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Abstract

Marine macroalgae are commonly used as bioindicators because they are sensitive to environmental changes.
This study aims to verify the composition of macroalgae in the intertidal region in 3 reef zones on Itapua beach,
located in Salvador-Bahia, Brazil and which presents high tourist activity. The samples were obtained in July 2017,
in the intertidal zone, in 3 reef regions: Protected Region (PR), Tide Pool Region (TP) and Frontal Region (FR).
In each zone, 3 transects (20 m each) were placed, in which 5 squares measuring 20 x 20 cm were arranged at
random points. Additionally, individuals were collected around each transect for qualitative analysis. Dry biomass
was measured, and statistical tests were carried out to obtain diversity, equitability and similarity data. Fifty-two
taxa were identified, 27 Rhodophyta, 16 Chlorophyta and 9 Phaeophyceae. TP had the highest species richness
(34) and diversity; however, no significant differences were found in macroalgal biomass between the 3 reef zones
analyzed. This study contributes to the understanding of the composition and structure of phytobenthic communities
in intertidal regions of the Bahian coast.
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Resumen

Las macroalgas marinas se utilizan comunmente como bioindicadores porque son sensibles a los cambios
ambientales. Este estudio tiene como objetivo verificar la composicion de macroalgas en la zona intermareal en
3 regiones arrecifales de la playa de Itapua, ubicada en Salvador-Bahia, Brasil y que tiene alta actividad turistica.
Las muestras fueron obtenidas en julio de 2017, en la zona intermareal, en 3 regiones arrecifales: region posterior
(PR), pozas de marea (TP) y region frontal (FR). En cada region, se colocaron 3 transectos (de 20 m cada uno),
donde se distribuyeron aleatoriamente 5 cuadrantes de 20 x 20cm. Ademas, se recolectaron individuos alrededor de
cada transecto para analisis cualitativo. Se midi6 la biomasa seca y se realizaron pruebas estadisticas para obtener
datos de diversidad, equitabilidad y similitud. Se identificaron 52 taxones: 27 Rhodophyta, 16 Chlorophyta y 9
Phaeophyceae. La TP present6 la mayor riqueza de especies (34) y diversidad; sin embargo, no se encontraron
diferencias significativas en la biomasa de macroalgas entre las 3 regiones arrecifales. Este estudio contribuye a la
comprension de la composicion y estructura de las comunidades fitobentonicas en zonas intermareales del litoral

bahiano.

Palabras clave: Bahia; Bioindicador; Brasil; Fitobentos

Introduction

The State of Bahia has the longest coastline in Brazil,
1,103 km showing a great diversity of environments: sandy
beaches, coral reefs, sandstone formations, rocky shores
and mangroves (Nunes & Paula, 2004a). Furthermore, it
is a region that presents a great diversity of substrates and
geographical features, which is reflected in the diversity
of marine flora (Nunes, 2005b). Nunes and Paula (2002)
divided reef formations into 3 zones: Frontal Region (FR),
Protected Region (PR) and Tide Pool Region (TP). The
FR is a very hydrodynamic region, where direct collision
of waves occurs. The PR is the region before the lagoon
and after the reef top, it may have pools and is a region
protected from direct wave collision. The TP is deep and
may suffer greater wave action, forming pools on the reef
top, or may suffer less or no wave action, forming pools
on the reef plateau.

In recent decades, coastal areas have been undergoing
an intense process of urban development, which has
caused significant environmental pressures and impacts,
especially in benthic communities inreef formations (Costa
et al., 2012; Nascimento, 2013). In Salvador, these impacts
come from urban expansion, real estate speculation,
tourism, human activities, such as fishing and trampling,
causing the degradation of the flora and a reduction in
the richness and diversity of species, especially in the
composition and structure of algal communities.

Marine macroalgal communities have a great
ecological role, being, together with microalgae, at the base
of the food chain as primary producers, being a source of
food for a large part of the marine fauna. The presence
of macroalgae along the coast is responsible for softening
the impact of waves on the sea coast, and also plays the

role of habitat for other organisms, such as animals or as a
substrate for algae (Nunes, 2010; Pedrine, 2013).

