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SUMMARY OF PROPOSED WORK 
This is a CREST Partnership Supplement submitted under NSF 16-525. 

 
The Role of Mangroves in Contaminant Uptake and Retention 

 
Summary: Our newly funded CREST Center for Aquatic Chemistry and Environment (CAChE) 
is designed to measure the levels of contaminants in the fragile South Florida aquatic system, and 
develop appropriate remediation strategies for them. Specifically, CAChE will characterize and 
quantify contaminants and excessive nutrients, measure their transport and transformations, and 
model their likely impacts on ecosystem services in a gradient of urbanized freshwater 
ecosystems.   
 
Intellectual Merit: In this Partnership Supplement, we seek to enhance the Center by expanding 
the expertise on our research team to add an exploration of mangrove ecosystems, which serve as 
the filter and connection between the freshwater and marine ecosystems.  This supplement will: 
1) establish a collaborative partnership among the Florida Coastal Everglades (FCE) LTER, 
Puerto Rico Luquillo LTER, and the University of Puerto Rico (UPR) CREST Center for 
Mangrove Ecology; 2) enhance our technical expertise and capabilities by supporting two new 
collaborating scientists with expertise in coastal geology, biostratigraphy, and sedimentology; 3) 
provide funding to initiate a pilot project comparing S. Florida and Puerto Rico mangrove 
ecosystems; and 4) provide enhanced educational opportunities through an exchange program 
between FIU and UPR  students from both the CREST and LTER projects. This supplement will 
provide enhanced research and education opportunities for both the new partner and the existing 
CREST participants equally. 
 
Broader Impacts:  This Partnership supplement will enhance the broader impacts of the 
originally proposed CREST Center by adding opportunities for students and faculty in Puerto 
Rico to participate in CREST-CAChE research and education activities.  Additional students will 
have access to the CREST support for their STEM graduate degrees, as well as proposed 
professional development activities.  Therefore, the supplement will augment the participation of 
underrepresented students in aquatic chemistry and environment (ACE) fields and enhance their 
future STEM careers. In addition, by expanding the research component of CAChE, this 
supplement will also enhance the Center’s ability to develop technologies for improving water 
quality analysis and contaminant detection, as well as to translate research findings into 
actionable information for decision-makers and stakeholders in both Florida and Puerto Rico.  
Expanding the CREST-CAChE partnership network will aid the Center’s ultimate goal of 
impacting global water quality. 
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CREST Partnership Supplement:  The Role of Mangroves in Contaminant Uptake and 

Retention 
 

JUSTIFICATION FOR SUPPLEMENT  
 

Background and Purpose 
Our newly funded CREST Center for Aquatic Chemistry and Environment (CAChE) is designed 
to measure the levels of contaminants in the fragile South Florida aquatic system, and develop 
appropriate remediation strategies for them. Specifically, CAChE will characterize and quantify 
contaminants and excessive nutrients, measure their transport and transformations, and model 
their likely impacts on ecosystem services along a gradient of urbanized freshwater ecosystems.  
In this Partnership Supplement, we seek to enhance the Center by expanding the expertise on our 
research team to include the mangrove ecosystems, which serve as the connection between the 
freshwater and marine ecosystems.  Specifically, in this Partnership Supplement proposal, we 
seek to expand our exiting CREST Center to include a pilot study investigating the role that 
mangroves may play in buffering coastal marine ecosystems from contaminants and pollutants 
delivered from freshwater sources flowing through them. In addition, we will begin to collect the 
data necessary to understand how mangrove ecosystems are likely to respond to a related stress, 
i.e., increasing sea levels.  To accomplish these goals, we will enhance our current expertise and 
technological approaches by including collaborators from the University of Puerto Rico 
associated with the UPR CREST Center, the Luquillo LTER program and the University of S. 
Florida.  Linking FIU’s CREST and LTER programs with the University of Puerto Rico CREST 
and LTER programs will greatly enhance our abilities to understand the ecological importance of 
mangroves as contaminant/excessive nutrient buffers in two contrasting geologies and topologies 
as well as enhancing the educational opportunities we will be able to provide to both FIU and 
UPR graduate and undergraduate students and faculty.  In addition to enhancing our existing 
CREST programs, these additional data and collaborators will result in highly competitive 
research proposals investigating the long term sustainability of mangrove ecosystems and their 
roles in overall ecosystem services and human health and well-being.  
 
