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Seagrasses can form vast meadows in coastal areas and provide valuable
ecosystem services. Despite their importance, seagrasses are threatened, and
their spatial extent and ecological condition have declined worldwide. Globally,
there are six seagrass bioregions based on ocean basin and species distribution.
The Tropical Atlantic Bioregion encompasses seagrasses in the warm waters off
the Atlantic American continent, the eastern Pacific and the west coast of Africa.
Here, the extinction risk of the species was determined through the Categories
and Criteria of the IUCN Red List of Threatened Species. The extinction risk for
the 15 native seagrass species in the bioregion was assessed and summarized as
an update to the previous IUCN effort, conducted 15 years ago. The updated
regional assessments were based on expert opinion and compilation of revised
data on species” distribution, population status and trend. Of the 15 native
species, nine were endemic to the bioregion; thus, the regional assessment
was also a global one. Two other species were typical for the region but also
occurred beyond bioregional boundaries (Halodule beaudettei and H. wrightii).
The remaining species were either distributed circumglobally (2 species), or
consisted of peripheral populations of species characteristic of neighboring
bioregions (2 species). The detailed information of 15 assessments have been
made freely accessible in an open repository. Nine species maintained their
previous risk of extinction status, while one species (Thalassia testudinum)
changed from the Least Concern to the Near Threatened category.
Downgrading of the status of T. testudinum is worrying, as this is the dominant
climax species in the wider Caribbean. Its replacement by less resistant and
smaller but faster growing species, such as Syringodium filiforme and H. wrightii
(both classified as Least Concern), could compromise the ecosystem services of
seagrasses in this bioregion. An additional two species had been recently
introduced, and are also briefly covered. The assessments included past and
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present taxonomical uncertainties of various assessed species. Issues concerning
the current boundaries of the bioregions themselves were also encountered. To
address this and better capture future and ongoing range expansion or reduction
associated with climate change, we propose overlapping transitional boundaries
with neighboring seagrass bioregions.

KEYWORDS

marine angiosperms, IUCN red list of threatened species, bioregional extinction
assessment, Halodule, Halophila, Ruppia, Syringodium, Thalassia

1 Introduction

Seagrasses form extensive meadows in the tropical Atlantic
(Tropical Atlantic Bioregion, or Bioregion 2; Short et al., 2007;
Figure 1). They have an essential ecological role as primary
producers, in the provision of forage, nursery habitats and
biodiversity, sediment stabilization, habitat connectivity within
the larger seascape, etc (Hemminga and Duarte, 2000). In
addition to their ecological importance, seagrasses also provide
important ecosystem services to humans. These encompass
enhanced water quality, carbon sequestration, coastal stabilization
and erosion prevention, increased secondary production, and
significant cultural importance (Nordlund et al., 2016; De los
Santos et al., 2020; Creed et al., 2023).

Based on ocean basin and species distribution globally, there are
six recognized seagrass bioregions (Figure 1). Two of them are
tropical (the Tropical Atlantic and Tropical Indo-Pacific
Bioregions), where seagrasses usually have spatial and functional
connectivity with coral reefs and/or mangroves (Nagelkerken,
2009). Here they are frequented by large herbivores such as green
turtles, dugongs and/or manatees (Short et al.,, 2007). Tidal ranges
tend to be small in the tropical Atlantic, in contrast to the tropical
Indo-Pacific, and thus large parts of the Tropical Atlantic Bioregion
differ by lacking extensive intertidal flats. According to Short et al.
(2007), the Tropical Atlantic Bioregion included 11 seagrass species,
less than half of the 24 species found in the Indo-Pacific. The
tropical Atlantic is among the bioregions that have reported the
greatest loss in seagrass cover in recent years, largely due to
degrading water quality and accelerating coastal development
(1880-2013; Dunic et al., 2021). These include continued declines
in Florida’s Big Bend Region (2001-2022; 12,160 ha loss; Yarbro
et al,, 2024) and Tampa Bay (2016-2022; 4,661 ha loss; Beck et al.,
2024), as well as more acute mortality events in the Indian River
Lagoon (2007-2019; 19,114 ha loss; Morris et al., 2022) and Florida
Bay (2015; 8,777 ha loss; Hall et al, 2016). Recent International
Union for Conservation of Nature (IUCN) biodiversity assessments
showed that loss of wildlife biodiversity (in both land, freshwater,
and marine systems) has been greatest in Latin America and the
Caribbean. This is due to land-use change and cascading effects of
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global climate change (WWTF, 2022), which makes the assessment of
its key ecosystems, such as seagrass meadows, urgent.

At global or regional level, seagrass status can be assessed
through various quantitative approaches. Waycott et al. (2009)
and Dunic et al. (2021) derived the status of seagrass meadows
from published losses and gains in area. Assessing areal seagrass
meadow loss at landscape scale can also be done using remote
sensing tools (Fonseca et al., 2002; Traganos et al., 2020; Lizcano-
Sandoval et al., 2022; Yarbro et al., 2024). Another method is
evaluating the conservation status of the seagrass species that
comprise the meadows (Short et al,, 2011). The first global
assessment of seagrass species status using the approach of the
TUCN Red List Categories and Criteria was published over a decade
ago (IUCN, 20105 Short et al, 2011). It was designed to classify
species according to their risk of global extinction, and thus
provides additional information on the status of seagrass
meadows beyond calculations of areal loss. This approach assesses
the geographic range (distribution) of the species along with other
key factors such as population trend, size and structure, habitat
requirements and threats. It may also provide additional
information regarding seagrass meadow mapping efforts. For
example, less common species living in more marginal seagrass
habitats, such as deeper or turbid waters, cannot be easily mapped
and tend to be underrepresented in remote sensing surveys. The
“seagrass meadows” or patches of these species are also usually
small and discontinuous, as well as ephemeral (e.g., Samper-
Villarreal et al., 2018). Furthermore, shifts in community
composition may precede spatial loss and likewise be poorly
captured by mapping approaches (e.g., Fourqurean et al, 2003;
Van Tussenbroek et al., 2014). Therefore, an evaluation of the status
of seagrass species, either globally or regionally, complements the
more common areal extent assessments based on available
mapping data.

Since the first global effort to document the conservation status
of all known seagrass species up to 2007 (Short et al., 2011), climatic
conditions have changed, species distributions have been altered
and considerable seagrass-focused research has taken place, which
warrants a full update on the status of seagrasses. As part of a larger
IUCN effort to assess seagrass status at a global scale, we
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FIGURE 1

Bioregion 2
Tropical Atlantic

(A) Seagrass bioregions after Short et al. (2007). 1 Temperate North Atlantic, 2 Tropical Atlantic, 3 Mediterranean, 4 Temperate North Pacific, 5
Tropical Indo-Pacific, and 6 Temperate Southern Oceans, (B) Global distribution of Halodule wrightii extending beyond the Tropical Atlantic
Bioregion, (C) Tropical Atlantic Bioregion, indicating suggested overlapping transition boundaries between neighboring bioregions indicated by
shaded areas. The stars indicate the extreme reported distributions of H. wrightii.

investigated current information for seagrass species in the Tropical
Atlantic Bioregion (or Seagrass Bioregion 2, as described by Short
et al.,, 2007). Regional assessments for species that are only found in
this bioregion correspond to their global assessment. Our aim was
to provide an updated assessment of the extinction risk for seagrass
species for this bioregion according to the IUCN Red List guidelines
(TUCN version 3.1, [UCN, 2012).

