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ARTICLE INFO ABSTRACT

Keywords: Algae constitute a group of autotrophic organisms that play a critical role in the functional structure of the
Biogeography oceans. However, research on their biodiversity distribution at a community level, considering a biogeographic
Regionalization scale, has been scarce in some regions, such as the Gulf of Mexico. Thus, this study aims to address this gap by
Elr:ﬁ:;;;il:;kton analyzing the continental shelf algae of the Gulf of Mexico. Information was compiled from the GBIF, OBIS, and

SNIB-CONABIO databases. Biodiversity distribution patterns were assessed by estimating the expected richness
using a rarefaction method, corrected weighted endemism index, and recognizing algal assemblages. Bias due to
the unequal sampling effort was also assessed. The expected richness and endemism patterns were not influenced
by the sampling effort. Expected richness was homogeneous across the study area, except on the Texas-Louisiana
shelf, likely due to the accessibility of coastal environments and the exclusion of the historically understudied
oceanic component. Otherwise, endemism was low throughout most of the study area, which may reflect the
high dispersal rate of planktonic and drifting algae. Identifying distinct assemblages allowed us to recognize a
spatially structured algal community, which matched previously proposed ecoregions in the area. Our findings
provide valuable information on the distributional patterns of algae in the Gulf of Mexico and contribute to
establishing a biogeographic baseline for the region. Future biogeographic perspectives in the Gulf include
increasing the sampling effort, addressing algae’s response to environmental variability at a regional scale, and
corroborating the assemblages recognized by comparing them with other taxonomic groups.

Beta diversity
Alpha diversity

1. Introduction natural history, as well as ecological and biogeographic aspects that
facilitate management planning for their conservation (Vilchis et al.,
2018). The global biogeography of this group has been well-studied in

recent years (e.g., Kerswell, 2006; Vieira et al., 2021; Rebelo et al.,

Algae constitute a group of eukaryotic and autotrophic organisms
distributed in almost all marine and freshwater environments of the

photic zone (Kerswell, 2006; Duarte et al., 2022). Based on their size,
algae can be classified into two major groups, i.e., micro- and macro-
algae, which has oriented their study (Wulff et al., 2009). Globally, algae
play a fundamental role by producing 50-70 % of the atmospheric ox-
ygen (Sekerci and Petrovskii, 2015). In the ocean, some macroalgae
represent habitats for other organisms (e.g., kelp forests, pelagic
Sargassum islands) (Bojorge-Garcia and Cantoral-Uriza, 2016; Brodie
et al,, 2017) and actively participate in biogeochemical cycles by
sequestering carbon and nitrogen from ecosystems (Battin et al., 2008).
Hence, studying their distribution is fundamental to knowing their
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2021). However, in some regions, such as the Gulf of Mexico (GoMx), its
study has been spatially localized, providing a partial vision of its dis-
tribution patterns (e.g., Vilchis et al., 2018; Guinda et al., 2012; Correia
et al., 2022).

The GoMx is a semi-closed basin of the Atlantic Ocean with high
biodiversity owing to a complex geological and oceanographic history
(Galloway, 2011). The continental shelf of the GoMx is one of its most
important geological features, due to its large extent, karstic composi-
tion, and several reefs in the Yucatan and Florida peninsulas (Davis,
2017). In the rest of the region, the continental shelf becomes narrower
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and consists of terrigenous sediments derived from rivers and highly
productive ecosystems (Chanton et al., 2019). The continental slope of
the GoMx is characterized by a sharp bathymetric change towards the
oceanic region, where the environmental characteristics are more ho-
mogeneous (Roberts, 2011). Therefore, biotic differentiation between
shelf and oceanic communities is expected in response to their abiotic
differences (Ahuatzin-Hernandez et al., 2023; Oliveira et al., 2024).
Environmental features are also fundamental to understanding species
distribution in the region. For instance, the northern Gulf is character-
ized by warm-temperate waters, while the southern zone has tropical
waters, resulting in the convergence of two historically differentiated
biotas (Neigel, 2009; Ahuatzin-Hernandez et al., 2023). Unfortunately,
studies testing these hypotheses in the region are null, and those
analyzing the distributional patterns of shelf biotas are spatially local (e.
g., Espinosa-Fuentes and Flores-Coto, 2004; King et al., 2013; Vilchis
et al., 2018). Few studies have addressed the distribution patterns of
biotas across the continental shelf of the entire GoMx (Murawski et al.,
2018; Ahuatzin-Hernandez et al., 2023), but no one has intended to
assess them considering algae as a taxonomic group and at a regional
scale, which represents a gap in the biogeographic knowledge of the
region for a future regionalization.

Biogeographical regionalization is essential to understanding the
evolutionary history of biotas and for management planning and con-
servation decision-making (Costello et al., 2017). One of the first steps in
biogeographical regionalization is to identify patterns of biodiversity
distribution. This task has been performed with different taxa in the
GoMx (e.g., Engle and Summers, 2000; Vilchis et al., 2018; Paz-Rios
et al., 2021; Ahuatzin-Hernandez et al., 2023; Hernandez-Zaltron et al.,
2025). Even different area schemes have been proposed, recognizing
two main regions, the northern and the southern (Spalding et al., 2007;
Wilkinson et al., 2009). However, these schemes do not necessarily
reflect the distribution patterns and endemism of the taxa, so an
approach with these characteristics is needed (Ahuatzin-Hernandez
et al., 2023). For algae, the sampling effort across the continental shelf of
the GoMx is relatively homogeneous (Cardoso et al., 2024); however,
biogeographic studies have been punctual (e.g., Garduno-Soloérzano
etal., 2005; Vilchis et al., 2018; Hernandez et al., 2021), leading to a gap
in the biodiversity distribution knowledge of the region. Consequently,
the objective of this study was to assess the distribution of algal biodi-
versity across the continental shelf of the GoMx by analyzing species
richness and endemism, as well as recognizing biotic assemblages.

