6.4% a 10 m,
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Figure 7. Multidimensional scaling (MDS) ordination of the
samples of macroalgae associated with rhodolith beds based
on the Bray-Curtis similarity index among depths and between
seasons. The contour indicates five groups that show 52% of
similarity: 4S, 6S, 10S, and 18S =4, 6, 10, and 18 m depth in
summer, respectively; 4W, 6W, 10W, and 18W =4, 6, 10, and
18 m depth in winter, respectively.

Figura 7. Escalamiento multidimensional (MDS) de las
muestras de macroalgas asociadas a los mantos de rodolitos
con base en el indice de similitud de Bray-Curtis entre
profundidades y estaciones del afio. El contorno indica cinco
grupos que muestran una similitud de 52%: 4S, 6S, 10S y
18S=4, 6, 10 y 18 m de profundidad en verano, respectiva-
mente; 4W, 6W, 10W y 18W =4, 6, 10 y 18 m de profundidad
en invierno, respectivamente.
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reported for southern Australia (Wilks and Woelkerling
1995), Korea (Lee and Kang 2001), Gulf of California
(Foster et al. 2007), and Chile (Ramirez and Santelices
1991). Scinaia aborealis was recorded for Australia
(Huisman 1986) and Fiji (South and Skelton 2003).
Mesophyllum engelhartii has been confirmed for Australia
(Woelkerling and Harvey 1993), New Zealand (Harvey et al.
2005), Namibia (John et al. 2004), and South Africa
(Chamberlain and Keats 1995).

The rhodoliths from this study comprised seven crustose
coralline species in five genera (Hydrolithon, Lithophyllum,
Lithothamnion, Mesophyllum, and Neogoniolithon), a high
richness of coralline red algae compared with other studied
tropical and temperate rhodolith beds (e.g., Steller et al.
2003, Goldberg 2006, Konar et al. 2006, Harvey and Bird
2008, Pefia and Barbara 2008, Basso et al. 2009). This
diverse community of nongeniculate corallines (see also
Amado-Filho et al. 2007) is largely responsible for the con-
struction of the rhodolith structure and consequently acts as
an ecosystem engineer.

The local algal flora is predominantly tropical with
Caribbean affinities. The Rhodophyta exhibit the highest
richness, following a similar pattern observed in the tropical
and subtropical western Atlantic (from North Carolina to
Brazil) (Taylor 1960). However, many green algal species of
Bryopsidales and Cladophorales that are common in the trop-
ical and subtropical Atlantic, were largely absent in our study
sites, with only a few small and rare specimens in
the collections (e.g., Caulerpa spp. and Cladophora spp.).
The present list of the algae associated with the rodolith
beds in southern Espirito Santo State added 66 species
(55 Rhodophyta, 4 Ochrophyta, and 7 Chlorophyta) to the list
presented by Amado-Filho et al. (2007), increasing the total
to 190 species known in the study area. This represents
approximately 25% of the macroalgal species recorded for all
the Brazilian coast (774 taxa, Fujii et al. 2008). These results
support the assumption that rhodolith beds contribute to the
high diversity of marine algae in Espirito Santo State
(Guimaraes 2003, 2006), and the importance of the study
region for conservation initiatives. In one of the few studies
on rhodolith-associated benthic communities elsewhere in
Brazil, Riul et al. (2009) identified 67 seaweed species in a
rhodolith bed between 10 and 20 m depth from the north-
eastern coast.

Figueiredo et al. (2008) recently summarized the benthic
marine algae of Brazilian coral reefs, and the highest richness
so far recorded in Brazil is less than that found in the present
study, with species richness ranging from 51 taxa in the
protected Recife de Fora Marine Reserve (Bahia State) to 122
taxa in Fernando de Noronha National Park (Pernambuco
State). An important feature of some of the Brazilian coral
reefs is that they are chiefly composed of nongeniculate
coralline algae (Kikuchi and Ledo 1997). Although rhodolith
formation can be attributed to coral reef erosion (Piller and
Rasser 1996), most of the coralline red algal species found on
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34.5% a 18 m) y Plocamium brasiliense (15.2% a 6 m,
19.4% a 10 m, 20.9% a 18 m) en invierno. La alga coralina
geniculada Jania adhaerens también alcanzé una importancia
alta alrededor de 10 m de profundidad (19.7% en verano,
17.9% en invierno). Durante el verano, Dictyopteris jolyana
mostré el valor mas alto de Pi a 10 m (30.1%) y 18 m
(40.9%). Durante el invierno, a 10 m el mayor valor de Pi
correspondi6 a Zonaria tournefortii (20.5%), mientras que a
18 m el mayor valor correspondido a Peyssonnelia spp.
(34.5%).

