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ABSTRACT

The aim of this study was to determine the strectira rhodolith bed along a depth gradient of 5 to
25 m in the shelf in front of Salvador City, a m@giof northeastern Brazil. The dimensions,
morphology and coralline algae composition of thedoliths were analyzed, as well as the vitality,
density, and associated flora of the bed at thegghd: 5, 15 and 25 m. Samples were obtained by
SCUBA divers in summer 2007. Five rhodolith-formitaga were identifiedSporolithon episporum,
Lithothamnion brasiliense, Lithothamnion superpositum, Mesophyllum erubescens, andLithophyllum

sp. The encrusting growth form and the sphericapshwere predominant at all depths. Rhodolith
dimensions and vitality decreased and the densiseased from the shallow to the deepest zones.
Fifty-six macroalgal species were found as rhodedigsociated flora. The shallower depth presented
higher values for macroalgal biomass and numbespeties. These results associated with other
recent rhodolith bed descriptions indicate thatghttern of Brazilian rhodolith bed structure along
depth gradients may be related to a combinatidheg&xtent and slope of the continental shelf.

REesuwmo

O objetivo deste estudo foi determinar a estruieram banco de rodolitos ao longo de um gradiente
de profundidade na plataforma em frente a cidad®adleador, nordeste brasileiro. Foram analisadas
as dimensdes, a forma e composi¢do das algas iasldfos rodolitos, bem como a vitalidade,
densidade e flora associada ao banco, em trésngiidades: 5, 15 e 25 m. As amostras foram
obtidas por meio de mergulho auténomo no verdo @/ .2Cinco espécies de algas calcarias
formadoras de rodolito foram identificadaSporolithon episporum, Lithothamnion brasliense,
Lithothamnion superpositum, Mesophyllum erubescens e Lithophyllum sp. A forma de crescimento
incrustante e a forma esférica foram predominagte$odas as profundidades. Houve uma reducéo
da dimensao e vitalidade dos rodolitos e um aumdatdensidade com a profundidade. Cinglienta e
seis espécies de macroalgas foram encontradas fta@@ssociada aos rodolitos. A profundidade
mais rasa apresentou os maiores valores de bioreas@eero de espécies de macroalgas. Esses
resultados, associados com outras descri¢Oes escgatbancos de rodolitos, indicam que o padrédo
estrutural desses bancos no Brasil, ao longoattiegtes de profundidade, pode estar relacionado a
uma combinacéo da extenséo e da inclinacdo ddgrtatacontinental.

Descriptors: Coralline Algae, Benthic Community, nBioental Shelf, Depth Gradient,
Lithothamnion brasiliense, Lithothamnion superpositum.

Descritores: Algas coralineas, Comunidade BentdnRiataforma Continental, Gradiente de
Profundidadel.ithothamnion brasiliense, Lithothamnion superpositum.

INTRODUCTION They are ecologically important benthic

algal communities. The rhodolith structure provides
Rhodoliths are free-living Ca|Careoustri.-dimens'ional hard-supstrat.e apd serves as

structures composed mostly (>50%) of non-geniculat&icrohabitat for a great diversity of invertebrates

coralline red algae (Corallinales, Rhodophyta)‘"‘ssoc'amd algae (FOSTER et al., 1997; STELLER et
(STENECK, 1986; FOSTER, 2001). Rhodolith bed®!: 2003; LITTLER; LITTLER, 2008; NELSON,
are distributed worldwide, from the tropics to the?009)- For this reason and because of their
poles, from the intertidal zones to depths @rc00 susceptibility to damage caused by human activity,

m (LITTLER et al., 1991; FOSTER, 2001; KONAR rhodolith beds are protected habitats in Europe
et al., 2006). ' ' ‘ ’ (BIRKETT et al., 1999; WILSON et al., 2004).
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It is presumed that the largest rhodolith bed®razilian marine diversity surveys (HORTA et al.,
in the world are to be found on the Brazilian coast2001; AMADO-FILHO et al., 2007).
Estimates indicate that these beds cover extensive It has been demonstrated that the rhodoliths”
areas of the N-NE Brazilian continental shelfdistribution, dimensions and morphology can vary
(KEMPF, 1970; MILLIMAN, 1977; TESTA; with depth (LITTLER et al., 1991; STELLER et al.,
BOSENCE, 1999; FOSTER, 2001; AMADO-FILHO 2003; AMADO-FILHO et al.,, 2007; RIUL et al.,
et al. 2007; FIGUEIREDO et al., 2007). However,2009). The environmental conditions that normally
there is still much to be done in terms of thevary with depth, such as light, sedimentation and
systematic surveying of the latitudinal distributiand water motion, can affect the rhodolith beds’
community structure of rhodolith beds on the Branrili characteristics such as vitality, associated fdlana/
continental shelf (GHERARDI, 2004). Most studiesdiversity and benthic abundance directly (STELLER;
on rhodoliths in Brazil have investigated theFOSTER, 1995; BASSO, 1998; RIOSMENA-
sedimentary character of the Brazilian shelf and thRODRIGUEZ et al., 1999; WILSON et al., 2004;
prospects for their potential for commercialHINOJOSA-ARANGO et al., 2009).
exploitation (KEMPF et al., 1967/9; KEMPF, 1970; The relatively narrow continental shelf
MABESSONE et al., 1972; MILLIMAN; AMARAL, distinguishes the northern coast of Bahia State from
1974; MILLIMAN, 1977; VICALVI; MILLIMAN, other tropical areas where rhodolith beds have been
1977; DIAS, 2000). Very few published studies onstudied along depth gradients in Brazil (see Amado-
rhodolith beds in Brazil have approached thes€&ilho et al., 2007; Riul et al., 2009). This study
communities from a biological point of view and describes the structure, composition and associated
included consistent information on rhodolith bedflora of a rhodolith bed on the northern coast ofilBa
structure, associated organisms and non-geniculaftate to discover whether its structure is affedigd
coralline red algae identification (TESTA, 1997;depth, and to compare these results with thoséef t
TESTA; BOSENCE, 1999; GHERARDI, 2004; studies of other Brazilian rhodolith beds.
ROCHA et al., 2006; AMADO-FILHO et al., 2007;