2. Material and methods
2.1. Data acquisition and cleaning process

In order to compile the geographic information, we retrieved
occurrence records of the phyla/division Chlorophyta, Hetero-
kontophyta, Rhodophyta, and Prasinodermatophyta from the online
databases Global Biodiversity Information Facility (GBIF.org, 2023;
GBIF.org, 2024a; GBIF.org, 2024b), the Ocean Biodiversity Information
System (OBIS.org, 2023; OBIS.org, 2024a; OBIS.org, 2024b) and the
Sistema Nacional de Informacién sobre Biodiversidad (SNIB-CONABIO,
Gallegos Martinez et al., 2018). We also integrated the database of
Castillo et al. (2024), which is partnered with GBIF. Only records at the
species level, with geographic coordinates and from ‘preserved spec-
imen’ and ‘material citation’, were considered. Duplicated records and
those falling on land were removed with the CoordinateCleaner package
(Zizka et al., 2019). Typos, invalid species, and synonyms were checked
against the World Register of Marine Species (WoRMS). The accuracy of
the dataset was then validated by manually verifying the distribution of
each species against the distribution range provided by WoRMS (part-
nered with AlgaeBase) and peer-reviewed literature (Supplement 1).
Subsequently, the 200 m isobath was implemented as a proxy for the
continental shelf of the GoMx to remove all records outside its bound-
aries. The final database consisted of 21 792 records (Supplement 2),
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which were coded into two community matrices of species per quadrants
(1° x 1°). The first matrix codified the number of records of each species
in each quadrant and was used as a proxy to assess the sampling effort
(records matrix) (Supplement 3). The second matrix coded ‘1’ for the
presence of each species in each quadrant and ‘O’ for its absence
(occurrence matrix) (Supplement 4).

2.2. Algal richness and endemicity

Species richness was calculated as the expected number of species in
a sample of (n) randomly selected records from a sample with (N) re-
cords, (S) species, and Ni records of the ith species. This calculation was
performed on the records matrix using the vegan package (Oksanen
etal., 2022), considering 15 random subsamples (ES15), and the criteria
of Hurlbert (1971) and Heck et al. (1975). This approach has proven
useful in studies with large databases coming from online repositories,
which are strongly influenced by unequal sampling effort (e.g., Arfianti
and Costello, 2020; Pamungkas et al., 2021; Kohlenbach et al., 2023).
The algal endemicity of the GoMx was addressed with the corrected
weighted endemism (CWE) index. First, the weighted endemism index
was calculated using the ‘phyloregion’ package (Daru et al., 2020) on
the occurrence matrix. CWE was then estimated by dividing each
weighted endemism value by the local species richness. Bias in the
richness and endemism due to unequal sampling effort was assessed
using Spearman’s rank correlation coefficient, contrasting the sampling
effort vector (number of records per quadrant) against the raw richness,
expected richness, and CWE vectors. To account for the gaps in certain
zones due to the lack of sampling, an inverse distance-weighted inter-
polation was performed on the number of records per quadrant (sam-
pling effort), expected richness, and CWE, using QGIS v 3.32.3. This
method explicitly assumes that things close together are more similar
than things farther apart. To do this, the sampled points are weighted
during the interpolation so that the influence of one point relative to
another decreases with the distance to the unknown point to be created.

2.3. Algal assemblages

Algal assemblages were identified by evaluating beta diversity. Thus,
the form D[ik] = sqrt((b+c) / (a+b-+c)) of the Jaccard index was esti-
mated with the adespatial package (Dray et al., 2022), where i and k
denote two rows of the matrix Y, D[ik] is the dissimilarity between rows i
and k, a is the number of shared species between i and k, b is the number
of exclusive species of i, and c is the number of exclusive species of k.
This formula provides a dissimilarity matrix with Euclidean properties,
which is handy in subsequent ordination analyzes that depend on this
property (Legendre and De Caceres, 2013). A hierarchical clustering
with contiguity constraint was then performed using the grouping cri-
terion of Ward (1963) and considering three different cut-off levels
(k = 4, k =5, k = 6). Finally, principal coordinates analysis (PCoA) was
conducted using the previously obtained dissimilarity matrix and
considering the recognized assemblages in each cut-off level. The com-
bination of classification and ordination methods considering different
dissimilarity levels is useful since it allows us to analyze the dynamism of
assemblages, spatial gradients, and biological affinities, all of which are
fundamental for the recognition of biogeographically important areas,
such as transition zones (Kreft and Jetz, 2010; Vilhena and Antonelli,
2015).

3. Results
3.1. Algal richness and endemicity

A total of 765 species were recorded in the study area. The number of
records shows a homogeneous distribution across the continental shelf

of the GoMx, except for reef zones and the Texas-Louisiana shelf
(Fig. 1A-B). Raw species richness values were strongly correlated with
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Fig. 1. Distribution patterns of algal biodiversity across the continental shelf of the Gulf of Mexico and adjacent waters. A) Distribution of algae records in the study
area. B) Sampling effort distribution. C) Expected richness distribution. D) Corrected Weighted Endemism (CWE) distribution.

the sampling effort (Spearman rho = 0.96; p < 0.0001). In contrast, the
expected richness distribution was homogeneous throughout the study
area and did not correlate with the sampling effort (Spearman rho =
0.65; p < 0.0001) (Fig. 1C). Algal endemicity was low across the study
area, except at two sites located off Louisiana and Texas (Fig. 1D) and
proved to be not influenced by unequal sampling effort (Spearman rho =
0.44; p < 0.0001).

3.2. Algal assemblages

When k = 4, the ‘Yucatanian’ assemblage characterizes the Yucatan
Peninsula and part of the western peninsula, off the states of Tabasco
and Veracruz. The ‘Veracruzanian’ assemblage is distributed along the
coast of Veracruz, in front of Tabasco and Campeche, having a distinct
algal composition that shows no affinity with other assemblages. The
‘Floridan’ assemblage is restricted to the Florida Peninsula, mainly to its
southern part, and shows affinity with the ‘Yucatanian’ assemblage. The
‘Transitional’ assemblage shows a discontinuous distribution, being
distributed from the eastern side of the northern Florida Peninsula,
including escarpment zones of the western Florida platform and the
Texas-Louisiana shelf to the coasts of Tamaulipas. In the southern zone,
it characterizes the Campeche and Yucatan escarpments (Fig. 2A-C).
When k =5, the ‘Transitional’ assemblage splits and emerges the
‘Tamaulipan’ assemblage in the northwestern Gulf, off the coasts of
Tamaulipas and Texas. This assemblage showed an affinity with the
‘Floridan’, ‘Yucatanian’, and ‘Transitional’ assemblages. Finally, when
k = 6, the ‘Transitional’ assemblage splits again, emerging the ‘Texan’
assemblage, which characterizes the Texas-Louisiana shelf and some

points of the northern Yucatdn shelf escarpment. This assemblage evi-
dences a distinct algal composition that is only related to the ‘Transi-
tional’ assemblage (Fig. 2A-C).

