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Abstract

Two Sphagnum species thought to be extinct in Puerto Rico were rediscovered. The current distribution range of these
species is substantially reduced compared to the historical distribution based on herbarium records. We contribute notes
on S. perichaetiale and S. trinitense distribution, habitat, and a checklist of associated plant species. A key to the three
extant Sphagnum species found in Puerto Rico is presented along with suggestions for conservation efforts to preserve S.
perichaetiale and S. trinitense. The habitat where the species are found, white sand wetlands, is rare in Puerto Rico and has
been subject to past and present disturbances. We suggest that protection of the current habitat is crucial for the preservation
of these species and other rare plants.
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Introduction

Botanical explorations of the 19 and 20 century documented bryophytes for the islands of the Puerto Rico archipelago,
some of which have not been found again (Sastre-DJ I & Santiago-Valentin 1996). Three species of Sphagnum are
listed for Puerto Rico: S. portoricense Hampe (1852: 359) from high elevation at El Yunque National Forest, Carite
Forest and Sierra de Pandura, S. perichaetiale Hampe (1848: 93) and S. trinitense Miiller Halae (1848: 102) reported
from Laguna Tortuguero Nature Reserve and the coastal plains between Dorado and Arecibo (Fig. 1) (Crum &
Steere 1957, Sastre DJ & Buck 1993, Karlin 2006). During recent expeditions to the reported localities of Sphagnum
portoricense we were only able to confirm the occurrence of this species within El Yunque National Forest, the
populations previously documented from Cerro La Santa in the Carite Forest Reserve and Cuchilla de Panduras in
Yabucoa were not found (Merced 2023). The other two species, S. perichaetiale and S. trinitense from the northern
coastal plains were considered extirpated from Puerto Rico, since no records or sightings of the species existed in over
35 years and attempts to find them were unsuccessful (Sastre-DJ & Tan 1995, 1. Sastre-De Jesus pers. comm. 2005).
These local extinctions are possibly related to the habitat destruction associated to the draining of wetlands in the area
and other human activities (Gomez-Gomez & Torres Sierra 1988, Sastre-DJ & Tan 1995).

Sphagnum dominated peatlands are found in boreal and temperate regions, and at high elevation in alpine or
subalpine tropical regions; however, Sphagnum peatlands are very rare at low elevations in the tropics (Whitney et al.
2025). In a systematic effort to evaluate the status of the lost Sphagnum species in Puerto Rico we used information
from herbarium collections to guide the search for these species. In this article we describe the historical and present
distribution of these two Sphagnum species and describe the ecology of these mosses in the white sand wetlands
of Puerto Rico. We also identify present and potential threats to extant local populations of S. perichaetiale and S.
trinitense and current effort to protect these species and their habitat.
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Materials and methods

Specimens and records from MICH, NY, SJ and UPR herbaria were used to study the distribution of S. perichaetiale
and S. trinitense (Table 1). We identify the historical distribution, main collectors, dates, and localities for these
species. Using specimen descriptions and GPS coordinates georeferenced from specimens, we determined sites to
visit. In addition, we identified potential habitats, lowland wetlands with open canopy and white sands (siliceous or
quartz) substrates using Google Maps (Google n.d.). Multiple expeditions were made between 2020-2024 to search
for Sphagnum at the Laguna Tortuguero Nature Reserve and other localities outside the reserve that shared similar
conditions (Fig. 1). At the site where the two Sphagnum species were found, we counted and measured a number of
patches. More than 13 visits were made to Ciénaga Prieta between February 2021 and February 2026. These visits
allowed us to observe seasonal changes in the landscape, surface water dynamics, and the vegetation. To describe the
associated vegetation, we established one 10 m x 10 m (0.01 ha) fixed square plot for each species, utilizing where
most of the Sphagnum spp. occurred as the center. All species of vascular plants within were recorded, along with their
botanical family and growth form (Table 2).

TABLE 1. List of herbarium specimens and localities for Sphagnum perichaetiale and S. trinitense. Specimens examined
are marked with an asterisk (*).

