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Abstract

Marine macroalgae play a fundamental role in maintaining the ecological balance of coastal rocky ecosystems.
Limited knowledge regarding their diversity hinders the development of conservation strategies, especially in
archipelago areas. The Environmental Protection Area of the Santana Archipelago suffers impacts from oil
industry activities in the Campos Basin and unregulated tourism. Although several studies have been conducted
in the region, its macroalgal biodiversity remains insufficiently documented. This study conducted a taxonomic
survey of seaweed at French Island. Sampling was performed in July 2024 (winter) and February 2025 (summer)
at two sites: Barro Vermelho and French Beach. Specimen identification was based on morphological
characteristics, and the specimens were preserved in the Herbarium Dra. Tatiana U. P. Konno (NUPEM/UFRJ).
A total of 74 species were identified, distributed among Rhodophyta (44), Chlorophyta (20), and Heterokontophyta
(10). The order Ceramiales was the most representative, composed mainly of epiphytes. Among green algae,
Bryopsidales and Cladophorales showed the highest representativeness. Caulerpa ambigua is reported for the first
time along the northern coast of Rio de Janeiro, thereby expanding its geographic range within the state. The
environmental and structural differences between the two sites likely contributed to the higher species richness (64
taxa) observed at French Beach. Summer was also the season with the highest number of species (47 and 69),
which was more conducive to their growth. These findings support conservation efforts, environmental

monitoring, and future research in Macaé.
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1 Introduction

Macroalgae are biologically and ecologically important components of aquatic ecosystems (Williams and
Smith 2007), as they constitute the primary producers in these environments (Bothwell 2023). In addition, they
provide shelter, substrate, and food resources for a wide variety of marine organisms (Coutinho and Zalmon 2009)
and may also function as bioindicators of environmental disturbances (Figueiredo et al. 2004). Therefore, it is
understandable that any factor affecting macroalgal communities may have cascading effects on organisms
occupying higher trophic levels (Mejia et al. 2012). Beyond their considerable ecological significance, these
organisms are also widely used as raw materials in the production of industrial products (Pedrini 2010; 2011).

In Brazil, researchers have described approximately 900 species of benthic seaweeds (Flora ¢ Funga do
Brasil 2026). This high level of diversity has motivated a wide range of studies that use macroalgae as either
model organisms or primary research subjects, encompassing topics from their economic applications (Wan
etal. 2019; Kammler et al. 2024) to taxonomic investigations (Manoylov 2014). However, most studies about
the Brazilian marine flora focused continental coastal regions or oceanic islands in northeastern Brazil
(Pedrini et al. 1992; Cunha et al. 2013). In the state of Rio de Janeiro, research efforts have predominantly
focused on mainland coastal areas, ranging from the southern coast (Brito et al. 2002; Figueiredo et al. 2004)
to municipalities in the Baixada Litoranea region and the Cabo Frio area (Yoneshigue 1985; Guimaraens and
Coutinho 1996; Guimaraens et al. 2008), as well as the northern portion of the state (Yoneshigue-Valentin et
al. 2008; Brasileiro et al. 2009). Nevertheless, phycological studies conducted on the state’s islands have
largely been restricted to southern Rio de Janeiro, whereas the islands in the northern portion remains
comparatively understudied and lacks such information (Széchy 2015).

The Santana Archipelago (Arquipélago de Santana) belongs to the municipality of Macag, in the northern
region of Rio de Janeiro state, and is notable for being the northernmost island group along the coast of Rio
de Janeiro. Since December 16, 1989, the archipelago has been designated as an Environmental Protection
Area (Area de Protegio Ambiental, APA) under Municipal Law No. 1216/1989. The area is of considerable
importance to the municipality, both for its touristic potential and for its remarkable biodiversity, including
birds (Alves 1993; Costa and Mancini 2024), bivalves (Oliva 2008), and fish (Bauer et al. 2017).
Nevertheless, its macroalgal flora remains largely unexplored, with no specific studies having been

conducted to date. According to Machado, Nassar, and Széchy (2011), the lack of knowledge regarding



seaweed diversity constitutes one of the major obstacles to the development of effective conservation
strategies.