4. Discussion
4.1. Algal richness and endemicity

The homogenous distribution of the sampling effort across the study
area contrasts with previous studies where a bias between shelf and
oceanic zones was observed (Miloslavich et al., 2010; Ahuatzin--
Hernandez et al., 2024). This can be explained by excluding the oceanic
component, which has historically been less studied in the region
(Cardoso et al., 2024). For instance, neritic zones have a greater variety
of ecosystems, such as lagoons, bays, and estuaries, which are easier and
cheaper to access, enabling a more constant effort (Hernandez-Zaltron
et al., 2025). In contrast, sampling the different strata of oceanic zones
requires specialized gear, which is expensive, resulting in a clear
distinction in the available information on neritic and oceanic envi-
ronments. This fact allows us to understand the homogenous distribu-
tion of richness, which is likely due to different punctual efforts across
the continental shelf, while the variety of substrates (e.g., karst, silt,
sand), together with the influence of rivers and upwellings, explains the
high values of richness in almost all the study area (Garduno-Solorzano
et al., 2005; Hernandez et al., 2021). The low richness of the
Texas-Louisiana shelf matches the low sampling effort in the zone
(Fig. 1B-C). This pattern is likely due to the high sedimentation rate, low
salinity, and turbidity, which creates a dead zone where it is difficult for
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Fig. 2. Algal assemblages across the continental shelf of the Gulf of Mexico and adjacent waters. A) Hierarchical clustering with contiguity constraint (dotted lines
represent edges with vertices in different clusters). B) Geographical distribution of algal assemblages. C) Principal Coordinates Analysis (PCoA) based on the

dissimilarity matrix used to identify algal assemblages.

some organisms to develop (Rezak et al., 1990; Wilkinson et al., 2009;
Hancock et al., 2019). The high endemism in the Texas-Louisiana shelf
can be explained by the Atchafalaya River, which loads low salinity
water with sediments and nutrients, causing dramatic effects on coastal
habitats, disrupting the ranges of some coastal species and foresting a
distinct environment (Neigel, 2009), additionally to the dead-zone effect
due to the high sedimentation rate, low salinity, and turbidity of the
zone (Rezak et al., 1990; Wilkinson et al., 2009; Hancock et al., 2019).

4.2. Algal assemblages

The ‘Floridan’ and ‘Yucatanian’ assemblages coincide with previous
studies, indicating that the Yucatan and Florida peninsulas have distinct
biological compositions with certain affinity between them. This pattern
supports the hypothesis that both peninsulas can be recognized as
biogeographic areas (Paz-Rios et al., 2021; Ahuatzin-Hernandez et al.,

2023; Oliveira et al., 2024). Particularly, the ‘Floridan’ assemblage
supports the biogeographic boundaries proposed by Walker et al. (2020)
and Blank et al. (2022) for the region. The biological affinity between
the Yucatan and Florida peninsulas has been noted with other taxonomic
groups (Paz-Rios et al., 2021; Ahuatzin-Hernandez et al., 2023;
Hernandez-Zaltron et al., 2025), being attributed to ecological and
historical aspects such as their karstic composition, the influence of the
Loop current and an ancient connection between the two peninsulas
(Wilkinson et al., 2009; Bird et al., 2011; Paz-Rios et al., 2021; Ahuat-
zin-Hernandez et al., 2023). The ‘Veracruzanian’ assemblage is spatially
consistent with different generalized tracks identified with macroalgae,
echinoderms, members of the gelatinous zooplankton, and previous
regionalizations of the shelf zones (Caballero-Ochoa et al., 2017; Vilchis
et al., 2018; Ahuatzin-Hernandez et al., 2024; Oliveira et al., 2024). The
area delimited by ‘Veracruzanian’ is characterized by the influence of
rivers, which play a crucial role in the distribution of algae, explaining
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its conformation and distinct algal composition that does not show af-
finity with other assemblages (Lara-Lara et al., 2008). The distribution
of the ‘Transitional’ assemblage partially coincides with previous zo-
nations of the northern GoMx coasts (Engle and Summers, 2000). Its
discontinuous distribution and dynamism through different dissimi-
larity levels suggest the conformation of a transition zone in some of the
regions that characterize it.

The ‘Tamaulipan’ assemblage matches the location of the Laguna
Madre. This lagoon is characterized by its hypersaline conditions and
long water exchange, either with the GoMx or other lagoons of the zone,
creating a distinct physiographic and biological environment from those
of the zone (Parker, 1959; Buskey et al., 1998). The affinity of ‘Tam-
aulipan’ with quadrants corresponding to the northern assemblages is
supported by Aguilar-Medrano and Vega-Cendejas, (2019), who
analyzed the biogeographic affinities of fishes and found that the Laguna
Madre is more related to the northern provinces of the region. Addi-
tionally, this area has been indicated as a boundary between the
northern and southern provinces (Oliveira et al., 2024), reflecting the
gradual change between tropical and warm-temperate environments.
The ‘Texan’ assemblage is spatially consistent with other assemblages
identified with hydrozoans and echinoderms (Ahuatzin-Hernandez
et al., 2023; Hernandez-Zaltron et al., 2025), suggesting this zone to
possess abiotic characteristics that allow a distinctive biological
conformation. The area delimited by this assemblage is characterized by
reefs, relict knolls, and barrier islands (Holmes, 2011). The discontin-
uous distribution pattern of this assemblage has been observed in other
regionalizations (Oliveira et al., 2024), suggesting a biological connec-
tivity between the Texas-Louisiana shelf and some points of the northern
Yucatan shelf escarpment.