Las especies que mostraron diferencias significativas
(ANOVA, P < 0.05) entre estaciones fueron Cryptonemia
seminervis, Peyssonnelia spp., Plocamium brasiliense
(mayor en invierno) y Amphiroa rigida (mayor en verano),
mientras que las que presentaron diferencias significativas
(P < 0.05) entre profundidades fueron Lobophora variegata,
Sargassum hystrix, Stypopodium zonale (mayor a 4 m),
Solieria filiformis (mayor a 6 m) y Jania adhaerens (mayor a
10 m) (fig. 8). Solamente Amphiroa beauvoisii, Dictyurus
occidentalis y Dictyopteris jolyana mostraron diferencias
tanto entre profundidades como estaciones.

DiscusioN

Los nuevos registros encontrados en este estudio fueron
Lithothamnion muelleri, Scinaia aborealis (citado por
primera vez para el Océano Atlantico) y Mesophyllum
engelhartii (citado por primera vez para el Océano Atlantico
occidental), segin Guiry y Guiry (2010). Lithothamnion
muelleri ha sido citada previamente para el sur de Australia
(Wilks y Woelkerling 1995), Korea (Lee y Kang 2001), el
Golfo de California (Foster et al. 2007) y Chile (Ramirez y
Santelices 1991). Scinaia aborealis ha sido registrada para
Australia (Huisman 1986) y Fiji (South y Skelton 2003).
Mesophyllum engelhartii ha sido registrada para Australia
(Woelkerling y Harvey 1993), Nueva Zelanda (Harvey et al.
2005), Namibia (John et al. 2004) y Sudafrica (Chamberlain
y Keats 1995).

Los rodolitos de este estudio comprendieron siete
especies coralinas crustosas pertenecientes a cinco géneros
(Hydrolithon, Lithophyllum, Lithothamnion, Mesophyllum y
Neogoniolithon), una alta riqueza de algas rojas coralinas
en comparacion con otros mantos rodoliticos tropicales y
templados (e.g., Steller et al. 2003, Goldberg 2006, Konar
et al. 2006, Harvey y Bird 2008, Pefia y Barbara 2008, Basso
et al. 2009). Esta diversa comunidad de algas coralinas no
geniculadas (ver Amado-Filho et al. 2007) es en gran parte
responsable de la construccion de la estructura rodalitica y,
por lo tanto, actiia como ingeniero de ecosistemas.

La flora algal local es predominantemente tropical con
afinidades caribefias. La division Rhodophyta presenta la
mayor riqueza, siguiendo un patrén similar al observado en el
Atlantico occidental subtropical y tropical (desde Carolina
del Norte hasta Brasil) (Taylor 1960). No obstante, muchas
especies de algas verdes de Bryopsidales y Cladophorales
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Brazilian coral reefs are not the same species as those found
in the present study. Futhermore, both coral reefs and
rhodolith beds are distinct structures. Like coral reefs, rhodo-
lith beds also have a particular habitat and diversity of associ-
ated organisms, and thus also require special attention by
authorities for a proper conservation strategy.

que son comunes en el Atlantico subtropical y tropical
estuvieron ausentes en nuestros sitios de muestreo, encon-
trandose en las colecciones s6lo unos cuantos especimenes
pequefios y poco comunes (e.g., Caulerpa spp. y Cladophora
spp.)- Nuestros registros de las algas asociadas con los
mantos de rodolitos en la parte sur del estado de Espirito

Figure 8. Multidimensional scaling (MDS) ordination of the samples of macroalgae associated with rhodolith beds based on the
Bray-Curtis similarity index. The contour indicates five groups that show 52% of similarity. The bubbles indicate the biomass
contribution of each species.