2 Methods

2.1 Tropical Atlantic Bioregion (seagrass
bioregion 2)

The Tropical Atlantic Bioregion for seagrasses includes both
tropical coasts of the Atlantic, with its boundaries approximating
those of the Tropical Atlantic realm (Spalding et al., 2007), except
that it also includes the tropical Pacific coasts of the American
continent, also known as the Eastern Tropical Pacific (Short et al.,
2007; Figure 1).

In the Atlantic, it encompasses the warm waters of the Atlantic
Ocean (typically between 23 °C and 29 °C), primarily between the

Frontiers in Conservation Science

Tropic of Cancer and the Tropic of Capricorn. The seagrass
meadows are distributed along the coastal areas, with denser
meadows occurring in shallower waters (<10m deep). The coasts
are characterized by diverse marine ecosystems, including coral
reefs (hosting the >1000 km long Mesoamerican barrier/fringing
reef system in the Caribbean), seagrass meadows, estuaries,
mangroves and marsh lands. The major ocean currents in the
tropical Atlantic are the warm Mauritia Current, North and
South Equatorial Currents, the Caribbean Current and the Gulf
Stream. Salinity levels are higher in the central Atlantic (34-35) due
to high evaporation rates, and lower near the mouths of large rivers
such as the Amazon, Orinoco and Congo. Large coastal sections of
both the western Atlantic and Pacific of this bioregion are
periodically impacted by tropical storms and hurricanes
(cyclones). The extreme (northern and southern) limits of the
Tropical Atlantic Bioregion are mainly determined by the
distribution limits of characteristic typical tropical seagrass
species (Short et al., 2007).

The western tropical Atlantic encompasses various subregions
with typical characteristics. In the Gulf of Mexico, seagrasses are
often the principal structured habitat type in its many bar-built and
open water estuaries (Dawes et al., 2004; Herrera-Silveira et al,
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2019). Seagrasses also colonize low- to moderate-energy coastlines,
particularly in the Big Bend Region of Florida, and tens of miles
onto the West Florida Shelf (Iverson and Bittaker, 1986; Bell et al.,
2008), where seagrasses have been reported as deep as 90m
(Zieman, 1982). The Mexican Campeche Bank has enormous
extensions of meadows dominated by Syringodium filiforme (360
km?) between ~ 4 and 7m depth (Pérez-Espinosa et al., 2019).
Typical seascape features of the Caribbean and southern Florida are
shallow lagoons, bordered by mostly fringing reefs, with benthos
dominated by well-developed seagrass meadows (Fourqurean and
Rutten, 2004; Van Tussenbroek, 2011), though seagrasses are also
common to estuaries and found in deeper offshore waters. Towards
the south, seagrass meadows occur all along the Brazilian coast, but
species distribution, abundance and dynamics are affected by
physical drivers, particularly by coastal geomorphology,
oceanography and regional climate and hydrology (Copertino
et al., 2016).

In the eastern tropical Atlantic, in West Africa, seagrasses are
mainly associated with shallow mudflats and sand banks, from the
intertidal to ~4 m, due to high water turbidity. The West Africa
seagrass distribution is likely affected by the prominent currents at
the continental shelf in this region where, from north to south, the
dominant currents are the Canary Current, the North Equatorial
Current, the Guinea Current, and the Benguela Current (Freitas
et al., 2019; Hutchings et al., 2009).

In the Eastern Tropical Pacific, the bioregion spans from the
state of Jalisco in Mexico until the southern coast of Panama, where
it also includes mangroves, coastal wetlands, and coral reefs. Reef
lagoons formed by fringing reefs, typical of the Caribbean and
southern Florida, are absent here, and seagrasses are mainly found
in sheltered bays (Samper-Villarreal, 2024). The tropical Pacific
coast experiences a warm and humid climate, where temperatures
typically range from 24 °C to 30 °C with a distinct wet (May to
October/December) and dry season (November/December to
April). The region is influenced by the North and South
Equatorial Currents and the Humboldt Current along the South
American coast.

2.2 The IUCN assessment guidelines and
regional assessment

The IUCN Red List Categories and Criteria (IUCN, 2012) serve
to assess the extinction risk at the species level using pre-established
criteria and extinction risk theory (Mace et al.,, 2008). The TUCN
Red List Categories recognizes eight levels of risk: Extinct (E),
Extinct in the Wild (EW), Critically Endangered (CR),
Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least
Concern (LC) and Data Deficient (DD; ITUCN, 2012).

An initiative to assess the global risk for seagrass species started
in 2020, and developed a framework based on seagrass bioregional
team leads. For the Tropical Atlantic Bioregion, the bioregional
leader (first author) invited an international team of experts to
jointly carry out the regional assessment, forming a team with nine
members. The members were experts with ample seagrass field
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experience in the Tropical Atlantic Bioregion and members of the
IUCN Species Survival Commission (SSC) Seagrass Species
Specialist Group (SSSG). They were selected for their regional
knowledge on seagrasses, covering the entire coastline of the
Tropical Atlantic Bioregion, based in the United States, Mexico,
Costa Rica, Venezuela, Brazil, Mauritania, Mozambique
and Portugal.

The regional IUCN Red List Assessments for seagrass species in
the Tropical Atlantic Bioregion were conducted between June 2020
and July 2021, based on available data for each seagrass species in
the 2007 to 2020-time frame, using the I[UCN standard formats for
this purpose. Individual species were assigned for evaluation by two
or more experts, determined by their regional expertise or
knowledge on certain seagrass species. Species evaluations
included information on taxonomy, distribution, population
trends, ecology, life history, past, existing or future projected
threats, and conservation actions for each seagrass. For each
species, assessors reviewed the previous assessments published in
2010 (IUCN, 2010), and consulted both published and grey
literature covering the period from 2007 to 2020-21. Only grey
literature of recognized institutions, such as government agencies
and thesis of academic institutions, was considered. If necessary, the
assessors contacted other experts to verify information or to obtain
additional data that was not available in the literature; in one case
(Halodule bermudensis), an external expert to the assessment team
was invited to co-author the assessment. Each species assessment
was discussed in detail with the entire bioregional team during
monthly virtual meetings until a consensus was reached.
Quantitative species information, wherever available, or a
consensus of expert opinion if needed, was used to determine if a
species met the threshold for a threatened category under at least
one IUCN Red List Criterion.

Preliminary species assessments were submitted for review to
the TUCN, SSC SSSG Leadership Team between November 2020
and July 2021. Written feedback for each assessment was provided
by the Leadership Team between June and September 2021, and
modifications to assessments were made accordingly. Final
assessments were submitted to the Leadership Team between July
2021 and February 2022, awaiting their publication on the IUCN
Red List of Threatened Species Platform for the nine endemic
seagrass species in the Tropical Atlantic Bioregion, and awaiting
collation with other bioregional assessments for global assessment
for species that also occur in other bioregions. The regional IUCN
Red List assessments for all native seagrass species have been made
publicly available in an open repository (Table 1).

