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			ABSTRACT

			Introduction: Costa Rica hosts remarkable marine biodiversity, vital for conserving its marine and coastal ecosystems. However, marine macroalgae remains understudied, especially in the Área de Conservación Guanacaste (ACG). To address this, the BioMar-ACG Project began in 2015 as a collaboration between the government, academic institutions, and NGOs, aiming to document marine biodiversity using morphological and molecular tools, with local community involvement. The project has since expanded macroalgal collections, identified new species, corrected misidentifications, and revealed high regional endemism. 

			Objective: To update the marine macroalgae inventory of the ACG using 2009-2024 collections from the BioMar-ACG Project and CIMAR-UCR previous projects, through morphological and molecular identification. 

			Methods: Surveys were conducted at 35 coastal and island sites, from intertidal zones to 20 m depth, using snorkeling and SCUBA techniques. Sampling occurred during both upwelling and non-upwelling seasons to capture environmental variability. Macroalgae were manually collected, documented in situ, and preserved for morphological and molecular analyses. DNA was extracted using commercial kits, targeting six molecular markers (COX, ITS, psbA, rbcL, tufA, and UPA) for genetic identification. Final taxonomic identifications integrated molecular and morphological data. 

			Results: A total of 562 specimens were analyzed, representing 101 species distributed among Rhodophyta (59 spp.), Heterokontophyta (22 spp.), and Chlorophyta (20 spp.). Thirty-one species were newly recorded for Costa Rica, 22 for the Pacific of Central America, and nine genera were documented for the first time in the region. Molecular analyses revealed nine potential new species to science. 

			Conclusions: The BioMar-ACG Project substantially increased knowledge of the marine flora of Costa Rica’s northern Pacific, doubling the number of species previously reported for the ACG. The discovery of new genera and species, together with high genetic divergence within groups such as Ceramiales and Dictyotales, highlights the underestimated and cryptic nature of macroalgal diversity in the Eastern Tropical Pacific. These findings emphasize the need for continuous exploration, molecular re-evaluation of historical records, and inclusion of diverse habitats and depth gradients in future studies. The integration of morphological and molecular data, combined with community-based research, has proven an effective model for strengthening biodiversity documentation and marine conservation in Costa Rica.
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			RESUMEN

			Contribuciones del Proyecto BioMar-ACG a la exploración y catalogación de macroalgas marinas 

			en el Pacífico Norte de Costa Rica

			Introducción: Costa Rica alberga una biodiversidad marina excepcional, fundamental para la conservación de sus ecosistemas costeros y marinos. Sin embargo, las macroalgas marinas permanecen bajo estudio constante, especialmente en el Área de Conservación Guanacaste (ACG). Para atender esta brecha, el Proyecto BioMar-ACG inició en 2015 como una colaboración entre instituciones académicas, gubernamentales y organizaciones no gubernamentales, con el objetivo de documentar la biodiversidad marina mediante herramientas morfológicas y moleculares, e involucrar a comunidades locales. Desde entonces, el proyecto ha ampliado significativamente las colecciones de macroalgas, corregido identificaciones erróneas y revelado un alto grado de endemismo regional. 

			Objetivo: Actualizar el inventario de macroalgas marinas del ACG con base en colecciones realizadas entre 2009 y 2024 por el Proyecto BioMar-ACG y proyectos previos del CIMAR-UCR, integrando identificación morfológica y molecular. 

			Métodos: Se realizaron muestreos en 35 sitios costeros e insulares, desde la zona intermareal hasta los 20 m de profundidad, utilizando técnicas de buceo autónomo y esnórquel durante temporadas de surgencia y no surgencia. Las macroalgas se recolectaron manualmente, se documentaron in situ y se preservaron para análisis morfológicos y moleculares. El ADN se extrajo mediante kits comerciales, amplificando seis marcadores moleculares (COX, ITS, psbA, rbcL, tufA y UPA) para su identificación genética. 

			Resultados: Se analizaron 562 especímenes correspondientes a 101 especies distribuidas en Rhodophyta (59), Heterokontophyta (22) y Chlorophyta (20). Treinta y una especies fueron nuevos registros para Costa Rica, 22 para el Pacífico centroamericano y nueve géneros se documentaron por primera vez en la región. Además, se identificaron nueve posibles especies nuevas para la ciencia. 

