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PROJECT SUMMARY

Estuaries and coastal landscapes experience a range of stresses, both natural and anthropogenic.  Among these, cultural eutrophication affects most U.S. coastal ecosystems. As a result, most coastal ecological research--including both LTER and LMER projects--has been conducted in systems that are [to some degree] eutrophic. In this coastal Everglades LTER, we propose to investigate how variability in regional climate and freshwater inputs, disturbance, and perturbations affect land-margin ecosystems. A coastal Everglades LTER is particularly appropriate for studying these questions because the entire system is oligotrophic, it is the focus of the largest watershed restoration effort ever implemented, and the regional climate facilitates study of how coastal ecosystems are controlled by a highly variable environment. Our long term research program will focus on the following central idea and hypotheses:

Regional processes mediated by water flow control population and ecosystem level dynamics at any location within the coastal Everglades landscape. This phenomenon is best exemplified in the dynamics of an estuarine oligohaline zone where fresh water draining phosphorus-limited Everglades marshes mixes with water from the more nitrogen-limited coastal ocean.

Hypothesis 1: In nutrient-poor coastal systems, long-term changes in the quantity or quality of organic matter inputs will exert strong and direct controls on estuarine productivity, because inorganic nutrients are at such low levels.

Hypothesis 2:  Interannual and long-term changes in freshwater flow controls the magnitude of nutrients and organic matter inputs to the estuarine zone, while ecological processes in the freshwater marsh and coastal ocean control the quality and characteristics of those inputs.

Hypothesis 3: Long-term changes in freshwater flow (primarily manifest through management and Everglades restoration) will interact with long-term changes in the climatic and disturbance (sea level rise, hurricanes, fires) regimes to modify ecological pattern and process across coastal landscapes.
We will test these hypotheses along freshwater to marine gradients in two Everglades drainage basins. We have observed a clear productivity peak in the low salinity zone of one but not the other, and this peak appears to be the result of low phosphorus freshwater meets higher phosphorus marine water. We will quantify nutrient regeneration from dissolved organic matter (DOM), and expect this to be a major contribution to this oligohaline productivity peak. We will also examine how this stimulus of the microbial loop affects secondary production.  This LTER will thus focus on how changes in freshwater flow and climatic variability control the relative roles that nutrients and organic matter play in regulating estuarine and coastal productivity. 

Our transect design is conceptually analogous to a Lagrangian approach in which we follow parcels of water as they flow through freshwater marshes and mangrove estuaries to offshore.  Along the way, we will quantify patterns and processes in the water and in the wetlands through which it is flowing using long-term sampling and short-term mechanistic studies. We will quantify: 1) primary productivity; 2) concentrations and turnover dynamics of inorganic nutrients and organic matter (particularly DOM); 3) organic matter accretion and turnover in soils and sediments, and; 4) consumer dynamics and productivity. We will use process-based simulation models to link key components, such as the relationships between DOM quantity and quality, microbial loop dynamics, and higher trophic levels.  Data synthesis will also include hydrologic models to simulate water residence times along the transects, and and a GIS-based project database that will integrate data from this LTER research with information from other related projects.  The GIS database will be linked to the FCE LTER web site to maximize the exchange and dissemination of information within the LTER Network and with the scientific community in general.

PROJECT DESCRIPTION

Introduction

Estuaries and coastal ecosystems experience a range of stresses, both natural and anthropogenic.  Human activities have greatly altered the timing, magnitude, and properties of inputs to coastal systems.  Cultural eutrophication affects most coastal ecosystems in the United States, and as a result most coastal ecological research has been conducted in systems that are [to some degree] eutrophic--including both LTER and LMER sites (e.g. Chesapeake Bay, Waquoit Bay, Plum Island, Virginia Coast Reserve, Columbia River, Tomales Bay, Georgia Rivers). We propose to add a coastal Everglades site to the LTER network for several key reasons.  First, this system is oligotrophic, making it extremely sensitive to and responsive to anthropogenic stresses.  As a result, the Everglades is an excellent venue to study ecological structure and function in coastal ecosystems because structural and functional responses are rapid and often quite dramatic.  Second, this coastal Everglades system is the focus of the largest watershed restoration effort ever implemented.  The goal of this $8 billion, 50 year project (known by as the Everglades Restudy) is to restore the quantity, quality,timing, and distribution of water flow to the Everglades. Third, a coastal Everglades LTER will take advantage of a number of ongoing projects and databases by synthesizing and enhancing existing research.  For most, both project descriptions and data are internet accessible (in fact, we recommend that this proposal be read in conjunction with a web browser, so that websites may be accessed as they are cited).  As a result, with a coastal Everglades LTER we will be able to quantify ecological responses to interannual variability and disturbances which affect other coastal LTER and LMER sites while also quantifying the effects of a major perturbation (this management effort).  Our long term research program will focus on the following central idea and hypotheses:

Regional processes mediated by water flow control population and ecosystem level dynamics at any location within the coastal Everglades landscape. This phenomenon is best exemplified in the dynamics of an estuarine oligohaline zone where fresh water draining phosphorus-limited Everglades marshes mixes with water from the more nitrogen-limited coastal ocean.