When these organisms are exposed to some human
interference, they are sensitive to changes in their habitat,
such as the increase in the concentration of organic matter
in the water, which leads to an increase in the biomass
of some algal groups, or even the depletion of some
nutrient that causes the disappearance of a certain species,
working as bioindicators of environmental quality. In
addition, the degradation of this community’s structure
favors the emergence and persistence of more resistant
and opportunistic species, as well as the exclusion of more
fragile species (Nascimento, 2013; Nunes, 2010).

Functional groups of algae are based on similarities
in their morphological and anatomical characteristics, in
addition to their ecological characteristics. Steneck and
Dethier (1994) grouped algae into 7 categories, these being
microalgae, filamentous, foliaceous, cylindrical-corticate,
coriaceous, articulated calcareous and encrusting. In the
model proposed by Steneck and Dethier (1994), it is
highlighted that environments of high productivity and
low disturbance present high biomass and diversity of
morphofunctional groups, providing an abundance of
coriaceous and cylindrical-cortical algae, as they have a
relatively large size and a longer life cycle.

Knowledge about macroalgae on the coast of Bahia
has been expanded through taxonomic studies, with the
metropolitan area of Salvador being one of the main regions
of the State’s coast studied, for example: Altamirano and
Nunes (1997), Amorin et al. (2006), Barreto et al. (2004),
Macedo et al. (2009), Marins et al. (2008), Nunes (1998a,
b, 1999, 2005a, b), Nunes and Guimaraes (2008, 2009,
2010), Nunes and Paula (2000, 2001, 2002, 2004a, b,
2006), Nunes et al. (2005).
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Studies regarding the community structure of marine
macroalgae have been carried out on the Brazilian coast.
The majority are concentrated in the subtidal zone,
namely, Amado Filho et al. (2003), Figueiredo et al.
(2004), Villaga et al. (2010) in Rio de Janeiro, Oliveira-
Carvalho et al. (2003) in Pernambuco, and Horta et al.
(2008) in Santa Catarina. And in the intertidal zone,
Barbosa et al. (2008) in Espirito Santo, and Muifioz and
Pereira (1997) in Pernambuco. In Bahia, there are studies
by Caires et al. (2013), Costa et al. (2012), and Ferreira
et al. (2022), who carried out studies in the intertidal zone,
and Costa Jr. et al. (2002) and Marins et al. (2008) in the
subtidal zone. Although the coast of Bahia is the longest
in Brazil, studies aimed to understand the structure of
phytobenthic communities are scarce, creating a gap in
the knowledge of these communities.

The present study analyzes the intertidal phytobenthic
community in 3 reef zones of Itapud beach, aiming to
identify and compare differences in the composition and
structure of the species between the studied areas, using
the Feldmann and Cheney indices as bioindicators of local
environmental characteristics.

Materials and methods

Itapud beach is located in Salvador, Bahia in Brazil
(Fig. 1), and corresponds to 2 large rocky bodies, and
has coarse sand beaches, many reefs and rocky bollards
(Nunes, 1998b). The collection was carried out on July
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11, 2017, in the intertidal region, during low spring tide.
The intertidal region was compartmentalized into the
3 regions proposed by Nunes and Paula (2002). Nunes
(2010) was followed for the collection protocol.

Three 20 m transects were placed in each zone and
arranged parallel to the coastline. In each transect, 5
squares measuring 20 x 20 cm were previously drawn.
All material contained in the square was removed using a
spatula. For qualitative analysis, specimens were collected
around each transect. The collected material was placed
in plastic bags or polyethylene bottles, fixed with 4%
formalin. All material from the collections was taken to
the Marine Algae Laboratory (LAMAR), at the Biology
Institute of the Federal University of Bahia, where it was
analyzed using a stereomicroscope (Leica© - Zoom 2000)
to separate and identify the epiphytic algae.

Taxon identification was done using an Olympus©
- CX 22 microscope. Blades were assembled from
freehand cuts, made with the aid of razor blades and box
cutters. Calcareous algae were analyzed based on prior
decalcification by immersing the samples in 0.6 M nitric
acid. For specific identification, references commonly
used in phycology were used (Dawes & Mathieson,
2008; Littler & Littler, 2000; Nunes, 2005b; Nunes &
Guimaraes, 2008; Nunes & Paula, 2000, 2001, 2002). For
the arrangement of taxa, the taxonomic arrangement of
Guiry and Guiry (2025) was mainly followed.