			Conclusiones: El Proyecto BioMar-ACG duplicó el número de especies previamente reportadas para el ACG y consolidó la región como un reservorio clave de biodiversidad marina en el Pacífico Tropical Oriental. El hallazgo de nuevos géneros y especies, junto con la alta divergencia genética observada en grupos como Ceramiales y Dictyotales, evidencia una flora críptica subestimada. Estos resultados subrayan la importancia de continuar la exploración, reevaluar registros históricos con herramientas moleculares y fortalecer la investigación colaborativa como modelo efectivo para la gestión y conservación marina en Costa Rica.
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			INTRODUCTION

			Costa Rica harbors an extraordinary marine biodiversity, with over 7 000 marine species recorded in its waters (Wehrtmann & Cortés, 2009). This natural wealth is critical for developing conservation strategies, sustainable resource management programs, and generating scientific knowledge about the country’s marine and coastal ecosystems. Over the past decades, considerable sampling efforts have been undertaken to document this diversity, especially in well-studied regions and taxonomic groups. Nonetheless, in groups such as marine macroalgae, sampling remains limited, and recent efforts continue to reveal new records and species, underscoring the need for sustained and targeted exploration.

			Although formal studies of marine biodiversity in Costa Rica began in the late 20th century (Wehrtmann & Cortés, 2009), some exploratory expeditions date back to the 19th century. To date, only a few regions and specific groups of marine organisms have been thoroughly studied. One of the least explored areas has been the marine sector of the Área de Conservación Guanacaste (ACG), despite its 43 000 hectares of protected marine territory. Compared to other regions along Costa Rica’s Pacific coast, such as Golfo Dulce or Bahía Culebra, the ACG remains understudied in terms of its marine biodiversity (Cortés, 2017).

			To address this gap, the BioMar-ACG Project was launched in 2015 as a collaborative effort between the University of Costa Rica (UCR), government institutions, and the non-governmental organization Guanacaste Dry Forest Conservation Fund. The goal of this initiative is to inventory the marine biodiversity of ACG using both morphological and molecular tools, engaging academic researchers and marine parataxonomists (local members of the community). This collaborative model has proven to be an effective and scalable approach for managing and conserving marine biodiversity in other regions as well.

			One of the project’s priorities has been to study marine macroalgae, a group with critical ecological functions that has been the focus of increasing scientific attention in recent years, thanks to dedicated sampling and taxonomic research in the region. Recent efforts led by Centro de Investigación en Ciencias del Mar y Limnología (CIMAR) and Centro de Investigación en Biodiversidad y Ecología Tropical (CIBET) at Universidad de Costa Rica (UCR), in collaboration with international partners, have increased macroalgae collections in the Central American Pacific by more than 3 000 specimens and have resulted in the description of several new species. Research in recent years (Camacho et al., 2019; Fernández-García et al., 2011; Fernández-García et al., 2016; Tronholm et al., 2013; Viales-Cubillo et al., 2025) has revealed that many species names traditionally used in the region were misidentifications based on taxonomic guides developed for other tropical areas, mainly the Caribbean and Indo-Pacific. These studies have uncovered a high degree of endemism in the Eastern Tropical Pacific (ETP), emphasizing the importance of accurate morphological and genetic identification in regional floristic inventories.

			Fernández-García et al. (2021) highlighted that Santa Elena Peninsula, Santa Elena Bay, and the Murciélago Islands harbor uncommon and understudied habitats, including Sargassum forests, deeper sedimentary bottoms, coral reefs dominated by Pavona gigantea (Verrill, 1869), and rocky reef communities colonized by calcifying polychaetes such as Salmacina tribranchiata (Moore, 1923). These unique environments suggest a macroalgal diversity that is still underestimated. According to Cortés (2017) and Fernández-García et al. (2021), a total of 50 species of marine macroalgae have been documented in the ACG, representing approximately 23 % of the macroalgal diversity reported along Costa Rica’s Pacific coast. These include 28 species of Rhodophyta (red algae), 11 of Chlorophyta (green algae), and 11 of Phaeophyceae (brown algae). However, only 25 (seven of Rhodophyta, eight of Chlorophyta, and ten of Phaeophyceae) of these records were identified to species level, with both genus and species assigned, whereas the remaining 25 were reported only as unidentified species (sp.) within their respective genera. 

			The objective of this study is to generate an updated inventory of marine macroalgae species from the Área de Conservación Guanacaste, based on collections made between 2009 and 2024, with a focus on specimens collected through the BioMar-ACG Project, using both morphological and molecular identification methods to accurately characterize the region’s macroalgal biodiversity.