Hypothesis 1: In nutrient-poor coastal systems, long-term changes in the quantity or quality of organic matter inputs will exert strong and direct controls on estuarine productivity, because inorganic nutrients are at such low levels.

Hypothesis 2:  Interannual and long-term changes in freshwater flow controls the magnitude of nutrients and organic matter inputs to the estuarine zone, while ecological processes in the freshwater marsh and coastal ocean control the quality and characteristics of those inputs.

Hypothesis 3: Long-term changes in freshwater flow (primarily manifest through management and Everglades restoration) will interact with long-term changes in the climatic and disturbance (sea level rise, hurricanes, fires) regimes to modify ecological pattern and process across coastal landscapes.

We propose to test these hypotheses along freshwater to marine gradients represented by landscape transects in two Everglades drainage basins located in Everglades National Park (ENP).  The Shark River Slough transect (SRS) will be anchored at canal inflow points along the Tamiami Trail and will extend through the mangrove estuary to Florida's southwest coast.  Historically, most of the water draining the "River of Grass" flowed through this system.  The Taylor Slough/ENP Panhandle transect (TS/Ph) will be anchored at two main canal inflow points, and will extend through the Florida Bay estuary to the same coastal ocean endpoint (Fig.1b).  This is a smaller, more localized drainage basin.   We have observed a clear productivity peak in the oligohaline zone of the SRS transect, but not along the TS/Ph transect.  This dynamic is observable in soils and water nutrient concentrations, in biomass and productivity data from marsh plants, mangroves, and phytoplankton, and in secondary consumer biomass data (Fig.2).  We propose to address the 3 primary hypotheses above by quantifying: 1) primary productivity; 2) concentrations and turnover dynamics of inorganic nutrients and organic matter (particularly dissolved organic matter; DOM); 3) organic matter accretion and turnover in soils and sediments, and; 4) consumer dynamics and productivity along the SRS and TS/Ph transects.  We conceptualize our central hypotheses as several long-term scenarios (detailed below) with differential increases in freshwater flow, DOM, and nutrient inputs to these two coastal drainage basins. Our specific research questions will focus on these long-term scenarios.

Conceptual Approach and Justification

It is a well established paradigm that freshwater inputs are an important exogenous control on estuarine dynamics (Day et al., 1989) and even oceanic dynamics (Weaver et al., 1991). Variability in those inputs, and in the controls on those inputs, also plays a strong role in estuarine ecological processes.  This is essentially a simplification of the late W.E. Odum's pulsing paradigm (Odum et al., 1995).  In most coastal systems, man's influence greatly affects variability in freshwater inputs--most often by altering land use or watershed hydrologic patterns (Hopkinson and Vallino, 1995). Elucidating how exogenous forces [and the variation in those forces] control estuarine and coastal dynamics requires long data records (Hudson et al., 1989; Smith et al., 1989; Houde and Rutherford, 1993; Neinhuis, 1993; Stanley et al., 1993).  The coastal Everglades landscape is a particularly appropriate site for long-term research 
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Figure 1: Map of south Florida
showing (a) major components of
the current and historical
Everglades; note locations of
Shark River Slough, Taylor
Slough, the ENP Panhandle, and
Florida Bay, all in ENP, and (b)
showing locations of our coastal
Everglades transects with study
sites shown as red dots (6 along
the SRS transect and 11 along the
TS/Ph transect, including 3 in
Florida Bay); blue represents
freshwater marsh and Florida
Bay, green represents mangrove
forest.




investigating how freshwater flow controls estuarine dynamics because: 1) the entire system is oligotrophic (Amador and Jones, 1993; Fourqurean et al., 1992, 1993); 2) the range in interannual variability in precipitation nearly equals mean annual rainfall (Duever et al., 1994; Rudnick et al., 1999), and; 3) freshwater inputs are being modified in a semi-predictable way by Everglades restoration efforts (see http://www.restudy.org).  Ecological structure and function of oligotrophic systems are extremely sensitive to exogenous inputs of nutrients, and responses to these inputs are both dramatic and easily quantified (Caraco et al., 1992; Carpenter et al., 1995; others). This is an excellent setting to study the importance of DOM dynamics to coastal ecosystems because DOM is the dominant form of organic matter and potential nutrients in oligotrophic Everglades waters (Fourqurean et al., 1993; Boyer and Jones, 1999; Rudnick et al., 1999). The predictable hydrologic perturbation provided by Everglades restoration will facilitate long-term study of how management interacts with both regional climatic variability and the regional disturbance regime.  Notably, both this disturbance regime (sea level rise, changing storm frequency/intensity, fire) and interannual variability in climatic controls are relatively consistent across the network of coastal LTER and LMER sites.

