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Land use changes by humans have eliminated more than half of the wetlands in Florida over the last 200 years, and

additional losses are anticipated as a consequence of climate change and ongoing development activities that will

accommodate a rapidly growing human population. Both spell danger for the biodiversity and ecosystem services in

Florida, and data are needed to inform conservation priorities and actions concerning threatened or endangered wetland

species.
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1. Introduction

The wetlands of Florida are species-rich and home to a variety of rare and charismatic plant and animal species, including

the locally endangered Guzmania monostachia (L.) Rusby ex Mez (West Indian tufted airplant). Unfortunately, over half of

the original wetlands in Florida have already been lost to dramatic land use changes made by humans, and both

anthropogenic climate change and rapidly growing human populations threaten additional losses to wetland biodiversity

throughout the state. Given its already significantly contracted distribution, the risk of permanently losing the genetic

diversity found within a few remaining, isolated populations of G. monostachia in Florida is dangerously high. Thus, it is

imperative that the potential factors that may contribute to additional habitat losses, as well as ecological or microclimate

changes within the existing habitats where G. monostachia persists. This information will help identify critical areas for

preservation and inform meaningful policies and practices for the conservation of G. monostachia now and into the distant

future.

2. Guzmania monostachia in Florida

Guzmania is a member of the Bromeliaceae, a neotropical plant clade consisting of ca. 3140 species from 8 major

lineages . The group is placed in the Tillandsioideae, the largest clade within Bromeliaceae, which has an estimated

stem age of 15.4 Ma and a proposed Andean origin . In comparison to other Guzmania, G. monostachia has the

broadest distribution, with populations in northern South America, Central America, the Caribbean, and South Florida .

Florida is home to 16 bromeliad species, all of which belong to the Tillandsioideae. Specimen records and historical

observations suggest that many of these epiphytes were common throughout the forested freshwater wetlands of South

Florida, where they thrived on the humid conditions and trees characterizing these habitats. However, bromeliads in South

Florida have experienced rapid population declines recently due to human-related impacts such as habitat loss, poaching,

and extensive damage by an invasive bromeliad-eating weevil from Mexico, Metamasius callizona Chevrolat, whose

presence in Florida was first documented in 1989. Within its native range, M. callizona is known mainly as an occasional

pest in shaded greenhouses, and observations of infestations on naturally occurring bromeliads are sparse . In contrast,

infestations on naturally occurring bromeliads in South Florida are common, and damage to individual plants is also more

severe . It is unclear why impacts to Floridian bromeliad populations have been so extensive, although a biological

agent (e.g., a parasitoid wasp) may control populations of M. callizona within its native range .

Despite its inclusion on the Endangered and Threatened Species List for Florida, endangered conservation status, and

rapidly declining plant numbers , basic research on G. monostachia is surprisingly lacking. Florida-based populations

represent the northernmost limit of the species’ distribution range, but their evolutionary origin is unknown. Also lacking is

information about the genetic identity, diversity, and population structure of the remaining populations and how these

characteristics compare with those of other populations in the Americas and Caribbean. Morphological and observation-

based evidence, including the close proximity of the gynoecium and androecium within a largely closed corolla, muted

bract coloration, and apparent lack of pollinator visitation , suggests that Floridian plants may be exclusively

autogamous and, consequently, genetically distinct, whereas outcrossing individuals with brighter flower color and

hummingbird-mediated pollination have been observed in South America . Autogamous breeding systems lead to
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reduced genetic diversity through inbreeding, increasing a population’s susceptibility to pests, pathogens, or

environmental disturbances—for example, those resulting from climate change .

2. History of Ecosystems in Modern-Day Florida and Threats to Bromeliad
Habitats

Florida is situated atop the shallow Florida Platform , a flat geological feature that includes the emergent portion that

the researchers currently recognize as the Florida peninsula, and a submerged portion known as the West Florida

Escarpment, which extends westward by more than 160 km into the Gulf of Mexico from the modern-day coastline. The

Florida Platform is composed primarily of limestone that was deposited by carbonate-producing marine organisms during

the Mesozoic (190–66 Ma; ). During the Miocene (~23 Ma ago), a portion of the Florida platform was exposed by lower

sea levels, allowing silica-based sediments from the eroding Appalachian Mountains to flow southward onto the newly

exposed limestone . The fluctuating sea levels that occurred from the Miocene to the present day (~23 Ma ago to

present) further affected sediment deposition processes, with submerged and newly exposed areas accumulating more

carbonate and sediment, respectively. Roughly one-third to one-half of the Florida Platform is above sea level today, but

the extent of the emergent portion has varied through time as a result of changing climate and oceanographic events ,

shaping both its geological form and biota. The superposition of climatic events, global sea level dynamics, and changing

soil composition across the Florida Platform contributed to major transitions in environments, affecting species

compositions and ranges in space and time, as well as increases and decreases in the areas of suitable habitats.