5. Conclusion

The present study contributes to establishing a biogeographic base-
line of the GoMx and adjacent waters. In this sense, the algal diversity of
the GoMx shelf zones showed spatially structured patterns, which are
consistent with previously proposed biogeographic ecoregions that can
be understood through oceanographic and geomorphological aspects.
The exclusion of the oceanic algal component allowed us to homogenize
the sampling effort, which has been a challenging task for this type of
research, and it represents a good strategy for addressing biogeographic
aspects of the region. The low endemism reflects the high dispersal rate
of planktonic and drifting algae, due to the influence of the marine
currents. Rarefaction and CWE proved to be good methods for assessing
richness and endemism with datasets biased by unequal sampling effort.
Future perspectives regarding the distribution of algae from the GoMx
are 1) to increase the sampling effort across the study area, 2) to address
macroecological aspects concerning the algae response to different
environmental conditions, and 3) to implement techniques that
corroborate the patterns found in this study.

CRediT authorship contribution statement

Ramoén Emmanuel Gomez-Mendicuti: Writing — review & editing,
Writing — original draft, Formal analysis, Data curation, Conceptuali-
zation. Lorena Violeta Le6n-Deniz: Writing — review & editing, Writing
- original draft, Validation, Supervision, Conceptualization. José Maria
Ahuatzin-Hernandez: Writing — review & editing, Writing — original
draft, Validation, Supervision, Methodology, Formal analysis, Concep-
tualization. Veronica Michel Ojeda-Acosta: Writing — review & edit-
ing, Writing — original draft, Data curation. Duayner Said Pérez-Lopez:
Writing — review & editing, Writing — original draft, Data curation.
Carlos Alberto Kao-Chicmul: Writing — review & editing, Writing —
original draft, Data curation.

Regional Studies in Marine Science 91 (2025) 104543
Funding

This work was supported by Secretaria de Ciencia, Humanidades,
Tecnologia e Innovacion (Secihti) by providing a scholarship to JMA-H
[grant number: 845170]

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors thank Professor Jesus M. Mercado for his editorial
assistance and the anonymous reviewers for their comments on an early
draft of this manuscript.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.rsma.2025.104543.

Data availability

All relevant data are within the manuscript and its Supporting in-
formation files

References

Aguilar-Medrano, R., Vega-Cendejas, M.E., 2019. Biogeographical affinities,
trophodynamics, and fisheries pressure in the fish community of the laguna madre
tamaulipas. J. Appl. Ichthyol. 35, 908-916. https://doi.org/10.1111/jai.13900.

Ahuatzin-Hernandez, J.M., Morrone, J.J., Vidal-Martinez, V.M., 2023. Biogeographic
patterns of hydrozoans in the Gulf of Mexico and adjacent waters: biological
assemblages, beta diversity, and endemism. Mar. Ecol. Prog. Ser. 720, 85-94.
https://doi.org/10.3354/meps14407.

Ahuatzin-Herndndez, J.M., Morrone, J.J., Vidal-Martinez, V.M., 2024. Biotic
assemblages of gelatinous zooplankton in the Gulf of Mexico and adjacent waters: an
evolutionary biogeographic approach. PLOS One 19, e0307933. https://doi.org/
10.1371/journal.pone.0307933.

Arfianti, T., Costello, M.J., 2020. Global biogeography of marine amphipod crustaceans:
latitude, regionalization, and beta diversity. Mar. Ecol. Prog. Ser. 638, 83-94.
https://doi.org/10.3354/meps13272.

Battin, T.J., Kaplan, L.A., Findlay, S., Hopkinson, C.S., Marti, E., Packman, A.L,
Newbold, J.D., Sabater, F., 2008. Biophysical controls on organic carbon fluxes in
fluvial networks. Nat. Geosci. 1, 95-100. https://doi.org/10.1038/ngeo101.

Bird, D.E., Burke, K., Hall, S.A., Casey, J.F., 2011. Tectonic evolution of the Gulf of
Mexico basin. In: Buster, N.A., Holmes, C.W. (Eds.), Gulf of Mexico. Origin, Waters,
and Biota, 3. Geology, Texas A&M University Press, pp. 3-16.

Blank, N., Brooke, S.D., Walker, B.K., 2022. Spatial variation in hard bottom coral
communities of the coastal west florida shelf. Bull. Mar. Sci. 98, 509-528. https://
doi.org/10.5343/bms.2022.0009.

Bojorge-Garcia, M.G., Cantoral-Uriza, E.A., 2016. La Import. Ecol. 6gica De. las algas En.
los R. i0s. Hidrobiol. 6gica261810.24275/uam/izt/dcbs/hidro/2016v26n1/
Cantoral.

Brodie, J., Chan, C.X., De Clerk, O., Cock, J.M., Coelho, S.M., Gachon, C., Grossman, A.
R., Mock, T., Raven, J.A., Smith, A.G., Yoon, H.S., Bhattacharya, D., 2017. The algal
revolution. Trends Plant Sci. 22, 726-738. https://doi.org/10.1016/j.
tplants.2017.05.005.

Buskey, E.J., Wysor, B., Hyatt, C., 1998. The role of hypersalinity in the persistence of the
texas ‘brown tide’in the laguna madre. J. Plankton Res. 20, 1553-1565. https://doi.
org/10.1093/plankt/20.8.1553.

Caballero-Ochoa, A.A., Martinez-Melo, A., Conejeros-Vargas, C.A., Solis-Marin, F.A.,
Laguarda-Figueras, A., 2017. Diversidad, patrones de distribucién y “hotspots” de los
equinoideos irregulares (Echinoidea: Irregularia) de México. Rev. De. Biol. ia Trop.
65, S42-859. https://doi.org/10.15517 /rbt.v65i1-1.31666.