Low salinity regions of many estuaries are sites of primary productivity maxima (Malone et al., 1980; Sharp et al., 1984; Boyer et al., 1993).  This is most often caused by the confluence of freshwater phosphorus (P) inputs by the watershed and nitrogen (N) inputs from further the estuary itself.  The magnitude of freshwater flow thus influences the location of the productivity peak by controlling the position of this mixing zone.  In the oligotrophic coastal Everglades, the estuarine headwaters are P depauperate but N rich.  Therefore, estuaries of the coastal Everglades provide a unique model for inverse nutrient mixing, as P is supplied by coastal waters while N is supplied by freshwater flow.  Our simplification of the productivity gradients along the SRS and TS/Ph transects (Fig.2a) are well founded in a range of datasets (we briefly describe ongoing research that has generated these data below--in addition to several projects relevant to the long-term studies we propose here).  

Both transects have upstream anchors at canal inputs, where water inputs are usually characterized by low total P (TP) concentrations but high total N (TN) concentrations (Boyer and Jones, 1999; Rudnick et al., 1999). Both transects meet at a marine endmember, where marine water inputs contain relatively more TP and less TN (for data see: http://www.fiu.edu/~serp/jrpp/wqmn/datamaps/datamaps.html).  The productivity peak in the oligohaline region of the SRS basin is not found in the TS/Ph basin.  This occurs because the Florida Bay estuary scavenges all available P from coastal waters before it ever reaches this oligohaline zone (Fourqurean et al., 1993; Boyer et al., 1998). In freshwater regions of SRS, soil P is greatest at the downstream site nearest the oligohaline region while in the TS/Ph basin the lowest soil P was at the downstream freshwater.  In SRS, soil P continues to increase seaward through the mangrove zone (Fig.2b; Chen and Twilley, in press), tracking the marine P source.  In TS/Ph, low soil P values continue through the mangrove zone (Fig.2b; Oehm et al., in prep.) but increase seaward through Florida Bay (Fourqurean et al., 1993), also tracking the Gulf P source. Our water quality data from SRS estuarine and marine zones indicate 1) a non-conservative decline in DOM along the salinity gradient from the low salinity maximum to offshore; 2) an increase in inorganic N and P concentrations in the oligohaline region relative to both freshwater and marine water inputs; and 3) consistently high standing stocks of phytoplankton (measured as chlorophyll a) in this region (Fig.2c,d; http://www.fiu.edu/~serp/jrpp/wqmn/datamaps/datamaps.html). 
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In the freshwater marsh, standing stocks of algae, some vascular plants, invertebrates, and fishes reflect spatial patterns in nutrients that differ between the SRS and TS/Ph basins. The floating periphyton mat is most dense at the downstream site in TS/Ph and least dense at the downstream site of SRS, consistent with experimental studies of the response of periphyton mats to nutrient variation (McCormick et al., 1996).  Spikerush (Eleocharis sp.) stem density is highest in SRS and increases towards the estuaries in both basins (Fig.2e). Densities of aquatic invertebrates, small fish (<8 cm), and large fish (>8 cm) decreased downstream in TS/Ph; in SRS, invertebrates and small fish were equally abundant at all sites while large fish were substantially more abundant at the downstream site (Fig.2f).  This pattern is consistent with a trophic cascade where increased productivity at the downstream site leads to increased biomass and turnover of the top trophic levels. 

Our long-term research will revolve around four probable scenarios that will modify the low salinity productivity maximum (Fig.2a), and we will focus our Primary Research Questions on them.  Notably, the ordinate axis is salinity and not position in space because the low salinity zone, which our research will emphasize, changes position between wet and dry season.  For an example of how high wet season discharge affects not only estuaries of both basins, but also all of the southwest Florida coastal zone, see http://www.fiu.edu/~serp/jrpp/wqmn/datamaps/sal-13.gif.  Also, several long-term factors may act to change the location of the oligohaline zone, including increased freshwater flow (seaward displacement) and sea level rise (landward displacement).