3 Results

Fifteen native species were assessed for the Tropical Atlantic
seagrass Bioregion (Table 1). Of these, 40% were threatened in 2020
(13% Critically Endangered and 27% Vulnerable), 20% were
categorized as Near Threatened and the remaining 40% were
considered to be of Least Concern (Table 1). Nine of the assessed
species were endemic to the Tropical Atlantic Bioregion; thus, their
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TABLE 1 IUCN Red List status.

IUCN red list status oo | e Digital object identifier

Species 2007 2020 ol | (e Registered threats (DOIE;Sc;fe 22; :ﬁfues

global regional

Endemic to the tropical atlantic bioregion

i *CR urban/industrial/agricultural runoff, i
Halodule bermudensis DD . 4 12 R doi.org/10.5281/zenodo.15441522
(A2a; B1 + 2a+2b(i,ii,iii) urban/port infrastructure

*CR

Halodule ciliata DD (B + 2a; C2a(i+ii); D 4 4 unknown doi.org/10.5281/zenodo.15427423
*NT ban/port infrastructure, oil spill, .

Halodule emarginata DD 72 1,190,884 | |roan/port Infrastructure, of spi doi.org/10.5281/zenodo. 15427564
(B2a) tropicalization
*VU ban/industrial/agricultural ff,

Halophila baillonii VU 232 7000000 | \rban/industrialiagricultural runo doi.org/10.5281/zenodo. 15441859

(B2abc) dredging, boat traffic, extreme weather

*NT ban/industrial/agricultural ff,

Halophila engelmannii ~ NT 480 1770670 | “rpanfindustrial/agricultural runo doi.org/10.5281/zenodo. 15587107

(A2ace+3ce) urban/port infrastructure, trawling

associated wetland degradation by

*VU
Ruppia didyma il (B2ab(i it iiv) <1,400 1,988,955 pollution/land reclamation/urban doi.org/10.5281/zenodo.15631337
T infrastructure
urban/industrial/agricultural runoff,
Ruppia mexicana o *LC >2,000 279,928 urban/port infrastructure, trawling, boat  doi.org/10.5281/zenodo.15631972

traffic

urban/industrial/agricultural runoff,
Syringodium filiforme LC *LC Nd 8,323,708 | urban/port infrastructure, trawling, boat = doi.org/10.5281/zenodo.15587304
traffic, urchin grazing

urban/industrial/agricultural runoff,

. . *NT urban/port infrastructure, dredging, .
Thall testud LC Nd 8,418,049 doi.org/10.5281 do.15587027
alassia testudinum (A2ace+3ce) trawling, boat traffic, HAB, turtle ol.org/ Jzenodo
grazing,

Multiregional (also occurring in neighboring bioregions)

VU
Cymodocea nodosa LC ) 288 382,544 tropicalization doi.org/10.5281/zenodo.15674706
ban/industrial/agricultural ff,
Halodule beaudettei DD “1C Nd 8,621,300 | ren/incustiavagricuttural runo doi.org/10.5281/zenodo.15426843

urban/port infrastructure

urban/industrial/agricultural runoff,
Halodule wrightii LC *LC Nd 9,054,605 | urban/port infrastructure, dredging, doi.org/10.5281/zenodo.15587549
trawling, boat traffic, HAB

urban/industrial/agricultural runoff,

urban/

Halophila decipiens LC LC 1,064 20,927,693 | port infrastructure, dredging, trawling, doi.org/10.5281/zenodo.15281973
non-native seagrass, turtle/manatee/fish

grazing,

associated wetland degradation by
Ruppia maritima LC LC >2,240 43,064,197 | pollution/land reclamation/urban doi.org/10.5281/zenodo.15576172
infrastructure, extreme weather

Zostera noltei e VU 128 53453 urban/industrial/agricultural runoff, sea

doi.org/10.5281/zenodo.15682074
(E) level rise, tropicalization, dust storms 8

Non-native in the tropical atlantic bioregion

Halophila ovalis LC NA NA NA NA NA

Halophila stipulacea LC NA NA NA NA NA

LG, Least Concern; NT, Near Threatened; VU, Vulnerable; CR, Critically Endangered; DD, Data Deficient; NA, Not Applicable (for non-native species). AOO Area of Occupancy, EOO Extent of
Occurrence in the Tropical Atlantic seagrass bioregion. The 2007 IUCN assessments were global (Short et al., 2011). The 2020 Red List status is for Bioregion 2 (Tropical Atlantic Bioregion),
including the criteria for belonging to a threatened category (if applicable). Main registered threats in the bioregion are included; natural disturbances typically pose significant threats only when
acting in synergy with anthropogenic pressures. HAB Harmful Algal Bloom. DOI refers to full species assessment in an open online repository. *Both regional and global assessment, being a
regional assessment of an endemic species. **Typical species for the bioregion: possible global assessment if overlapping transition boundaries with neighboring bioregions are considered.
**Not included in the 2007 assessment.
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assessment was also global. Six species also occurred in other
bioregions, of which Halodule beaudettei and H. wrightii were
mainly distributed in this bioregion (i.e., typical for the
bioregion). The multiregional species (i.e., occurring in more than
one seagrass bioregion) were evaluated on regional level only,
awaiting final global assessments (but see Discussion for H.
beaudettei and H. wrightii). The Tropical Atlantic bioregional
IUCN Red List seagrass assessments for each species have been
made publicly available in the open repository Zenodo, with digital
object identifiers (DOI) assigned for each, and are briefly
summarized here (in alphabetical order per subsection). Brief
reports on the two non-native species are also included here.

3.1 Species endemic to the Tropical
Atlantic Bioregion of seagrasses

3.1.1 Halodule bermudensis (CR, previously DD)
The taxonomic status of H. bermudensis is unclear and it was
listed as Data Deficient (DD) in the previous assessment (Short
et al,, 2011). This species is endemic to Bermuda (Supplementary
Figure S1), with the original description (Den Hartog, 1964) being
the only published record of collected specimens of this
morphological form within the genus (in 1913 at Gibbet Island
and in 1922 at Walsingham Bay). It is possible that the genetic
character of H. bermudensis could be determined from preserved
type specimens (Ferrer-Gallego and Boisset, 2020). Inferred
population reduction is likely ongoing, based on general decline
of meadows across the Bermuda Platform (Fourqurean et al., 2019);
therefore, it is listed as Critically Endangered (CR, Table 1).

3.1.2 Halodule ciliata (CR, previously DD)

The taxonomic status of H. ciliata is unclear and it was listed as
Data Deficient (DD) in the previous assessment by Short et al.
(2011). Plants with leaf tip morphology as described for H. ciliata
have only been reported at Taboga Island, Panama (Den Hartog,
1970) (Supplementary Figure S1). No specimens of this seagrass
have been seen for 20 years, despite concerted efforts to locate it and
the only previously known location has been destroyed (F. Short
and B. Sullivan personal communication). There have been no new
reports of this species for the 2007-2020 time period. This species is
listed as Critically Endangered (CR, Table 1). It may possibly be
extinct because of its small extent of occurrence and area of
occupancy (one location).