Cardoso, M.N.M., Azevedo, F., Dias, A., Sousa de Almeida, A.C., Senna, A.R., Marques, A.
C., Rezende, D., Hajdu, E., Pereira Lopes-Filho, E.A., Bettini Pitombo, F., Moura de
Oliveira, G., Doria, J.G., Carraro, J.L., Campos De-Paula, J., Bahia, J., Magalhaes de
Araujo, J., Paresque, K., Manzoni Vieira, L., Fernandes, L.M., Santos, L.N.,
Miranda, L.S., Lorini, M.L., Klautau, M., Pagliosa, P.R., Braga Clerier, P.H., de
Moura, R.B., da Rocha Fortes, R., Neves, R.A.F., Moreira da Rocha, R., Stampar, S.N.,
Salani, S., Miranda, T.P., Pinheiro, U., Venekey, Oliveira, U., 2024. Causes and
effects of sampling bias on marine Western atlantic biodiversity knowledge. Divers.
Distrib. 30, €13839. https://doi.org/10.1111/ddi.13839.


https://doi.org/10.1016/j.rsma.2025.104543
https://doi.org/10.1111/jai.13900
https://doi.org/10.3354/meps14407
https://doi.org/10.1371/journal.pone.0307933
https://doi.org/10.1371/journal.pone.0307933
https://doi.org/10.3354/meps13272
https://doi.org/10.1038/ngeo101
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref6
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref6
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref6
https://doi.org/10.5343/bms.2022.0009
https://doi.org/10.5343/bms.2022.0009
https://doi.org/10.1016/j.tplants.2017.05.005
https://doi.org/10.1016/j.tplants.2017.05.005
https://doi.org/10.1093/plankt/20.8.1553
https://doi.org/10.1093/plankt/20.8.1553
https://doi.org/10.15517/rbt.v65i1-1.31666
https://doi.org/10.1111/ddi.13839

R.E. Gomez-Mendicuti et al.

Castillo, R., Ortegon-Aznar, 1., Suarez, A.M., Martinez-Daranas, B., Alvarez-Rocha, M.,
Galindo-De Santiago, M.D.C. & Simoes, N. (2024). Macroalgae from eight reefs in
the Campeche Bank, collected by the National Autonomous University of Mexico
(UNAM) (Version 1.3) [Data set]. Caribbean OBIS Node. https://doi.org/10.15468/
k4u4mx.

Chanton, J., Lapham, L., Bianchi, T.S., Rogers, K., Hollander, D., Joye, S., 2019. Marine
sediment chemistry. In: Bianchi, T.S. (Ed.), Gulf of Mexico Origin, Waters, and Biota,
5. Chemical Oceanography. Texas A&M University Press, pp. 216-233.

Correia, K.M., Alford, S.B., Belgrad, B.A., Darnell, K.M., Darnell, M.Z., Furman, B.T.,
Hall, M.O., Hayes, C.T., Martin, C.W., McDonald, A.M., Smee, D.L., 2022. Drift
macroalgal distribution in Northern Gulf of Mexico seagrass meadows. PeerJ 10,
e13855. https://doi.org/10.7717 /peer;j.13855.

Costello, M.J., Tsai, P., Wong, P.S., Cheung, A.K.L., Basher, Z., Chaudhary, C., 2017.
Marine biogeographic realms and species endemicity. Nat. Commun. 8, 1057.
https://doi.org/10.1038/541467-017-01121-2.

Daru, B.H., Karunarathne, P., Schliep, K., 2020. Phyloregion: r package for
biogeographical regionalization and macroecology. Methods Ecol. Evol. 11,
1483-1491. https://doi.org/10.1111/2041-210X.13478.

Davis, R.A., 2017. Sediments of the Gulf of Mexico. In: Ward, C.H. (Ed.), Habitats and
Biota of the Gulf of Mexico: Before the DeepWater Horizon Oil Spill. Springer,
pp. 165-215.

Dray, S. Bauman, D., Blanchet, G., Borcard, D., Clappe, S., Guenard, G., Jombart, T.,
Larocque, G., Legendre, P., Madi, N., Wagner, H.H. & Siberchicot, A. (2022).
Package “adespatial”: Multivariate multiscale spatial analysis. R package version
0.3-20. (https://cran.r-project.org/srccontrib/Archive/adespatial/).

Duarte, C.M., Gattuso, J.P., Hancke, K., Gundersen, H., Filbee-Dexter, K., Pedersen, M.F.,
Middelburg, J.J., Burrows, M.T., Krumhansl, K.A., Wernberg, T., Moore, P.,
Queirés, A.M., Smale, D.A., Bekkby, T., Serrao, E.A., Krause-Jensen, D., 2022. Global
estimates of the extent and production of macroalgal forests. Glob. Ecol. Biogeogr.
31, 1422-1439. https://doi.org/10.1111/geb.13515.

Engle, V.D., Summers, J.K., 2000. Biogeography of benthic macroinvertebrates in
estuaries along the Gulf of Mexico and Western atlantic coasts 1, 2. Hydrobiologia
436, 17-33. https://doi.org/10.1023/A:1026572601578.

Espinosa-Fuentes, M.L., Flores-Coto, C., 2004. Cross-shelf and vertical structure of
ichthyoplankton assemblages in continental shelf waters of the Southern Gulf of
Mexico. Estuar. Coast. Shelf Sci. 59, 333-352. https://doi.org/10.1016/j.
€css.2003.09.006.

Gallegos Martinez, M., Hernandez Cardenas, G., Pérez-Espinosa, 1. (2018). Comunidades
de vegetacion acuatica sumergida del Golfo de México [dataset]. Sistema Nacional
de Informacion Sobre Biodiversidad. Comision Nacional para el Conocimiento y Uso
de la Biodiversidad. (http://geoportal.conabio.gob.mx/metadatos/doc/fgdc/vagolfl
8gw.zip).

Galloway, W.E., 2011. Pre-Holocene geological evolution of the Northern Gulf of Mexico
basin. In: Buster, N.A., Holmes, C.W. (Eds.), Gulf of Mexico Origin, Waters, and
Biota, 3. Geology. Texas A & M University Press, pp. 33-52.