Mangroves as the Filter and Connection Between Freshwater and Marine Ecosystems 
Mangrove ecosystems are the world’s richest carbon stores (Donato et al 2011); they maintain 
high C content in the living biomass of the mangrove trees, while producing highly organic, 
anoxic soils. However, mangrove forests worldwide vary dramatically in carbon storage, as well 
as in vulnerability to sea-level rise (Chmura et al. 2003), and the environmental importance of 
mangrove forests in terms of their ability to take up and store (filter) contaminants from 
freshwaters prior to entering the marine environment is poorly understood (Nath et al. 2013, 
Chaudhuri et al. 2014).  By extending the focus of FIU’s CREST program to include the 
mangroves that line the rivers and shorelines between marine and terrestrial environments, we 
can learn much about: (1) the capabilities of mangroves to abate the adverse release of excessive 
nutrients and contaminants flowing from the urbanized freshwater to marine ecosystems; (2) 
their capacity to sequester carbon and human byproducts and reduce their release to the 
atmosphere or oceans; and (3) the potential of whole coastal landscapes to be sustained in the 
face of accelerating sea level rise. We propose here to organize experts on mangrove ecology, 
geochemistry, and sedimentology already assembled in Puerto Rico and Florida, along with their 
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plot networks, toward a common purpose: understanding the roles mangroves play in nutrient, 
contaminant and carbon sequestration and how these ecosystem functions may be affected by 
current levels of sea-level rise. 
 
South Florida – Puerto Rico Collaboration as a Model System 
Mangrove forests in Puerto Rico and S Florida overlap considerably in a number of factors that 
can affect their structure (e.g., temperature; rainfall; tidal amplitude; hurricane regime; species 
pool), while remaining distinct in others (e.g., geochemistry, slope, and erodibility of adjacent 
uplands; coastal wave exposure). Both areas experience rising seas, though Florida’s rate of 
relative sea level rise (~2.3 mm per year) was about 50% higher than Puerto Rico’s (~1.5 mm per 
year) during the late 20th Century. Both areas contain the full range of hydrogeomorphic settings 
described by Lugo and Snedaker (1974), which produce profound variation in mangrove forest 
structure and above-ground production (e.g., Castaneda-Moya et al. 2013; Ross et al. 2001; Pool 
et al. 1977). The extent to which these relationships apply to the below-ground environment is 
not as well understood, nor is the capacity of the distinctive variants of mangrove forest to 
sequester or process nutrients or contaminants from upstream sources  
 
Comparative studies of the mangrove forests in South Florida and Puerto Rico can help frame 
the importance of environmental variables in carbon sequestration (Figure 1). South Florida 
mangrove forests occur at the seaward edge of very low-slope terrestrial elevation gradients, with 
the mineral component of the soils predominantly composed of calcium carbonate.  The south 
Florida land- and seascapes are depauperate in phosphorus, so that small differences in P 
availability can lead to large differences in the stature of the trees in mangrove forests. The 
Florida Coastal Everglades LTER project is examining the role that P availability plays in 
structuring coastal ecosystems in southern Flora, and has identified P-limited and P-rich 
mangrove forests in the region.  In South Florida, mangrove communities on marl substrate show 
strongly reduced structural development, low soil organic matter, and low porewater salinity 
(Koch and Snedaker 1997). Coastal mangroves are characterized by entrained marine detrital 
wrack, much higher porewater salinities, but also have mangroves with reduced forms (Lin and 
Sternberg 1992).  
 
In eastern Puerto Rico, dwarf mangroves are nutrient-limited but apparently not stressed by 
salinity, likely explained by high rates of soil flushing (Medina et al. 2010). Understanding how 
salinity stress and nutrient-limitation differentially drive plant and soil carbon (C) and 
phosphorus (P) use efficiencies in wetlands dominated by dwarf R. mangle is important to better 
understand the role of mangroves in retaining particulate and dissolved organic matter from 
marine and terrestrial sources.  In contrast to Florida, the mangroves of eastern Puerto Rico are at 
the seaward end of very steep elevation gradients, in watersheds of igneous origin; their soils are 
not as carbonate-influenced as those in South Florida, which form over a limestone platform. The 
Luquillo LTER site is studying how land use and exposure affect the structure of rainforest 
ecosystems. Luquillo is divided into five watersheds that differ in land use and exposure to 
weather and storms, but the domain of this LTER site ends up-slope of the mangroves. Because 
of the differences in land use and exposure, the watersheds of Luquillo supply much different 
nutrient and sediment loads to the coastal mangrove forests. We propose to use the differences in 
watershed characteristics as identified by the Luquillo LTER program, as well as the differences 
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in sediment type between south Florida and Puerto Rico to build a model of the environmental 
controls of contaminant and carbon sequestration in mangrove forests. 
 
For this pilot study, we propose to develop inventories of excessive nutrients, contaminants and 
carbon stores and sequestration rates from mangrove forests across gradients of sediment type 
(igneous vs. carbonate), nutrient availability, and inland elevation slope.  At each site, we will 
use standard methods (Howard et al 2014) to assess C stock in living biomass and soils to a 
depth of 1m. Further, we will address sequestration rates of organic and inorganic carbon by 
estimating burial rates in the soils. 

 
 
 
 
Figure 1.  Schematic showing relevant contrasting features 
between S. Florida and E. Puerto Rico mangrove 
ecosystems.  Data collected from these contrasting sites 
through this partnership supplement will:  provide a core 
data set to write competitive proposals; enhance our 
existing CREST to include mangrove ecology and 
expertise; provide unique educational experiences for U. 
Puerto Rico and FIU CREST and LTER students and 
faculty. 
 