FIGUEIREDO et al., 2007; HORTA et al., 2001; MATERIAL AND METHODS

RIUL et al., 2009; VILLAS-BOAS et al., 2009). These

studies have shown the great diversity of the Study Area

organisms associated with rhodolith beds as well as

highlighting their ecological relevance. Most rhétio The study area is located in the Itapud
beds in Brazil, however, still remain unexplored ofregion, in the city of Salvador, on the northerastoof
poorly known within this biological context. Bahia State, Brazil (12°57’S, 38°22'W) (Fig. 1). Wate

Of more than 300 macroalgae species quoteghlinity there ranges from 35.5%. to 37 %o (DHN,
as present on the Brazilian northeastern coast,tabalp93) and the sea-surface temperature (SST) from
70% are referred specifically to Bahia State (NUNES20°C to 27°C (NUNES, 2005). It is a place exposed to
2005). However, most of these taxa were colleated ithe action of waves and wind, with prevailing edgte
the intertidal and shallow subtidal zones. Studieginds. The extension of the continental shelf i th
focusing on benthic communities below 5 m depth arstudy area is of about 10 km. The sea bottom of the
lacking in Brazil. In addition, rhodolith beds haveen  subtidal zone is composed mainly of coralline reefs
cited as one of the most promising subtidal habf@t  and rhodoliths interspersed with sand and gravel.
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Fig. 1. Map of the study area on the northern co&ahia State
with sampling sites along a depth gradient. TSBoddk os Santos
Bay.
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Samples were obtained in summer 2007, awvhich can be used to separate rhodoliths into
the end of the dry season, by Scuba divers froeethr spheroidal, discoidal or ellipsoidal shapes
depth zones about 1 km apart: at 5 m (12°57'33'$BOSENCE; PEDLEY, 1982; PERRY, 2005). In
38°22'21"W); at 15 m (12°58'01"S, 38°22'13"WJl an addition, the predominant coralline algae growttifo
at 25 m (12°58'28"S, 38°21'53"W) (Fig. 1). Infeaf was determined in rhodoliths in accordance with the
these zones, three 20 m long transects were ragdonariteria established by Woelkerling et al. (1993).
positioned on the sea bottom and fifteen (25 cnbx 2Rhodolith mean diameter was obtained from the
cm) quadrats on them (five per transect) were sadnpl measurements of three axes (long, intermediate and
at random. All the superficial rhodoliths in eachshort) of the rhodoliths. The rhodolith volume was
quadrat - those found within a layer down to 5 cnestimated by the volume of water displaced in a
below the bottom - were transferred to separatgraduated beaker after the removal of all epibenthi
collection bags. organisms. Rhodolith density was determined by

counting individual rhodoliths in quadrats. Datareve
Coralline Algae Identification expressed in rhodoliths:fm

Small pieces of fertile material were Associated Flora
separated and prepared for both light microscomge an
scanning electron microscope (SEM) analyses. The The seaweeds were carefully separated into
samples for light microscopy were decalcified i40 different populations and identified at specieselev
nitric acid, dehydrated in ethanol sequence, emixedd with the aid of stereoscope and microscope. They th
in resin, and sectioned (12-15 um thick) (for ferth were dried (at 60°C for at least 48 h) and quantifie
description see Amado-Filho et al., 2007). Specenerwith an analytical balance (precision of 0.001 g).
for SEM were prepared by air drying small piecés oSpecies with weights below 0.001 g were considered
material and then mounting them on aluminium stubas presenting 0.001 g and quantified.
using a double-sided conductive tape. The stubs wer

sputter coated with gold and investigated with &Ze Data Analyses
EVO 40 SEM at 14-15 kV. The taxonomic ]
characteristics applied were based on Womersley After assessment of homogeneity of