Garduno-Solérzano, G., Godinez-Ortega, J.L., Ortega, M.M., 2005. Distribucién
geografica y afinidad por el sustrato de las algas verdes (Chlorophyceae) bénticas de
las costas mexicanas del golfo de México y mar caribe. Boletin. De. la Soc. Botanica
De. México 76, 61-78. https://doi.org/10.17129/botsci.1705.

GBIF.org. (2023). GBIF Occurrence Download [dataset]. Global Biodiversity Information
Facility. https://doi.org/10.15468/dl.mgzcp5.

GBIF.org. (2024a). GBIF Occurrence Download [dataset]. Global Biodiversity
Information Facility. https://doi.org/10.15468/dl.mmhujw.

GBIF.org. (2024b). GBIF Occurrence Download [dataset]. Global Biodiversity
Information Facility. https://doi.org/10.15468/dl.cjnfh8.

Guinda, X., Juanes, J.A., Puente, A., Echavarri-Erasun, B., 2012. Spatial distribution
pattern analysis of subtidal macroalgae assemblages by a non-destructive rapid
assessment method. J. Sea Res. 67, 34-43. https://doi.org/10.1016/j.
seares.2011.09.006.

Hancock, Z.B., Hardin, F.O., Light, J.E., 2019. Phylogeography of sand-burrowing
amphipods (Haustoriidae) supports an ancient suture zone in the Gulf of Mexico.
J. Biogeogr. 46, 2532-2547. https://doi.org/10.1111/jbi.13686.

Heck, K.L., van Belle, G., Simberloff, D., 1975. Explicit calculation of the rarefaction
diversity measurement and the determination of sufficient sample size. Ecology 56,
1459-1461. https://doi.org/10.2307/1934716.

Hernandez, O.E., Dreckmann, K.M., Ntinez Resendiz, M.L., Senties, A., 2021. Patrones de
distribucion de la familia solieriaceae (Gigartinales, Rhodophyta) en México. Acta
Botanica Mex. 128, e1994.

Hernéandez-Zaltrén, V., Ledn-Deniz, L.V., Ahuatzin-Hernandez, J.M., 2025. Biodiversity
distribution patterns of echinoderms from the Gulf of Mexico and adjacent waters:
species richness, beta diversity and endemism. Hydrobiologia. https://doi.org/

10.1007/510750-025-05987-y.

Holmes, C.W., 2011. Development of the northwestern Gulf of Mexico continental shelf
and coastal zone as a result of the late Pleistocene-Holocene sea-level rise. In:
Buster, N.A., Holmes, C.W. (Eds.), Gulf of Mexico: origin, waters, and biota: Geology.
Texas A&M University Press, pp. 195-208.

Hurlbert, S.H., 1971. The nonconcept of species diversity: a critique and alternative
parameters. Ecology 52, 577-586. https://doi.org/10.2307/1934145.

Kerswell, A.P., 2006. Global biodiversity patterns of benthic marine algae. Ecology 87,
2479-2488. https://doi.org/10.1890/0012-9658(2006)87[2479:GBPOBM]2.0.CO;
2.

King, G.M., Smith, C.B., Tolar, B., Hollibaugh, J.T., 2013. Analysis of composition and
structure of coastal to mesopelagic bacterioplankton communities in the Northern
Gulf of Mexico. Front. Microbiol. 3, 1-14. https://doi.org/10.3389/
fmicb.2012.00438.

Regional Studies in Marine Science 91 (2025) 104543

Kohlenbach, K., Knauber, H., Brandt, A., Saeedi, H., 2023. Distribution and species
richness of benthic polychaeta and sipuncula in the northwestern pacific. Diversity
15, 557. https://doi.org/10.3390/d15040557.

Kreft, H., Jetz, W., 2010. A framework for delineating biogeographical regions based on
species distributions. J. Biogeogr. 37, 2029-2053. https://doi.org/10.1111/j.1365-
2699.2010.02375.x.

Lara-Lara, J.R., Arenas Fuentes, V., Bazan Guzman, C., Diaz Castaneda, V., Escobar
Briones, E., de la Cruz Garcia Abad, M., Gaxiola Castro, G., Robles Jarero, G., Sosa
Avalos, R., Soto Gonzalez, L.A., Tapia Garcia, M., Valdez-Holguin, J.E., 2008. Los
ecosistemas marinos. In: Soberdn, J., Halffter, G., Llorente-Bousquets, J. (Eds.),
Capital natural de México, Volumen I: Conocimiento actual de la biodiversidad.
Comision Nacional para el Conocimiento y Uso de la Biodiversidad, pp. 135-159.

Legendre, P., De Caceres, M., 2013. Beta diversity as the variance of community data:
dissimilarity coefficients and partitioning. Ecol. Lett. 16, 951-963. https://doi.org/
10.1111/ele.12141.

Miloslavich, P., Diaz, J.M., Klein, E., Alvarado, J.J., Diaz, C., Gobin, J., Escobar-
Briones, E., Cruz-Motta, J.J., Weil, E., Cortés, J., Bastias, A.C., Robertson, R.,
Zapata, F., Martin, A., Castillo, J., Kazandjian, A., Ortiz, M., 2010. Marine
biodiversity in the Caribbean: regional estimates and distribution patterns. PLOS
One 5, e11916. https://doi.org/10.1371/journal.pone.0011916.

Murawski, S.A., Peebles, E.B., Gracia, A., Tunnell Jr, J.W., Armenteros, M., 2018.
Comparative abundance, species composition, and demographics of continental shelf
fish assemblages throughout the Gulf of Mexico. Mar. Coast. Fish. 10, 325-346.
https://doi.org/10.1002/mcf2.10033.

Neigel, J.E., 2009. Populations genetics and biogeographic of the Gulf of Mexico. In:
Felder, D.L., Camp, D.K. (Eds.), Gulf of Mexico Origin, Waters and Biota:
Biodiversity. Texas A&M University Press, pp. 1353-1369.

OBIS.org. (2023). Occurrence records of Chlorophyta (Pascher, 1914) [dataset]. Ocean
Biodiversity Information System. Intergovernmental Oceanographic Commission of
UNESCO. (https://datasets.obis.org/downloads/9611fd25-8cf2-490b-ad3c-b89cc3b
49648.zip).