As an Environmental Protection Area (Area de Protegdo Ambiental, APA), the Santana Archipelago
allows sustainable touristic activities in its surrounding waters, particularly on French Island (Ilha do
Francés). However, the lack of effective supervision has resulted in tourism becoming increasingly intense
and environmentally predatory. Furthermore, the archipelago is situated approximately 8 km from the
Engenheiro Zephyrino Lavenére Machado Filho Port, which is located at Imbetiba Beach. This port serves
as a logistical support base for oil exploration and extraction operations in the Campos Basin (Petrobras
2024). In addition, the archipelago lies within the direct area of influence of the upcoming Offshore Terminal
B of the Macaé Port Terminal (TEPOR) (Tepor 2018). It is relevant to note that, to facilitate the
implementation of the TEPOR project, the government of Macaé reduced the buffer zone of the Santana
Archipelago APA from 16 km to 4 km through Municipal Law No. 4,349/2017, arguing that the TEPOR
development would serve as a significant source of employment for the local population (Pinheiro and Arruda
2023). This suggests that any accidents associated with these industrial enterprises could have substantial
impacts on the fauna and flora of this protected area (Absaldo and Pimenta 2005).

In this context, the vulnerability of the Santana Archipelago's biodiversity to environmental impacts
becomes evident, thereby reinforcing the need for baseline studies on benthic marine macroalgae. The
documentation and cataloging of the species occurring within the Santana Archipelago Environmental
Protection Area (APA) are essential, as such knowledge will provide valuable information for ecological
research, environmental monitoring, sustainable management practices, and, consequently, the long-term

conservation of this protected area.

2 Material and methods
Study area and sampling

The Santana Archipelago covers an area of approximately 1.8 km? and is located 8 km offshore from
the municipality of Macaé, at coordinates 22°24'33.4"” S and 41°42'07.7" W. It comprises four main islands,
namely Santana Island (Ilha de Santana), French Island (Ilha do Francés), Mackerel’s End (Ponta das
Cavalas), and Southern Islet (Ilhote Sul), as well as several rocky outcrops, such as the Cruet’s End (Ponta

da Galheta), and submerged reefs (Fig. 1). French Island (22°24'05.7" S; 41°41'36.6" W) is also situated



approximately 8 km from the mainland coast. Although jurisdiction over the island falls under the authority
of the Brazilian Navy, access is permitted without prior authorization and can be readily achieved by boat.
In contrast, Santana Island (22°24'42" S; 41°42'17" W), which is likewise under Navy administration, may
only be accessed upon prior notification and subject to authorization by the responsible naval authorities.
Two biological sampling campaigns were conducted, one during the winter season (July 2024) and
the other during the summer season (February 2025). Two sampling sites were selected on French Island: (1)
Red Clay (Barro Vermelho) (22°24'05"” S; 41°41'30" W) and (2) French Beach (Praia do Francés) (22°24'07"
S; 41°41'44" W) (Fig. 1). Samples were collected through unrestricted manual scraping during low tide
periods (Nunes 2010). Following collection, the material was transported to the Integrated Marine Biology
Laboratory (LIBMar) at the Institute of Biodiversity and Sustainability (NUPEM/UFRJ) for further

processing and analysis.
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Fig. 1 View of the sampling sites on French Island (Red Clay, or Barro Vermelho, and French Beach) and the
islands forming the Santana Archipelago: Mackerel’s End (Ponta das Cavalas), Cruet’s End (Ponta da Galheta),
French Island, Santana Island and Southern Islet (IThote Sul).

In addition to the collections conducted for this study on French Island, all historical seaweed records from
the Santana Archipelago deposited in the Herbarium Dra. Tatiana U. P. Konno (NUPEM/UFRJ) were examined.
These records, originating from different sampling campaigns over the years since 2006, were compiled to produce
a comprehensive floristic inventory for the region, thereby contributing to a broader understanding of local

macroalgal diversity. All retrieved records were incorporated into the final species list (Table 1).



Taxonomic identification

Identification of specimens was based on morphological characters. General features were examined under a
Nikon stereomicroscope, whereas specific structures were analyzed using a Nikon Eclipse E-100 optical
microscope. Semipermanent slides were prepared with 50% glycerin, containing thallus fragments sectioned
transversely or observed in surface view (Nunes 2010). This procedure also facilitated the identification of
epiphytic algae. Following microscopic examination, specimens were identified using artificial taxonomic keys.

