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ABSTRACT:

The aim of the study is to present a checklist of the marine macroalgae that occur at two
beaches, Atalaia and Carnaubinha, located in Luis Correia, in the coast of Piaui. The samplings
were collected during excursions in the period from October 2014 to April 2015, according to
the usual methodology in phycology. A total of 48 taxa were obtained mostly from
Carnaubinha beach (45spp), which shows great diversity. In this study we added three
species of macroalgae, which increases from 108 to 111 the number of taxa in the coast of
Piaui. Based on the results it may be stated that they are significant and represent a fresh
impetus for insights into other fields of studies with the use of macroalgae. We emphasized
that this is the first taxonomyc study at Atalaia and Carnaubinha beaches, in Luis Correia,
Piaui.
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RESUMO:

Neste estudo apresenta-se uma lista dos taxons de macroalgas marinhas ocorrentes em duas
praias, Atalaia e Carnaubinha, do litoral do Piaui, areas ainda pouco exploradas, no que se
refere ao conhecimento ficolégico e também propicias a agdes de preservacao. O material
ficoldgico foi coletado durante excursodes, no periodo de Outubro de 2014 a Abril de 2015,
segundo metodologia usual em Ficologia e posteriormente analisado e identificado. Foram
obtidos 48 taxons, sendo sua maioria da praia de Carnaubinha (45spp.), a qual demonstra
grande diversidade. Nesse estudo foram acrescidas trés taxons de macroalgas o que eleva de
108 para 111 o numero de taxons no litoral piauiense. Diante dos resultados pode-se afirmar
gue estes sao significativos e representam novos impulsos para aprofundamentos de outros
campos de estudos com a utilizacdo das macroalgas. Este e o primeiro estudo taxonémico
para as praias de Atalaia e Carnaubinha, Luis Correia, Piaui.

Palavras chave: Ficoflora, Litoral do Piaui, Levantamento ficolégico.

1. Introduction

One of the environments that houses great diversity of living beings is the coastal ecosystem in which the biota associated with consolidated and
unconsolidated substrates, also known as benthos, is highly diverse and complex, including important organisms in biogeochemical cycles of the seas and

oceans (Amaral & Migotto, 2011).

Among the coastal benthic components, marine macroalgae communities play an important ecological role in maintaining marine ecosystems, similar to that
of terrestrial plants. The marine macroalgae act to provide oxygen, food and to serve as nursery for several agencies of different trophic levels of the food

chain (Dawes, 1986).

Knowledge and preservation of physiological diversity become indispensable because the algae not only act on the stability of natural ecosystems but are
also used in other dimensions such as the resettlement of aquatic ecosystems, applications in bioremediation processes and analytical chemistry, as well as

the industrial use (Vidotti & Rollemberg, 2004).

Wynne (2011) designated the marine benthic algae in three phyla: Chlorophyta, Heteronkontophyta (Phaeophyta) and Rhodophyta, which usually have
simple morphological organization and great physiological complexity (Yoneshigue-Valentin et al., 2006) and are abundant in the area between tides and
infralittoral environments, in addition to being found on some type of fixed substrate (Almeida, 2013).

In recent decades, aquatic ecosystems have been changed to take account of multiple environmental impacts resulted from human activities (Goulart &
Callisto, 2003), mainly through pollution (release of industrial and household waste), introduction of exotic species and growing occupation of natural
landscapes. In coastal areas, these factors may cause risk to biodiversity through changes in the associated communities of algae and fauna, which are

sensitive to changes introduced by men (Ortega, 2000).

Piaui coastal zone covers an area of 66 km, entirely located in the Environmental Protection Area of the Delta of the Parnaiba and presents characteristic
flora of tropical regions (Horta et al., 2001). It is characterized by the presence of a diversity of ecosystems that participate and contribute to the coastal
balance and dynamics, including: deltas, estuaries, lagoons, sand bars, some cliffs, dunes, the coastal vegetation itself, mangroves and reefs (Baptista,

2004; Santos Filho, 2009).

Oliveira et al. (1999) cataloged nine species of macroalgae in Piaui while studying the coast of Brazil. However, research that contribute significantly to the
knowledge of the biodiversity of this phycoflora have been published in the last two decades, such as the works of Copertino & May (2010), Batista (2011),

Alves & Carvalho (2012), Voltolini et al. (2012) and Santos Filho et al. (2012).

Studies carried out in Piaui are still in their initial phase, thereby emphasizing the need for further study of the diversity already diagnosed but not fully
known, since they are extremely important places with respect to preservation. At strategic and unexplored areas, such as the coast of Piaui, conducting
inventories is required to provide not only information about the distribution limits of various kinds, but also references to conservation purposes.