OBIS.org. (2024a). Occurrence records of Rhodophyta (Wettstein, 1901) [dataset].
Ocean Biodiversity Information System. Intergovernmental Oceanographic
Commission of UNESCO. (https://datasets.obis.org/downloads/83eec4c0-599f-44e
7-87f8-4a25b2b35acd.zip).

OBIS.org. (2024b). Occurrence records of Ochrophyta (Cavalier-Smith, 1995) [dataset].
Ocean Biodiversity Information System. Intergovernmental Oceanographic
Commission of UNESCO. (https://datasets.obis.org/downloads/4d833faf-63cc-47b
3-al3e-7d7ea3332d8c.zip).

Oksanen, J., Simpson, G., Blanchet, F., Kindt, R., Legendre, P., Minchin, P., O’Hara, R.,
Solymos, P., Stevens, M., Szoecs, E., Wagner, H., Barbour, M., Bedward, M., Bolker,
B., Borcard, D., Carvalho, G., Chirico, M., De Céceres, M., Durand, S., Evangelista,
H., FitzJohn, R., Friendly, M., Furneaux, B., Hannigan, G., Hill, M., Lahti, L.,
McGlinn, D., Ouellette, M., Ribeiro Cunha, E., Smith, T., Stier, A., Ter Braak, C. &
Weedon, J. (2022)._vegan: Community Ecology Package_. R package version 2.6-4.(
https://CRAN.R-project.org/package=vegan).

Oliveira, U., Azevedo, F., Dias, A., de Almeida, A.C.S., Senna, A.R., Marques, A.C.,
Rezende, D., Hajdu, E., Lopes-Filho, E.A.P., Pitombo, F.B., de Oliveira, G.M.,
Doria, J.G., Carraro, J.L., De-Paula, J.C., Bahia, J., de Araujo, J.M., Paresque, K.,
Vieira, L.M., Fernandes, L.M., Cardoso, M.N.M., Santos, L.N., Miranda, L.S.,
Klautau, M., Pagliosa, P.R., Clerier, P.H.B., Moura, R.B., Fortes, R.R., Nerves, R.A.F.,
da Rocha, R.M., Stampar, S.N., Salani, S., Miranda, T.P., Pinheiro, U., Venekey, V.,
2024. Beta diversity and regionalization of the Western atlantic marine biota.

J. Biogeogr. 51, 1469-1480. https://doi.org/10.1111/jbi.14837.

Pamungkas, J., Glasby, C.J., Costello, M.J., 2021. Biogeography of polychaete worms
(Annelida) of the world. Mar. Ecol. Prog. Ser. 657, 147-159. https://doi.org/
10.3354/meps13531.

Parker, R.H., 1959. Macro-invertebrate assemblages of central texas coastal bays and
laguna madre. Bull. Am. Assoc. Geol. 43, 2100-2166. https://doi.org/10.1306/
OBDASEA3-16BD-11D7-8645000102C1865D.

Paz-Rios, C.E., Pech, D., Carrera-Parra, L.F., Simoes, N., 2021. Biodiversity and
biogeographic affinity of benthic amphipods from the yucatan shelf: an analysis
across the warm northwest atlantic ecoregions. Syst. Biodivers. 19, 928-939.
https://doi.org/10.1080/14772000.2021.1947920.

Rebelo, A.C., Johnson, M.E., Rasser, M.W., Silva, L., Melo, C.S., Avila, S.P., 2021. Global
biodiversity and biogeography of rhodolith-forming species. Front. Biogeogr. 13,
e50646. https://doi.org/10.21425/F5FBG50646.

Rezak, R., Gittings, S.R., Bright, T.J., 1990. Biotic assemblages and ecological controls on
reefs and banks of the northwest Gulf of Mexico. Am. Zool. 30, 23-35. https://doi.
org/10.1093/icb/30.1.23.

Roberts, H.H., 2011. Surficial geology of the Northern Gulf of Mexico continental slope.
In: Buster, N.A., Holmes, C.W. (Eds.), Gulf of Mexico Origin, Waters, and Biota:
Geology. Texas A&M University Press, pp. 209-228.

Sekerci, Y., Petrovskii, S., 2015. Mathematical modelling of plankton-oxygen dynamics
under the climate change. Bull. Math. Biol. 77, 2325-2353. https://doi.org/

10.1007/511538-015-0126-0.

Spalding, M.D., Fox, H.E., Allen, G.R., Davidson, N., Ferdana, Z.A., Finlayson, M.,
Halpern, B.S., Jorge, M.A., Lombana, A., Lourie, S.A., Martin, K.D., McManus, E.,
Molnar, J., Recchia, C.A., Robertson, J., 2007. Marine ecoregions of the world: a
bioregionalization of coastal and shelf areas. BioScience 57, 573-583. https://doi.
org/10.1641/B570707.

Vieira, C., Steen, F., D’hondt, S., Bafort, Q., Tyberghein, L., Fernandez-Garcia, C.,
Wysor, B., Tronholm, A., Mattio, L., Payri, C., Kawai, H., Saunders, G., Leliaert, F.,
Verbruggen, H., De Clerck, O., 2021. Global biogeography and diversification of a
group of brown seaweeds (Phaeophyceae) driven by clade-specific evolutionary
processes. J. Biogeogr. 48, 703-715. https://doi.org/10.1111/jbi.14047.