3.1.3 Halodule emarginata (NT, previously DD)

The taxonomic status of H. emarginata is unclear and it was
listed as Data Deficient (DD) in the previous assessment (Short
et al., 2011). Plants with leaf tips corresponding to H. emarginata
have only been reported in Brazil, and stable populations have been
found at 10 locations (Supplementary Figure S1). While new
populations have been identified since the last assessment, these
likely represent an increased effort and not a range expansion of the
species. Presently, this species is found in a few fragmented
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populations and it is therefore classified as Near Threatened
(NT, Table 1).

3.1.4 Halophila baillonii (VU, previously VU)

In its previous assessment, the clover grass H. baillonii was only
known from approximately seven locations (Short et al., 2011). This
is a small species that often grows in turbid and shallow waters with
restricted visibility, and populations are often small and unstable,
which is why it is potentially underreported. Its presence in shallow
turbid estuaries, which are increasingly under human pressure,
merit concern over its future distribution. Even though it has been
reported at new sites since 2007 (Supplementary Figure S1), the area
of occupancy (AOO) is still estimated to be less than 2,000 km? as
reported in the previous assessment by Short et al. (2011), and in
congruence with this assessment, it remains listed as Vulnerable
(VU, Table 1).

3.1.5 Halophila engelmannii (NT, previously NT)

Commonly known as star grass, H. engelmannii, a small
opportunistic seagrass, usually has a patchy distribution in either
shallow habitats (< 10m), or in deeper habitats (10 - >20 m) as
sparse to dense meadows in the Gulf of Mexico, and Atlantic coastal
waters of Cuba and US (Supplementary Figure S1). In shallow
waters, various populations have declined or disappeared, and the
deeper waters remain understudied. Because of reported ongoing
population decline in shallow near-shore waters, this species
remained Near Threatened (NT, Table 1). More attention on
status and trends for this diminutive, patchily distributed species
will be required in the coming years to better understand its
extinction risk, including renewed efforts to map and understand
the role of deeper, offshore populations.

3.1.6 Ruppia didyma (VU, first time assessed)

This is the first assessment of this species, which was not
included in Short et al. (2011), because at that time it was
considered a synonym of R. maritima. However, its species status
has since been recognized (Triest et al, 2018) and it was first
reported for this bioregion in 1825. R. didyma was originally
described from the Caribbean but is presently only known from a
few locations in the Yucatan Peninsula, Mexico (Novelo, 1991) and
Venezuela (Villarreal et al., 2014) (Supplementary Figure S1). It
inhabits small waterbodies with clear, hypersaline water, generally
near mangroves; and it has recently been found also in sinkholes
with fresh to brackish water (Brigitta I. van Tussenbroek and Duarte
Frade, unpublished data). R. didyma has a small area of occupancy,
and occurs in 13-16 subpopulations that are likely to be severely
fragmented given their disperse distribution and the large distance
between them. The single known site in Puerto Rico, Guanica
Lagoon, was drained in 1955 (Viqueira Rios et al., 2012), and there
are no recent records from other Caribbean islands, where
mangrove-dominated wetlands face continuing degradation, such
as Saint Barthelemy and Guadeloupe (Ellison and Farnsworth,
19965 Jadot, 2016). In this first assessment the species is therefore
categorized as Vulnerable (VU, Table 1).
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3.1.7 Ruppia mexicana (LC, first time assessed)
This is the first assessment of R. mexicana as it was split from R.
maritima based on chromosome counts and morphological
evidence (Den Hartog et al., 2016), and is supported by recent
molecular microsatellite and chloroplast haplotype data (Triest
et al,, 2018). Although at present it is currently known only from
the Yucatan Peninsula and adjoining parts of Mexico
(Supplementary Figure S1), it likely occurs more widely. R.
mexicana is assessed here for the first time and occupies a wide
range of habitats, apparently being persistent in eutrophic locations.
The species is therefore assessed as Least Concern (LC, Table 1).

3.1.8 Syringodium filiforme (LC)

Manatee grass S. filiforme is a widespread and abundant species
throughout its range (Supplementary Figure S1), often found mixed
with other seagrass species. But it also forms dense and extensive
monospecific meadows. Its overall spatial cover appears stable, and
it is increasing in abundance in some places (Van Tussenbroek
et al,, 2014). Such gains may balance losses elsewhere. The species
has a great capacity for recovery once conditions improve. In
congruence with the previous assessment for this species (Short
et al, 2011) it remains of Least Concern (LC, Table 1).

3.1.9 Thalassia testudinum (NT, previously LC)

Turtle grass T. testudinum, is the most robust species in the
Tropical Atlantic Bioregion, where it forms extensive, dense and
stable seagrass beds, and is considered to be the most important
habitat-forming seagrass species throughout a large part of the
bioregion (Supplementary Figure S1). The previous Red List Status
LC (Least Concern, Short et al, 2011) of this species has been
changed to NT (Near Threatened) due to localized threats
throughout the region causing declines in condition and loss of
many populations since the last assessment in 2007 (Table 1).
Localized threats in the region included those driven by coastal
urbanization and pressure from nutrient enrichment (Van
Tussenbroek et al., 2014; Hall et al, 2016), algal blooms (e.g.,
holopelagic Sargassum spp., Van Tussenbroek et al., 2017),
overgrazing by green sea turtles (Fourqurean et al, 2019) and
competitive exclusion by the non-native seagrass H. stipulacea
(Winters et al, 2020). These local pressures are all expected to
increase, and in synergy they may result in unexpected collapse of
stable T. testudinum dominated meadows (Van Tussenbroek et al.,
2014). For these reasons the species has now changed category from
Least Concern to Near Threatened (NT) under criterion A
(population reduction, Table 1).

3.2 Species found in the Tropical Atlantic
and neighboring bioregions

3.2.1 Cymodocea nodosa (regionally VU)

C. nodosa is found throughout the Mediterranean Sea,
extending northwards into the Atlantic Ocean to mid-Portugal
and southwards to Madeira, the Canary Islands, as well as the
African continental coasts of Mauritania, Senegal, The Gambia and
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the archipelago of Cabo Verde (but see discussion in Creed et al.,
2016). The Tropical Atlantic Bioregion contains the southernmost
populations of the species (Supplementary Figure S1), which are
very genetically distinct from the Mediterranean populations
(Alberto et al,, 2008). The overall population in this bioregion is
thought to be presently stable, but ecological niche models
predicted that the entire distribution area in the Tropical Atlantic
Bioregion may be lost by 2050 under the RCP 2.6 and RCP 8.5
climate change scenarios and considering sea level rise (Chefaoui
etal, 2018;2021). The species is therefore listed as Vulnerable (VU)
for this bioregion under criterion E (quantitative extinction
analysis; Table 1).