			MATERIALS AND METHODS

			Study area: Surveys were conducted at 35 coastal and island sites within the Área de Conservación Guanacaste (ACG) (Fig. 1; SMT 1), located on the northwestern Pacific coast of Costa Rica. These sites encompass a wide range of habitat types, including rocky substrates, sandy bottoms, and coral reef environments, throughout the marine sector of the ACG. The study includes macroalgal collections made between 2009 and 2024, spanning multiple years of fieldwork. Sampling was carried out at depths ranging from the intertidal zone to 20 meters, using SCUBA and snorkeling techniques. The region is strongly influenced by seasonal coastal upwelling, which significantly affects water temperature, nutrient availability, and consequently, the composition and biomass of marine algal communities. To account for this environmental variability, collections were conducted during different times of the year, capturing both upwelling and non-upwelling seasons. This combination of spatial and temporal coverage aimed to provide a comprehensive representation of the macroalgal diversity present across distinct habitat types and seasonal conditions within the ACG marine area.

			Specimen collection, identification, and curation: The collection of macroalgae was carried out in subtidal zones using SCUBA diving and in intertidal areas. Algae were manually removed from the substrate using a knife or by hand and placed in separate plastic containers to avoid cross-contamination. During the collection process, relevant environmental parameters such as depth, substrate type, and the precise location of each specimen within the habitat were recorded. Each specimen was photographed in situ and again in fresh condition to document morphological features before preservation. Once in the field laboratory, macroalgal specimens were sorted, cleaned, and processed. Selected portions were pressed and dried for long-term preservation, and representative fragments were fixed in a 4 % formalin-seawater solution for anatomical examination. While another fragment was placed in plastic bags with 40–60 g of silica gel for molecular analysis. The dried material was deposited in the Marine Algae Collection of the Luis Fournier Origgi Herbarium (USJ). Taxonomic identification was conducted using morphological keys and standard diagnostic literature. Identifications were supported by comparisons with historical collections from phycologists such as E. Y. Dawson, W. R. Taylor, and others. Additionally, a photographic record comprising more than 2 000 images of herbarium specimens from Central America, deposited in the Michigan (MICH), Berkeley (UC), Paris (PC), and USJ herbaria, was compiled and examined.

			DNA extraction, amplification, and sequencing: Genomic DNA from red and green algae was extracted from tissue fragments using the GeneJET Plant Genomic DNA Purification Mini Kit (Thermo Scientific), following the manufacturer’s instructions. For brown algae, DNA extraction was performed using the DNeasy PowerSoil Pro Kit (QIAGEN), which included an initial maceration step with liquid nitrogen. DNA quantification was performed using a NanoDrop 2000 spectrophotometer, and DNA integrity was assessed via 1 % agarose gel electrophoresis. For genetic identification, six molecular markers were used: COI, COX3, ITS, psbA, rbcL, tufA, and UPA, depending on the taxonomic group (Table 1). Detailed PCR procedures are provided in SMT 2. PCR products were visualized on 1 % agarose gels, and those with the most intense bands were selected for Sanger sequencing, conducted by Macrogen Inc. The forward and reverse sequences obtained for each sample were edited using BioEdit v7.2.5 (Hall, 1999) and compared against the NCBI nucleotide database using BLASTn. For each sample, genetic identification, query coverage, percentage identity, and accession number were recorded. To further assess sequence divergence and support the molecular identification of newly reported and potentially misidentified taxa, sequences were aligned with those of taxonomically validated reference taxa, and poorly aligned and ambiguous regions were removed using Gblocks. Uncorrected pairwise genetic distances (p-distances) were calculated in MEGA v12.1 (Kumar et al., 2024), using pairwise deletion for sites containing gaps or missing data. Final taxonomic identifications were established by integrating the highest sequence identity values, pairwise genetic distances, and the morphological characteristics of each specimen, using taxonomic literature relevant to the Tropical Eastern Pacific region (SMT 3).

			RESULTS

			A total of 562 specimens of marine macroalgae were collected, belonging to three phyla: Rhodophyta (308 specimens, 59 species), Heterokontophyta-Phaeophyceae (125 specimens, 22 species), and Chlorophyta (130 specimens, 20 species). Of these, 81 samples yielded successful molecular sequences, resulting in a total of 167 sequences obtained for the molecular markers (Table 1, SMT 3).

			The sampling effort was concentrated along the coastal area of Santa Elena Bay and adjacent sites in the North Pacific of Costa Rica, with the highest number of records observed in the central and southern sectors of the bay (Fig. 2). In contrast, the outermost localities exhibited lower sampling intensity, suggesting that most collections were conducted in shallow and nearshore environments.