http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref12
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref12
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref12
https://doi.org/10.7717/peerj.13855
https://doi.org/10.1038/s41467-017-01121-2
https://doi.org/10.1111/2041-210X.13478
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref16
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref16
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref16
https://cran.r-project.org/srccontrib/Archive/adespatial/
https://doi.org/10.1111/geb.13515
https://doi.org/10.1023/A:1026572601578
https://doi.org/10.1016/j.ecss.2003.09.006
https://doi.org/10.1016/j.ecss.2003.09.006
http://geoportal.conabio.gob.mx/metadatos/doc/fgdc/vagolf18gw.zip
http://geoportal.conabio.gob.mx/metadatos/doc/fgdc/vagolf18gw.zip
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref20
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref20
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref20
https://doi.org/10.17129/botsci.1705
https://doi.org/10.1016/j.seares.2011.09.006
https://doi.org/10.1016/j.seares.2011.09.006
https://doi.org/10.1111/jbi.13686
https://doi.org/10.2307/1934716
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref25
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref25
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref25
https://doi.org/10.1007/s10750-025-05987-y
https://doi.org/10.1007/s10750-025-05987-y
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref27
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref27
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref27
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref27
https://doi.org/10.2307/1934145
https://doi.org/10.1890/0012-9658(2006)87[2479:GBPOBM]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[2479:GBPOBM]2.0.CO;2
https://doi.org/10.3389/fmicb.2012.00438
https://doi.org/10.3389/fmicb.2012.00438
https://doi.org/10.3390/d15040557
https://doi.org/10.1111/j.1365-2699.2010.02375.x
https://doi.org/10.1111/j.1365-2699.2010.02375.x
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref33
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref33
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref33
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref33
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref33
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref33
https://doi.org/10.1111/ele.12141
https://doi.org/10.1111/ele.12141
https://doi.org/10.1371/journal.pone.0011916
https://doi.org/10.1002/mcf2.10033
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref37
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref37
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref37
https://datasets.obis.org/downloads/9611fd25-8cf2-490b-ad3c-b89cc3b49648.zip
https://datasets.obis.org/downloads/9611fd25-8cf2-490b-ad3c-b89cc3b49648.zip
https://datasets.obis.org/downloads/83eec4c0-599f-44e7-87f8-4a25b2b35acd.zip
https://datasets.obis.org/downloads/83eec4c0-599f-44e7-87f8-4a25b2b35acd.zip
https://datasets.obis.org/downloads/4d833faf-63cc-47b3-a13e-7d7ea3332d8c.zip
https://datasets.obis.org/downloads/4d833faf-63cc-47b3-a13e-7d7ea3332d8c.zip
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
https://doi.org/10.1111/jbi.14837
https://doi.org/10.3354/meps13531
https://doi.org/10.3354/meps13531
https://doi.org/10.1306/0BDA5EA3-16BD-11D7-8645000102C1865D
https://doi.org/10.1306/0BDA5EA3-16BD-11D7-8645000102C1865D
https://doi.org/10.1080/14772000.2021.1947920
https://doi.org/10.21425/F5FBG50646
https://doi.org/10.1093/icb/30.1.23
https://doi.org/10.1093/icb/30.1.23
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref44
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref44
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref44
https://doi.org/10.1007/s11538-015-0126-0
https://doi.org/10.1007/s11538-015-0126-0
https://doi.org/10.1641/B570707
https://doi.org/10.1641/B570707
https://doi.org/10.1111/jbi.14047

R.E. Gomez-Mendicuti et al.

Vilchis, M.I., Dreckmann, K.M., Garcia-Trejo, E.A., Hernandez, O.E., Senties, A., 2018.
Patrones de distribucién de las grandes macroalgas en el golfo de México y el caribe
mexicano: una contribucion a la biologia de la conservacién. Rev. Mex. De.
Biodivers. 89, 183-192. https://doi.org/10.22201/ib.20078706€.2018.1.22.26.

Vilhena, D.A., Antonelli, A., 2015. A network approach for identifying and delimiting
biogeographical regions. Nat. Commun. 6, 6848. https://doi.org/10.1038/
ncomms7848.

Walker, B.K., Eagan, S., Ames, C., Brooke, S., Keenan, S., Baumstark, R., 2020. Shallow-
water coral communities support the separation of marine ecoregions on the west-
central florida gulf coast. Front. Ecol. Evol. 8, 210. https://doi.org/10.3389/
fevo.2020.00210.

Ward Jr, J.H., 1963. Hierarchical grouping to optimize an objective function. J. Am. Stat.
Assoc. 58, 236-244.

Regional Studies in Marine Science 91 (2025) 104543

Wilkinson, T.A.C., Wiken, E., Bezaury Creel, J., Hourigan, T.F., Agardy, T.,
Herrmann, H., Janishevski, L., Madden, C., Morgan, L., Padilla, M., 2009.
Ecorregiones marinas de América del norte. Com. 6N. Para. la Coopén. Ambient.
177.

Wulff, A., Iken, K., Quartino, M.L., Al-Handal, A., Wiencke, C., Clayton, M.N., 2009.
Biodiversity, biogeography and zonation of marine benthic micro-and macroalgae in
the Arctic and antarctic. Bot. Mar. 52, 491-507. https://doi.org/10.1515/
BOT.2009.072.

Zizka, A., Silvestro, D., Andermann, T., Azevedo, J., Duarte Ritter, C., Edler, D.,
Farooq, H., Herdean, A., Ariza, M., Scharn, R., Svantesson, S., Wengstrom, N.,
Zizka, V., Antonelli, A., 2019. CoordinateCleaner: standardized cleaning of
occurrence records from biological collection databases. Methods Ecol. Evol. 10,
744-751. https://doi.org/10.1111/2041-210X.13152.


https://doi.org/10.22201/ib.20078706e.2018.1.2226
https://doi.org/10.1038/ncomms7848
https://doi.org/10.1038/ncomms7848
https://doi.org/10.3389/fevo.2020.00210
https://doi.org/10.3389/fevo.2020.00210
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref51
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref51
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref52
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref52
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref52
http://refhub.elsevier.com/S2352-4855(25)00534-1/sbref52
https://doi.org/10.1515/BOT.2009.072
https://doi.org/10.1515/BOT.2009.072
https://doi.org/10.1111/2041-210X.13152

	Assessing the distribution of algal biodiversity across the shelf zones of the Gulf of Mexico and adjacent waters
	1 Introduction
	2 Material and methods
	2.1 Data acquisition and cleaning process
	2.2 Algal richness and endemicity
	2.3 Algal assemblages

	3 Results
	3.1 Algal richness and endemicity
	3.2 Algal assemblages

	4 Discussion
	4.1 Algal richness and endemicity
	4.2 Algal assemblages

	5 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	Data availability
	References