For the analysis of dry biomass, the infrageneric taxa
were previously identified, separated and dried in an oven

Itapua beach

Figure 1. Map showing the location of Itapua beach in Salvador, Bahia, Brazil.
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at 60 °C for 48 hours and weighed until constant biomass
was obtained. The results are presented in grams/m? of
dry weight. The results for each reef zone were compared
regarding the total number of taxa, and dry biomass using
Shannon-Wiener diversity (H’) and Pielou equitability
(J) indexes.

Using the macroalgae biomass data found in each reef
zone, the Kruskal-Wallis test was performed to check
whether there was a significant difference between the
biomass recorded in the different zones. The Bray-Curtis
similarity index was also calculated with the biomass
data and Non-metric Multidimensional Scaling (nMDS)
was performed using the transformed data. ANOSIM was
performed for values in which there was a significant
difference between the similarity results. The analyses
were carried out using SigmaPlot 12 and Primer
V6 software.

The species dominance index is used to assess how
much one or a few species stand out in relation to the others
within a biological community. It considers the proportion
of individuals or the biomass of each species, allowing us
to identify which of them exert the greatest influence on
the structure and functioning of the ecosystem. The higher
the value of the index, the greater the dominance, which
indicates that a few species concentrate the majority of
the individuals present. On the other hand, lower values
reflect a more balanced and diverse community, with
a lower concentration of individuals in a few species
(Melo, 2008).

Simpson’s dominance index was used, calculated as
D =} (ni/N) 2, where ni is the number of individuals of
a species and N is the total number of individuals of all
species in the community. The value of D varies between
0 and 1, with values close to 1 indicating high dominance,
that is, few species dominate the environment, while
values close to 0 indicate greater diversity and balanced
distribution among species.

The Feldmann index (obtained by dividing the number
of species of Rhodophyta by that of Phacophyceae [R/P])
and the Cheney index (adding the number of species of
Rhodophyta to that of Chlorophyta, and dividing this
value by the number of browns [R + C/ P]) (Figueiredo
et al., 2008).

Results

Fifty-two taxa were identified, 27 (52) belonging
to the Rhodophyta, 16 (31) Chlorophyta, and 9 (17)
Phaeophyceae (Heterokontophyta). Table 1 presents the
taxa, their distribution throughout the 3 zones of the reef
and their respective morphotypes.

Among the zones, TP presented the greatest species
richness (34) with Rhodophyta as the most representative
group, 17 taxa, followed by Chlorophyta (11) and
Phaeophyceae (6). Chaetomorpha minima, Gayliella
dawsonii, Gracilaria ferox, Lejolisia mediterranea,
Ptilothamnion speluncarum, and Stylonema alsidii were
unique to this environment. PR was second in terms of
species richness, such as Caulerpa chemnitzia, Caulerpa
sertularioides,  Cladophora  corallinicola, Hypnea
pseudomusciformis, Hypnea sp. 1, and Melanothamnus
gorgoniae only occurred in this region. FR presented
the lowest richness among the environments, such as
Ceramium corniculatum, Codium taylori, Dictyopteris
Jjamaicensis, Dictyopteris polypodioides, Sphacelaria
tribuloides, and Wrangelia argus, all exclusive for the
region. However, it is worth highlighting a greater
representation of rhodophytes for the protected and FR.

Among the species found, 16 occurred in all regions
such as Amansia multifida, Amphiroa anastomosans,
Anadyomene stellata, Bryopsis pennata, Colpomenia
sinuosa, Crouania attenuata, Dictyopteris delicatula,
Dictyosphaeria versluysii, Dictyota mertensii, Gelidiella
acerosa, Halimeda opuntia, Jania pedunculata
var. adhaerens, Palisada perforata, Phyllodictyon
anastomosans, Ulva flexuosa, and Ulva rigida.

Regarding the morphotypes, among the 52 taxa
found, 19 were filamentous, 17 cylindrical-corticates,
9 foliaceous, 3 articulated calcareous, 3 encrusting
and | coriaceous. Cylindrical-corticate algae were well
represented in the 3 regions, predominating in the PR,
followed by foliaceous algae; in the TP, the filamentous
morphotype was the one with the highest representation,
followed by cylindrical-corticated and foliaceous ones,
the same pattern was observed in the FR.