The aim of this study was a taxa inventory of the marine macroalgae that occur at Atalaia and Carnaubinha beaches, in Luis Correia, Piaui, as they are
unexplored areas and also because almost nothing is known about the diversity of macroalgae.

2. Material and Methods

The sampling was collected at Atalaia (20 86' 83", 410 64' 91") and Carnaubinha (20 90' 68", 410 50' 12") beaches in the municipality of Luis Correia
(Figure 1), Piaui, Brazil, which is about 338km away from the state capital, Teresina. According to the Koppen classification the climate is tropical warm
(Aw), with an average temperature of 27.5°C, average annual rainfall of 1,200 mm, and the wettest quarter comprises the months of February, March and

April (Aguiar, 2004).

Figure 1: Location of the Atalaia and Carnaubinha beaches, City of Luis Correia, Piaui State.
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Atalaia beach is characterized as dissipative with low energy waves and fine sand grain size, and is associated with the mouth of the Parnaiba river (Batista,
2011). As for Carnaubinha beach, it presents well-marked bays and is characterized by the presence of sandstone reefs that come to surface at low tide of
the mesolittoral, and are composed by sediment of quartz sand grains, calcareous shells, calcified animal skeletons and decomposed rocks (Baptista 2004).

The phycological material was collected during excursions in each beach, a total of eight, from October 2014 to April 2015. The samples were collected in
the intertidal zone during the low tide period, removing the macroalgae out of the rocky outcrops with the aid of stilettos. At Atalaia beach, samples were
taken from the rocks in the so-called "breakwater", a place adjacent to the Port of Luis Correia. Later, they were stored in glass or dark bags with Transeau
and/or 4% formalin solution, properly labeled and preserved according to Cordeiro-Marino et al. (1984).

In the Laboratory of Botany at the Federal University of Piaui, Ministro Reis VellosoCampus, UFPI/CMRYV, the algae were studied considering the morphology
and the study of histological sections by using a stereoscopic microscope (magnifying glass) and an optical microscope.

In order to identify the specific level we adopted the works of Oliveira-Filho (1977), Joly (1965), a comparison with algae works in the area, such as
Copertino & May (2010), Batista (2011), Carvalho & Alves (2011), Alves & Carvalho (2012), and another one presented in a congress, Assis et al. (2014), as
well as dichotomous specific publication keys. The taxonomic classification system was proposed by Wynne (2011). The dried specimens were incorporated
into the Herbarium of the Delta of the Parnaiba/HDELTA.

3. Results and Discussions

As a result of the analysis with samples of algae from Atalaia and Carnaubinha beaches, 48 taxa were obtained: 16 Chlorophyta, 27 Rhodophyta and cinco
Heterokontophyta, distributed in 17 families (Table 1). A larger number of taxa was found at Carnaubinha beach (45 spp.), and 20 taxa were common to
both sampling sites. The Rhodophyta showed the highest amount of taxa (27spp.) distributed in 10 families and the most representative was
Rhodomelaceae (7 spp), followed by Gracilariaceae (6 spp). The Division with fewer species was Heterokontophyta with two registered families:
Dictyotaceae (3 spp) and Sargassaceae (2 spp.).

There was the increase of two taxa: Palisada flagillifera (3. Agardh) K.W. Nam. and Dictyota mertensii (Martius) Kutz. (Figure 2) for Coastal algae listing of
the coast of Piaui. In addition to these taxa, Cladophora sp. and Gracilariopsis sp. were also identified.

Carnaubinha beach had the highest humber of taxa (45) and this is mainly due to the location physiognomy, with sandstone reefs. Places protected from the
breaking of waves, such as sandstone reefs, favor the establishment and development of a high number of species, not only of marine flora but also fauna,
and such diversity of reef ecosystems is considered as high as the one existing in tropical forests (Correia, 2005).

Supporting this work is an emphasis on the statement made by Voltolini et al. (2012) on the fact that the diversity of macroalgae is especially related to the
environmental conditions that are favorable to the type of substrate available for the attachment of spores and water quality.


https://www.google.com.br/search?q=piaui+brasil&source=lnms&tbm=isch&sa=X&ved=0ahUKEwj_luiHu9fNAhUPOZAKHVJaASQQ_AUICSgC&biw=1366&bih=667#imgrc=WOQra8-ENOGJ6M%3A

PHYLUM/FAMILY/TAXON Beaches . Number in the Herbarium HDELT_A
Atalaia Carnaubinha

CHLOROPHYTA (16 spp)