· Long-term scenario 1:  Increased freshwater flow (the optimal Everglades restoration scenario; Fig.3a). Freshwater inputs at the upstream ends of both the SRS and TS/Ph transects is not accompanied by related increases in nutrient or organic matter loads.  We anticipate a small decrease in marine nutrient inflows, particularly in Florida Bay, due to simple conservation of mass. Increased freshwater will force the oligohaline productivity peak in SRS seaward during the wet season, but make little or no change in its dry season position.  The result will be a broadening of this productivity peak in SRS, but no real change in the TS/Ph gradient.
· Long term-scenario 2:  Scenario 1 plus increased marine nutrient inputs (the coastal eutrophication scenario; Fig.3b).  The most dramatic effect of this scenario will be an increase in the magnitude of the SRS productivity peak and a productivity increase at the marine endmenbers.  If Florida Bay is unable to scavenge all of this additional marine P, the TS/Ph gradient will show a small oligohaline productivity peak as well--following the SRS model.
· Long term-scenario 3:  Scenario 1 plus increased freshwater nutrient inputs (the direct terrestrial eutrophication scenario; Fig.3c).  In this undesirable scenario, Everglades restoration results in nutrient inputs disproportionate to water flow inputs.  The freshwater marshes will be most immediately  affected by this, but eventually as this new P progresses downstream the result will be a higher productivity peak in the SRS gradient and intiation of a peak in the TS/Ph gradient, but no marine endmember increase along either transect.
· Long term-scenario 4:  Scenario 1 plus increased DOM inputs (the direct terrestrial eutrophication scenario; Fig.3d).  The effect of this scenario will be quite different from Scenario 3, because nutrient remineralization from DOM(perhaps via a microbial loop) is less efficient.  Thus, much of this new DOM will flow through the freshwater marshes relatively unchanged.  However, much of this DOM may become bioavailable in the oligohaline zone by the combination of physical processes, such as flocculation, combined with biotic community changes.  Thus, this scenario represents an increased input of terrestrial DOM which will stimulate estuarine productivity.
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Figure 3: Hypothesized
long-term scenarios.
Arrows represent the
hydrologic control; water
quality conditions for each
are shown relative to con-
ditions in Fig 2a
(a) Scenario 1=increased
freshwater flow; (b) Sce-
nario 2=#1+coastal
eutrophication; (c)
#l+increased freshwater
nutrient loading; (d)
#l+increased freshwater
DOM loading.





Ongoing Freshwater Research: Our group at FIU is currently involved with several large research efforts in the freshwater marshes of both the SRS and TS/Ph basins.  The largest project is investigating how pristine Everglades marshes are changed by increased P concentrations.  In this study, a multidisciplinary group of researchers at FIU is using three flumes in central SRS, each with three 100 m long P addition channels and 1 control channel, to quantify the effects of P additions on all major ecosystem components of freshwater Everglades marshes (R.Jones, D.Childers, and J.Trexler, Managing PIs). Phosphorus is added continuously to the 3 experimental channels at each flume to increase ambient concentrations by 0.17, 0.5, and 1.0 µM (Childers et al., in press; http://www.fiu.edu/~ecosyst/dosing.html).  Two other studies are investigating how increased water inputs from canals affect nutrient dynamics and ecosystem structure in downstream marshes of both Taylor Slough and the ENP Panhandle.  These studies are quantifying water quality, macrophyte productivity, and soil and periphyton dynamics along canal-estuary transects throughout the TS/Ph basin (http://www.fiu.edu/~ecosyst/c111.html; D.Childers, PI). 

Several studies of consumers are ongoing, including an extensive effort to describe the dynamics of spatial distribution and abundance of fishes and macroinvertebrates in Everglades National Park and Water Conservation Areas 3A and 3B.  This study is linked to research on fish dispersal and population genetic structure. Experimental studies of predator-prey dynamics and community regulation using enclosure and exclusion cages are also underway in conjunction with that sampling study (J.Trexler, PI).

Ongoing Estuarine and Marine Research: Our group at FIU is currently involved with both research and monitoring efforts in the estuarine zones of both the SRS and TS/Ph basins.  One process-level project in the mangrove zone of the TS/Ph basin is quantifying the exchange of water and nutrients between these mangrove wetlands and Florida Bay.  This project applies an hierarchical process approach to understand the ecological dynamics that influence this exchange, and is generating data on water quality, wetland fluxes, soil dynamics, and mangrove productivity (http://www.fiu.edu/~ecosyst/mangrove.html; D.Childers, PI).  

The Southeast Environmental Research Center (SERC) at FIU operates a network of >330 water quality monitoring stations in coastal South Florida that includes 28 stations in Florida Bay, 22 stations in Whitewater Bay, 25 stations in the mangrove estuaries of Ten Thousand Islands, 28 stations from Marco Island to Pine Island Sound, 49 offshore stations, 25 stations in Biscayne Bay, and 154 stations in the Florida Keys National Marine Sanctuary (FKNMS).  The purpose of this network is to assess and interpret status and trends in surface water quality of the coastal South Florida ecosystem (for a project overview and data to date, see: http://www.fiu.edu/~serp/jrpp/wqmn/datamaps/datamaps.html; R. Jones and J.Boyer, co-PIs). 
We are also conducting ecosystem and community level research in the seagrass-dominated ecosystems of Florida Bay (J. Fourqurean, PI; http://www.fiu.edu/~seagrass/).  Current projects include: 1) monitoring of seagrass community composition, biomass and productivity; 2) statistical modelling of the habitat requirements of seagrass-associated plants and animals; 3) the role of herbivores in seagrass ecosystems; 4) food web structure; 5) mass-balance modelling of water and solutes in Florida Bay; 6) the role of disturbance in determining the outcome of competitive interaction in seagrass meadows, and; 7) sediment-water column biogeochemical coupling.