Figura 8. Escalamiento multidimensional (MDS) de las muestras de macroalgas asociadas a los mantos de rodolitos con base en el
indice de similitud de Bray-Curtis. El contorno indica cinco grupos que muestran una similitud de 52%. Las burbujas indican la

contribucion de biomasa de cada especie.

(a) Dictyopteris jolyana, (b) Stypopodium zonale, (c) Solieria filiformis, (d) Jania adhaerens, () Amphiroa beauvoisii, (f) Dictyurus
occidentalis, (g) Peyssonnelia spp., (h) Cryptonemia seminervis, (i) Plocamium brasiliense, (j) Amphiroa rigida, (k) Lobophora

variegata, (I) Sargassum hystrix.
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Relatively few species (20 Rhodophyta, 4 Phacophyceae)
occurred throughout the vertical range of this study. Among
them, Plocamium brasiliense, the filamentous sporophytic
phase of Asparagopsis taxiformis, Jania adhaerens as an
epiphyte on the base of larger algae, and small tufts of
Haliptilon subulatum. These species are cosmopolitan in
warm-temperate to tropical waters widely distributed in the
tropics and subtropics (Joly 1965, Taylor 1960, Huisman and
Walker 1990). Periphykon delesserioides, also common in
our collections, is probably endemic to the region, not having
been reported elsewhere since it was first described (Joly
etal. 1967).

At 18 m depth there was a change in the species composi-
tion, which comprised a distinct community of small- to
medium-sized gelatinous Rhodophyta growing in the depres-
sions or irregularities of the rhodoliths. These included
Acrosymphyton caribaeum, Platoma sp., Predaea feldmannii,
and very small (<2 cm length) plants of Dudresnaya
crassa and Naccaria corymbosa. With the exception of P.
feldmannii, all other species were represented by very few
individuals. D. crassa and P. feldmannii were also found in
other summer collections, but the remaining species were
collected in a single November 2004 sample. Guimaraes and
Amado-Filho (2008) reported that these algae represent an
ephemeral spring-summer element of the wider macroalgae
associated with rhodolith beds.

Differences in seaweed biomass between seasons (fig. 6b)
can be explained by the high degree of instability over the
rhodolith beds caused by the frequency of typical storm
disturbances along the southeastern Brazilian coast, which
are higher in winter than in summer (Niemer 1977, Vera et al.
2002). Due to their spherical nature, rhodoliths are mobile
structures able to rotate during strong water motion (Marrack
1999). Such movement represents a form of disturbance that
can injure epibenthic invertebrates as well as remove the
associated algae (Steneck 1986, Hinojosa-Arango et al.
2009), thus promoting conditions for the establishment of
new ephemeral and/or annual species.

The instability of substrate can explain the differences
detected by the multivariate analysis. In winter, when species
richness and biomass are reduced, sample units from 6, 10,
and 18 m depths were grouped. In summer, when species
richness and biomass increased, the sample unit groups were
distinguished according to depths. The species responsible
for the differences among depths during the summer were
fleshy seaweeds susceptible of being detached or broken
by the rhodolith rotation (Dictyopteris jolyana, Solieria
filiformis, Jania adhaerens, and Amphiroa rigida; fig. 8).
In winter, only the species with small thalli (Cryptonemia
seminervis, Peyssonnelia spp., and Plocamium brasiliense;
fig. 8) remain attached to the rhodoliths and, therefore, no
zonation can be observed. The collection site at 4 m depth is
located in an area more protected from winter storms than the
others sites. This could explain the lack of differences
observed between seasons at 4 m, characterized by the
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Santo agregan 66 especies (55 Rhodophyta, 4 Ochrophyta y
7 Chlorophyta) a la lista presentada por Amado-Filho et al.
(2007), incrementando el total a 190 especies conocidas en el
area de estudio. Esto representa aproximadamente 25% de las
especies de macroalgas registradas para toda la costa de
Brasil (774 taxones, Fujii et al. 2008). Estos resultados apo-
yan la suposicion de que los mantos de rodolitos contribuyen
a la alta diversidad de algas marinas en el estado de Espirito
Santo (Guimardes 2003, 2006), asi como la importancia del
area de estudio para las iniciativas de conservacion. En uno
de los pocos estudios realizados sobre las comunidades
bénticas asociadas con rodolitos en Brasil, Riul et al. (2009)
identificaron 67 especies de algas en un manto rodolitico
entre 10 y 20 m de profundidad en la costa nororiental.