			A total of 101 macroalgal species were recorded in the marine sector of the Área de Conservación Guanacaste (ACG) (Table 2), representing a fourfold increase in the number of taxa identified to species level compared with previous inventories (25 species-level identifications, Cortés, 2017; Fernández-García et al., 2021). Of the 25 species previously reported in the literature, the presence of most was confirmed in the present study, with the exception of Ulva lactuca and Ulva lingulata (Table 2, indicated with three asterisks). In addition, Dictyota humifusa and Lobophora variegata were excluded from the updated species list. The record of D. humifusa is currently under taxonomic revision (Fernández-García et al., in prep.) and is considered doubtful. Lobophora variegata was also excluded because previous studies have demonstrated that this name encompasses a polyphyletic species complex, making historical records assigned to this taxon taxonomically uncertain (Camacho et al., 2019).

			In addition, the present study enabled the species-level identification of numerous taxa that had previously been reported in the literature only as unidentified species (sp.), substantially improving taxonomic resolution and our current knowledge of macroalgal diversity in the ACG. Among the 101 species identified, 31 represent new records for Costa Rica, of which 22 are also new records for the Pacific coast of Central America (Fig. 3). Furthermore, nine genera are reported for the first time from the Pacific coast of Central America, and one additional genus represents a new record for Costa Rica (Table 2).

			Nine potential new species to science were recognized based on molecular and morphological analyses and are currently under formal description: Nesoia sp. nov., Rhodymenia sp. nov., Martensia sp. nov., Neosiphonia sp. nov., Seirospora sp. nov., Brasilophycus sp. nov., and Dictyota spp. nov. 1-3. (Fig. 4, Table 2). Regarding the latter genus, its description is currently being prepared in a separate, genus-specific article (Fernández-García et al., in prep.), where both morphological and molecular analyses confirmed the identity of species traditionally misidentified in the literature, such as Dictyota humifusa, which was replaced by one of the newly described Dictyota species. This highlights the presence of a still undescribed cryptic flora in the region (Fernández-García et al., 2011). Furthermore, among the total specimens collected, 62 belonged to the order Ceramiales (Rhodophyta). Approximately 95 % of these specimens could not be identified to species level, as BLAST searches yielded no significant matches in the available sequence databases, and their morphological characteristics did not correspond to any species described in the taxonomic keys and reference literature currently available for the region.

			Among the new records for Costa Rica and the Central American region, the following species stand out: the green algae Ulva ohnoi, Ulva lingulata sensu Taylor 1945 and Codium setchelli; the red algae Ceratodictyon scoparium, Hypnea flava, Hypnea brasiliensis, Gelidiella damseliana, Gelidium macnabianum, Haloplegma mexicanum, Gracilaria crockeri, Platoma fanii, Acanthophora spicifera, and Jania rubens; and the brown algae Dictyota concrescens, Spatoglossum ecuadoreanum, and Lobophora panamensis. Several of these taxa also represent the first records for the entire Central American region, highlighting the floristic uniqueness of the northern Pacific coast of Costa Rica (Fig. 5, Table 2).

			Regarding ecological distribution, the composition of macroalgal genera varied notably among substrate types in the North Pacific of Costa Rica (Fig. 6). Dead coral and sandy substrates exhibited the highest diversity of genera, whereas live coral and rocky substrates were largely dominated by Amphiroa and Caulerpa, respectively. Genera such as Sargassum, Padina, and Ulva occurred in lower proportions across all substrate types.

			Depth distribution of the main macroalgal genera showed marked differences among taxa (Fig. 7). Shallow-water species such as Dictyota, Gelidium, and Amphiroa were mostly found above 10 m, whereas Chondria, Gracilaria, and Gracilariopsis occurred at greater depths, reaching up to 20 m. Intermediate depths (5–10 m) were mainly occupied by Caulerpa, Padina, and Sargassum.

			DISCUSSION

			The BioMar-ACG project and previous CIMAR-UCR projects have yielded a major contribution to the knowledge of marine flora from the northern Pacific region of Costa Rica and the broader Eastern Tropical Pacific (ETP). The addition of 76 species compared with previous records for the area (Cortés, 2017; Fernández-García et al., 2021) marks a substantial increase in the number of macroalgal species known from the Área de Conservación Guanacaste (ACG). This notable expansion highlights the extent to which macroalgal diversity in this region has been historically underestimated. A total of 562 specimens were analyzed, resulting in the inclusion of numerous new genera and the recognition of several taxa currently under formal description as new species to science. The combination of extensive sampling, a multilocus molecular approach, and collaboration with local parataxonomists has proven highly effective, consolidating the ACG as one of the main reservoirs of marine biodiversity in Costa Rica. 