Nomenclature and taxonomic criteria followed the revision proposed by Guiry and Guiry (2026).

Deposit in Herbarium Collection
All identified specimens were deposited in the phycological collection in the Herbarium Dra. Tatiana U. P.

Konno (NUPEM/UFRYJ).

3 Results

A total of 74 species were collected in the French Island. Rhodophyta was the most representative
phylum, comprising 45 species (59%), followed by Chlorophyta with 20 species (27%) and Heterokontophyta
with ten species (14%) (Fig. 2). Within each phylum, the most species-rich orders were Ceramiales (Rhodophyta),
with 20 species; Bryopsidales and Cladophorales (Chlorophyta), each with nine species; and Ectocarpales

(Heterokontophyta), with four species.
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Highest species richness was recorded at French Beach in both sampling periods, in a total of 69 species,
whereas Red Clay comprised 48 species (Fig. 3). French Beach also exhibited the highest number of exclusive
species, with 27 records, while Red Clay had only six exclusive species.

The summer collection (February 2024) registered a higher number of species at both sites: 43 species at
Red Clay and 64 species at French Beach. In contrast, the winter collection (July 2025) showed reduced species
richness, with 32 species at Barro Vermelho and 54 species at French Beach (Fig. 3).
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Fig. 3 Total number of species recorded at each sampling site (Barro Vermelho/Red Clay and Praia do
Francés/French Beach), and total number of species recorded during the collecting periods (winter and summer)
at each sampling site

Considering the recently collected samples and the analyzed Herbarium vouchers, a total of 115 species
are reported across the Santana Archipelago (Table 1). A total of 41 specimens were only found in the Herbarium

vouchers.



Synopsis of recorded taxa
Table 1 Distribution of taxa recorded in the Santana Archipelago relative to the sampling sites from this study and the herbarium record survey

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
. o Santana . .
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter  Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025 voucher 07/2024 02/2025 voucher voucher voucher voucher
Acinetospora crinita (Carmichael) N
Sauvageau
Acrochaetium sp. - - - - - - - - +
Aglaothamnion sp. * - - - - + - + - .
Amphiroa sp. * + + + + + - + - -
Arthrocardia flabellata * (Kiitzing) Manza + + - + + - + - -
Arthrocardia sp. 1 * - + - - + - + - -
Arthrocardia sp. 2 - - - - - - + - .
Arthrocardia sp. 3 - - - - - - - + -
Arthrocardia sp. 4 - - - - - - - - +
Asparagopsis taxiformis * (Delile) Trevisan + + - + + + + + +
Asterocladon breviarticulatum (J.Agardh) N
E.Sasagawa, Uwai & Kogame
Bachelotia antillarum (Grunow) Gerloff - - - - - - - - +
Bryocladia itaipensis J.0.F .Brito & Cassano - - - - - - + - -

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRJ) records.



Table 1 (continued)

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
. . Santana . .
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter  Summer Herbarium  Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025  voucher 07/2024 02/2025 voucher voucher voucher voucher
. e x -
Bry?cladza subtilissima * (Montagne) Diaz ) ) i N N N ) ) .
Tapia
Bryopsis pennata * ].V.Lamouroux + + - + + - + - +
Bryopsis plumosa (Hudson) C.Agardh - - - - - - - + -
Canistrocarpus cervicornis (Kiitzing) De N
Paula & De Clerck
Caulerpa ambigua * Okamura + + - + + - + - -
Caulerpa racemosa var. macrophysa +
(Sonder ex Kiitzing) W.R.Taylor
C?ntilfocems gasparrinii * (Meneghini) i N i N N ) N ] ]
Kiitzing
Centroceras hyalacanthum * Kiitzing - + - + + - + - -
Centroceras sp. - - - - - T + . .
Ceramium sp. 1 - - - - - - + + .
Ceramium sp. 2 - - - - - - - + .
Chaetomorpha aerea (Dillwyn) Kiitzing - - - - - + - - -
Chaetomorpha antennina * (Bory) Kiitzing + + - + + + + - +

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRJ) records.