 
 
 

To collect these data, the CREST program will bring new expertise into the project. Dr. Joseph 
Smoak from the University of South Florida is an experienced mangrove sediment carbon 
chemist and sedimentologist who specializes in developing age-depth models of soils and 
sedimentary profiles using various radiological techniques. We will use his expertise and 
laboratory capabilities to do 210Pb profiles of the surficial sediments to complement collected 
data on physical characteristics, nutrient, contaminant and C content, to measure the annual rate 
of carbon sequestration in soils across the environmental gradients.  Dr. Jack Meeder is a 
biostratigrapher and restoration ecologist with 35 years of experience researching coastal 
wetlands. 
 
Visiting Researchers/Consultants 
Dr. Joseph Smoak is a professor at the University of South Florida and holds a Ph.D. in geology 
with a specialty in radiogeochemistry. He is an expert at using radionuclides as tracers to 
establish age-depth models in wetland soils. He uses the models to study the fate of organic 
carbon in wetlands.  He studies organic carbon sequestration rates in wetlands and how 
sequestration rates may change as the climate warms and sea level rises. Dr. Smoak also has 
experience using radionuclide tracers to examine anthropogenic alteration of aquatic ecosystems 
including historic contamination of lakes and coastal ecosystems.  He is currently a principal 
investigator on a National Science Foundation project examining organic carbon burial and soil 
accretion rates in the mangrove forest of Everglades National Park. As part of that project he 
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serves as Task Team Leader for the Peatlands Carbon Task Team. In addition, he is co-lead of 
the FCE LTER Organic Matter Dynamics working group. 
 
Dr. John Meeder is an emeritus research scientist at Florida International University in the 
Southeast Environmental Research Center.  He earned his PhD at Rosenstiel School of Marine 
and Atmospheric Sciences, University of Miami in Marine Geology and geophysics.  His 
expertise is in paleoecology, biostratigraphy, sedimentology and coastal wetland ecology.  He 
recently has been working on the effects of sea level rise on coastal response, having identified a 
global transgression based upon South Florida stratigraphy.  His two dimensional depositional 
model developed in southeast Florida is used to predict coastal response at different sea level rise 
scenarios based upon sediment accretion rates and the distribution of plant communities in the 
biogenic depositional system.   He is currently working on further development of this model in 
the southeast saline Everglades and the controls on mangrove peat initiation and development. 
 
Proposed 2016 Supplement Management and Activities 
PI Crowl will oversee and coordinate all CREST Center activities.  Professors M. Ross, J. 
Kominoski and J. Fourqurean are collaborators in FIU’s LTER and CREST programs.  They will 
provide coordination among FIU students and scientists and our two visiting faculty/scholars 
with UPR program directors Zimmerman and Ramirez (see letters of collaboration). 
 
Specific activities include: 
1. Convene a 3-day organizational meeting in Puerto Rico 

a. Participants: key researchers familiar with mangrove ecosystems in the two areas 
including PhD students currently active in CREST/LTER activities. 

b. Objective: select several sites encompassing the major hydrogeomorphic conditions 
in NE Puerto Rico and southern Florida which may represent the movement of water, 
sediments and contaminants in the two areas, and the capacity of mangroves to store 
or process carbon and nutrients/contaminants. 

2. Select sites in each area for further study of soil and vegetation.  
a. Collect and sample sediment profiles along a single mangrove transect (2-3 cores in 

distinct environments). 
b. Develop chronostratigraphy for each core, and measure CNP, heavy metals, and other 

selected chemical compounds at intervals within the cores. 
c. Characterize vegetation structure and composition within a plot established at each 

coring site. 
3. Document change in the extent and character of the mangroves in each site over time, using 

aerial photography, satellite imagery, or other remote sensing data. 
4. Develop an exchange program for PhD students to enhance UPR students’ expertise and 

contaminant chemistry and FIU students’ expertise in mangrove ecology and physiology. 
5. Develop ideas for future publications and proposals that would extend the proposed CAChE 

research, based on results obtained from the pilot project. 
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Broader Impacts 
This Partnership supplement will enhance the broader impacts of the originally proposed CREST 
Center by adding opportunities for students and faculty in Puerto Rico to participate in CREST-
CAChE research and education activities.  Additional students will have access to the CREST 
support for their STEM graduate degrees, as well as proposed professional development 
activities.  Therefore, the supplement will augment the participation of underrepresented students 
in aquatic chemistry and environment (ACE) fields and future STEM careers. In addition, by 
expanding the research component of CAChE, this supplement will also enhance the Center’s 
ability to develop technologies for improving water quality analysis and contaminant detection, 
as well as to translate research findings into actionable information for decision-makers and 
stakeholders in both Florida and Puerto Rico.  Expanding the CREST-CAChE partnership 
network will aid the Center’s ultimate goal of positively impacting global water quality. 
 
Data Management Plan 
Data will be managed in accordance with CREST CAChE's established data management plan, 
submitted with our initial NSF proposal. 
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