Project Synthesis

Information synthesis is a key objective of our coastal Everglades LTER program.  This is particularly important because the work we propose here will be interacting closely with a number of ongoing research and monitoring efforts.  We will use an hierarchical modelling approach to integrate data and spatial information from our empirical research.  The first tier will involve development of process-based simulation models in real time with ongoing research.  In this way, we will be able to synthesize data as they are collected while also using our models as adaptive management tools for our research program.  Fig.4 conceptualizes the framework for this first tier of synthesis (and notes structural and functional components involved with each of our Specific Research Hypotheses).  It includes all biotic parameters and exogenous forcings important to our proposed research, and identifies which components will be affected by our disturbance/perturbation regime.  We have already developed a freshwater marsh periphyton model (Buzzelli et al., in review) and a marsh macrophyte-soil model is currently under development.  We will work closely with R.Twilley to parameterize his individual-based mangrove models to our SRS and TS/Ph basin transects (http://www.ucs.usl.edu/~rrt4630/mangrove-restudy.htm;  Twilley and Chen, 1998; Chen and Twilley, 1999). These mechanistic models will be particularly critical to integration of our process-based research.  For example, we will use C and P models to link our DOM-microbial loop research with our secondary consumer production, food web, and grazing studies.

In the second tier of our modelling effort, we will develop water budget models to estimate water residence times for the freshwater and estuarine zones of both study basins.  As in most coastal systems, water residence time couples internal ecological processes to variability in exogenous forcings.  In addition to the hydrologic data we will collect, we have access to a number of relevant databases, including water level data collected throughout Everglades National Park by ENP hydrologists, water flow data from a number of key locations throughout both SRS and TS/Ph basins by USGS hydrologists (see http://www.sflorida.er.usgs.gov/realtime.html;), and canal and water control structure information from the South Florida Water Management District (SFWMD, see http://www.sfwmd.gov/org/omd/rt.html ).  We will take advantage of the existing mass balance hydrologic model for Florida Bay (FATHOM; J.Fourqurean, PI; http://www.fiu.edu/~seagrass/fathom/), but we do not intend to extensively model estuarine hydrodynamics (as per Kjerfve et al., 1991; Kjerfve et al., 1992, for example).  Rather, we will use these hydrologic datasets to parameterize box models of the components of our coastal Everglades system in order to approximate water residence times for the areas in which our sampling will be concentrated.  From these residence times, we will calculate constituent fluxes, turnover rates for various components, nutrient spiralling parameters (Stream Solute Workshop, 1990; Minshall et al., 1992), and constituent budgets dynamic in both space and time (Childers et al., 1993).

Burke and Lauenroth (1993) evaluated the extent to which the Central Plains Experimental Range LTER actually represented shortgrasse steppe ecosystems, and concluded that such site(region extrapolations are best accomplished by applying simulation models to regional spatial databases.  Spatially explicit models are the most efficient means of accomplishing this scaling up from the site level (Sklar and Costanza, 1991; Sklar et al., 1994).  Thus, the upper tier of our modelling and synthesis work will involve integrating both of the modelling levels described above into a spatial modelling platform.  These models will allow the integration of our GIS database with our data synthesis efforts.  There are two major efforts currently underway to develop spatial models of the entire Everglades landscape.  The first is the Everglades Landscape Model (ELM; http://kabir.umd.edu/Glades/ELM.html), being developed and perfected by scientists at the SFWMD (F.Sklar, SFWMD, pers.comm.).  The second is the ATLSS (Across Trophic Level Simulation System), which is being developed by a group based at the USGS BRD (D.DeAngelis, PI; http://atlss.org/).  We will work with both groups on our spatial modelling efforts for the SRS and TS/Ph basins.
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Figure 4:  Conceptual diagram of the ecosystem components and exogenous forcings on which our coastal Everglades LTER research will focus. Arrows generally represent material flows. Note the conceptual similarities across ecosystem components (e.g. between periphyton in the freshwater marsh and the microbial loop in the estuarine compartments) Top panel=the SRS transect; Bottom panel=the TS/Ph transect.  We show where the 5 primary factors of our disturbance/perturbance regime will have direct effects with the red circles (top panel) and we represent the focus of each Specific Research Hypothesis with yellow circles, for structural components, or green circles, for functional components (bottom panel).