Table 1 (continued)

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End pelag
. " Santana . .
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025  voucher 07/2024 02/2025 voucher voucher voucher voucher
Chaetomorpha brachygona * Harvey - + - - - - - - -
Chaetomorpha sp. 1 * + - - - - - - - -
Chaetomorpha sp. 2 * + - - - - - - - -
Champia compressa * Harvey + + - + + - - - -
Chondracanthus saundersii *
] + + - + + - + - -
C.W.Schneider & C.E.Lane
Chondria atropurpurea Harvey - - - - - - + - -
Chondpria polyrhiza Collins & Hervey - - - - - - - - +
Cladophora laetevirens * (Dillwyn) Kiitzing - + - + + - - - -
Cladophora prolifera * (Roth) Kiitzing - - - + + + - - -
P
Cladophora vagabunda * (Linnaeus) ) ) i N N N ) ) .
C.Hoek
Cladophoropsis membranacea * (Bang ex
- + + + + + + - +
C.Agardh) Boergesen
Cladophora sp. - - - - - - + - .

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRJ) records.
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Table 1 (continued)

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
. . Santana . .
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025  voucher 07/2024 02/2025 voucher voucher voucher voucher
Codium decorticatum * (Woodward)
+ + + + + - + + +
M.Howe
Codium intertextum * Collins & Hervey - + - + - + + - -
Codium isthmocladum * Vickers - + - - - + - - -
Codium sp. - - - - - - - - +
Codium spongiosum * Harvey - - - + - + + + +
Codium taylorii * P.C.Silva + + - + + + + + -
Colaconema codicola * (Bergesen) N N N N
Stegenga, J.J.Bolton & R.J.Anderson i i
Cryptonemia bengryi W .R.Taylor - - - - - + + - -
Cryptonemia limensis * (Kiitzing) J.A.Lewis + - - + + - + - -
Cryptonemia seminervis * (C.Agardh) N N N
J.Agardh ) )
Cryptonemia sp. - - - - - - + . .
Cryptopleura ramosa * (Hudson) L.Newton - - - - + - + - -
Dasya brasiliensis * E.C.Oliveira Filho &
- - - - + + + - -

Y.Y.Braga

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRIJ) records.
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Table 1 (continued)

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
Santana
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025  voucher 07/2024 02/2025 voucher voucher voucher voucher
Dasya corymbifera * J.Agardh - - - + + - + - -
Derbesia marina * (Lyngbye) Solier + + - + + - + - -
Derbesia sp. - - - - - - - + -
Dictyopteris delicatula * ].V.Lamouroux - + - + - - - - -
Dictyota caribaea Hornig & Schnetter - - - - - + - - -
Dictyota dichotoma * (Hudson)
+ + - + + - + - -
J.V.Lamouroux
Dictyota mertensii (Martius) Kiitzing - - - - - + - - -
Dictyota sp. - - - - - - - - +
Erythrotrichia carnea * (Dillwyn) J.Agardh - + - - + - + + -
Gayliella dawsonii * (A.B.Joly) Barros-
+ + - + + - + - +
Barreto & F.P.Gomes
Gayliella flaccida * (Harvey ex Kiitzing) N N N N
T.0.Cho & L.M.Mclvor
Gelidium crinale (Hare ex Turner) Gaillon - - - - - - + - R
Gelidium pusillum (Stackhouse) Le Jolis - - - - - - - - +

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRIJ) records.
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Table 1 (continued)

Sant Ponta da Sant
Ilha do Francés/French Island fs llla:;a Galheta/ Ar;:; 2::11: o
Cruet’s End peiag
Barro Vermelho/Red Clay Praia do Francés/French Beach Unspecified Unspecified Unspecified
Taxon Winter Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025  voucher 07/2024 02/2025 voucher voucher voucher voucher
Gelidium sp. * - - - + - - - - -
Gracilaria sp. - - - - - - - - +
Gymnogongrus griffithsiae (Turner) Martius - - - - - + + - -
Gymnothamnion elegans * (Schousboe ex N
C.Agardh) J.Agardh
Herposiphonia parca * Setchell - + - - + - + - -
Herposiphonia secunda (C. Agardh) N
Ambronn
. . %
Herposiphonia tenella * (C. Agardh) i N i N N N N ] N
Ambronn
Hildenbrandia prototypus Nardo - - - - - - - + -
Hildenbrandia rubra (Sommerfelt) N
Meneghini
Hypnea cornuta * (Kiitzing) J.Agardh - - - - + - - - -
Jania crassa J.V.Lamouroux - - - - - + - - +
Jania pedunculata var. adhaerens
(J.V.Lamouroux) A.S.Harvey, Woelkerling - - + - - + - - +