Sphagnum perichaetiale Hampe

Herbarium Collector Number Year Locality

NY P. E. E. Sintenis s.n. 1887 Bayamon

UPR * A. A. Heller 1339 1899 Vega Baja

NY L. M. Underwood 949 1901 Manati/Vega Baja ~ Near R. R. track from Manati to Vega Baja

MICH A. Chase S.n. 1913 Manati/Vega Baja ~ Laguna Tortuguero

NY N. L. Britton 6679 1922 Dorado Vicinity of Dorado

SJ " R. 0. Woodbury “n. 1960 Manati Bo. Tierras Nuevas Salientes, just S of
Laguna Tortuguero

NY G. R. Proctor 41126 1985 Vega Alta Bo. Sabana, NE of Regadera

UPPRP * A. Merced 343 2021 Vega Alta Bo. Sabana, Ciénaga Prieta

UPPRP * A. Merced 363 2021 Vega Alta Bo. Sabana, Ciénaga Prieta

UPPRP * A. Merced 419 2022 Vega Alta Bo. Sabana, Ciénaga Pricta

MAPR * A. Merced 827 2025 Vega Alta Bo. Sabana, Ciénaga Prieta

Sphagnum trinitense Miiller Halae

Herbarium Collector Number Year Locality

UPR * A. A. Heller 1340 1899 Vega Baja

NY L. M. Underwood 943 1901 Manati/Vega Baja ~ Near R. R. track from Manati to Vega Baja

NY L. M. Underwood 950 1901 Manati/Vega Baja ~ Near R. R. track from Manati to Vega Baja

NY N. L. Britton 6678 1922 Dorado Vicinity of Dorado

UPR * N.L & E.G. Britton 7819 1923 Manati/Vega Baja ~ West end of Laguna Tortuguero.

NY N. L. Britton 8008 1924 Arecibo Laguna Tortuguero

NY N. L. Britton 8992 1927 Dorado Near Dorado

NY N. L. Britton 8992 1927 Dorado Near Dorado

Sy N R. 0. Woodbury . 1960 Menati Bo. Tierras Nuevas Salientes, just S of
Laguna Tortuguero

UPPRP * A. Merced 376 2021 Vega Alta Bo. Sabana, Ciénaga Pricta

MAPR * A. Merced 826 2025 Vega Alta Bo. Sabana, Ciénaga Prieta
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TABLE 2. List of plants associated to Sphagnum perichaetiale and S. trinitense.

Scientific name Family Growth Form Sph.agnul? Sphagnum
perichaetiale trinitense

Didymopanax morototoni (Aubl.) Decne. & Planch. Araliaceae Tree v \/
Tabebuia heterophylla (DC.) Britton Bignoniaceae Tree v
Telmatoblechnum serrulatum (Rich.) Perrie, D.J.Ohlsen

& Brownsey Blechnaceae Herb \/ \
Burmannia capitata (Walter ex J.F.Gmel.) Mart. Burmanniaceae Herb v \
Chrysobalanus icaco L. Chrysobalanaceae Shrub v \
Clusia rosea Jacq. Clusiaceae Tree y \
Ipomoea setifera Poir. Convolvulaceae Vine \/ \
;Zi::j;iiiom Sfascicularis (Michx.) Vahl subsp. Cyperaceae Herb J J
Rhynchospora rariflora (Michx.) Elliott Cyperaceae Herb \
Rhynchospora intermixta C.Wright Cyperaceae Herb v

Scleria microcarpa Nees ex Kunth Cyperaceae Herb \
Drosera capillaris Poir. Droseraceae Herb v \
Chamaecrista diphylla (L.) Greene Fabaceae-Caesalpinioideae  Herb v \
Andira inermis (W.Wright) Kunth ex DC. Fabaceae-Faboideae Tree v

Zornia reticulata Sm. Fabaceae-Faboideae Herb V \
Hyptis atrorubens Poit. Lamiaceae Herb \ \
Cassytha filiformis L. Lauraceae Vine \