			The identification of nine potentially new species to science reveals previously unrecognized diversity in the Eastern Tropical Pacific. Groups such as Ceramiales (Rhodophyta) and Dictyotales (Phaeophyceae) continue to exhibit high levels of genetic divergence among morphologically similar species, suggesting processes of local speciation and regional endemism. Notably, the inability to assign 59 Ceramiales specimens to known species based on morphological characters alone may reflect this underlying diversity rather than simply a limitation of sampling or taxonomic resolution. Such taxonomic ambiguity may indicate the presence of cryptic species complexes, in which morphological similarity masks substantial evolutionary divergence. These unidentified specimens therefore represent not simply a gap in the dataset, but a relevant finding in their own right, pointing to previously unrecognized diversity within the order and underscoring the need for future integrative taxonomic studies to resolve species boundaries within Ceramiales in the region. This pattern is consistent with previous observations for other macroalgal genera from the Eastern Tropical Pacific, such as Caulerpa (Fernández-García et al., 2016), Lobophora (Camacho et al., 2019), Sargassum (Viales-Cubillo et al., 2025), and other red algae (Freshwater et al., 2017), where biogeographic barriers, seasonal upwelling, and habitat heterogeneity have contributed to revealing hidden diversity among morphologically similar taxa. 

			When comparing the present species list with previous regional records for Central America (Fernández-García et al., 2011), inconsistencies in species identification remain evident. For instance, Dictyota humifusa, historically reported for the Pacific of Central America, has been shown by recent molecular analyses (Fernández-García, in prep.) not to occur in this region. This underscores the need to re-evaluate many historical records, as several correspond to distinct taxa restricted to the ETP. Such findings emphasize the importance of systematic revisions and the consolidation of regional molecular databases to ensure accurate biodiversity assessments.

			The discovery of new genera for Costa Rica and Central America (e.g., Brasilophycus, Nesoia, Petalonia, Martensia, Fig. 4) highlights the importance of exploring a wide range of habitats—including sedimentary bottoms, deep reefs, and upwelling-influenced zones—that have been traditionally overlooked in coastal inventories. In addition, the high diversity found in this study for orders such as Ceramiales, Gelidiales, and Corallinales underscores the importance of directing research efforts toward algal mats and calcareous red algae (crusts and rhodoliths), where integrative taxonomy yields greater taxonomic resolution. The inclusion of different depth gradients was also essential, revealing that species composition varies markedly across shallow and deeper environments in the Tropical Eastern Pacific. 

			From a conservation and ecological standpoint, the expansion of the macroalgal inventory for the ACG has direct implications for the management of marine protected areas and for understanding reef health. According to Fernández-García et al. (2021), macroalgae contribute approximately 41 % of the total marine biodiversity found within the ACG.  Also, marine algae can reach over 55 % substrate cover in some reefs and rocky sites (Alvarado et al., 2021), where they play a key structural and ecological role in benthic communities. Despite these advances, further work is needed to document and understand calcareous and filamentous algae, which remain underrepresented in current inventories.

			Finally, this study reaffirms that the collaborative research model of the BioMar-ACG Project—integrating academic science, molecular data, and community participation—constitutes an effective strategy to accelerate the documentation of marine biodiversity and strengthen local conservation capacities. The results presented here establish a solid baseline for future taxonomic, ecological, and biogeographic studies of the marine flora of Costa Rica and the Tropical Eastern Pacific, contributing valuable insights for regional biodiversity monitoring and management.
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			Fig. 1. Map of collection site distribution in the Área de Conservación Guanacaste.

		

		
			Table 1

			Oligonucleotide primer sequences used for PCR and sequencing.

			
				
					
					
					
					
				
				
					
							
							Taxonomic group

						
							
							Primer

						
							
							Sequence

						
							
							Reference

						
					

					
							
							Chlorophyta

						
							
							tufA

						
							
							TufAF: 5’-TGAAACAGAAMAWCGTCATTATGC-3’

						
							
							Famà et al. (2002)

						
					

					
							
							TufAR: 5’-CCTTCNCGAATMGCRAAWCGC-3’

						
					

					
							
							TufAF1: 5’- ATGGYWCGWGAAAARTTTG-3’

						
					

					
							
							Phaeophyceae and 

							coralline algae

						
							
							psbA

						
							
							PsbAf: 5´-ATGACTGCTACTTTAGAA-3´

						
							
							Yoon et al. (2002)

						
					

					
							
							PsbAR1: 5´-GCTAAATCTTARWGGGAAG-3´

						
					

					
							
							Phaeophyceae and 

							Rhodophyta 

						
							
							UPA

						
							
							P23SrV F1: 5´-GGACAGAAAGACCCTATGAA-3´

						
							