(1996). Species identifications were based oNariances (Levene test) and normality (Kolmogorov-
comparisons of vegetative and reproductive featurezmirnof), —differences in rhodolith characteristics
with previously published data (see Harvey;(@rowth forms, shape, mean diameter, density and

Woelkeling, 2007 for a review). vitality) and biomass of the associated flora among
- depths were tested by One-Way Analysis of Variance
Vitality (ANOVA). Differences among the distinct growth

forms and shape frequencies were also tested by

Rhodolith vitality was estimated based onANOVA. Whenever significant differences were
pigmentation analysis of the coralline algae thallufound the Tukey test was applied (ZAR, 1999). Multi
surface. The rhodoliths from each quadrat wer®imensional Scaling (MDS) ordination was used to
immediately photographed to record their originakummarize the associated flora similarities (Bray-
color. A grid with 300 points was positioned ovacke Curtis) among depths, thereafter an Analysis of
image. Using a table of random numbers, considerin§imilarities (ANOSIM) was performed to evaluate
only the points over the coralline algae, 60 popes significant differences (CLARKE; WARWICK,
image/quadrat were analyzed. The living unitl994). The univariate statistical analyses were
considered was the coralline algae thallus surfageerformed using STATISTICA (version 6.0), while
which presented pigmentation, i.e., of a pink, prugy  the multivariate statistical analyses were cardetion
reddish color. The results were expressed as RRIMER (version 6.0). All data are expressed as
percentage cover of living coralline algae on theneans (+ 95% confidence interval) and differences
rhodoliths. were considered significant at p < 0.05.

Morphology, Dimensions and Density ResuLTs

Rhodolith shape was determined in
accordance with the method of Bosence and Pedley
(1982), by measuring the long, intermediate andtsho The rhodolith bed in the study area is
axes of the outer surfaces of the rhodoliths. Tiiesa Ccomposed of at least 5 non-geniculate coralline red
were plotted using the TRIPLOT v.1.3 spreadsheet @flgae taxa, representing the three families obtiger
Graham and Midgley (2000), who plotted data on th&orallinales: Hapalidiaceae, Lithothamnion
pebble-shape diagram of Sneed and Folk (1958), afasiliense Foslie,Lithothamnion superpositum Foslie

Coralline Algae Identification
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and Mesophyllum erubescens (Foslie) Lemoine; Lithothamnion superpositum was found at
SporolithaceaeSporolithon episporum (M.A. Howe) all depths with lumpy to encrusting growth form,
E.Y. Dawson; and Corallinaceaeithophyllum sp. A thallus pseudoparenchymatous 130-300 pum thick,
detailed taxonomic description is provided for thepresenting nodular protuberances (Fig. 3A). The
Lithothamnion species since they are poorly describednternal organization is monomerous in the crustose
for Brazil. Brief descriptions of the other speciesla portions and radial and monomerous in the
comments on them are presented. protuberances (Fig. 3C). Cells of adjacent filaments
Lithothamnion brasiliense was found at both are connected laterally by cell fusions (Fig. 3B).
5 and 15 m depths, composing rhodoliths withHFlared epithallial cells, 2.5-4 um long and 5-8 jm
encrusting to lumpy growth form (Fig. 2A). The diameter are arranged in a single layer (Fig. 3B).
thallus is pseudoparenchymatous, 1-2 mm thickTetrasporangial conceptacles multiporate, 110-285 u
presenting nodular protuberances, 0.2-3 cm long arldng and 220-450 um in diameter are raised inicglat
2-5 mm in diameter. The internal organization igo the surrounding vegetative thallus surface (FA).
monomerous in the crustose portions and radial antetraspores measure 100-145 um long and 35-60 pm
monomerous in the protuberances. Cells of adjacemt diameter. Roofs of mature conceptacles, 3-5 cells
filaments connected laterally by cell fusions. Ethr high, pitted with depressions (Fig. 4A-D) resulting
epithallial cells, 3-4 um long and 5-8 um in diaemet from disintegration of uppermost cells in filaments
are arranged in a single layer (Fig. 2B).surrounding pore canal (HARVEY et al.,, 2003). Pore
Tetrasporangial conceptacles are multiporate, BD-1 canal measure 20-27 pum long and 8-12 pum in
um long and 300-500 pm in diameter, somewhafiameter. Tetrasporangial pore, 10-16 um in diamete
prominent with a sunken center (Fig. 2D). Thesurrounded by 5-6 rosette cells (Fig. 4C). Gametdngi
tetrasporangial pore measures 10-18 pm in diametexamples were not observed. Main taxonomic
and is surrounded by 6-8 rosette cells. Tetraspimhn characteristics of.. brasiliense and L. superpositum
conceptacle roof formed by 4-6 cells high; poreatan are summarized in Table 1.
measuring 30-40 um long and 10-15 um in diameter
(Fig. 2E). Gametangial samples were not observed.