Caulerpaceae

Caulerpa mexicana Sond. ex Kiitz. 1849 X 1589
C. prolifera (Forssk.) J.V. Lamour. 1809 X 1590
C. racemosa var. occidentalis (J. Agardh) Borg. 1907 X 1591
C. racemosa var. racemosa (J. Agardh) Borg. 1873 X 1616
C. scalpelliformis (R. Brown ex Turn.) C. Agardh 1817 X 1592

C. sertularioides (S. G. Gmel.) M. A. Howe 1905 X 1593
Cladophoraceae

Cladophora prolifera (Roth) Kiitz. 1843 X X 1576, 1594
C. vagabunda (L.) C. Hoek 1963 X X 1567
Cladophora Kitz. 1843 X 1579
Codiaceae

Codium isthmocladum Vick. 1905 X 1595
C. taylorii P. C. Silva 1960 X 1596
Ulvaceae

Ulva compressa L. 1753 X X 1618, 1597
U. fasciata Del. 1813 X X 1577, 1568
U. lactuca L. 1753 X X 1578, 1552
Valoniaceae

Valonia aegagropila C. Agardh 1823 X 1617
RHODOPHYTA (27 spp)

Ceramiaceae

Ceramium brasiliense A. B. Jol. 1957 X X 1605, 1553
Corallinaceae

Corallina officinalis L. 1758 X X 1606, 1598
Jania subulara (Ellis & Sol.) Sond. 1848 X X 1580, 1554
J. adhaerens J. V. Lamour. 1816 X 1555
Cystocloniaceae (Hypneaceae)

Hypnea musciformis (Wulfen in Jacg.) J.V. Lamour. 1813 X X 1581, 1556
H. spinella (C.Agardh) Kiitz. 1847 X X 1582, 1557
Galaxauraceae

Dichotomaria obtusata (J. Ell. & Sol.) Lamarck 1816 X 1599
Tricleocarpa cylindrica (J. Ell. & Sol.) Huisman & Borow. 1990 X 1600
Gelidiaceae

Gelidiella acerosa (Forssk.) Feld. and Ham. 1934 X X 1607, 1558
Gelidium pusillum (Stackh.) Le Jol. 1863 X X 1583, 1612
Gracilariaceae

Gracilaria birdiae Plastino & E. C. Oliveira 2002 X 1559
(. cervicornis (Turner) J. Agardh 1852 X X 1584, 1560
(. cuneata Areschoug 1854 X 1601
G. domingensis (Kitz.) Sond. ex Dick. 1874 X X 1585, 1569
Gracilariopsis E.Y.Daw. 1949 X 1562
Hydropuntia cornea (J. Agardh) M. J. Wyn. 1989 X 1613
Halymeniaceae

Cryptonemia crenulata (J. Agardh) J. Agardh 1851 X X 1586, 1614
Cryptonemia seminervis (C. Agardh) J. Agardh 1846 X 1608
Rhodomelaceae

Acanthophora spicifera (Vahl) Borg. 1910 X 1561
Bostrychia tenella (J.V. Lamour.) J. Agardh 1863 X X 1609, 1570
Bryothamnion seaforthii (Turner) Kiitz. 1843 X X 1587, 1602
Laurencia dendroidea J. Agardh 1852 X 1563
Osmundaria obtusiloba (C. Agardh) R. E. Norris 1991 X X 1611, 1564
Palisada perforata K. W. Nam 2007 X 1571
P. flagillifera (J. Agardh) K.W. Nam 2007 X X 1610, 1603
Rhodymeniaceae

Botryocladia occidentalis (Berg.) Kyl. 1931 X X 1617, 1572
Wrangeliaceae

Haloplegma duperreyi Mont. 1842 X 1573
HETEROKONTOPHYTA (05 spp)

Dictyotaceae

Dictyota mertensii (Mart.) Kitwz. 1859 X 1574
Lobophora variegata (J. V. Lamour.) Wom. ex E. C. Oliveira 1977 X 1565
Padina gymnospora (Kitz.) Sond. 1871 X X 1588, 1566
Sargassaceae

Sargassum cymosum C. Agardh 1820 X 1604
S. vulgare C. Agardh 1820 X 1615
TOTAL 23 45

Table 1: List of taxa recorded at Atalaia and Carnaubinha beaches, Luis Correia,
Piaui, October 2014 to April 2015. Legend: x = presence of taxon.