Figueiredo et al. (2008) recientemente resumieron las
algas marinas bénticas de arrecifes coralinos de Brasil, y la
mayor riqueza registrada a la fecha es menor que la encon-
trada en el presente estudio, con la riqueza de especies osci-
lando entre 51 taxones en la Parque Marino Recife de Fora
(estado de Bahia) y 122 taxones en el Parque Nacional
Fernando de Noronha (estado de Pernambuco). Una caracte-
ristica importante de algunos arrecifes coralinos brasilefios es
que se componen principalmente de algas coralinas no
geniculadas (Kikuchi y Ledo 1997). Aunque la formacion de
rodolitos puede atribuirse a la erosion de arrecifes coralinos
(Piller y Rasser 1996), la mayoria de las especies de algas
rojas coralinas que se encuentran en los arrecifes coralinos de
Brasil no son las mismas que se encontraron en el presente
estudio. Ademas, los arrecifes coralinos y los mantos
rodoliticos son estructuras distintas. Al igual que los arrecifes
coralinos, los mantos de rodolitos tienen un habitat y una
diversidad de organismos asociados particular y, por lo tanto,
también requieren de atencioén por parte de las autoridades
para una estrategia adecuada de conservacion.

Se observaron relativamente pocas especies (20 Rhodo-
phyta, 4 Phacophyceae) a lo largo del intervalo vertical de
este estudio, entre ellas, Plocamium brasiliense, la fase
esporofitica filamentosa de Asparagopsis taxiformis, Jania
adhaerens como una epifita en la base de algas mas grandes y
pequefios manojos de Haliptilon subulatum. Estas son espe-
cies cosmopolitas en aguas templadas a tropicales, amplia-
mente distribuidas en el tropico y subtrépico (Joly 1965,
Taylor 1960, Huisman y Walker 1990). Otra especie comtin
fue Periphykon delesserioides, la cual probablemente sea
endémica de la region ya que no se ha registrado en otras par-
tes desde que fue descrita por primera vez (Joly et al. 1967).

A 18 m de profundidad se presentd un cambio en la
composicion de especies, observandose una comunidad de
algas rojas (Rhodophyta) gelatinosas, chicas a medianas,
creciendo en las cavidades o grietas de los rodolitos. Estas
incluyeron Acrosymphyton caribaeum, Platoma sp., Predaea
feldmannii y plantas muy pequefias (<2 cm de largo) de
Dudresnaya crassa y Naccaria corymbosa. Con excepcion
de P. feldmannii, todas las demas especies estuvieron repre-
sentadas por pocos individuos. Se encontraron D. crassa y



Amado-Filho et al.: Seaweeds associated with a rhodolith bed

presence and abundance of Stypopodium zonale, Sargassum
hystrix, and Lobophora variegata (fig. 8).

Hinojosa-Arango and Riosmena-Rodriguez (2004)
observed that rhodolith density is an important factor
contributing to the abundance of the associated fauna, and
suggested that the higher the rhodolith density, the lesser the
disturbance by water motion, thus providing more stable con-
ditions for the settlement of invertebrate fauna. In the present
study, however, we found that the associated fleshy algal
biomass was higher at depths where the rhodolith density was
lower, suggesting that other environmental factors can be
more effective. At depths where the rhodolith density was
lower (4 and 10 m), the sea bottom was mainly a continuous
carbonate hard substrate, whereas at the other two sampling
depths where the rhodolith density was higher (6 and 18 m),
the substrate is composed mainly of gravel (5 cm diameter).
The presence of a continuous hard substrate just below the
rhodolith layer probably allowed a more stable substrate for
the settlement of fleshy algae. Littler and Littler (2008)
argued that the instability/mobility of the rhodolith spheres
precludes the development of highly structured macroalgal or
macrofaunal communities. On the other hand, rhodoliths pro-
vide a three-dimensional, hard-substrate refuge for smaller
algae from the intense herbivory of limpets, chitons, sea
urchins, and fish.