The diversity of analysis based on the Shannon-
Wiener index, showed that the TP is more diverse than
the others, followed by the PR, and finally by the FR.
Dominance values are inversely proportional to diversity
values, which shows that in the FR, there is dominance of
one or a few species over the others (Table 2).

In table 3, biomass data and the percentage of
contribution of each macroalgae in the zone biomass are
presented. The average total biomass of each zone was
108.01 g.m-2 in the FR, 48.83 g.m-2 in tide pool and
474.59 g.m-2 in the PR. The Kruskal-Wallis test showed
that no significant differences were found in macroalgal
biomass between the three reef zones analyzed (Kruskal-
Wallis p = 0.869). However, the ordering of the sampling
points according to the presence/absence of macroalgae
(Fig. 2) shows the dispersion of samples in the 3 zones,
mainly samples from the PR. The ANOSIM analysis
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Table 1

List of taxa found in the reef zones on Itapud beach and their respective morphotypes: PR = Protected Region; TP = Tide
Pool; FR = Frontal Region. Morphotypes: FT = filamentous; FC = foliaceous; CC = cylindrical corticates; CR = coriaceous;
AC = articulated calcareous; E = encrusting. Presence (+) and absence (-).

Taxa PR TP FR Morphotype
Chlorophyta

Ulvophyceae

Bryopsidales

Bryopsidaceae

Bryopsis pennata JV. Lamouroux + + + FT
Caulerpaceae

Caulerpa chemnitzia (Esper) J.V. Lamouroux + - - cC
C. racemosa (Forsskal) J. Agardh + + + CcC
C. sertularioides (S.G. Gmelin) M. Howe + - - CC
Codiaceae

Codium taylorii P.C. Silva - - + CC
Halimedaceae

Halimeda opuntia (Linnaeus) J.V. Lamouroux + + + AC
Ulva flexuosa Wulfen + + + FC
U. rigida C. Agardh + + + FC
Cladophorales

Anadyomenaceae

Anadyomene stellata (Wulfen) C. Agardh + + + FC
Boodleaceae

Phyllodictyon anastomosans (Harvey) Kraft & M.J. Wynne + + + FT
Cladophoraceae

Chaetomorpha minima Collins & Hervey - + - FT
Cladophora corallinicola Sonder + - - FT
C. laetevirens (Dillwyn) Kiitzing - + + FT
C. vagabunda (Linnaeus) Hoek + - + FT
Siphonocladaceae

Dictyosphaeria versluysii Weber Bosse + + + E
Valoniaceae

Valonia aegagropila C.Agardh + + - CcC
Heterokontophyta

Phaeophyceae

Dictyotales

Dictyotaceae

Dictyopteris delicatula JV. Lamouroux + + + FC
D. jamaicensis W.R. Taylor - - + FC
D. polypodioides (De Candolle) J.V. Lamouroux - - + FC
Dictyota mertensii (C.Martius) Kiitzing + + + FC


http://www.algaebase.org/search/species/detail/?species_id=Yfe510da6673dcd14
http://www.algaebase.org/search/species/detail/?species_id=f8fc0c8ddcefe6cd0
http://www.algaebase.org/search/species/detail/?species_id=sce1c3f2ebd8dc6d2
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Table 1. Continued

Taxa PR TP FR Morphotype
Padina antillarum (Kiitzing) Piccone + - FC
Spatoglossum schroederi (C. Agardh) Kiitzing - + FC
Ectocarpales

Scytosiphonaceae

Colpomenia sinuosa (Mertens ex Roth) Derbés & Solier + + + E
Fucales

Sargassaceae

Sargassum polyceratium Montagne - + + CR
Sphacelariales

Sphacelariaceae

Sphacelaria tribuloides Meneghini - - + FT
Rhodophyta

Florideophyceae

Ceramiales

Callithamniaceae

Crouania attenuata (C. Agardh) J. Agardh + + + FT
Ceramiaceae

Ceramium corniculatum Montagne - - + FT
Centroceras clavulatum (C. Agardh) Montagne + - - FT
Gayliella dawsonii (A.B. Joly) Barros-Barreto & F.P. Gomes - + — FT
Ceramothamnion brasiliensis (A.B. Joly) M.J. Wynne & C.W. Schneider  + - + FT
Rhodomelaceae