On the other hand, Atalaia Beach is characterized by being associated with the mouth of the Igaracu river, east arm of the Parnaiba river that belongs to the
Delta of the Parnaiba, in the Atlantic Ocean near the city of Luis Correia. It is common in such settings that pollutants released from residences and
industries are transported through the course of the rivers along the coast, therefore contributing to the reduction of marine biodiversity (Oliveira et al.,
2005). Another relevant factor is the intense herbivory existing in this habitat, mainly by sea turtles, as the Piaui coast is an important spawn area of five
species of turtles (Santana et al., 2009).

The increase in herbivory intensity changes the macroalgae community, with leafy macroalgae replaced by clumps and filaments of rapid successional
growth by other forms of calcareous [Corallina officinalis L., Jania subulata (Ellis & Sol.) Sond.] and foliaceous algae [Cladophora prolifera (Roth) Kltz.,
Gracilaria cervicornis (Turner) J. Agardh, Cryptonemia crenulata (J. Agardh)]. Agardh and Cryptonemia seminervis (C. Agardh) J. Agardh] (Batista, 2011),
observed at Atalaia beach.

The representativity of red algae studied in this research, supports the claims of Bicudo and Menezes (2010), who argue that the Rhodophyceae is the one
that presents the greatest diversity in the coast of Brazil (1,666 taxa), as it represents the class of marine benthic macroalgae with the highest number of
species, approximately 4,000 (Lee, 2008).

Green algae (16 spp.) correspond to those found in the works of Copertino & May (2010), who studied eight taxa, and Batista (2011), who found 21;
however, the authors did not refer to the locations at the beaches where the taxa were collected. On the other hand, Alves & Carvalho (2012) studied the
green macroalgae of Coqueiro da Praia and Barra Grande (Luis Correia) and Cajueiro da Praia (Cajueiro da Praia) cataloging 23 taxa, among which 16 taxa
of Atalaia and Carnaubinha are inserted.



The highlight genus was Caulerpa, with six taxa, whose growth occurs through stolons and vegetative reproduction by fragmentation, which enable the
genus with a large substrate capacity for colonization, leading consequently to high representativity of Bryopsidales in most floristic studies (Barata, 2008;
Almeida, 2013).

Regarding the brown algae, five taxa were studied. This little occurrence of brown algae may be related to environmental factors present in the habitats
investigated, such as temperature, salinity and luminosity, which directly interfere in the life cycles of those algae (Jaenicke, 1977; Teixeira et al., 1987 cited
in Baptista, 2011), because above all, they belong to a division with very peculiar characteristics of proliferation.

Although the number of taxa of brown algae found in this study has not been significant, they can act as excellent substrates for fixing other macroalgae,
favoring the epiphytism. Thus, Santos Filho et al. (2012) cataloged 18 taxa of epiphytic macroalgae at Coqueiro Beach (Luis Correia) while studying
Sargassaceae (Sargassum). Supporting the findings of this study we may highlight: Hypnea musciformis (Wulfen) Lamour., H. spinella (C. Agardh) Kitz. and
Cladophora proliferates (Roth) Kitz.

In general the wide variety of macroalgae collected is attributed to the geographical positioning of the state of Piaui, as it is the northeastern coast of the
country, which is one of the most diverse areas in terms of marine flora that mainly occur due to the elements of hot and oligotrophic waters associated with
favorable substrates (Horta et al., 2001; Santos & Moura 2011).

The number of found taxa was relevant and this number (48) along with the macroalgae from other studies in Piaui, such as Batista (2000), Copertino &
May (2010), Batista (2011), Carvalho & Alves (2011), Alves & Carvalho (2012), Voltolini et al. (2012), Santos Filho et al. (2012) and Assis et al. (2014) rises
from 108 to 111 the number of taxa in Piaui, a very significant number if compared to nine taxa recorded until 1999, as Oliveira and colleagues cited. It is
also noteworthy that the methodology used for the collection was random.

Considering the diversity as well as the aggregated ecological character of these organisms, we suggest further studies to be carried out so that the
macroalgae may be further explored in terms of knowledge and may be properly preserved in its natural environment.

Figure 2:
Dictyota mertensii. (A) Habit. (E) Detail of the cell. 10x. Cell 60u. (F) Detail of the estruture reproductive - 40x.
Palisada flagillifera (D) Habit. (B) cross section 4x. (C) Detail 10x, cortical cell 30p.

4. Conclusion

Based on the results it can be said that they are meaningful because in addition to confirming the work already developed in the area, it presents new
impulses for insights, not only in this field of study, but in many others that depend on such prior knowledge about the biodiversity of the phycoflora
belonging to the coast of Piaui. Moreover, the data demonstrate a great diversity at Carnaubinha beach, which had not been explored, representing
directions for preservation actions of this environment that is considered unchanged.
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