Fig. 2A-D. Lithothamnion brasiliense: vegetative and reproductive features. (A) Genei@l of the growth form.
(B) Flared epithallial cells (arrows). (C) Cell fass (arrows). (D) Surface view of a sunken multite conceptacle.
(E) Detalil of tetrasporangial conceptacle roof pnce canal.
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Fig. 3A-D. Lithothamnion superpositum: vegetative features. (A) General view of the
growth form. (B) Flared epithallial cells (smalfaws) and cell fusions (large arrows)
(C) Vertical section showing the thallus monomeroaistruction.
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Fig. 4A-D. Lithothamnion superpositum: reproductive features. (A) Surface view of
conceptacles in stereomicroscopy. (B) SEM surfdes wf two fused conceptacles.

(C) SEM surface view of conceptacle showing porpy Within a depression,
surrounded by 5-6 rosette cells. (D) Conceptaaiticse showing the tetraspores and

depressions (arrows).
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Table 1. Data on characters of the twthothamnion species in study area.

Character L. brasiliense L. superpositum
Thallus thickness 1000-2000 pm 130-300 pm
Protuberance length 2-30 mm 3-13 mm
Protuberance diameter 2-5mm 2-10 mm
Sunken tetrasporangial conceptacles Present Absen
Tetrasporangial conceptacle chamber height 1004080 110-225 pm
Tetrasporangial conceptacle chamber diameter 300450 220-450 pm
Number of cells in filaments of tetrasporangial
conceptacle roof 4-6 3-5
Pore canal length 30-40 pm 20-27 pm
Pore canal diameter 10-15 pm 8-12 um
Tetrasporangial pore diameter 10-18 um 10-16 um
Conceptacles roof pitted with depressions No Yes

Mesophyllum erubescens was only found at + 0.15 cm at 5 m, to 2.32 + 0.21 cm at 15 m, and to
15 m depth, forming rhodoliths with fruticose tortya 0.87 + 0.03 cm at 25 m (Fig. 5). The volume occdpie
growth form. Specimens have coaxial monomerouby the rhodolith ranged from 13 = 1,13 ml at 5 o, t
thallus, cell fusions, rounded epithallial cellspda 14 + 1,8 ml at 15 m, and to 0.3 £ 0.02 ml at 25 m
subepithallial initials longer than the cell immagily  depth.
below them. Tetrasporangial conceptacles multigorat 100 -
130-200 um long and 400-500 pum in diameter, flat- % 4
topped, and raised in relation to surrounding 80
vegetative thallus surface. Tetrasporangial coraigpt
pore canals bordered by cells that are more eledgat
especially near the base of the pore, than othefr ro
cells. Gametangial samples were not seen. 0]

Soorolithon episporum was only found at 15 10 1
m depth, forming rhodoliths with growth form 0 - -
predominantly encrusting (see Woelkerling et al.,
1993). Specimens present monomerous thallus, flared
epithallial cells, and both secondary pit connexio
and cell fusions (4-5:1 ratio, respectively).
Tetrasporangial chambers, 70-100 um long and 40-65
pm in diameter, grouped ingori which are raised in
relation to surrounding vegetative thallus surface
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formed on a basal layer of elongated cells. No
preserved sporangial compartments were found in the
deeper parts of the thallus.

Lithophyllum sp. was only found at 25 m
depth, forming rhodoliths with encrusting growth
form. Specimens have dimerous thallus, rounded t
flattened epithallial cells, secondary pit connamsi,
and uniporate tetrasporangial conceptacles.
enough fertile specimens were found for identifmat
at species level.

No

Vitality, Dimensions and Density

The percentage cover of living coralline
algae on rhodoliths decreases from 87% + 7% at 5 r

Mean diameter (cm)
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to 57% * 9% at 15 m, and to 17% + 3% at 25 m. Thejg 5. Mean (+ 95% confidence interval) for rhdte”
ANOVA indicates differences between depths (p<mean diameter, density, and vitality at three samgplepths.
0.05) (Fig. 5). The rhodoliths” mean diameter egri The letters indicate differences detected by Tulesy. The
with depth (ANOVA, p < 0.05), decreasing from 2.78density graphic is presented on logarithmic scale.
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The rhodoliths density increased from 207 HTable 2, Fig. 6), ranging from 61 + 2% at 15 n6f®
67 rhodoliths.rif at 5 m, to 882 + 170 rhodolithsm + 3% at 25 m. An increase in the fruticose gfow
at 15 m, and to 11,775 + 1,102 rhodolithd.at 25 m. form was seen toward 25 m depths (8 + 5 %, 10 + 1%
The results varied with depth (ANOVA, p < 0.05)and 29 + 2 %, respectively at 5, 15 and 25 m) (@abl
(Fig. 5). 3).

The spheroidal shape frequency was
Morphology prevalent (Table 2) at all depths with the minimafn

Four predominant rhodolith coralline algae?8 * 0-8 % at 25 m and maximum 92 £ 1 % at 15 m
growth forms were identified in the Salvador bed{Fig- 7). An increase in the ellipsoidal shape and
warty, lumpy, fruticose and encrusting. The enéngst Concomitant reduction in the spheroidal shape were
growth form frequency was prevalent at all depth@Pserved towards 25 m (Table 3 and Figure 7).