Background and Site Description

The Everglades, an International Biosphere Reserve, is one of the largest freshwater wetland landscapes in North America. These wetlands are highly oligotrophic, and P is the macronutrient that limits ecosystem productivity and biomass accumulation (Amador and Jones, 1993). Everglades waters typically contain undetectable amounts of dissolved P (Walker, 1991; others). Phosphorus follows a sedimentary cycle in ecological systems; thus, hydrologic inputs presumably dictate the supply and transport of this limiting nutrient in Everglades wetlands.  Furthermore, P-limited ecosystems have no biotically-mediated mechanism for removing P, in the way that denitrification removes N from wetlands and estuaries.  This lack of internal control of P cycling suggests that the oligotrophic wetlands of the Everglades are particularly succeptible to changes in P loading (Caraco, 1993). Because of these characteristics, the coastal Everglades is a unique venue for investigating how nutrient availability and cycling interacts with the hydrologic regime to potentially control ecosystem structure and function. 
The Everglades is actually part of a greater watershed that includes over 28,000 km2 of central and southern Florida, from near Orlando to Florida Bay.  The expansive freshwater marshes, known popularly as the “River of Grass”, dominate the portion of this landscape south of Lake Okeechobee (Fig.1a). Before the turn of the century, water moved through the Everglades wetland landscape as a slow but pervasive surface flow from Lake Okeechobee through a mosaic of sawgrass marshes, wet sloughs, and forested islands.  The topographic gradient from the lake to Florida Bay was about 1 m per 56 km (Light and Dineen, 1994). Water flow was seasonal, driven by wet season precipitation  (June through November) and overflow from the lake.  In a typical dry season, many of the marshes along the slightly higher fringes were not inundated. In addition to the hydrologic manipulations of the last 100 years, the south Florida climate provides a uniquely variable template of climatic forcing.  In an average year, about 130 cm of rain falls on our study area.  Interannual variability in annual rainfall, however, shows a range of over 100 cm between wet years and dry years.  There is a decadal periodicity to this wet-dry year cycle, and a regular pattern in which decades with extreme interannual variability alternate with far less variable decades (Duever et al., 1994).  Thus, the climatic regime of the coastal Everglades is at least as variable from year to year as it is within a given year--suggesting that long term datasets with less temporally intensive data are considerably more valuable than short-term intensive research.

Humans have drastically altered this hydrologic regime of the Everglades.  Over 2500 km of drainage canals and levees, and hundreds of water control structures now dissect the region into numerous sub-basins.  The 3059 km2 Everglades Agricultural Area (EAA) has been completely drained.  To the south, Everglades National Park (ENP) includes over 4300 km2 of the watershed; surface water flow in the park is regulated primarily by four water control structures along its northern border. In between are five large Water Conservation Areas (WCA) that impound over 3500 km2 of Everglades marsh (Light and Dineen, 1994; Fig.1a).  The primary objective of water management in these areas--to minimize flood risk during the hurricane season and maximize dry season water storage--is at odds with natural hydrologic patterns and has increased the frequency and intensity of disturbance events, such as floods/droughts and fire (DeAngelis and White, 1994; Gunderson and Snyder, 1994). Additionally, canals, levees, and unnaturally deep water have greatly reduced the wetland connectedness in the WCAs.  Everglades National Park is the only remaining sector of the original Everglades where the hydrologic regime is somewhat similar to pre-management conditions.  For this reason, we propose to conduct our research in Everglades National Park.

Patterns of flow, inundation, and P delivery in Everglades marshes have all been altered.  The EAA is a major source of P to the oligotrophic marshes, often by point-source canal inputs (Coale et al., 1994a,b; Davis, 1994; Doren et al., 1997).  Hydroperiod gradients have been greatly reduced.  Because the WCAs are hydrologically isolated from each other, only vestiges of the original sheetflow remain. Where the hydrologic regime remains somewhat natural (i.e. ENP, Loxahatchee National Wildlife Refuge), the source of the water is not upstream wetlands but canals. The balance between exogenous P inputs via canal inflows versus atmospheric sources (which track the climatic variability) is critical to nutrient cycling and ecosystem dynamics.  We combined estimated areas of the SRS and TS/Ph basins with annual rainfall and P loading from canals to demonstrate the relative importance of these two water sources (Table 1). Notably, data on P loading via canal structures exist (see Rudnick et al., 1999), while data on atmospheric P inputs (via rainfall and dry deposition) are often suspect. In dry years (1990), roughly two-thirds of the exogenous P inputs are via rainfall, while in wet years (1995) canals supply about half of all P inputs. Table 1 suggests that P inputs from canals are considerably more variable than rainfall inputs, in spite of the large interannual climatic variability.  Boyer and Jones (1999) found a similar pattern in their review of freshwater and P inputs to the Florida Bay estuary.  Notably, P concentrations in water reaching Florida Bay are so low that the ratio of ambient total P concentrations to P inputs is nearly 1:1--far lower than in other estuaries (Boyer and Jones, 1999).