& Reviers

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located from the survey conducted at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRYJ) records.
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Table 1 (continued)

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
Santana
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024 02/2025 voucher 07/2024 02/2025 voucher voucher voucher voucher
Jania sp. 1 * + + - + + - + - -
Jania sp. 2 * + + - + + - + - -
Jania sp. 3 * + - - + + - + - -
Jania sp. 4 - - - - - - - + -
Jania sp. 5 - - - - - - - - +
Jania ungulata (Yendo) Yendo - - - - - - + - -
Laurencia dendroidea * J.Agardh - - - + + - + - +
Laurencia obtusa (Hudson) J.V.Lamouroux - - - - - + - - -
Levringia brasiliensis (Montagne) A.B.Joly - - - - - + - - +
Melanothamnus sphaerocarpus * (Bergesen) N N N N
Diaz-Tapia & Maggs
Neogoniolithon solubile * (Foslie & N N N
M.Howe) Setchell & L.R.Mason
Ophidocladus simpliciusculus (P.Crouan & N

H.Crouan) Falkenberg

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRJ) records.



Table 1 (continued)

14

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
Santana
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium  Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025 voucher 07/2024 02/2025 voucher voucher voucher voucher
Padina gymnospora * (Kiitzing) Sonder - - - + + + - - -
Plocamium sp. - - - - - - - - +
Pneophyllum fragile * Kiitzing + + - + + - + + +
Porphyra sp. - - - - - - + - -
Pterocladiella capillacea * (S.G.Gmelin)
. - - - + + + + + +
Santelices & Hommersand
Ptilothamnion speluncarum * (Collins & N N
Hervey) D.L.Ballantine & M.J.Wynne
Rama rupestris (Linnaecus) Boedeker, N
M.J.Wynne & Zuccarello
Rhodymenia pseudopalmata * N
(J.V.Lamouroux) P.C.Silva
Sahlingia subintegra * (Rosenvinge) N N
Kornmann
Sargassum cymosum C.Agardh - - - - - + - - -
Sargassum furcatum * Kiitzing - - - - + - - - -
Sargassum pacificum Bory - - - - - - - - +

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island.

located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRJ) records.

The remaining species were
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Table 1 (continued)

Santana Ponta da Santana
Ilha do Francés/French Island Island Galheta/ Archipelago
Cruet’s End peiag
Santana
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium  Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024  02/2025 voucher 07/2024 02/2025 voucher voucher voucher voucher
Sargassum vulgare * C.Agardh, nom. illeg. - - + - + + - - -
Scinaia complanata (Collins) Cotton - - - - - - + - -
Sphacelaria bracygonia * Montagne - - - + + - + - -
Sphacelaria sp. - - - - - - - - +
Ulva compressa Linnaeus - - - - - - + - -
Ulva lactuca * Linnaeus + + - + + + + - +
Ulva rigida C.Agardh - - - - - + - - -
Ulva tepida * Masakiyo & S.Shimada + + - + + + + - -
Vertebrata foetidissima * (Cocks ex Bornet) N N N
Diaz-Tapia & Maggs
Willeella brachyclados * (Montagne) N N
M.J.Wynne
Wilsonosiphonia howei * (Hollenberg) N N N
D.Bustamante, Won & T.0.Cho
Wrangelia sp. - - - - - - - - +

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were
located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRIJ) records.