							Sherwood & Presting (2007)

						
					

					
							
							P23SrV R1: 5´-TCAGCCTGTATACCCTAGAG-3’

						
					

					
							
							Rhodophyta

						
							
							rbcL

						
							
							F57: 5’-GTAATTCCATATGCTAAAATGGG-3’

						
							
							Freshwater & Rueness (1994)

						
					

					
							
							R893: 5’-GAATAAGTTGARTTWCCIGCAC-3’

						
					

					
							
							F753: 5’-GGAAGATATGTATGAAAGAGC-3’

						
							
							Freshwater & Rueness (1994)

						
					

					
							
							RrbcS Start: 5’-GTTCCTTGTGTTAATCTAC-3’

						
					

					
							
							COI

						
							
							GHalF: 5’-TCAACAAATCATAAAGATATYGG-3’

						
							
							Saunders (2005)

						
					

					
							
							GAZR1: 5’-ACTTCTGGATGTCCAAAAAAYCA-3’ 

						
					

					
							
							Phaeophyceae

						
							
							COI

						
							
							CAF4A: 5’-ATGTTTACTTGGTGRAGRGA-3’ 

						
							
							Kogame et al. (2005)

						
					

					
							
							CAR4A: 5’-CCCCACCARTAWATNGTNAG-3’

						
					

					
							
							Phaeophyceae

						
							
							COX3

						
							
							COX3 44F: 5’-CATCGCCACCCATTTCATTT-3’

						
							
							Silberfeld et al. (2010)

						
					

					
							
							COX3 739R: 5’-CATCGACAAAATGCCAATACCA-3’

						
					

					
							
							ITS

						
							
							5.8S-BF: 5’-CGATGAAGAACGCAGCGAAATGCGAT-3’

						
							
							Goff et al. (1994) / 

							Kogame & Masuda (2001)

						
					

					
							
							25BR-2: 5’-TCCTCCGCTTAGTATATGCTTAA-3’
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			Fig. 2. Sampling effort by site in the North Pacific region of Costa Rica. Point size and color are proportional to the number of records per site, indicating areas with higher sampling intensity along the coast.
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			Fig. 3. Number of marine algal species by phylum, including previously reported and newly recorded species for the ACG, North Pacific of Costa Rica.
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			Fig. 4. New genera reported for Central America: (A) Ceratodictyon scoparium, (B) Martensia sp. nov., (C) Brasilophycus sp. nov., (D) Seirospora sp. nov. (scale = 300 µm), (E) Nesoia sp. nov. (scale = 1 cm), (F) Petalonia sp. (scale = 20 cm).

		

		
			Table 2

			Marine macroalgal species documented in the Área de Conservación Guanacaste (ACG), Costa Rica. *New record for the Pacific of Central America. **New record for the Pacific of Costa Rica. ◊ Species cited in previous literature.***Species cited in the literature that were not confirmed by this study. +Molecularly confirmed in this work.

			
				
					
					
				
				
					
							
							Phylum Chlorophyta

						
					

					
							
							Class Ulvophyceae

						
							
							Order Cladophorales

						
					

					
							
							Order Bryopsidales

						
							
							◊Siphonocladus sp.

						
					

					
							
							◊  Bryopsis pennata J.V.Lamouroux

						
							
							Chaetomorpha antennina (Bory) Kützing

						
					

					
							
							◊ Caulerpa chemnitzia (Esper) J.V.Lamouroux

						
							
							Cladophora sp.1

						
					

					
							
							◊ Caulerpa sertularioides (S.G.Gmelin) M.Howe

						
							
							Cladophora sp.2

						
					

					
							
							◊ Chlorodesmis caespitosa J.Agardh

						
							
							Phyllodictyon robustum (Setchell & N.L.Gardner) Leliaert & Wysor

						
					

					
							
							Codium cf. geppiorum+ O.C.Schmidt

						
							
							Phyllodictyon anastomosans (Harvey) Kraft & M.J.Wynne

						
					

					
							
							◊ Codium isabelae+ W.R.Taylor

						
							
							Order Ulvales

						
					

					
							
							Codium setchelli**+ N.L.Gardner

						
							
							Ulva lingulata*** J. Agarth sensu Taylor 1945

						
					

					
							
							◊Halimeda discoidea Decaisne

						
							
							Ulva fasciata+ Delile

						
					

					
							
							Order Dasycladales

						
							
							Ulva ohnoi*+ Hiraoka & S.Shimada

						
					

					
							
							Parvocaulis parvula (Solms-Laubach) S.Berger, Fettweiss, Gleissberg, Liddle, U.Richter, Sawitzky & Zuccarello

						
							
							◊Ulva sp.*+

						
					

					
							
							◊Ulva lactuca***

						
					

					
							
							Phylum Rhodophyta

						
					

					
							
							Class Florideophyceae

						
							
							Order Gigartinales

						
					

					
							
							Order Bonnemaisoniales

						
							
							Dudresnaya sp.