Utricularia subulata L. Lentibulariaceae Herb V \
Miconia prasina (Sw.) DC. Melastomataceae Shrub \ \
Miconia racemosa (Aubl.) DC. Melastomataceae Shrub v \
Nepsera aquatica (Aubl.) Naudin Melastomataceae Herb \ \
Myrcia citrifolia (Aubl.) Urb. var. citrifolia Myrtaceae Shrub v \/
Guapira fragrans (Dum.Cours.) Little Nyctaginaceae Tree \
Ouratea litoralis Urb. Ochnaceae Shrub \ \
Sauvagesia erecta L. Ochnaceae Herb v \
Spathoglottis plicata Blume Orchidaceae Herb v \
Anatherum virginicum (L.) Spreng. var. virginicum Poaceae Herb \ \
Dichanthelium strigosum (Muhl. ex Elliott) Freckmann

subsp. glabrescens (Griseb.) Freckmann & Lelong Poaceae Herb v
Eragrostis elliottii (Elliott) S.Watson Poaceae Herb \
Trichanthecium parvifolium (Lam.) Zuloaga & Morrone Poaceae Herb y \
Mpyrsine cubana A.DC. Primulaceae Tree \
fgf;sifi:rl.um apiculatum (Willd.) Delprete & Rubiaceae Herb J J
Palicourea croceoides Ham. Rubiaceae Shrub \ \
Spermacoce verticillata L. Rubiaceae Herb \
Actinostachys pennula (Sw.) Hook. Schizaeaceae Herb v

Smilax coriacea Spreng. Smilacaceae Vine \/ \
Xyris elliottii Chapm. Xyridaceae Herb \/ \
Zamia furfuracea L.f. ex Aiton Zamiaceae Shrub \/
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FIGURE 1. A. Map of the island of Puerto Rico showing past and present distribution of S. perichaetiale and S. trinitense. Historical
distribution range (dash line) is estimated based on herbarium records with unspecified localities between Arecibo and Bayamoén; the
municipalities of Manati, Vega Baja, Vega Alta and Dorado are in this range, also the Laguna Tortuguero Reserve (rectangle). Present
distribution (square) is restricted to Ciénaga Prieta, Bo. Sabana in Vega Alta. B. Wetland habitat of white siliceous sand.

Results and discussion

Sphagnum perichaetiale Hampe (1848: 93) (sect. Sphagnum):—Forms compact cushions that are green-yellowish to
reddish in color, these are medium size plants, with capitulum of 1.5cm (Fig. 2A, C-D). Stems have branch fascicles
of 2 spreading and 1-2 pendulous branches; branch leaves are short and blunt, and stem cortical cells have weak to
conspicuous spiral reinforcing fibrils. Chlorophyllous cells, in cross section, are rectangular to elliptic, exposed on
both sides of the leaf. Sphagnum sintenisii Miiller Halae and S. erythrocalyx Hampe ex Miiller Halae are synonyms of
S. perichaetiale (Griffin 1981, WFO 2024).

Bdagy |

FIGURE 2. Sphagnum species rediscovered and their habit. A. Sphagnum perichaetiale B. Sphagnum trinitense C-D. S. perichaetiale
grows by grasses and sedges forming compact cushions of robust plants. E-F. S. trinitense grows under the shade of Icacos shrubs and
forms loose mats of delicate plants. Scale bar = 1cm.
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Sphagnum trinitense Miiller Halae (1848: 102) (sect. Cuspidata):—Forms disperse carpets above water level or
immersed in water, they have a bright light green color, these are small delicate plants with capitula of 0.5—1.0cm (Fig.
2B, E-F). Stems have branch fascicles of 2-3 elongated, thin spreading branches and 1-3 pendulous branches; branch
leaves are ovate to ovate-lanceolate with serrate margin, and stem cortical cells are not differentiated. Chlorophyllous
cells, in cross section, are triangular to trapezoid, more exposed on the convex surface of the leaf. S. cuspidatum var.
serrulatum (Schlieph.) Schliephacke is a synonym of S. trinitense (Robinson et al. 2023).

Rediscovery:—In 2021, Sphagnum perichaetiale and S. trinitense were rediscovered, restricted to a single locality
in an unprotected wetland, Ciénaga Prieta, located in the northern coastal plains of Puerto Rico (Bo. Sabana, Vega Alta)
at an elevation range of 0—10 meters above sea level (Fig. 1). After many attempts, the two species were not found at the
Laguna Tortuguero Nature Reserve (Manati-Vega Baja). Small to medium patches of S. perichaetiale were found off a
trail, in Ciénaga Prieta, in a wet sand area surrounded by grasses, sedges, and shrubs. Patches of S. perichaetiale were
not found near any superficial water body. Months later, we found S. #rinitense in a recently inundated area associated
also with grasses, sedges and shrubs. Five populations of S. perichaetiale and two populations of S. trinitense were
documented and measured. The two larger populations of S. perichaetiale occupied an area of approximately 4.6 m
x 5 mand 7 m x 3 m, while the two populations of S. trinitense measured 2.5 m x 0.5 m and 5 m x 0.5 m. Depth of
Sphagnum layer ranged from 2—30 cm. The presence of small patches of S. perichaetiale in distant areas could indicate
the establishment of new populations. However, we did not find sporophytes in any of the populations.