16

Table 1 (continued)
Sant Ponta da Sant
Il1ha do Francés/French Island fs llla:;a Galheta/ Ar:;:; 1111: o
Cruet’s End pelag
Santana
Barro Vermelho/Red Clay Praia do Francés/French Beach Beach Unspecified Unspecified
Taxon Winter Summer Herbarium Winter Summer Herbarium Herbarium Herbarium Herbarium
07/2024 02/2025 voucher 07/2024 02/2025 voucher voucher voucher voucher
Wrangelia argus * (Montagne) Montagne - - - + + - + + -
Xiphosiphonia pennata * (C.Agardh) Savoie N N
& G.W.Saunders
+ + - + - -

Yoneshiguea compta * (Bergesen) Barros-
Barreto, Maggs & M.A Jaramillo

+: at least one specimen present; -: specimen absent at the site; *: species recorded during July 2024 and February 2025 sampling on French Island. The remaining species were

located at the Dra. Tatiana U. P. Konno Herbarium (NUPEM/UFRIJ) records.
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4 Discussion

The results highlight the predominance of the phylum Rhodophyta, followed by Chlorophyta and
Heterokontophyta, corroborating the patterns reported for algal flora composition in subtropical regions
(Yoneshigue-Valentin et al. 2008; Kasanah et al. 2022). This distribution pattern among phyla is also consistent
with observations for the Regido dos Lagos (Lakes Region) and northern Rio de Janeiro state (Brasileiro et al.
2009; Almeida et al. 2025).

The success of red seaweeds results from a combination of adaptive strategies, including complex life cycles,
high reproductive plasticity, and tolerance to environmental stressors (Chen et al. 2022; Krueger-Hadfield et al.
2024). These algae thrive in diverse environments due to their epizoic, epilithic, and epiphytic life forms
(Mendoza-Gonzalez et al. 2011). Results revealed the predominance of the order Ceramiales, with most identified
species exhibiting an epiphytic habit, underscoring the broad diversity within this group.

Green seaweed exhibited greater visual coverage on the rocky shores compared with the other phyla.
Members of Bryopsidales were particularly prominent, showing extensive substrate cover, especially Caulerpa
spp., a pattern consistently reported along the Brazilian coast (Horta et al. 2001) and in other subtropical regions
(Kerswell 2006). In contrast, French Beach showed a high frequency of Cladophorales in both sampling periods,
which may be associated with increased mechanical stress at this site. Strong local hydrodynamics, combined with
tourist activities, promote recurrent removal of macroalgae from the rocky shores and create open substrate patches
available for recolonization. In this context, Cladophorales species — recognized as opportunistic due to their high
growth rates and rapid occupation of disturbed spaces — tend to colonize newly available substrates quicker,
thereby limiting the establishment of slower-growing species with lower competitive capacity (Barbosa et al.
2008).

Caulerpa ambigua was recorded for the first time in the northern coast of Rio de Janeiro state. Until now,
this species had only been reported from the municipality of Angra dos Reis, on the southern coast of the state, by
Gestinari, Nassar and Arantes (1998), and by Mitchell et al. (1979) under the name Caulerpa vickersiae. The
material examined also agrees with descriptions of Caulerpa ambigua provided by Széchy et al. (1987), Pereira
and Accioly (1998), and Oliveira-Carvalho et al. (2003) for the state of Pernambuco; Kanagawa (1983) for Paraiba;
and Pedrini et al. (1989) for Espirito Santo. In addition, it corresponds to the description of Caulerpella ambigua
by Coto and Pupo (2009) for Sao Paulo. All authors describe the species as uncommon across sampled sites,
corroborating the findings of the present study. It is worth noting that most collection sites reported in previous

studies are located in insular environments, such as Fernando de Noronha (PE), Ilha da Trindade (ES), and Ilha
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Grande (RJ) (Széchy et al. 1987; Pedrini et al. 1989; Gestinari et al. 1998), or in reef areas adjacent to islands
(Pereira and Accioly 1998; Oliveira-Carvalho et al. 2003). The occurrence of Caulerpa ambigua on French Island
indicates a distribution pattern in Brazil strongly associated with insular habitats. This record expands the known
range of the species to include the northern region of Rio de Janeiro.