						
					

					
							
							◊Asparagopsis taxiformis (Delile) Trevisan

						
							
							Hypnea brasiliensis*+ P.B.Jesus, Nauer & J.M.C.Nunes

						
					

					
							
							Order Ceramiales

						
							
							Hypnea flava*+ Nauer, Cassano & M.C.Oliveira

						
					

					
							
							Acanthophora spicifera** (Vahl) Børgesen

						
							
							◊Hypnea pannosa+ J.Agardh

						
					

					
							
							Antithamnionella sp.+

						
							
							◊Hypnea spinella (C.Agardh) Kützing

						
					

					
							
							Augophyllum sp.

						
							
							Sarcodiotheca sp.+

						
					

					
							
							Centroceras sp.

						
							
							Order Gracilariales

						
					

					
							
							Ceramium sp.

						
							
							Gracilaria crispata+ Setchell & Gardner

						
					

					
							
							Ceratodictyon* scoparium*+ (Montagne & Millardet) R.E.Norris

						
							
							Gracilaria crockeri**+ E.Y.Dawson

						
					

					
							
							◊Chondria platyclada W.R.Taylor

						
							
							Gracilaria sp.1+

						
					

					
							
							Gayliella sp.+

						
							
							Gracilaria sp.2+

						
					

					
							
							Haloplegma mexicanum** W.R.Taylor

						
							
							Gracilaria sp.3+

						
					

					
							
							Herposiphonia sp.

						
							
							Gracilaria symmetrica + E.Y.Dawson

						
					

					
							
							Hypoglossum attenuatum + E.Y. Dawson

						
							
							Gracilariopsis lemaneiformis+ (Bory) E.Y. Dawson, Acleto & Foldvik

						
					

					
							
							Martensia* sp. nov.*+

						
							
							Order Gelidiales

						
					

					
							
							Neosiphonia* sp. nov.*+

						
							
							Gelidiopsis sp.

						
					

					
							
							Polysiphonia sertularioides+ (Grateloup) J.Agardh

						
							
							Gelidiella damseliana*+ Huisman, G.H.Boo & S.M.Boo

						
					

					
							
							Polysiphonia sp.+

						
							
							Gelidiella machrisiana E.Y.Dawson

						
					

					
							
							Seirospora* sp. nov.*+

						
							
							Gelidium isabelae W.R.Taylor

						
					

					
							
							Spyridia filamentosa+ (Wulfen) Harvey

						
							
							Gelidium mcnabbianum* (E.Y.Dawson) Santelices

						
					

					
							
							Order Peyssonneliales

						
							
							Gelidium pusillum (Stackhouse) Le Jolis

						
					

					
							
							Brasilophycus* sp. nov.*+

						
							
							Gelidium sp.

						
					

					
							
							Peyssonnelia sp.+

						
							
							Order Halymeniales

						
					

					
							
							Order Corallinales

						
							
							Halymenia sp.+

						
					

					
							
							Amphiroa sp.1+

						
							
							Nesoia* sp. nov*+

						
					

					
							
							Amphiroa sp.2+

						
							
							Order Nemaliales

						
					

					
							
							Amphiroa sp.3+

						
							
							◊Scinaia complanata (Collins) Cotton

						
					

					
							
							Amphiroa sp.4+

						
							
							Scinaia sp.+

						
					

					
							
							◊Amphiroa misakiensis+ Yendo

						
							
							Order Rhodymeniales

						
					

					
							
							Amphiroa valonioides Yendo

						
							
							◊Botryocladia beaudettei E.Y.Dawson

						
					

					
							
							Jania rubens*+ (Linnaeus) J.V.Lamouroux

						
							
							Champia sp.+

						
					

					
							
							Jania sp.+

						
							
							Rhodymenia* sp. nov.*+

						
					

					
							
							Lithophyllum sp.+

						
							
							Order Nemastomatales

						
					

					
							
							◊Lithothamnion muelleri Lenormand ex Rosanoff

						
							
							Platoma fanii**+

						
					

					
							
							Predaea** sp.**

						
					

					
							
							Phylum Heterokontophyta

						
					

					
							
							Class Phaeophyceae

						
							
							Dictyota sp. nov 2*+

						
					