3.2.2 Halodule beaudettei (regionally LC,
previously DD)

The taxonomic status of H. beaudettei is unclear and it was
listed as Data Deficient (DD) in the previous assessment (Short
et al,, 2011). Since then, the known range of the species has been
expanded based on recent and previously published records
(Supplementary Figure S1), mostly correcting past
misidentifications. This is not a true species range expansion, yet
illustrative of current taxonomic uncertainty. As this species has a
wider distribution than reported in the previous assessment period
(Short et al, 2011), and extending into Bioregion 1 (Temperate
North Atlantic), it is now listed as Least Concern (LC, Table 1).

3.2.3 Halodule wrightii (regionally LC)

Commonly referred to as shoal grass, H. wrightii is a widespread
and locally abundant species in the Caribbean Sea, Gulf of Mexico
and Eastern Tropical Pacific (Supplementary Figure S1), where it is
often found together with other seagrass species such as Thalassia
testudinum, Syringodium filiforme, or Halophila spp., but it can also
form dense and extensive monospecific meadows in habitats
considered challenging for other major meadow forming species
such as T. testudinum or S. filiforme. It is the dominant species in
Brazil and the tropical coast of western Africa from Mauritania to
Sierra Leone as well as Cabo Verde, Sdo Tomeé e Principe, and
Angola. It extends into neighboring seagrass bioregions, being,
Bioregion 1 (Temperate North Atlantic), Bioregion 4 (Temperate
North Pacific) and Bioregion 6 (Temperate Southern Oceans)
(Supplementary Figure S1). The overall population trend for this
species is stable, and possibly increasing in some parts of its range,
such as in Brazil, due to variations in water temperature and salinity
(Copertino et al., 2016). Given its wide distribution and abundance,
as well as its resilience to multiple stressors, in congruence with the
previous assessment for this species (Short et al, 2011), in this
regional assessment it remains of Least Concern (LC, Table 1).

3.2.4 Halophila decipiens (regionally LC)

The paddle grass H. decipiens has a tropical and subtropical,
circumglobal distribution and can be locally abundant. In deeper
waters, H. decipiens has few major threats; however, coastal
development, reduced water quality (Short et al., 2011), invasive
species, overgrazing, storms and hurricanes can affect seagrass beds
in shallower and some deeper (>20m) areas. The population trend
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in the Tropical Atlantic Bioregion is stable, with range expansion
such as in Brazil (Gorman et al,, 2016) and eastern Florida, USA
(Virnstein and Hall, 2009) (Supplementary Figure SI1). In
congruence with the previous assessment for this species (Short
etal, 2011), H. decipiens remains of Least Concern (LC, Table 1) in
this regional assessment.

3.2.5 Ruppia maritima (regionally LC)

R. maritima (sensu lato, see Discussion) is a colonizing seagrass
that tolerates a wide range of environmental conditions, is capable
of fast growth and reproduction (Strazisar et al., 2015), and has a
wide distribution, extending into bioregions north and south of the
tropical Atlantic (Short et al., 2007). The general population trend
in the bioregion is stable or increasing (e.g. Martinez-Garrido et al.,
2017), with R. maritima showing resilience to large disturbance
events (hurricanes, oil spills), and occasionally replacing other
seagrasses in the northern Gulf of Mexico following disturbance
(Cho et al., 2009, 2017). Although parts of the region (West Africa
and the Caribbean) remain poorly studied, the species is tolerant of
disturbance, and is still widely distributed and locally common in
the bioregion (Supplementary Figure S1). It is therefore listed as
Least Concern in the Tropical Atlantic Bioregion (LC, Table 1).

3.2.6 Zostera noltei (regionally VU)

Worldwide, Z. noltei occurs in the eastern Atlantic as well as the
Baltic, Mediterranean, Black, Caspian and Aral Seas. The Tropical
Atlantic Bioregion contains populations of this species at their
southernmost limits of distribution, with large areas in Mauritania
and smaller sites (~ 40 km diameter) in Senegal Saloum Delta (Sidi
Cheikh et al., 2023) (Supplementary Figure S1). There, it is
predicted to be negatively affected in the future from ongoing
climate change, especially extreme climate events and sea-level
rise as the entire distribution in the Tropical Atlantic Bioregion
may be lost by 2050 under the RCP 2.6 and RCP 8.5 climate change
scenarios and considering sea-level rise (Chefaoui et al, 2021).
Large-scale mortality events have already been reported in
Mauritania (De Fouw et al., 2016). The species is therefore listed
as Vulnerable (VU, Table 1) for this bioregion, under criterion E
(quantitative extinction analysis).

3.3 Non-native species

3.3.1 Halophila ovalis (NA)

H. ovalis is wide-spread in the Indo-Pacific and Red Sea, and it
is an introduced species in Florida and the Caribbean (Short et al.,
2011) (Supplementary Figure S1). It is a rapidly growing
opportunistic species with high shoot turnover rate. The Florida
subpopulation was previously described as Halophila johnsonii
(Eiseman and McMillan, 1980), an endemic species known only
from portions of the Indian River Lagoon (Virnstein and Hall,
2009) south to Virginia Key (Gelber et al., 2000; Christian and Hall,
2012), but is now recognized as a synonym of H. ovalis subsp. ovalis
(Waycott et al,, 2021). Although H. ovalis populations are sparse
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and fragmented; the geographical range is gradually expanding in
the Caribbean (Waycott et al., 2021). As a non-native species it is
listed as Not Applicable (NA, Table 1) in this regional assessment.

3.3.2 Halophila stipulacea (NA)

H. stipulacea is native in the Indo-Pacific Ocean and Red Sea
and is an introduced species in the Caribbean, where it is rapidly
spreading, colonizing the Caribbean islands and mainland
Venezuela (Vera et al., 2014; Willette et al., 2014) (Supplementary
Figure S1). This small species has a high shoot turnover rate, and is
therefore a rapidly growing species. At places it poses a threat to
native species, but in others it does not (Winters et al., 2020). More
recently in 2024, this species was also reported on the mainland of
the United States (Key Biscayne, Florida) for the first time
(Campbell et al,, 2025). As a non-native species H. stipulacea in
this regional assessment is listed as Not Applicable (NA, Table 1).

4 Discussion

4.1 Seagrass extinction risk in the
bioregion, from an IUCN-red list viewpoint

Here we covered a total of 17 species (with 15 being native),
whereas Short et al. (2007) only recognized 11 species for the
Tropical Atlantic Bioregion. In this assessment we also included
formerly DD or ignored species (Halodule beaudettei, H.
bermudensis, H. ciliata, H. emarginata, Ruppia didyma), two
temperate species (Cymodocea nodosa and Zostera noltei) that
extend into the tropical waters of western Africa, and a newly
described species (R. mexicana). Out of the 17 species present in the
Tropical Atlantic Bioregion, nine are endemic to the bioregion
(Halodule bermudensis, H. ciliata, H. emarginata, Halophila
baillonii, H. engelmannii, Ruppia didyma, R. mexicana,
Syringodium filiforme, Thalassia testudinum). In addition, two
species (Halodule beaudettei and H. wrightii) are typical of this
bioregion but extend beyond its boundaries. Others have
circumglobal distributions (Halophila decipiens and Ruppia
maritima), or are non-native (Halophila ovalis and H. stipulacea).