The low presence of brown seaweed may be attributed to the sampling method employed, as free-hand
scraping depends on tidal variation for specimen collection. Species commonly found in the infralittoral zone,
including most brown algae, are more difficult to sample using this approach. Among the recorded species, the
genus Sargassum is recognized for its biotechnological relevance (Santos et al. 2023). In addition, several studies
have investigated other taxa— such as Colpomenia sinuosa, Chnoospora minima, Dictyopteris delicatula, Padina
gymnospora, and representatives of Dictyota — regarding their potential as producers of bioactive compounds of
medical and agricultural interest (Fernandes et al. 2014; Zafar et al. 2022).

Most specimens identified only at the genus level could not be determined to species due to the scarcity or
small size of the available material. The exception are the calcified red algaec Amphiroa sp., Arthrocardia sp.,
Corallina sp., Jania sp. 1, Jania sp. 2, and Jania sp. 3, whose identification was limited by the high occurrence of
cryptic species, the scarcity of taxonomic studies based on morphological characters, and the outdated nature of
available identification keys. These constraints suggest that some specimens may represent undescribed species.
Therefore, molecular analyses are required to confirm the taxonomic identity of these organisms and to assess the
possible occurrence of novel species in the study area.

The greater number of taxa recorded at French Beach may be related to geological differences and to the
structure of the rocky shores at the sampled sites. Local ecological conditions also directly influence the
composition and structure of macroalgal communities (Mendoza-Gonzalez et al. 2011). Notably, sediment
composition differs markedly between the two beaches: at French Beach, the substrate consists predominantly of
coarse sand, whereas at Red Clay a fine, reddish clay predominates, as suggested by the site’s name. Particle size
can directly affect scaweed communities by determining which species are able to establish at each location (Harlin
and Linderbergh 1977).

At French Beach, a high diversity of species associated with the mineral substrate was observed, whereas at
Red Clay calcareous algae growing directly on the sediment were predominant. This may restrict the growth and
diversity of other species and require colonization of alternative substrates. Calcareous algae tend to be more

abundant and better developed in areas with higher environmental quality and lower levels of disturbance
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(Schoenrock et al. 2018), suggesting that the impact of tourist activities at French Beach may reduce their
occurrence and, consequently, create opportunities for the establishment of other species.

A higher number of species was recorded in summer, indicating a clear seasonal pattern in macroalgal
occurrence. This variation may be associated with changes in environmental conditions throughout the year, as
factors such as light availability, water temperature, humidity, precipitation, and nutrient supply modulate
abundance and diversity on rocky shores (Cruz-Motta et al. 2010; Ojeda et al. 2019). During summer, increases in
temperature and precipitation may favor the growth of several taxa, including Cladophora spp., Codium spp.,
Dictyota sp., Sargassum spp., Dasya spp., and various Rhodomelaceae (Ferrari et al. 2012; Ojeda et al. 2019).
However, some species were more persistent over time, occurring in both sampling periods, such as Bryopsis spp.,
Caulerpa spp., Chaetomorpha spp., Derbesia sp., Feldmannia spp., most Corallinaceae, Champia sp.,
Chondracanthus sp., and Plocamium sp. This seasonal pattern has been documented in other regions, corroborating
the results obtained here (Fulton et al. 2014).

In the study conducted by Yoneshigue-Valentin et al. (2008) at Cavaleiros Beach, also located in Macaé¢, 118
taxa were reported, whereas the present study recorded 74 taxa at French Island, and 115 taxa in the entirety of the
Santana Archipelago. Of these, 37 were shared between collections, indicating that these species are typical of the
Macaé region and have persisted over the past 18 years. In total, 54 species are shared between locations,
suggesting that these species may be common in the area. In addition, 28 taxa collected in this study and 14
Herbarium voucher species encountered were not cited by Yoneshigue-Valentin et al. (2008), thereby contributing
to the expansion of the regional species list.

The taxonomic survey of seaweed from the Santana Archipelago expands the floristic knowledge of Macaé
and provides a basis for ecological, biotechnological, and biodiversity conservation research in the region. The
differences observed among sampling sites indicate the need for site-specific management strategies, and the
occurrence of cryptic species reinforces the importance of molecular analyses to confirm potential new taxa. The
taxa recorded here do not represent the full extent of the Santana Archipelago macroalgal diversity, and additional

samplings in the other islands are required for a more comprehensive understanding of the region’s marine flora.
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