Alsidium triquetrum (S.G. Gmelin) Trevisan - + - CcC
Amansia multifida JV. Lamouroux + + cC
Digenea simplex (Wulfen) C. Agardh + - CcC
Herposiphonia bipinnata M. Howe - + - FT
H. tenella (C. Agardh) Ambronn - + - FT
Melanothamnus gorgoniae (Harvey) Diaz-Tapia & Maggs - - FT
Palisada perforata (Bory) KW. Nam + + CC
Wrangeliaceae

Lejolisia mediterranea Bornet - - FT
Ptilothamnion speluncarum (Collins & Hervey) D.L. Ballantine & M.J. - - FT
Wynne

Wrangelia argus (Montagne) Montagne - - + FT
Corallinales

Corallinaceae incrustante

Jania pedunculata var. adhaerens (J.V. Lamouroux) A.S. Harvey, + + + AC
Woelkerling & Reviers

Corallinaceae incrustante + - + E

Lithophyllaceae


http://www.algaebase.org/browse/taxonomy/?id=4580
http://www.algaebase.org/browse/taxonomy/?id=5191
http://www.algaebase.org/search/species/detail/?species_id=qecb92dc27273853b
http://www.algaebase.org/search/species/detail/?species_id=Kc6428772e7f271c8
http://www.algaebase.org/search/species/detail/?species_id=P3dd57395ab462bc6
http://www.algaebase.org/browse/taxonomy/?id=4364
http://www.algaebase.org/search/species/detail/?species_id=Ff35beadeaebfeb29
http://www.algaebase.org/search/species/detail/?species_id=g084db4b6ebfbb64a
http://www.algaebase.org/search/species/detail/?species_id=s872d6b4b8c239171
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Table 1. Continued

Taxa

PR TP FR Morphotype

Amphiroa anastomosans Weber-van Bosse
Gelidiales

Gelidiaceae

Gelidium capense (S.G. Gmelin) P.C. Silva
Gelidiellaceae

Gelidiella acerosa (Forsskal) Feldmann & Hamel
G. ligulata EY. Dawson

Gigartinales

Cystocloniaceae

Hypnea pseudomusciformis Nauer, Cassano & M.C. Oliveira
Hypnea sp.1

Gigartinaceae

Chondracanthus acicularis (Roth) Fredericq
Gracilariales

Gracilariaceae

Gracilaria ferox J. Agardh

Nemaliales

Galaxauraceae

Galaxaura rugosa (J. Ellis & Solander) J.V. Lamouroux
Stylonematophyceae

Stylonematales

Stylonemataceae

Stylonema alsidii (Zanardini) K.M. Drew

Total

+ + + AC

33 34 32

(Table 4) shows that there was a significant difference
between the FR and the TP, and between the FR and the
PR, but there was no significant difference between the
PR and the TP. The Feldmann and Cheney indices (Fig.
3) for the 3 reef regions studied were consistent with the
flora of tropical and warm temperate regions.

Discussion

Rhodophyta was the most representative group in the
present study, followed by Chlorophyta and Phaeophyceae.
This pattern has been observed in other studies on
phytobenthic macroalgal communities as typical on the
Brazilian coast (Braga et al., 2014; Costa et al., 2012;
Ferreira et al., 2022). It should be noted that rhodophytes
tend to dominate the environment in the absence of large
brown algae in tropical environments, suggesting that

Table 2

Shannon-Wiener Diversity index, dominance and equitability of
macroalgae in the intertidal region of Itapud beach.

Region Shannon-  Dominance  Equability
Wiener @)

Frontal Region 3.466 0.0312 1

Tide Pool 3.526 0.0294 1

Protected Region 3.497 0.0303 1

there is competition between algae that use different
strata in the phytobenthic community (Figueiredo et al.,
2004). Furthermore, studies have confirmed the decline
of Phaeophyceae at the same rate that Chlorophyta species
have been increasing, which can be attributed to the


http://www.algaebase.org/search/species/detail/?species_id=b888c0212f7b19183
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Table 3

Biomass and percentage of contribution of macroalgae species in the constitution of biomass in each of the zones studied:

FR = Frontal Region, TP = Tide Pool, and PR = Protected Region. Pi = Percentage of importance.