Table 2. Results of Analysis of Variance (ANOVA)daTukey test comparing rhodolith growth
forms and rhodolith shapes at each depth sampledwt® forms: E=Encrusting, W=Warty,
L=Lumpy and F=Fruticose. Rhodolith Shapes: S=SptatoD=Discoidal and EL= Ellipsoidal.

Depths Growth Forms Shapes
F P Tukey F P Tukey
5m 31.9 <0.01 EsW>L=F 122.9 <0.01 S>D=EL
15m 155.2 <0.01 E>W>L=F 937 <0.01 S>D=EL
25m 2335 <0.01 ESESWsL 1718.7 <0.01 S>EL>D
100 +

Frequency (%)

Growth forms/Depths

Fig. 6. Mean (+SD) frequency of growth forms (E = encrusting, Wasty, L =
lumpy, F = fruticose) at the depths sampled.

Table 3. Results of Analysis of Variance (ANOVA)daitukey test
comparing depths (5, 15 and 25 m) in relation toddiith growth
forms and rhodolith shapes; ns = non significant.

F P Tukey
Growth form
Encrusting 11 >0.05 ns
Warty 26.8 <0.001 5=15>25
Lumpy 45.0 <0.001 5=15>25
Fruticose 26.7 <0.001 25>15=5
Shape
Spheroidal 23.0 <0.001 5=15>25
Discoidal 3.8 <0.05 25=5>15

Ellipsoidal 28.7 <0.001 25>15=5
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Table 4. Associated flora mean biomass (.t S.D.) per depth sampled. (-) indicates absefitke species.

[ Depth
Taxa \ 5m 15m 25m
Chlorophyta (8 taxa)
Bryopsis pennata J. V. Lamour. 0.01 (#0.06) - -
Caulerpa cupressoides (H. West in Vahl) C. Agardh 0.54 (2.09) - -
Codiumtaylorii P. C. Silva - 5.99 (119.50) -
Halimeda discoidea Decne. - - 0.85 (8.05)
Halimeda gracilis Harv. ex J. Agardh - 1.60 (43.29) 1.96 (8.46)
Udotea flabellum (J. Ellis. & Sol.) J. V. Lamour. 0.33 (#1.29) - 0.02 (8.07)
Ulva fasciata Delile 0.03 (#0.13) - -
Ulva lactuca L. 0.18 (40.71) - -
Ochrophyta (9 taxa)
Dictyopteris delicatula J. V. Lamour. 17.11 (20.16) 0.02 (8.06) -
Dictyopteris jamaicensis W. R. Taylor 0.04 (40.14) 6.48 (12.65) 0.20(9.38)
Dictyopterisjustii J. V. Lamour. 1.90 (46.23) - 10.34 (9.63)
Dictyopteris plagiogramma (Mont.) Vickers 6.36 (#12.70) - 0.61(%.82)
Dictyopteris polypodioides (DC in Lam. & DC.) J. V. Lamour. 14.68 (23.05) 1.88(8.67) 0.44 (6.80)
Dictyota mertensii (Mart.) Kutz. 1.24 (2.01) 4.09 (5.96) 0.32 (4.05)
Lobophora variegata (J. \O/.“\I;:irrr;lour.) Wormersley ex. E.C. 1.58 (2.47) 3.12 (4.51) 0.03 (6.11)
Sargassum vulgare C. Agardh 0.09 (40.35) 0.51 (4.38) -
Spatoglossum schroederi (C. Agardh) Kiitz. 0.10 (#0.39) - -
Rhodophyta (39 taxa)
Acrothamnion butleriae (Collins) Kylin - - 0.01 (#©.00)
Amansia multifida J. V. Lamour. 88.17 (#76.33) 0.01 (6.03) 0.14 (€.30)
Botryocladia occidentalis (Bargesen) Kylin 0.20 (#0.78) - -
Bryothamnion seaforthii (Turner) Kitz. 48.60 (#46.16) - -
Claudea elegans J. V. Lamour. - - 1.01 (©.84)
Cryptonemia crenulata (J. Agardh) J. Agardh - - 0.38 (1.08)
Dichotomaria marginata (J. Ellis & Sol.) Lamarck 7.35 (#1.35) - -
Dichotomaria obtusata (J. Ellis & Sol.) Lamarck 1.92 (43.12) - -
Dictyurus occidentalis J. Agardh - 0.69 (2.59) 5.52 (6.09)
Gelidiella acerosa (Forssk.) Feldmann & Hamel 0.75 (+2.90) - -
Gelidiopsis planicaulis (W. R. Taylor) W. R. Taylor 1.31 (45.06) 0.01 (6.03) -
Gracilaria cervicornis (Turner) J. Agardh 20.05 (3.80) - -
Gracilaria curtissiae J. Agardh 0.71 (#2.74) - 0.67 (1.08)
Gracilaria ornata Aresch. 1.25 (43.16) 0.02 (6.09) 2.41 (5.93)
Gracilaria sp. 0.79 (#2.57) - 0.24 (96.85)
Hydropuntia caudata (J. Agardh) Gurgel & Fredericq 0.06 (#0.24) 0.30 (6.44) 0.23 (6.63)
Hydropuntia cornea (J. Agardh) M. J. Wynne - - 0.04 (9©.15)
Haliptilon cubense (Mont. ex.Kiitz.) Garbary & H.W. Johans. - 0.98 (#.47) -
Haliptilon subulatum (J. Ellis & Sol.) H. W. Johans. - 0.10 (#0.29) -
Haloplegma duperreyi Mont. - 0.76 (#.39) 16.47 (12.66)
Herposiphonia secunda (C. Agardh) Ambronn - - 0.01 (9©.02)
Heterosiphonia crispella (C. Agardh) M. J. Wynne - - 0.02 (#0.05)
Heterosiphonia gibbesii (Harv.) Falkenb. - - 0.18 (90.48)
Hypnea musciformis (Wulfen in Jacquin) J. V. Lamour. 3.59 (46.19) - 0.01 (8.02)
Hypnea spinella (C. Agardh) Kiitz. - - 0.01 (9©.02)
Jania adhaerens J. V. Lamour. 0.80 (+1.46) 0.52 (6.89) -
Leptofauchea brasiliensis A. B. Joly - 0.01 (40.04) -
Heterodasya mucronata (Harv.) M. J. Wynne comb. nov. - - 0.08 (9©.16)
Neosiphonia ferulacea (Suhr ex J. Agardh) S. M. Guim & M. T.
Fujii - - -
Osmundaria obtusiloba (C. Agardh) R. E. Norris 0.83 (2.82) - -
Peyssonnelia inamoena Pilg. 0.18 (0.71) 0.06 (6.23) -
Polysiphonia denudata (Dillwyn) Grev. ex Harv. in Hook - - 0.04 (9©.08)
Rhodymenia pseudopalmata (J. V. Lamour.) P. C. Silva - 0.01 (#0.02) -
Solieriafiliformis (Kiitz.) P. W. Gabrielson - - 1.33 (2.29)
Spyridia clavata Kutz. - - 0.04 (©.13)
Spyridia hypnoides (Bory in Belanger) Papenf. - - 0.21 (9©.40)
Tricleocarpa cylindrica (J. Ellis & Sol) Huissman & Borow 5.05 (#19.57) 14.99 (23.54) -
Wrangelia argus (Mont.) Mont. - - 0.01 (#©.01)
Wrightiella tumanowiczii (Gatty ex Harv.) F. Schimitz - 0.27 (#.00) 3.35(8.59)
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Fig. 7. Sphericity diagrams of rhodoliths from sdimyp depths. a, b and c correspond to long,
intermediate and short rhodolith axes, respectively