In conclusion, we have demonstrated that the rhodolith
beds of Espirito Santo State are among the most diverse beds
recorded (Bordehore et al. 2003, Pefia and Barbara 2008),
supporting an abundant and diverse community of macro-
algae. This knowledge contributes towards making better
substantiated recommendations for the conservation of such
diverse regions.
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En conclusion, se ha demostrado que los mantos de
rodolitos del estado de Espirito Santo son de los mantos mas
diversos que se han registrado (Bordehore et al. 2003, Pefia y
Barbara 2008), manteniendo una comunidad abundante y
diversa de macroalgas. Esta informacion permite formular
recomendaciones mejor sustentadas para la conservacion de
estas regiones tan diversas.
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Appendix. List of the infrageneric taxa found in the study area, indicating their occurrence at the sampled depths and in the seasons (S =
summer, W = winter, SP = spring, and A = autumn), as well as the taxa found by Amado-Filho et al. (2007) (*). 1 = presence, 0 = absence.
Apéndice. Lista de los taxones infragenéricos encontrados en el area de estudio, indicando su presencia en las profundidades muestreadas y
las estaciones del afio (S = verano, W = invierno, SP = primavera y A = otofio), asi como los taxones encontrados por Amado-Filho et al.
(2007) (*). 1 = presencia, 0 = ausencia.

Taxa Depth (m) Season *
4 6 10 W SP

._.
o
5]
>

Rhodophyta

Acrochaetium antillarum WR Taylor

Acrochaetium globosum Bergesen

Acrochaetium microscopicum (Nageli & Kiitz.) Nageli

Acrochaetium yamadae Y Lee & IK Lee

Acrosymphyton caribaeum (J Agardh) G Sjostedt

Acrosymphyton sp.

Agardhiella floridana (Kylin) Gabrielson & SM Guim. & EC Oliveira

Agardhiella ramosissima (Harv.) Kylin

Agardhiella subulata (C Agardh) Kraft & MJ Wynne

Aglaothamnion boergesenii (Aponte & DL Ballant.) L’Hardy-Halos
& Rueness

Aglaothamnion cf. gallicum (Nageli) L’Hardy-Halos & Ardré

Aglaothamnion halliae (Collins) Aponte, DL Ballant & JN Norris

Aglaothamnion sp.

Amansia sp.

Amansia sp. 2

Amphiroa beauvoisii JV Lamour.

Amphiroa fragilissima (L) JV Lamour.

Amphiroa rigida JV Lamour.

Amphiroa van-bosseae Me. Lemoine

Antithamnion antillanum Bergesen

Antithamnionella atlantica (EC Oliveira) CW Schneid.

Antithamnionella breviramosa (Dawson) EM Woll.

Asparagopsis taxiformis (Delile) Trevis

Asteromenia peltata (WR Taylor) Huisman & A Millar

Botryocladia occidentalis (Bergesen) Kylin

Botryocladia pyriformis (Bergesen) Kylin

Bryothamnion seaforthii (Turner) Kiitz.

Ceramium brasiliense AB Joly

Ceramium comptum Bergesen

Ceramium sp.

Champia parvula (C Agardh) Harv.

Chondria platyramea AB Joly & Ugadim

Chondria sp.

Chondrophycus furcatus (Cord.-Mar. & MT Fujii) MT Fujii & Senties

Chondrophycus translucidus (MT Fujii & Cord.-Mar.) Garbary & Harper

Chrysymenia enteromorpha Harv.

Chrysymenia ventricosa (JV Lamour.) J Agardh

Chrysmenia sp.

Coelarthrum cliftonii (Harv.) Kylin

Colaconema ophioglossa (CW Schneid.) Afonso-Carrillo, Sanson
& Sangil

Corallina panizzoi Schneter & U Richt.

Corynomorpha clavata (Harv.) J Agardh

Craspedocarpus jolyi (EC Oliveira) CW Schneid.

Crouania attenuata (C Agardh) J Agardh
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Appendix (Cont.)

Taxa

Depth (m)

Season

—_
(=]

—_
(o]

=

n
la~]

Cryptonemia seminervis (C Agardh) J Agardh
Cryptonemia sp.

Dasya baillouviana (SG Gmel.) Mont.