Taxa FR (g.m-2) Pi TP (g.m-2) Pi (%) PR (g.m-2) Pi (%)
Amphyroa anastomosans 70.07 64.87 15.76 32.28 31.59 6.66
Anadyomene stellata 1.41 1.31 1.76 3.61 0.00 0.00
Bryopsis pennata 0.00 0.00 0.20 0.42 0.00 0.00
Caulerpa racemosa 1.42 1.32 0.00 0.00 0.00 0.00
C. sertularioides 0.00 0.00 0.00 0.00 1.11 0.23
Centroceras clavulatum 0.00 0.00 0.00 0.00 0.25 0.05
Chondracanthus acicularis 0.00 0.00 0.00 0.00 0.00 0.00
Cladophora vagabunda 0.00 0.00 0.00 0.00 0.15 0.03
Colpomenia sinuosa 0.16 0.15 0.08 0.15 0.00 0.00
Dictyopteris delicatula 5.42 5.01 5.48 11.22 0.00 0.00
D. jamaicensis 0.00 0.00 0.00 0.00 0.00 0.00
Dictyosphaeria versluysii 0.67 0.62 0.25 0.51 0.09 0.02
Dictyota mertensii 0.00 0.00 0.00 0.00 1.13 0.24
Digenea simplex 0.00 0.00 0.97 1.98 430.92 90.80
Gelidiellaceae 0.00 0.00 2.00 4.09 0.00 0.00
Gelidium sp. 1 0.00 0.00 0.94 1.92 0.19 0.04
Gelidium sp. 2 0.00 0.00 0.00 0.00 0.09 0.02
Gelidiella acerosa 14.27 13.21 5.97 12.24 2.69 0.57
G. ligulata 0.71 0.66 0.00 0.00 0.00 0.00
Halimeda opuntia 0.31 0.29 2.14 4.38 0.48 0.10
Hypnea sp. 1 0.40 0.37 0.00 0.00 0.00 0.00
Hypnea sp. 2 0.00 0.00 0.00 0.00 0.00 0.00
Jania pedunculata var. adhaerens 7.60 7.03 0.00 0.00 0.27 0.06
Lobophora variegata 0.00 0.00 0.39 0.80 0.00 0.00
Padina antillarum 0.00 0.00 2.26 4.64 L.15 0.24
Palisada perforata 4.86 4.50 0.00 0.00 0.05 0.01
Phyllodictyon anastomosans 0.00 0.00 0.00 0.00 0.00 0.00
Sargassum polyceratium 0.00 0.00 9.69 19.85 0.00 0.00
Spatoglossum schroederi 0.10 0.09 0.00 0.00 0.00 0.00
Ulva rigida 0.63 0.58 0.83 1.69 3.55 0.75
Valonia aegagropila 0.00 0.00 0.11 0.22 0.86 0.18
Total 108.01 48.83 474.59

negative effects of anthropogenic impact on the coastal
environment (Oliveira & Qi, 2003; Scherner et al., 2013).
Representatives of Phaeophyceae are more sensitive
to pollutants (heavy metals and excess organic matter
produced by sewage), which can even negatively affect

the germination and cell division of these organisms
(Kevekordes, 2001). Representatives of Chlorophyta, such
as species of Ulva Linnaeus, have the capacity of benefit
from contamination by pollutants, being considered
opportunistic species (Scherner et al., 2012).
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Table 4

Results of ANOSIM tests for significance of differences
between sample groups based on observed macroalgal species
distribution data.

Reef regions (Global R= 0.613;

significance level = 0.4%)

Region pairs Statistical R Level
FR, TP 0.815 10
FR, PR 0.667 10
TP, PR 0.481 20

20Stress 005 | Compartment

w POOL
PR

Figure 2. Ordering (MDS) of sampling points based on the
presence and absence of macroalgae on Itapua Beach.

4 ® Feldman

3 |

2

0 .
RPR

Poca RFR
Figure 3. Feldmann and Cheney indices for the different reef
regions at Itapud Beach (reef zones: PR = Protected Region;
TP = Tide Pool; FR = Frontal Region).