Most of the abundant or ubiquitous species in the Tropical
Atlantic Bioregion (H. wrightii, R. maritima, R. mexicana, S.
filiforme, and H decipiens) are classified as least concern (LC,
except for T. testudinum-NT), even though the areal extents of
seagrass meadows in this bioregion are in decline (Dunic et al,
2021). These species are not considered threatened, mostly because
of their large geographical distribution. Species having more limited
distribution or typically occurring in challenging habitats such as
deep waters, turbid estuaries or saltpans (e.g., H. baillonii, H.
engelmannii, R. didyma) received a threatened status based on
these premises. Many of the populations of these species are
ephemeral, occurring in marginal conditions for seagrass growth.
Due to their inconspicuous and ephemeral nature, they may
disappear from a geographical area without being noticed, which
may be the case for H. engelmannii along the Yucatan coast of the
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Gulf of Mexico, although more thorough search actions are needed
to verify this. More attention to such ephemeral seagrass species
with limited distribution in monitoring programs and designing
protected areas is recommended.

Most seagrass species are still widespread, and abundant
throughout the region, which is to be expected from species that
found ecosystems. Widespread and abundant founding species are
often not threatened at the species level, even when the ecosystems
are in decline, which for example also applies to mangroves.
Therefore, conservation efforts of these species (such as T.
testudinum, S. filiforme, Halodule spp., Ruppia spp.) can best be
approached considering ecosystem vulnerabilities rather than the
(sole) extinction risk of the individual species, following the Red List
of Mangrove Ecosystems initiative (https://iucn.org/resources/
conservation-tool/iucn-red-list-ecosystems/red-list-mangrove-
ecosystems). From an ecosystem perspective it is worrying that T.
testudinum, the most robust and iconic seagrass species in this
region has been downgraded from Least Concern to Near
Threatened linked to ongoing urban development, loss in water
quality and algal blooms (Table 1). Even though the distribution of
the species has not changed, the specific composition in the
meadows has undergone changes which are increasingly visible
(Van Tussenbroek et al., 2014), even with remote sensing tools
(Avila-Mosqueda et al., 2025). If typical non-climax seagrass species,
such as H. wrightii or S. filiforme, were to eventually replace T.
testudinum, there could be unanticipated effects on ecological
functions, ecosystem services, and future resilience to physical and
environmental disturbance (O’Brien et al., 2018). A similar shift has
been projected for West Africa, where the existing tall, dense
meadows of C. nodosa and Z. noltei are predicted to be replaced
by the smaller, thinner H. wrightii under climate change and sea
level rise scenarios (Chefaoui et al, 2021). Disturbingly little is
known about the functionality and persistence of seagrass meadows
under such system-wide changes of specific composition. Region-
wide, and ongoing monitoring of such meadows by remote sensing
and ground truthing could aid in observing future conservation
state of these species and the ecosystem they found, and in
developing site-specific management plans that address existing
stressors or threats. Such monitoring programs could benefit from
past and existing transnational networks within the region, e.g.
CARICOMP in the Caribbean (Corteés et al., 2019) or RAMPAO in
West Africa (Duval-Diop, 2016).

4.2 Assessment challenges

The first assessment of the conservation status of seagrasses
following the IUCN procedure was a global evaluation conducted
more than a decade ago (IUCN, 2010; Short et al,, 2011). The
current study sought to revisit that earlier effort, offering an updated
assessment for species found in the Tropical Atlantic Bioregion.
While investigating species’ status and trends we encountered
several taxonomic and theoretical challenges. Here we describe
the challenges, mention how we assessed species in the face of
them, and propose how they may be addressed in the future.
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4.2.1 Species identification

Various seagrass species share similar morphological vegetative
characteristics, making it difficult to distinguish between them based
on vegetative morphology alone, which is further hampered by
reduced reproductive parts in adaptation to underwater fertilization
(Kuo and Den Hartog, 2001). In addition, seagrasses exhibit
significant phenotypic plasticity (the ability of an organism to
change its characteristics in response to the environment;
McDonald et al., 2016; Pazzaglia et al., 2021), and dimensions and
morphologies of plant parts of related species can overlap, leading to
confusion regarding species boundaries. Seagrasses are found in a
wide range of environments, and species’ morphologies and
dimensions may vary geographically (McDonald et al,, 2016),
which can lead to erroneous recognition of different (sub)species.
In contrast, in some cases, what appears to be a single species may
actually consist of two or more cryptic species that are genetically
distinct but morphologically indistinguishable (Martinez-Garrido
et al, 2016; Triest et al, 2018). Interbreeding between some
congeneric seagrass species has also been reported (e.g. Ito and
Tanaka, 2011; Sinclair et al, 2019; Liu et al., 2020), making it
difficult to determine clear taxonomic distinctions. While genetic
analysis is a powerful tool for distinguishing species, the genetic data
available for seagrasses is still relatively limited (e.g., Dilipan et al,
2018; Tuya et al, 2024). In the past, clear seagrass identification
guides or keys were not widely available, and during this assessment
we were able to reveal various cases of species misidentification,
requiring adjustments in geographical distributions.

Although all Halophila species in this bioregion have distinct
morphologies, misidentifications have occurred in the past; possibly
due to a combination of limited visibility and historical lack of
seagrass identification guides. H. baillonii, for example, has been
misidentified as H. decipiens, H. johnsonii, or H. engelmannii (Short
et al., 2006; Samper-Villarreal et al., 2018; Creed and Samper-
Villarreal, 2019). This species is often found in deep or turbid waters
with low visibility, where it is covered with fine sediments, which
hampers field identification. H. baillonii is currently not considered
to be present in Florida and surrounding area, where it was
previously reported and most likely wrongly identified. Similarly,
H. engelmannii has been confused with H. baillonii, even though
there is no taxonomic uncertainty regarding the identity of either
one of these species (Kuo, 2020). Reports of H. engelmannii from
the southern and southwestern Caribbean (Trinidad, Puerto Rico,
Venezuela and Costa Rica) are also misidentifications of either H.
baillonii or H. decipiens. In this assessment, we adjusted to the EOO
(minimum convex polygon around all present native occurrences of
a species) and AOO (Area of Occurrence) of both species.