Associated Flora ANOVA indicates significant differences in biomass
) ) ) among the depths (p<0.05) (Fig. 8). The predominant
A total of 56 infrageneric taxa, excluding the species that contributed with more than 50 % of the
rhodolith-forming coralline algal species, were idu total mean biomass at each depth weheransia

to be associated with rhodoliths in the Salvadat. be pyitifida and Bryothamnion seaforthii at 5 m depth;
Among them there were 39 Rhodophyta, Orricleocarpa cylindrica and Dictyopteris jamaicensis
Ochrophyta, and 8 Chlorophyta. A total of 31 speciegt 15 m depth; andHaloplegma duperreyi and
were found at 5 m depth, 22 species at 15 m dapth, pjctyopteris justii at 25 m depth (Table 4). The MDS
32 species at 25 m depth. Seven taxa (12%) Wepsed on the Bray-Curtis similarity index shows that
present at all depths. Twelve taxa (21%) Wwerghree groups, corresponding to the samples frorh eac
exclusive to 5 m depth, only 5 taxa (9%) to 15 M{epth, were observed at the 55% level of similarity
depth, and 14 taxa (25%) to 25 m depth. The totahe ANOSIM confirming the significant differences

mean biomass (dry weight) of the macroalgae variegmong the depths (R= 0.929; P < 0.001) (Fig. 9).
from 42.4 g.rif at 15 m to 225.8 g.fat 5 m depth.

260 s
30 [
-
< 260
2 m J
]
g 10
£
& 1m b b
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o4 ‘ .
am 18m 2am

Sampled depth

Fig. 8. Total mean biomass (g.m-2) at the deptinspted. The letters
indicate differences detected by Tukey test.
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Fig. 9. Multi Dimensional Scaling (MDS) ordinatiafi samples of associated
flora at three depths based on Bray-Curtis’s siihjlandex. The contours
indicate 3 groups that show at least 55% similarity

Discussion features observed in our specimens correspord to
episporum as described by Keats and Chamberlain
Coralline Algae Species (1993), Verheij (1993) and Nunes et al. (2008). In