Florida is the only state in the continental United States (US) that is characterized by subtropical ecosystems, and 17% of

its wildlife species do not occur in other states . Thus, Florida harbors unique biodiversity and habitats that are vital to

conserve. In particular, the wetlands of Florida have great ecological importance, providing habitat for numerous plant and

animal species, sequestering carbon, removing pollutants from flowing water, and mitigating potential flooding to

surrounding areas by acting as sinks . Despite their significance, these habitats have sustained considerable damage

inflicted by humans. From 1780 to 1980, Florida lost 9.3 million acres of wetlands—the largest loss in the USA. Currently,

Florida has only 54% of its original wetland coverage remaining , with losses primarily caused by the draining and filling

of wetlands for agricultural land and urban development.

In addition to areas lost to human development activities, many remaining wetlands across Florida are significantly

altered. The plant community composition of wetlands is heavily dependent on hydrologic regimes , and the draining

and filling of some regions can drastically affect wetlands elsewhere in the state . Climate change also has the potential

to alter hydrologic regimes, perhaps with drastic consequences. For example, under various climate models, mean annual

precipitation is expected to decrease in the Everglades, leading to drier conditions and a shift away from plant

communities that depend on deeper and longer flooding periods .

In Florida, G. monostachia inhabits primarily two types of ecosystems: pop ash/pond apple sloughs on the west coast and

tropical hardwood hammocks on the east coast (Figure 1). Pop ash/pond apple sloughs are wetland ecosystems that are

unique to South Florida and dominated by Fraxinus caroliniana Mill. (pop ash) and Annona glabra (L.) (pond apple).

These ecosystems are characterized by long hydroperiods of deep water and mucky soil . Tropical hardwood

hammocks are densely vegetated with evergreen tropical trees, including Bursera simaruba (L.) Sarg. (gumbo limbo),

Coccoloba diversifolia Jacq. (pigeon plum), and Quercus virginiana Mill. (southern live oak), and they support a wide

variety of epiphytes, including bromeliads and orchids. These hardwood hammocks are relatively small and disjunct,

perched on limestone outcrops elevated by at least one meter above the surrounding valleys, and characterized by

shallow soils . In Florida, these hammocks are found as far north as Martin County, near Lake Okeechobee, but occur

primarily in the south, from northern Miami-Dade County through the Everglades, along the Miami Rock Ridge, and the

southern portion of the geological formation known as the Atlantic Coastal Ridge .
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Figure 1. Guzmania monostachia (a) in a tropical hardwood hammock habitat (b) and pop ash/pond apple slough (c).

Currently, six distinct populations of G. monostachia are known from five areas in Florida, and these populations are

largely fragmented and disjunct (Figure 2). The area with the largest abundance of G. monostachia is the Fakahatchee

Strand State Preserve, which is located in Collier County in southwest Florida. This preserve encompasses numerous pop

ash/pond apple sloughs that host populations of G. monostachia. Prior to the introduction of M. callizona, the total

estimated number of G. monostachia in Fakahatchee Strand exceeded 2 million individuals. However, only half that

number are estimated to exist within the preserve today. Additionally, the preference of M. callizona for larger plants has

led to a drastic shift in population demographics; the proportion of reproductively mature individuals within the population

has been reduced from roughly 50% to only 10–20% today . Adjacent to and east of the Fakahatchee Strand is Big

Cypress National Preserve. The latter is home to two highly disjunct populations of G. monostachia, which are located at

the extreme north and south ends of the preserve, respectively, and with nearly 2900 km  of land between them. The

northern population consists of roughly 200 individuals and is found within a drier pop ash/pond apple slough habitat that

also contains cypress, whereas the southern population comprises approximately 1000 individuals and inhabits a more

traditional pop ash/pond apple slough. A fourth area that includes G. monostachia is the Everglades National Park, which

is home to a single population. The population is located on the east side of the park, within a tropical hardwood hammock

that is only approximately 150 m in diameter. In stark contrast to the Fakahatchee Strand and Big Cypress populations,

this population is currently in critical condition and includes only three individuals. The remaining populations are located

in Fuchs and Meissner Hammock Preserve. These contiguous areas are located on the outskirts of Homestead and are

surrounded by agricultural land and suburban housing. The larger Fuchs Hammock, which is historically known as Sykes