Recent molecular advances have clarified several taxonomic
uncertainties regarding Halophila species in the region, such as
confirming that H. johnsonii is now considered a synonym of H.
ovalis subs. ovalis. This species was likely first observed in Florida,
USA in the 1950s, but at the time was not distinguished from H.
decipiens and also misidentified as H. baillonii (Phillips, 1960). In
1972, specimens from the Indian River Lagoon, Florida, were
considered to be H. johnsonii (Eiseman, 1973), and Johnson’s
seagrass was formally described soon after (Eiseman and
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McMillan, 1980). Since then, the taxonomic status of H. johnsonii
has been repeatedly called into question (Short et al., 2010; Fonseca
and Olsen, 2016). Early molecular studies showed H. johnsonii was
genetically similar to and closely allied with a number of its
congeners (Short et al., 2010; Waycott et al., 2015) forming what
was proposed as the “Halophila ovalis species complex” (sensu Den
Hartog, 1970). Some argued that H. johnsonii was H. ovalis
introduced from the Indo-Pacific (Short et al, 2010; Waycott
et al, 2015, but see Kuo, 2020), an assertion supported by its
observed asexual (York et al., 2008) and monoclonal (Waycott et al.,
2015) population. Populations of this species were originally
restricted to Florida (NOAA-NMFS, National Oceanic and
Atmospheric Administration, National Marine Fisheries Service,
2007), but recently appeared in the broader Caribbean (Short et al.,
2010; Waycott et al., 2015). DNA sequences, microsatellites, and
ddRAD SNPs from H. johnsonii and H. ovalis throughout their
respective ranges, revealed that the Florida and Antiguan
populations of H. johnsonii were (1) identical, (2) entirely
monoclonal, and (3) well resolved with east African
subpopulations of H. ovalis (Waycott et al, 2021). In response,
the United States’ National Marine Fisheries Service (NMFS)
removed H. johnsonii from the List of Threatened and
Endangered Species and eliminated its critical habitat designation
in 2022 (Federal Register, 2022). It is now generally regarded as a
synonym of H. ovalis subsp. ovalis (e.g., https://wfoplantlist.org,
https://powo.science.kew.org, https://florida.plantatlas.usf.edu).

In the previous assessments, H. beaudettei, H. bermudensis, H.
ciliata, and H. emaginata were listed as data deficient (DD, Short
et al, 2011) due to taxonomic uncertainties, which remain until
today. Halodule wrightii is the only well-established species of this
genus in the Tropical Atlantic Bioregion. The taxonomy of
Halodule spp. is based primarily on leaf tip morphology, because
observations of its sexual reproductive structures have been lacking
or infrequent, and they are highly reduced (Kuo and Den Hartog,
2001). Furthermore, Halodule spp. are phenotypically plastic, and
the use of leaf tip morphology as a diagnostic character has been
repeatedly questioned (Phillips, 1967; Ito and Tanaka, 2011; Wagey
and Calumpong, 2013). In some cases, the leaf tip shape, used to
separate the species, has been shown to vary among shoots from the
same rhizome (Phillips, 1967; Wheeler et al., 2020). Genetic studies
have indicated that most Atlantic Halodule spp. populations are
closely related, from the Caribbean and Brazil to all of Africa, with
higher differentiation inside the Gulf of Mexico, and future
synonymizing of several species with H. wrightii is possible (e.g.
Tavares et al., 2023; Sousa et al., 2025).

The taxonomy of Ruppia remains problematic and is
undergoing revision (Den Hartog and Triest, 2020). R. maritima
has traditionally been considered cosmopolitan (Short et al., 2011),
but recent molecular studies demonstrated that it is a complex of
multiple species, including polyploids and recent and ancient
hybrid lineages (Ito et al., 20105 2013; 2015; Triest et al., 2018). R.
maritima sensu stricto (i.e. the diploid species in this complex that
retains the original name) was described from northern Europe
(Den Hartog and Triest, 2020), and has a wide but patchy
distribution throughout Europe and the Mediterranean Basin
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(Triest and Sierens, 2014). It also occurs in the Tropical Atlantic
Bioregion as it is present in Cabo Verde (Martinez-Garrido et al.,
2017). In other parts of the world, several populations previously
treated as R. maritima have been described as distinct species
(Novelo, 1991; Yu and Den Hartog, 2014; Den Hartog et al,
2016; Kurniawan et al, 2024). Further cryptic species may have
been identified but await formal description (Ito et al., 2010; 2015;
Martinez-Garrido et al., 2016; Triest et al., 2018). In the Tropical
Atlantic Bioregion, considerable morphologically diversity has been
reported (Fernald and Wiegand, 1914; Koch and Seeliger, 1988;
Oliveira Filho et al., 1983), but the taxonomy and distribution of
these potentially cryptic species remain insufficiently studied. Most
records lack sufficient information to be assigned to the distinct
species, and therefore they are collectively considered as R.
maritima in the present assessment, pending further studies.
Morphological, cytological, and molecular studies indicated that
R. mexicana and R. didyma are considered distinct species (Novelo,
1991; Den Hartog et al., 2016; Triest et al,, 2018), and their
conservation status is determined for the first time in
these assessments.

In the previous IUCN global assessment, both C. nodosa and Z.
noltei were reported for Cabo Verde islands (IUCN, 2010). But
recent large-scale surveys revealed only the presence of H. wrightii
and R. maritima in these islands (Creed et al., 2016; Martinez-
Garrido et al,, 2017). Although not registered by latter authors, C.
nodosa was recently documented in Santiago Island, confirming its
presence in Cabo Verde (Associagdo Caboverdiana de Ecoturismo
ECOCV, pers. com.). But, at present, there is insufficient evidence of
occurrence of Z. noltei in Cabo Verde islands. On one hand, it is
possible that H. wrightii and R. maritima were wrongly identified as
Z. noltei. But, on the other hand, records for Cabo Verde islands
may also stem from confusion with the similarly named Cape Vert,
in Senegal which is an upwelling area and within the range of this
species. The two places have previously been confused in the
literature (e.g., records of Ecklonia sp. in Price et al.,, 1978). Thus,
adjustments were made to Z. noltei EOO and AOO in the Tropical
Atlantic Bioregion.

4.2.2 Defining boundaries of the bioregions

Short et al. (2007) established six seagrass bioregions based on
species assemblages, their distribution ranges, and influences from
tropical and temperate climates, along with physical barriers set by
oceans and seas. These authors considered the distinction between
temperate and tropical zones crucial, as well as the restriction of
certain species assemblages to specific sea or ocean basins. The
Tropical Atlantic Bioregion was characterized as having clear water
with a high diversity of seagrasses on reefs and shallow banks,
dominated by T. testudinum. The Eastern Tropical Pacific and the
western tropical African coastline, included by these authors, do not
entirely fit this characterization, but they share common species
with the tropical western Atlantic, and their inclusion in this
bioregion is therefore considered as justified.

However, the temperate-tropical divide is not clearly defined,
and tropical species, such as H. wrightii, may spread into temperate
waters up to the coasts of North Carolina in the western Atlantic
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(Stevenson et al, 2025). Typical temperate species, such as C.
nodosa, Zostera marina and Z. noltei have marginal populations
co-occurring with tropical species such as H. wrightii. Considering
the diffuse divide between temperate and tropical species extreme
distributions, we propose that the boundaries between adjacent
bioregions could be overlapping. The overlapping transition
boundaries between adjacent bioregions will maintain the original
principal for the creation of the seagrass bioregions, based on
temperate-tropical species assemblages. At the same time, they
provide more flexibility in the assessments, reducing the overlap
of regional assessments for species with marginal populations in a
bioregion with main distribution in its neighboring bioregion(s).
For the Tropical Atlantic Bioregion, for instance, such an
overlapping transitional boundary includes the marginal
populations at extreme distribution, such as Z. noltei and C.
nodosa. These species have their main distribution in the
Mediterranean Bioregion (C. nodosa) or Mediterranean and
Temperate North Atlantic Bioregion (Z. noltei; Short et al., 2011).
The establishment of an overlapping transition boundary, excludes
the need for their regional assessments in the Tropical Atlantic
Bioregion. H. beaudettei and H. wrightii have their main
distributions in the Tropical Atlantic Bioregion, but they also
extend into neighboring bioregions (Figures 1, S1), and their
global assessments depend at present on regional evaluations of
the marginal populations in the neighboring bioregions. In
establishing overlapping transition boundaries, the assessment of
these species would be global and final, with EOO of 10,827,677
km? for H. beaudettei, and 50,655,025 km? and H. wrightii.