Cheney

The taxa that contributed most to the average biomass
of macroalgae found on Itapud beach were Amphiroa
anastomosans, Digenea simplex, Gelidiella acerosa, and
Sargassum polyceratium. It has been previously reported
that algae with greater structural complexity, such as
corticate algae, are better adapted to environments with
greater hydrodynamics and luminosity, as this morphotype
confers greater resistance to desiccation (Costa et al.,
2012; Villaga et al., 2008).

The difference found in macroalgae biomass between
reef zones can be explained by the hydrodynamics to
which they are exposed on the reef, being wave action
the main responsible for the spatial distribution of the
community on the reef. The movement of waves helps to
obtain nutrients, favoring the productivity of macroalgae
and thus increasing biomass, however this only applies
to those algae that have adaptations to resist the impact
of waves, as they are also responsible for removing
macroalgae from the substrate (Diez et al., 2003; Hurd
et al., 1996; Leigh et al., 1987).

The highest biomasses were found in FR and PR.
The FR is constantly submerged and this favors the
establishment of algae, as they are submerged for longer,
suffer less desiccation and are less exposed to direct
sunlight. The lowest biomass values were recorded in the
TP, a region that retains water during low tide, however
the algae are subjected to intense solar radiation, high
salinity and water temperature. The negative effects of
these stressors result in lower biomass and also there is
less hard substrate for fixation (Costa et al., 2012; Villaca
et al., 2010).

The dominance of filamentous, cylindrical-corticate
and foliaceous morphotypes was observed, corroborating
the model by Orfanidis et al. (2001), which proposes that
impacted environments should have a greater abundance
of algae with intensely branched (corticated), laminar
(foliaceous) and filamentous thallus, characterized by
high growth rates and a short life cycle (annual). However,
conserved environments would have an abundance of algae
with thick thallus (coriaceous), articulated calcareous and
encrusting, cacterized by low growth rates and a long life
cycle (perennial), which reflected in the low representation
of articulated, encrusting and coriaceous calcareous
morphotypes. In a study carried out by Nascimento
(2013) in Salvador and the North Coast of Bahia, the
foliaceous and cylindrical-corticate morphotypes were
more representative in both impacted and preserved
environments, highlighting the predominance of these
morphotypes.
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Thedistribution ofalgae accordingto morphofunctional
groups reflects the conditions of reef zones, since each
taxa has its adaptive characteristics. Cylindrical-cortical
algae were well represented in the 3 reef zones, with
a predominance in the PR, as this morphology confers
greater resistance to desiccation, helping these algae to
establish themselves in different environments (Costa
et al., 2012; Villaga et al., 2008). Tide pool region was
dominated by filamentous algae, morphotype usually
associated with benthic communities in early successional
stages as they show rapid growth (Braga et al., 2014).

Regarding phytogeography, the Feldmann (F) and
Cheney (C) indices found for the different regions of the
Itapua reef characterized the PR and the TP as tropical and
the FR as warm temperate, according to the classification
proposed by Horta et al. (2001). Factors such as the greater
hydrodynamism in the FR may justify this classification
in relation to its algal community, since the increase in
the number of species of brown algae is noticeable as one
approaches the FR. Bouzon et al. (2006), studying floristic
and phytogeographic aspects of marine macroalgae in the
Bays of Santa Catarina, attributed the variations in the
Feldmann and Cheney indices to the exclusion of species
of brown algae and the favoring of opportunistic species
of red and green algae; in this study, lower values of these
indices were recorded in the frontal zones and in the pool
zone, where the richness of species of brown algae was
greater.

Understanding the composition and structure of
phytobenthic communities on the Brazilian coast, as well
as on the coast of Bahia is extremely important. Despite
the vast coastal extension, there are few studies referring
to the algal community structure in intertidal zone as
most studies focus on the subtidal zone. Also, most
studies on the composition and structure of phytobenthic
communities are restricted to the state of Rio de Janeiro.
More studies should be carried out along the coast of
Bahia to fill the gaps and alternating dry and rainy periods
and/or comparing the reef zones of different beaches in
the intertidal zone. The results suggest that the Itapua
reefs are in a good state of conservation.
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