Hammock, includes only three individuals of G. monostachia, while two individuals are present in the Meissner Hammock.
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Figure 2. Land cover map of south Florida with general localities of known populations of Guzmania monostachia. White

points are populations that are still present. Yellow points are populations that have been extirpated. Areas in green are

natural lands. Areas in orange are agricultural lands. Areas in light red are rural areas. Areas in dark red are urbanized

areas. Map constructed by using data from the Florida Cooperative Land Cover Map version 3.5. Population identifiers:

Fakahatchee Strand (FA), Northern Big Cypress (BC1), Southern Big Cypress (BC2), Everglades (EV), Fuchs Hammock

(FU), Meissner Hammock (ME), Flamingo (FL), South of Cutler (SC), Timms Hammock (TI), Silver Palm Hammock (SP).

The populations identified above represent all known populations existing in Florida today. However, historical records

identify at least four additional areas where G. monostachia once occurred. The plants are presumably extirpated from

these areas today, highlighting the drastic range contraction that G. monostachia has experienced within the last hundred

years . Interestingly, the areas were largely unaffected by weevil activity, which points to urbanization and land

conversions as the most probable causes of range contractions in this species . Two of the four extirpated populations

existed within what is now known as the Miami Metropolitan Area, a region of urbanized land stretching 161 km along the

southeastern coast of Florida in Broward, Miami-Dade, and Palm Beach Counties. This statistical area includes several

large cities, such as Miami, Fort Lauderdale, and West Palm Beach . This urbanized region has expanded rapidly in

recent decades and is one of the most populous human settlements in the world. From 1950 to 1995, over 2100 km  of

natural land within Broward, Miami-Dade, and Palm Beach counties was converted to urban use . This urban

expansion has continued in recent decades, albeit at a slower rate. For example, the Miami Metropolitan Area gained only

860 km  of urban area between 1992 and 2016 . While several hammocks that historically supported populations of G.
monostachia remain as preserved and protected natural lands within the Miami Metropolitan Area today, their hydrology

and microclimates have likely changed considerably as a consequence of increasing urbanization in the areas

surrounding them. Development activities by humans are likely to have disrupted historical patterns of hydrological flow

within these areas, and the hammocks no longer offer suitable habitat conditions for G. monostachia.

3. Conserving Bromeliads in Florida

The conservation of native bromeliads is critical, in part because of the important ecosystem services they provide. Water

collected in the leaf bases of tank bromeliads such as G. monostachia, which are known as a “phytotelmata”, sustains life

for a variety of organisms, including some invertebrates that exist solely on these plants. Thus, it may be appropriate to

view individual bromeliads as ecosystems within ecosystems , and the loss of these plants could have cascading

negative effects on the biodiversity within a given area. Additionally, Florida populations of G. monostachia represent the

northernmost edge of an extensive distribution range, which is the most extensive of any Guzmania, and may harbor

genetic diversity that is potentially important to the long-term survival of the species. Numerous studies show that

populations occupying the periphery of species ranges are often genetically distinct from those closer to the center [e.g.,

]. As global temperatures rise and species ranges shift toward the poles, these leading-edge gene pools could prove

critical for the evolutionary or adaptive potential of the species . Thus, the genetic diversity of G. monostachia in Florida

is critical to investigate, ultimately to be able to generate meaningful conservation strategies.

Ecological niche models (ENM) make use of known species occurrence data, as well as data about the environments in

which they occur, to reconstruct past and future distribution ranges . By using data from paleoclimatic and future
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climate projections, ENMs can help generate species distribution models (SDMs) that hypothesize historical and future

geographic species ranges. ENMs have become an important tool for conservation, enabling researchers to make

predictions about the impacts of climate change on the geographic ranges of imperiled species . Predictions about

the future range and distribution of G. monostachia in Florida can inform effective conservation strategies, priorities, and

actions that ensure the persistence of G. monostachia in Florida by pinpointing populations at risk of extirpation, areas

that should be preserved as potential future habitats for the species, and other important elements in their associated

plant communities. Paleohistorical projections of the distribution of G. monostachia can provide both insights into the

historical interactions between climate changes and distribution ranges and context for interpretations of current range

and distribution patterns. Studies show that climate and distribution range interactions are generally conserved over

paleohistorical time, with periods of warmer climate shifting distribution ranges toward the pole, and periods of cooler

climate shifting distribution ranges toward the equator .
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