Brazil, this species had previously been recorded
Five crustose coralline red a|gae Speciegorming I’hOdOlithS in the states Of Pal’al'ba (RlUL et
were identified revealing a multi-specific compasit @l 2009) and Bahia (NUNES et al., 2008).
of rhodoliths in the study area. The genera idieutif

were recognized as rhodolith-forming by Harvey and Rhodoliths
Woelkerling (2007). . .
Lithotharnion brasiliense had only been Our results show a decrease in rhodolith

recorded for S8o Paulo State, a subtropical regfon vitality t.W'th ?eplth There %re (;‘ewhstjuc:_ltehs on the
southeastern Brazil (FOSLIE, 1900; TAYLOR, 1930 Proportion of living vs. dead rhodoliths (e.g.,
1960; WOELKERLING, 1993; HORTA, 2000). This Figueiredo et al. 2007, Harvey and Blrd, 2008_, Pefia
is th’erefore the first ’record’cbf brasil’iense for a and Barbara, 2008). The 17 %3% live rhodoliths
tropical region (Bahia State) which thus expands th upd tlan the dSe;)Ival(:j.or bgd dat 2t5 rln d;gég 1S smt[barl
known geographical distribution of the species. Th at observe I y hl%u?'ltrk? %ed al. ( th ) 'Rbsaﬁ:pe
features observed in the specimens.afuperpositum rOT]. al smaB hr' OSct)It Be 'Iont 7610 rod O?h
analyzed correspond to those details described );c |0pe ago (Ba la state, razil) at 7-10 m dep
Wilks and Woelkerling (1995) (a&. indicum), by ~20A)_ I|ve_ rhodoliths). Just as was found at_25 m
Keats et al. (2000), by Harvey et al. (2003) by\dgr depth in this present study, this Abrolhos bedI%'_J a
and Bird (2008) and by Farias et al. (2010). Thenmaicomposed of small dense rhod_ollths. The _bed walit
feature to distinguish between the two species i%esul(;s ftrolm4the d25 thm_depthhlsd a}ltsf? bsn(?lllar t(t) (;h._at
related to the occurrence of tetrasporangia\l(/).un at 1= m depth in a rnodol ed located in
conceptacles pitted  with depressions i ictoria, Australia (15-37% live rhodoliths)
superpositum. This feature is not observed ib. (HARVEC.IB:.?D‘.ZOOB)' . tant factor to b
brasiliense. Other differences may be seen in Table 1. ftality 1S —an important tactor to be
Mesophyllum erubescens is the only evaluated since it can affect the r_hodohth citrire
Mesophyllum species recorded for Brazilian watersg:ma ;lrjebssgrite.arfogri)i(fzm?riz’ Secf)'frgst“\flr%r(r:lorggli?r?aeﬁilal
TAYLOR, 1960; FIGUEIREDO; STENECK, 2002; .
f?OCHA et al.. 2006: FIGUEIREDO et al. 2007.sheddlng (KEATS et al., 1994; KEATS et al., 1997),
NUNES et al 2’008) a}ld the taxonomic chara{ctedsti’comers contain chemical cues that facilitate the
observed are in agreement with the descriptions ttlgment and metamorphosis of certain mollusk
Harvey et al. (2003) and Nunes et al. (2008). Species (NELS.ON‘ 2009). 'F‘ the southernmost
Sporolithon episporum is a common species Brazilian rhodolith bed, Gherardi (2004) demonsttate

. . . hat a relationship existed between rhodolith itital
found in both tropical and subtropical waters. Théand epifauna abundance as it was shown that zdanthi
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tend to occur in areas with a low percentage cofer 10B). In contrast with the Espirito Santo bed, & th
living coralline algae on rhodoliths. In generalel Salvador bed depths greater than 20 m are fourse clo
rhodoliths may support richer communities than dea(®? km) to the shore which exposes them to
rhodoliths, gravel or sandy bottoms of equivalenairy  sedimentation from the continent and causes an
size (CABIOCH, 1969; KEEGAN, 1974). increase in the turbidity of t he water. These dtors