Dasya brasiliensis EC Oliveira & Y Braga
Dichotomaria marginata (J Ellis & Sol.) Lamarck
Dichotomaria obtusata (J Ellis & Sol.) Lamarck
Dictyurus occidentalis J Agardh
Dipterosiphonia reversa CW Schneid.
Dohrniella antillara (WR Taylor) Feldm.-Maz.
Dudresnaya crassa M Howe

Erythrotrichia carnea (Dillwyn) J Agardh
Galaxaura rugosa (J Ellis & Sol.) JV Lamour.

Gayliella flaccida (Harvey ex Kiitzing) TO Cho & LJ Mclvor

Gelidiopsis variabilis (Grev. ex J Agardh ) F Schmitz
Gelidiopsis sp.

Gelidium cf. pusillum (Stackh.) Le Jolis

Gelidium sp.

Gracilaria cervicornis (Turner) J Agardh

Gracilaria cf. mammillaris (Mont.) M Howe
Gracilaria cuneata Aresch.

Gracilaria curtissiae J Agardh

Gracilaria domingensis (Kiitz.) Sond. ex Dickie
Gracilaria sp.

Haliptilon cubense (Mont. ex Kiitz.) Garbary & HW Johans.

Haliptilon subulatum (J Ellis & Sol.) HW Johans.
Halopithys schottii (WR Taylor) LE Phillips & De Clerck
Halymenia brasiliana SM Guim. & MT Fujii
Halymenia elongata C Agardh

Halymenia floresii (Clemente) C Agardh
Halymenia floridana J Agardh

Herposiphonia bipinnata M Howe
Herposiphonia secunda (C Agardh) Ambronn
Herposiphonia sp.

Heterodasya mucronata (Harv.) MJ Wynne
Heterosiphonia crispella (C Agardh) MJ Wynne

Heterosiphonia crispella (C Agardh) MJ Wynne var. laxa (Bergesen)

MJ Wynne
Heterosiphonia gibbesii (Harv.) Falkenb.

Hydrolithon cf. onkodes (Heydrich) D. Penrose & Woelkerling

Hydropuntia cornea (J Agardh) MJ Wynne

Hypnea cenomyce J Agardh

Hypnea musciformis (Wulfen in Jacquin) JV Lamour.
Hypnea sp.

Hypnea spinella (C Agardh) Kiitz.

Hypnea valentiae (Turner) Mont.

Hypoglossum hypoglossoides (Stack.) Collins & Herv.
Hypoglossum tenuifolium (Harv.) J Agardh

Jania adhaerens JV Lamour.

Jania ungulata (Yendo) Yendo f. brevior (Yendo) Yendo
Laurencia sp.

Liagora ceranoides JV Lamour.
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Appendix (Cont.)

Taxa

Depth (m)

Season

—
(e

—_—
[ee}

<

SP

Lithophyllum corallinae (PL Crouan & HM Crouan) Heydrich

Lithophyllum johansenii Woelkerling & Campbell

Lithophyllum stictaeforme (Areschoug in Agardh) Hauck

Lithothamnion muelleri Lenormand ex Rosanoff

Lomentaria rawitscheri AB Joly

Meristiella gelidium (J Agardh) DP Cheney & PW Gabrielson

Mesophyllum engelhartii (Foslie) Adey

Naccaria corymbosa J Agardh

Neogoniolithon cf. brassica-florida (Harv.) Setchell & LR Mason

Neosiphonia sphaerocarpa (Bergesen) MS. Kim & IK Lee

Nitophyllum adhaerens MJ Wynne

Ochtodes secundiramea (Mont.) M Howe

Osmundaria obtusiloba (C Agardh) RE Norris

Osmundea lata (M Howe & WR Taylor) Yonesh.-Valentin, MT Fujii
& Gurgel

Periphykon delesserioides AB Joly, Ugadim & EC Oliveira

Peyssonnelia inamoena Pilg.

Peyssonnelia simulans Weber Bosse in Borgesen

Peyssonnelia sp.

Platoma sp.

Pleonosporium caribaeum (Bergesen) RE Norris

Plocamium brasiliense (Grev. in J St.-Hil.) M Howe & WR Taylor

Polysiphonia sp.

Predaea feldmannii Bergesen

Predaea sp.

Protokuetzingia schottii WR Taylor

Pterocladiella capillacea (SG Gmel.) Santel. & Hommers.

Rhodymenia divaricata EY Dawson

Sahlingia subintegra (Rosenv.) Kornmann

Scinaia aborealis Huisman

Scinaia sp.