					
							
							Order Ectocarpales

						
							
							Dictyota sp. nov 3*+

						
					

					
							
							cf. Hyncksia

						
							
							◊Dictyota stolonifera+ E.Y. Dawson

						
					

					
							
							◊Chnoospora implexa J.Agardh

						
							
							◊Lobophora adpressa O.Camacho & C.Fernández-García

						
					

					
							
							◊Colpomenia sinuosa (Mertens ex Roth) Derbès & Solier

						
							
							Lobophora panamensis** O.Camacho, C.Fernández-García & Fredericq

						
					

					
							
							Petalonia* sp.*+

						
							
							◊Padina caulescens Thivy

						
					

					
							
							◊Rosenvingea intricata+ (J.Agardh) Børgesen

						
							
							Padina concrescens+ Thivy

						
					

					
							
							Order Dictyotales

						
							
							◊Padina durvillaei Bory

						
					

					
							
							Dictyopteris delicatula J.V.Lamouroux

						
							
							Spatoglossum sp.*

						
					

					
							
							Dictyopteris repens (Okamura) Børgesen

						
							
							Spatoglossum ecuadoreanum** W.R.Taylor

						
					

					
							
							Dictyopteris sp.*

						
							
							Order Fucales

						
					

					
							
							Dictyota concrescens** W.R.Taylor

						
							
							Sargassum lacrucense+ Viales-Cubillo & Fernández-García

						
					

					
							
							Dictyota sp. nov. 1*+

						
							
							Sargassum liebmanni+ J.Agardh

						
					

				
			

		

		
			
				[image: ]
			

		

		
			Fig. 5. New species records. Panels (A–E) correspond to species newly reported for Central America, and panels (F–G) to species newly reported for Costa Rica. (A) Hypnea flava, (B) Hypnea brasiliensis, (C) Gelidiella damseliana, (D) Jania rubens, (E) Ulva ohnoi, (F) Codium setchellii, (G) Spatoglossum ecuadoreanum.

		

		
			Fig. 6. Distribution of macroalgal genera across substrate types in the North Pacific of Costa Rica.
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			Fig. 7. Depth distribution of the most common macroalgal genera in the North Pacific of Costa Rica.
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ABSTRACT
Introduction: Costa Rica hosts remarkable marine biodiversity, vital for conserving its marine and coastal eco-
systems. However, marine macroalgae remains understudied, especially in the Area de Conservacion Guanacaste
(ACG). To address this, the BioMar-ACG Project began in 2015 as a collaboration between the government,
academic institutions, and NGOs, aiming to document marine biodiversity using morphological and molecular
tools, with local community involvement. The project has since expanded macroalgal collections, identified new
species, corrected misidentifications, and revealed high regional endemism.
Objective: To update the marine macroalgae inventory of the ACG using 2009-2024 collections from the
BioMar-ACG Project and CIMAR-UCR previous projects, through morphological and molecular identification.
Methods: Surveys were conducted at 35 coastal and island sites, from intertidal zones to 20 m depth, using
snorkeling and SCUBA techniques. Sampling occurred during both upwelling and non-upwelling seasons to
capture environmental variability. Macroalgae were manually collected, documented i situ, and preserved for
‘morphological and molecular analyses. DNA was extracted using commercial kits, targeting six molecular mark-
ers (COX, ITS, psbA, rbcL, tufA, and UPA) for genetic identification. Final taxonomic identifications integrated
‘molecular and morphological data.
Results: A total of 562 specimens were analyzed, representing 101 species distributed among Rhodophyta (59
spp.), Heterokontophyta (22 spp.), and Chlorophyta (20 spp.). Thirty-one species were newly recorded for Costa
Rica, 22 for the Pacific of Central America, and nine genera were documented for the first time in the region.
Molecular analyses revealed nine potential new species to science.
Conclusions: The BioMar-ACG Project substantially increased knowledge of the marine flora of Costa Rica’s
northern Pacific, doubling the number of species previously reported for the ACG. The discovery of new genera
and species, together with high genetic divergence within groups such as Ceramiales and Dictyotales, highlights
the underestimated and cryptic nature of macroalgal diversity in the Eastern Tropical Pacific. These findings
emphasize the need for continuous exploration, molecular re-evaluation of historical records, and inclusion of
diverse habitats and depth gradients in future studies. The integration of morphological and molecular data,
combined with community-based research, has proven an effective model for strengthening biodiversity docu-
‘mentation and marine conservation in Costa Rica.

Key words: Chlorophyta; marine flora; Phaeophyceae; Rhodophyta; taxonomy.