Key to the species of Sphagnum in Puerto Rico (modified from Crum & Steere 1957):—Order Sphagnales:
Branches in fascicles, crowded at stem in dense heads (capitulum); leaf cells unistratose, with large, fibrillose, hyaline
cells arranged among linear green cells.

1. Small delicate plants with capitula of 0.5-1.0cm, outer cortical cells of stems and branches without fibrils (efibrillose), branch
leaves lanceolate and SHEHLY CONCAVE ......c.ccuiiiiiiiiiiiii ettt S. trinitense
- Robust plants with capitula larger than 1.5cm, outer cortical cells of stems and branches with spiral fibrils (fibrillose), branch
leaves ovate and SITONELY COMCAVE ......c.eiiiiiriiriiiiitieeee ettt sttt b e bt e et e bbbt e beebeeat e st et e b e st e sbenbeebeebeeseeneens 2
2. Cortical cells of branches funnel-shaped at base and nested into the cell below, chlorophyll cells triangular in section, exposed on
the INNET SUIface OF the L1EAT ........oouiiiiii ettt ettt ebe s S. portoricense
- Cortical cells of branches plane or slightly receding (not funnel-shaped) at base, chlorophyll cells subrectangular or lenticular in
SEOTIOM ettt ettt ettt ettt b e bt e bt e bt eb e ea e a e et e b e bt e bt eh e ekt ekt e st e st e st et e bt b e b e b e eh £ e Rt e a e e n b e b e b e e bt eh e e bt eh e e bt est et et e benbeabean S. perichaetiale

Distribution:—Sphagnum perichaetiale has a worldwide distribution; in the Caribbean it is present in all of the
Greater Antilles and in some of the Lesser Antilles (GBIF 2026a). Sphagnum trinitense occurs from the east coast and
south of North America (from Massachusetts to Mississippi) and in some of the Caribbean islands (Jamaica and Puerto
Rico) (Andrus 2007, GBIF 2026b). Genetic analysis revealed that S. trinitense from Puerto Rico is closely related to
populations in South Carolina (Robinson et al. 2023).

The historical distribution range of these two species in Puerto Rico is in the north-central coastal plains, occurring
in ditches and on wet white sands (Crum & Steere 1957). Herbarium specimens of S. perichaetiale and S. trinitense
from Puerto Rico were collected from 1887 to 1927, followed by one collection of both species in 1960 and a single
collection of S. perichaetiale in 1985, thus most collections are from over 80 years ago (Table 1). In Puerto Rico,
S. perichaetiale was reported for Bayamon, near Dorado, by the railroad tracks (R.R. in the label) from Manati to
Vega Baja, Vega Baja, Laguna Tortuguero and Vega Alta (Fig. 1). Sphagnum trinitense was reported near Dorado, by
the railroad tracks from Manati to Vega Baja, Vega Baja and Laguna Tortuguero (Fig. 1). Descriptions in herbarium
specimens do not include specific information about the locality or coordinates, some include scant habitat information
such as ‘sandy shore’ and ‘wet bank’.

Based on the surveys made in this study we document that the present distribution of S. perichaetiale and S.
trinitense in Puerto Rico is considerably smaller than the historic distribution based on herbarium records (Table 1).
Both species are restricted to a coastal plains lowland wetland area in Bo. Sabana in Vega Alta, Puerto Rico (Fig. 1).
Extant population distributions described here are supported with specimens collected and deposited at the UPRRP and
MAPR herbaria (Table 1).

Habitat description:—Sphagnum perichaetiale and S. trinitense occur on white silica quartz sands marsh in
wet or seasonally inundated, nutrient-poor wetland, and surrounded by vegetation that does not form a continuous
canopy, thus dominated by grasses, sedges, and specialized wetland plants. These marshes are mostly rain-fed (weakly
minerotrophic), or sustained by a high-water table, but can also be subject to occasional flooding events.