Sebdenia flabellata (C Agardh) PG Parkinson

Solieria filiformis (Kiitz.) PW Gabrielson

Spermothamnion investiens (P Crouan & H Crouan) Vickers

Spyridia clavata Kiitz.

Spyridia filamentosa (Wulfen) Harv. in Hook

Spyridia hypnoides (Bory in Belanger) Papenf. var. disticha (Bergesen)
GW Lawson & DM John
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Spyridiocolax capixaba AB Joly & EC Oliveira 0 1 0 0 1 0 0 0 0
Stylonema alsidii (Zanardini) K.M Drew 1 1 0 1 1 0 1 1 1
Tiffaniella gorgonea (Mont.) Doty & Mefiez 0 1 0 0 0 1 0 0 0
Tricleocarpa cylindrica (J Ellis & Sol.) Huisman & Borow. 0 1 1 1 1 1 1 1 1
Tricleocarpa fragilis (L) Huisman & RA Towns. 0 1 1 0 0 1 1 0 1
Tsengia sp. 0 1 1 1 1 1 1 1 1
Wrangelia argus (Mont.) Mont. 0 1 0 0 1 0 0 0 0
Wrightiella tumanowiczii (Gatty ex Harv.) F. Schmitz 0 1 1 0 1 1 0 0 1
Subtotal 45 94 51 80 98 63 63 43 85
Phaeophyceae

Colpomenia sinuosa (Roth) Derbés & Solier 1 1 1 0 1 1 1 0 1
Dictyopteris delicatula JV Lamour. 1 1 1 1 1 1 1 1 1
Dictyopteris jolyana EC Oliveira & RP Furtado 0 1 1 1 1 1 1 1 1
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Taxa

Depth (m)

Season
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Dictyopteris justii JV Lamour.

Dictyopteris plagiogramma (Mont.) Vickers
Dictyota bartayresiana JV Lamour.

Dictyota ciliolata Sond. ex Kiitz.

Dictyota menstrualis (Hoyt) Schnetter, Hornig & Weber-Peukert
Dictyota mertensii (Mart.) Kiitz.

Dictyota sp.

Feldmannia irregularis (Kiitz.) Hamel

Feldmannia simplex (H Crouan & P Crouan) Hamel
Hincksia mitchelliae (Harv.) PC Silva

Lobophora variegata (JV Lamour.) Womersley ex EC Oliveira
Padina gymnospora (Kiitz.) Sond.

Sargassum filipendula C Agardh

Sargassum furcatum Kiitzing

Sargassum hystrix J Agardh

Sargassum platycarpum Montagne

Sargassum vulgare C Agardh

Spatoglossum schroederi (C Agardh) Kiitz.
Sphacelaria rigidula Kiitz.

Sphacelaria sp.

Sporochnus bolleanus Mont.

Stypopodium zonale (JV Lamour.) Papenf.

Zonaria tournefortii (JV Lamour.) Mont.
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Chlorophyta

Anadyomene stellata (Wulfen in Jacq.) C Agardh
Bolbocoleon sp.

Boodleopsis pusilla (Collins) WR Taylor, AB Joly & Bernat.
Bryopsis hypnoides JV Lamour.

Caulerpa cupressoides (H West in Vahl) C Agardh
Caulerpa lanuginosa J Agardh

Caulerpa mexicana Sond. ex Kiitz.

Caulerpa prolifera (Forssk.) JV Lamour.
Caulerpa pusilla (Kiitz.) J Agardh

Caulerpa verticilata J Agardh

Caulerpa webbiana Mont. f. tomentella (Harv. ex J Agardh) Weber Bosse
Chamaedoris peniculum (Sol.) Endl.

Cladophora dalmatica Kiitz.

Cladophora ordinata (Bergesen) C Hoek

Codium isthmocladum Vickers

Codium sp.

Entocladia viridis Reinke

Halimeda cuneata Hering in Krauss

Halimeda discoidea Decaisne

Halimeda gracilis Harv. ex J Agardh

Halimeda opuntia (L) JV Lamour.

Rhipilia tomentosa Kiitz.

Udotea cyathiformis Decne.

Udotea flabellum (J Ellis & Sol.) JV Lamour.
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