Table 1:  Estimated phosphorus load budgets for rainfall and point-source canal inputs. Rainfall and canal input data are from Rudnick et al. (in press).  Point source P loads from canals were distributed over the entire area of both systems for the sake of a comparative budget only; in fact, the system does not behave this way at all (i.e. see Doren et al., 1997).   Mean rainfall P concentration of 0.3 µM (10 ppb) was asumed (R.Jones, pers. comm.).

	Basin
	estimated

area
	Rainfall

1990
	Rainfall

1995
	Rain P input 1990
	Rain P input-1995
	canal P input-1990
	canal P input-1995

	SRS
	840 km2
	105 cm
	180 cm
	8.8 m.tons
	15 m.tons
	4 m.tons
	17 m.tons

	TS/Ph
	200 km2
	100 cm
	175 cm
	2 m.tons
	3.5 m.tons
	1 m.ton
	3 m.tons


One major difference between our 2 study transects is that TS/Ph includes Florida Bay while there is no shallow estuarine basin along the SRS transect (see conceptual diagram, Fig.4). Florida Bay is separated from the Atlantic Ocean and the Straits of Florida by the the Florida Keys, which form a nearly continuous barrier.  Carbonate mudbanks compartmentalize Florida Bay into a network of shallow basins, and circulation between them is restricted. Mixed semidiurnal tides along the western margin of generate a mean tidal range of 61 cm, but tidal energy is quickly attenuated by the mud banks and there is essentially no lunar tide over most of central and northeastern Florida Bay  MACROBUTTON endnote+.cit (Turney and Perkins 1972; Holmquist et al. 1989b).  Intra-annual variability in mean monthly water levels follow a typical coastal cycle (Kjerfve et al., 1978), with highest water levels from August to November, lowest water levels from February to May, and a typical range of 30 cm  MACROBUTTON endnote+.cit (Holmquist et al. 1989b). Freshwater inputs to Florida Bay are dominated by flow from through the TS/Ph basin and rainfall. Groundwater inputs are generally not considered to be important  MACROBUTTON endnote+.cit (Corbett et al. 1999). 


Phytoplankton production in Florida Bay is strongly P-limited (Fourqurean et al., 1993; Phlips and Badylak, 1996; Lavrentyev et al., 1998), however other resources (e.g. light, N, Si) may also partially control productivity in some areas of the bay  MACROBUTTON endnote+.cit (Lavrentyev et al. 1998).  Dissolved inorganic P concentrations are very low (20 nM), while DIN (dominated by ammonium) concentrations are often relatively high (Fourqurean et al., 1993; Boyer et al., 1997; Boyer et al., 1999). Seagrass communities dominate the bottom of Florida Bay.  Of the 2000 km2 of Florida Bay, 95% of the bottom is covered by seagrass.  Seagrass standing crop increases from 30 g d.w. m-2 in northeastern Florida Bay to 125 g d.w. m-2 along the western margin  MACROBUTTON endnote+.cit (Zieman et al. 1989).  This east-west gradient is driven by gradients in sediment accumulation  MACROBUTTON endnote+.cit (Zieman et al. 1989) and P availability, which limits seagrass growth in Florida Bay (Fourqurean et al., 1992).  Generally animal density and diversity also decreases from west to east (Holmquist et al., 1989; Sogard et al., 1989; Thayer and Chester, 1989), although Florida Bay supports a diverse avifauna and a number of threatened or endangered vertebrates.
Proposed Research

We will focus our research around five research questions that parallel the LTER core areas.  We propose to address these questions from freshwater and estuarine/coastal perspectives. Conceptually, this is analogous to a Lagrangian approach in which a parcel of water is tracked as it flows through freshwater Everglades marshes, the mangrove estuaries, and Florida Bay to offshore.  Along the way, we will quantify patterns and processes in both the water itself, and in the ecosystem through which it is flowing, using long-term sampling and short-term process-based studies at both population and ecosystem levels.  We will develop hydrologic models to simulate water residence times along both landscape transects, and we will synthesize data from this LTER research and from other related projects with an hierarchical simulation modelling effort.  A primary product of this synthesis effort will be an integrated landscape model of both the SRS and TS/Ph drainage basins.  

Our experimental design will entail permanent sites located along the SRS and TS/Ph transects (Fig.1b).  Most of these sites overlap with ongoing research efforts, but some will be new.  There will be 3 freshwater marsh and 3 mangrove wetland sites along the SRS transect.  In the TS/Ph basin, our freshwater sampling will follow 2 arms--one through Taylor Slough and one through the ENP Panhandle region. We will sample 3 freshwater marsh sites and 2 mangrove sites in Taylor Slough, and 2 marsh sites + 1 mangrove site in the much shorter ENP Panhandle transect. They will join in Florida Bay, where we will sample 3 sites. Although we are proposing only minimal process-based research in the coastal ocean, both transects conceptually meet at the same water quality monitoring station on the southwest Florida shelf. 