We suggest to use of the global distribution of H. wrightii
(rounded to half a degree) to define the transitional overlapping
boundaries of the Tropical Atlantic Bioregion, and we propose the
following overlapping transition zones between adjacent seagrass
bioregions (Figure 1):

1. Northwestern Atlantic coast: overlapping with bioregion 1
(Temperate North Atlantic), from current boundary until
North Carolina coast at 38°N. The extreme northern
distribution of H. wrightii was at 37.70°N in 2023
(Stevenson et al., 2025), where it is co-occurring with Z.
marina and R. maritima.

. Southwestern Atlantic coast: overlapping with bioregion 6
(Temperate Southern Oceans), from current boundary
until Brazilian coast at 28°N (Tavares et al., 2023).

3. Eastern Pacific coast: overlapping with bioregion 4
(Temperate North Pacific), from current boundary until
28°N on the Pacific coast at Guerrero Negro (27.97°N),
where H. wrightii was found in 2019, coexisting with Z.
marina and Ruppia sp. This transition overlapping zone
also includes the Gulf of California with (annual
populations of) Z. marina, Ruppia spp. and the tropical
seagrass species H. wrightii and H. decipiens (Wong et al.,
2022). The northern boundary of bioregion 2 in the area is
currently unclear as it was not shown in the original map of
the seagrass bioregions (Figure 1 in Short et al,, 2007).
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4. Northwestern African coast: overlapping with bioregion 3
(Mediterranean), corresponding to the area where the
distribution of temperate Z. noltei or C. nodosa
(whichever species extends further) overlaps with that of
H. wrightii (Figure 1). This includes the Cabo Verde
archipelago, where C. nodosa was recently reported
(Associagdo Caboverdiana de Ecoturismo ECOCYV, pers.
com.). This region is influenced by both the cold-water
Canary upwelling system and the warm-water Mauritania
Current (Klenz et al., 2018), creating a unique transition
area between temperate and tropical ecosystems (Spalding
et al., 2007; Freitas et al., 2019).

Considering ongoing tropicalization (Hyndes et al., 2017; 2022),
the overlapping transition boundaries of the neighboring bioregions
may be of special interest, as tropical species may ingress into more
temperate neighboring regions. Also, on the African coast,
temperate species such as C. nodosa and Z. noltei (Hyndes et al,
2017; 2022), and (annual) populations of Z. marina may disappear
or transgress towards more temperate waters due to tropicalization
(Bartenfelder et al., 2022). Overlapping transition boundaries
between tropical and temperate bioregions may thus be useful in
future assessments of the conservation status of seagrass species,
which may also apply to corals, mangroves or saltmarsh species.
The proposed overlapping transition boundaries may need
adjustments in the future, which may by itself also be an
indicator of species shifts around the globe.

The original seagrass bioregions (Short et al., 2007, Figure 1) did
not include large sections of the western African and eastern Pacific
coasts. Along the west African coast, the southern limit of the
Tropical Atlantic Bioregion extends beyond the southern extreme
known distribution of H. wrightii in Angola (Figure 1); further
studies on seagrass distribution may allow better definition of this
boundary. Further south, the coast of Namibia is more temperate,
characterized by low water temperatures due to the Benguela
Current and strong coastal upwelling, harboring coastal lagoons
with Ruppia sp. meadows (Clarke and Klaasen, 2001). With
exception of Zostera capensis (Adams, 2016), seagrass meadows
near the southern tip of Africa remain poorly studied. Along the
eastern Pacific coast, the southern limit of the Tropical Atlantic
Bioregion was established at the southern border of Panama
(UNEP-WCMC (United Nations Environment Programme
World Conservation Monitoring Centre) and Short, 2005).
However, this region has been poorly studied (Samper-Villarreal,
2024). Nearby Panama, Colombia and Ecuador have potentially
suitable sheltered estuarine habitats for seagrasses, meriting more
studies. Further south, the coastline lacks sheltered embayments
and is influenced by the cold Humboldt current. Although
seagrasses have not been registered along these coastlines to date,
the presence of sparse seagrass populations can’t be ruled out. We
therefore recommend that unassigned coastal sections falling
between current seagrass bioregions be absorbed during the
pending updated global assessment of the seagrass
conservation status.
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5 Conclusions

Here, we have presented an update of the conservation status for
the seagrass species in the Tropical Atlantic Bioregion following the
previous worldwide assessment in 2007 (IUCN, 2010; Short et al,
2011), under the Categories and Criteria of the International Union for
the Conservation of Nature (IUCN) Red List of Threatened Species.

Present conservation status assessments confirmed most of the
previous ones (10 out of 11), with the exception of T. testudinum
that passed from Least Concern (LC) to Near Threatened (NT)
category (Criterium A. Population size reduction).

Whereas the last assessment covered 11 species for this
bioregion, the current one covered fifteen native species,
including the ones which were previously considered DD (Data
Deficient), not yet recognized as species, or they were not included
in the bioregion being peripheral populations typical for
neighboring bioregions. In this manuscript, we also briefly
covered the two non-native species, that were not assessed for
conservation status, following the IUCN protocol (IUCN, 2012).

Issues concerning fixed boundaries of seagrass bioregions were
identified. Therefore, some overlapping transition boundaries with
neighboring bioregions are proposed, for practical assessment
purposes, and considering changes in the geographical
distribution of some seagrass species due to global climate
change. Observations of species distribution (either expansion or
retraction) in these overlapping zones of the bioregions may be of
value to observe potential impacts of tropicalization.

We recommend the inclusion of unassigned coastal stretches to
bioregions during the pending global assessment.

During the bioregional assessment, challenges concerning species
identifications were identified and addressed, which included
misidentifications, presence of cryptic species and ongoing
uncertainty regarding the taxonomical status of several species.

Region-wide seagrass meadow monitoring programs, and
future assessments of the species conservation status, are
recommended to understand the conservation status and trends
of these critical ecosystems in the Tropical Atlantic Bioregion.

We suggest implementation of targeted seagrass monitoring
programs for the threatened and more marginal smaller seagrass
species, which are often overlooked in monitoring programs of
seagrass meadows.

In addition to the Red List Species assessments, we suggest
assessment of the seagrass meadows as an ecosystem functional
group following the criteria and guidelines of IUCN Red List of
Ecosystems (Bland et al., 2017).
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