Associated vegetation:—Although S. perichaetiale and S. trinitense share several associated species, we observed
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some differences in their immediate habitat composition. Sphagnum perichaetiale encircles the bases of tuft mounds
formed by a community of Anatherum P.Beauv. and Rhynchospora Vahl spp., under a fragmented shrubby layer of
Chrysobalanus icaco L., Miconia racemosa (Aubl.) DC., and Clusia rosea Jacq. In contrast, S. trinitense occurs in
shaded drainage ditches, depressions, and swales that seasonally flood. It is sheltered by mostly caespitose (4natherum
virginicum var. virginicum Campbell, Rhynchospora rariflora (Michx.) Elliott, Scleria microcarpa Nees ex Kunth, and
Xyris elliottii Chapm.) and scrambling (Trichanthecium parvifolium (Lam.) Zuloaga & Morrone) grasses and sedges,
surrounded and shaded by Chrysobalanus icaco shrubs (Table 2). We speculate that this overlap creates moisture
retention below, likely aiding the mosses in withstanding periods of extreme heat and preventing desiccation. We
observed a similar association for S. portoricense in Puerto Rico, found in trails and open areas in El Yunque National
Forest (Howard 1968, Karlin 2006, Merced 2023), which also grows intimately associated with scrambling grasses
like Isachne angustifolia Nash and Steinchisma laxum (Sw.) Zuloaga, as well as other caespitose grasses, sedges, and
herbaceous wetland species, which are surrounded or overlaid by sparse woody vegetation.

We identified a total of 39 plant species, with 26 shared between both sites (Table 2). Most species recorded are
herbaceous, and all but two are native. The two non-native species observed were the orchid Spathoglottis plicata
Blume and the shrub Zamia furfuracea L.f. ex Aiton. The first species was introduced through the ornamental trade
several decades ago and is now widespread throughout the island (Ackerman 2017). While the latter also shares an
ornamental origin, it has not been previously vouchered and represents a newly introduced and naturalized species
record for Puerto Rico.

For both Sphagnum species, the dominant and most abundant associated species are the shrub Chrysobalanus
icaco, followed by the grass Anatherum virginicum var. virginicum. Among the native species recorded in the wider
locality, five of them; Actinostachys pennula (Sw.) Hook., Burmannia capitata (Walter ex J.F.Gmel.) Mart., Drosera
capillaris Poir., Rhynchospora rariflora, and Utricularia subulata L. are listed as critical elements of the flora of
Puerto Rico by the Department of Natural and Environmental Resources (DNER 2008a), while others are generally
considered rare and/or restricted to the white sand habitats in Puerto Rico.

Landscape and land use history in Ciénaga Prieta:—The Ciénaga Prieta wetland is located in the northern
coastal plain, among coastal sand dunes (no longer existing) and karst uplands, occurring over the Vega Alta aquifer,
between the valley of the Cibuco river and the Laguna Tortuguero watershed (Gomez-Gomez & Torres-Sierra 1988,
Delgado 2000). The landscape is dominated by marsh type wetlands with rare blanket quartz sands substrates (Fig.
1B). Longer hydroperiod favors herbaceous vegetation, in contrast to wetlands with shorter inundated periods which
favor development of woody vegetation (Lugo et al. 2001). The Ciénaga Prieta marsh is the main surface water body
formed by the Vega Alta aquifer (Veve & Taggart 1996, Sepulveda 1999, Lugo ef al. 2001).

Historically, the hydrologic connection of Ciénaga Prieta to the karst aquifers included greater discharge into the
marsh and maintained a larger area of open water than what is found at the time of our current study. Gomez-Gémez
and Torres-Sierra (1988) estimated that by 1985 Ciénaga Prieta was receiving four times less aquifer discharge than
it had in the 1930’s, and this resulted in a 3 m decrease in the water table, in addition to being subjected to changes
in land cover and topography for transportation and urban infrastructure. Many drainage ditches in the coastal plain
wetlands and the creation of a drainage channel from Ciénaga Prieta to the Rio Cibuco exacerbated the decline in the
marsh water table and surface waters. It was documented that before the drainage channel, Ciénaga Prieta had a water
level altitude of 3.66 m above sea level (Gomez-Gomez & Torres-Sierra 1988). The changes in surface topography and
land cover, in addition to more contemporary increased aquifer withdrawals, have resulted in the fragmentation and
present diminished condition of this marsh habitat (Lugo et al. 2001, Sepulveda 1999).