The non-geniculate coralline red algae areare probably unsuitable for rhodolith development
highly morphologically variable (WOELKERLING et below 20 m depth in the study area. On the othedha
al., 1993). The rhodolith shape and growth form maymadoFilho et al. (2007) mention the presence of
vary with environmental and biological conditionsclear offshore continental shelf waters (30-60 km
such as light, availability of nutrients, temperatu offshore) characterized by a low concentration of
water motion, and species (FOSTER, 2001). Oususpended particles from 35 to 120 m depth at the
results show a predominance of the encrusting growEspirito Santo bed. These circumstances provide mor
forms for all depths. In relation to rhodolith skapur suitable light and sedimentation conditions for
results show a predominance of the spherical sfaape rhodolith growth in deep waters in contrast witbga
all depths and a gentle increase of the ellipsailape of shallow waters, which might explain the occuoen
at 25 m depth as compared with the other depthef higher rhodolith dimensions in the deeper zame i
Many investigators have sought to explain thahe Espirito Santo bed (AMADO-FILHO et al., 2007).
spherical morphology of rhodoliths, generally The pattern of the reduction of rhodolith
invoking some hydrological or biological mechanismdimensions with depth of the Salvador bed is simila
for frequent turning (FOSTER, 2001). Some studieto that observed in other rhodolith beds studi¢elles
have suggested that rhodolith shape can change frand Foster (1995) observed a decrease in rhodolith
spherical to discoidal associated with a decreasetlameter from 3 to 12 m depth in Baja California
turning frequency caused by a reduction in wate(Mexico). Littler et al. (1991) also found a redoatin
motion (BOSELLINI; GINSBURG, 1971; BOSENCE rhodolith dimension along a depth gradient between
1976, 1991; PRAGER; GINSBURG, 1989). However,67-290 m depth at San Salvador Seamount (Bahamas).
some minimal water motion is required to maintairRiul et al. (2009) noted a decrease in rhodolithunad
rhodolith beds and it has been suggested that théym 10 to 20 m depth in Paraiba, northeastern Brazi
require both shelter from wave action to preventabu which also has a relatively narrow continental Shel
of thalli but sufficient movement of the water toabout 30 km in width.
prevent smothering with silt (HALL-SPENCER, A schematic representation of the
1998). continental shelf (Fig. 10), including slope and

A clear reduction in mean rhodolith diameterextension, summarize the pattern of three Brazilian
and volume was observed with increasing depth,ewvhilrhodolith bed studies that related rhodolith diniems
rhodolith density increased. The one order ofo depth. It has been shown that rhodolith dimersio
magnitude increase in density at 25 m depth (wital varied with depth in the three areas studied (AMADO
11,775 + 1,102 rhodoliths:f is to be explained by FILHO et al., 2007; RIUL et al., 2009 and the présen
the small size (< 1 cm) of rhodoliths of this depthstudy).
which makes a greater aggregation of individuals pe
unit area possible. The predominance of small

rhodoliths at 25 m depth suggests that larger Associated Flora

individuals had been fragmented by water motiors thu

opening the way for re-colonization and growth The results obtained by MDS and ANOSIM,
(SCOFFIN et al., 1985; FOSTER, 2001). reveal that the associated flora composition and

The dimensions and density pattern of thedbundance is closely related to depth: only 12f% o
rhodoliths of the Salvador bed were the opposite ghe species of the local flora are common ® th
those found by Amado-Filho et al. (2007) in athree depths sampled; total biomass is signifigantl
rhodolith bed of Espirito Santo State (Brazil). Ashigher at 5 m than at the 15 and 25 m depths and
mentioned above, in the Salvador bed, the rhodolitthanges in dominant species are seen from the
dimensions decrease and the density increases wihallowest to the deepest sample site. The higher
depth, while in the Espirito Santo bed, the dimemsi biomass observed at 5 m depth can be related to the
increase and the density decreases from shallow pgoximity of a nearby reef that provides a shetlere
deeper zones. An evident difference among thesg be@nvironment for rhodoliths, and consequently stable
can be attributed to the morphology of the respecti conditions for the development of an abundant flora
coasts on which they are located. The continehiglfs The biomass found at 5 m depth is similar to that
of the Salvador bed - about 10 km in width (Fig@10 observed by Marins et al. (2008) on a sheltered
and 10C) - slopes more steeply than the EspiritdoSarsubtidal reef in Todos os Santos Bay (Fig. 1).
bed which has a width of about 60 km (Figs 10A and\though a higher rhodolith density provides
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greater stability, increasing habitat complexitydan that the pattern of Brazilian rhodolith bed struetur
available colonization areas (HINOJOSA-ARANGO;along depth gradients should be related to a
RIOSMENA-RODRIGUEZ, 2004), the high rhodolith combination of extension and slope of the
density found at 25 m depth does not guarantee tloentinental shelf. Descriptions of the structufe o
bed’s stability or provide a suitable substrate dor other rhodolith beds and associated organisms are
great seaweed biomass since the rhodoliths obitds needed so that these important marine communities
are of small size which possibly makes them moralong the Brazilian continental shelf may be better
susceptible to disturbance by water motion andaburi understood, managed and conserved.

On the other hand, the higher species richnesgfatin

25 m than at 15 m depth may be related to a greater

habitat complexity promoted by the high rhodolith ACKNOWLEDGEMENTS

density.

In brief, the structure of the rhodolith bed This research was Supported by grants from
studied is clearly influenced by depth. RhodolithcNpg (Brazilian Science Council) to G.M. Amado-
density increases while the dimensions, vitalityl an Fjlho. R.G. Bahia and G.H. Pereira Filho wish to
abundance of associated flora decrease from thRank CAPES for their postgraduate scholarship
shallow to the deepest zones. These results assciagrants. We are also grateful to Dr. José Marcos de
with other recent rhodolith bed descriptions (AmadaCastro Nunes (UFBA) for his help with the collection.
Filho et al, 2007 and Riul et al., 2009) may indicat
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Fig. 10. Schematic representation of rhodolith digiens distribution along depth gradients in thee¢h
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Ledesma related facies flanking the Gulf of Catifar
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