Conservation efforts:—After the rediscovery and further surveys to confirm the range of these species, we
searched for a mechanism to provide protection to these locally rare bryophytes. In 2023, S. perichaetiale and S.
trinitense were listed as critical elements of the flora of Puerto Rico by the Department of Natural and Environmental
Resources of Puerto Rico. These are the first bryophytes added to the list. Although this status does not provide legal
protection to the species, it recognizes them as important components of an ecosystem, a metric used to calculate the
value of a particular habitat (DNER 2008b) especially when present in lands considered for development or protection.
All extant populations are currently outside protected land.

Past and present threats to S. perichaetiale and S. trinitense populations include reduction in population size,
habitat destruction by human activities such as deforestation, urban encroachment, illegal garbage disposition, and
fires set to abandoned cars (also described in Sastre-DJ & Tan 1995, Sastre-DJ & Santiago-Valentin 1996). Based
on the NatureServe Conservation Status Assessment (Master et al., 2012), S. trinitense and S. perichaetiale can be
preliminarily assigned an S1 rank (Subnationally Critically Imperiled ) in Puerto Rico. Land management, particularly
draining of the channels, changes the phreatic level of the remaining wetlands resulting in drier conditions. Efforts to
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protect the two Sphagnum species could include the protection of a reasonable extension of their white sands habitat
wetland and reintroduction to protected lands such as the Laguna Tortuguero Nature Reserve. The blanket white sands
substrate type is uncommon in Puerto Rico, which further supports the need for the conservation of this fragmented
and rare habitat.

Conclusions

The rediscovery of S. perichaetiale and S. trinitense after decades of not being observed in the wild, suggests that in
spite of disturbances these species can survive in contemporary times. It also shows that natural areas not currently
protected may yield botanical novelties, which may in addition bring forth their consideration and need for their
protection. The reduced distribution of S. perichaetiale and S. trinitense seems to be the result of anthropogenic
changes in the landscape. Similarly, the distribution of S. portoricense is also restricted to a single forest in Puerto
Rico, though the underlying causes are unknown. The type collection of S. portoricense was described from Puerto
Rico and it would be a great loss if it becomes extirpated from the island.

A recent discovery of a lowland tropical peatland with Sphagnum groundcover in Belize might be the only one
documented to this date (Whitney et al. 2025). Sphagnum species are cold adapted which limits their establishment
at low elevations in warm tropical regions (Ma et al. 2022). However, Whitney et al. (2025) noted that other tropical
coastal peatland with Sphagnum might be underreported and fragmented. Although, the discrete patches of S.
perichaetiale and S. trinitense found in Puerto Rico are not dominant in the landscape, they could be remnants of
a similar mosaic wetland assemblage. These discoveries highlight the scarcity of knowledge about tropical lowland
Sphagnum ecosystems (Whitney et al. 2025) and supports the importance of our finding. White sands are found
in other locations in the Caribbean and the Americas, at each location they contain many distinct vegetation types,
composed of unique plant communities often dominated by endemic, rare and specialized vegetation species (Adeney
et al. 2016). The Ciénaga Prieta marsh, despite historical degradation and current threats by anthropogenic impacts,
exemplifies this habitat and is one of the few remaining white sand wetlands in Puerto Rico.

Although in Puerto Rico only 29% of herbaceous wetlands are protected, once they are protected, previously
fragmented wetlands often become aggregated, maintaining or increasing their occupied area (Gao & Yu 2014), which
is an additional benefit to protection in designated reserves. Land protection management actions may be beneficial for
species relying on wetland habitats for survival, especially for species that may be occurring in sub-optimal habitat or
near their distribution limit, which may further affect species diversity and ecosystem function of wetland communities
(Yu et al. 2019). Laws and regulations that protect water sources and wetlands have been effective mechanisms for
wetland preservation. Baseline information provided here that identifies the habitat and the ecological conditions that
support these species yield important insights for proper management and conservation of this unique white sand
wetland in Puerto Rico. The protection of Ciénaga Prieta would be significant for a number of rare plant species that
locally only exist here, including the two Sphagnum species.
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