Each of the following research questions has specific research hypotheses directed at both freshwater and estuarine locations of the coastal Everglades landscape.  In most cases, we will address each hypothesis at each site (see Table 3 for summary).  We note how each hypothesis relates to our long-term scenarios for the coastal Everglades (Fig.3) and our project conceptualization (Fig.4).

Question 1:  How are patterns and magnitudes of primary production controlled by freshwater flow and the concentrations and characteristics of nutrients and organic matter in the source water?
Rationale: Emergent plants are the most visibly evident primary producers in freshwater Everglades marshes (Fig.4).  Their dynamics follow predictable patterns for oligotrophic ecosystems.  Nutrient inputs cause dramatic shifts in species composition and whole system primary productivity.  In areas being affected by direct canal inputs of exogenous P, plant species composition and productivity shifts rapidly to monospecific stands of cattail (Typha domingensis; Belanger et al., 1989; Davis, 1991; Newman et al., 1996; Doren et al., 1997).  In areas away from allochthonous P inputs, however, responses are more subtle.  We have shown that even low level P enrichment in ENP marshes causes measurable shifts in plant productivity in both sawgrass (Cladium jamaicense) and spikerush (Eleocharis spp.) slough communities.  In experimental mesocosms enriched with P at a rate of 0.4 g P m-2 yr-1, sawgrass responded with a 25-40% increase in belowground biomass in the first year followed by a 50-60% increase aboveground biomass and production in the second year.  We saw a similar response at an even lower P enrichment rate (0.04 g P m-2 yr-1), but it took longer (Daoust and Childers, 1999, in review).  Similar responses have been observed in wet prairie and slough communities as well (Daoust and Childers, in review; A.Edwards and D.Lee, unpubl. data).

Mangroves are the dominant primary producer in coastal Everglades intertidal estuaries (Fig.4).  The four most common species are red mangrove (Rhizophora mangle), white mangrove (Laguncularia racemosa), black mangrove (Avicennia germinans), and buttonwood (Conocarpus erectus).  There are large differences between the mangrove forests of the SRS and TS/Ph basins.  While both are predominantly red mangrove, trees in the fringe and basin forests of the SRS are typically 6-10m tall (Snedaker, 1989; Chen and Twilley, 1999b) while the TS/Ph forests are dominated by dwarf red mangroves rarely over 1-2m in height.  Woody production in SRS ranges from 350-1200 mg m-2 yr-1 (Chen and Twilley, 1999b) and litter production ranges from 660-900 mg m-2 yr-1 (Twilley et al., 1986).  In comparison, preliminary estimates of productivity by the dwarf mangroves in TS/Ph are 250-300 mg m-2 yr-1 (Coronado-Molina and Day, unpubl.data).  Koch (1997) found that the growth rates of red mangrove seedlings were 1-2 orders of magnitude greater in SRS estuary compared to the TS/Ph system.  These differences are likely driven by a complex interaction between past hydrologic manipulations, salinity stresses, and nutrient availability.

Periphyton is likely the functional equivalent of phytoplankton in freshwater Everglades marshes (Fig.4).  Periphyton mats found in ENP marshes are generally calcitic, and occur as benthic, floating, or epiphytic structures.  The periphyton community is composed of algae, bacteria and other microheterotrophs, and microinvertebrates (Browder et al., 1994; Vymazal et al., 1994); as such, periphyton is a major component of food webs and [presumably] microbial loop-type processes.  Even low-level increases in P concentrations above ambient marsh levels (which are 0.1-0.3 µM TP) cause dramatic shifts in periphyton species composition (Vymazal et al., 1994; McCormick et al., 1996), and a complete loss of calcitic periphyton is effectively the first visual sign of the ecosystem state change triggered by eutrophication.  Periphyton community structure and biomass change are typically measured using periphytometers.  As part of ongoing TS/Ph research, we are using short-term transplant studies to quantify the effects of canal inflows on periphyton whole-system productivity and respiration. When periphyton growing far from canal influences is incubated with canal water, we often see decreased net primary productivity associated with increased respiration rates or even a shift from autotrophy to heterotrophy (suggesting a nutrient or DOM stimulus of microbial loop-type heterotrophic activity; Iwaniec and Childers, unpubl.data). We propose mechanistic experiments to better understand this phenomenon under Question #4 (below).

Phytoplankton represent an important component of ecosystem productivity in coastal Everglades estuaries, but are nearly nonexistent in water overlying freshwater marshes (Fig.4).  The connection between phytoplankton productivity and nutrient inputs in estuaries has been demonstrated repeatedly (Boynton et al., 1982). Data from both the SRS and TS/Ph basins show that while nutrient loading increases with flow, inflowing nutrient concentrations decline (Boyer and Jones, 1999).  This pattern does not follow the typical eutrophication model because the limiting nutrient is actually becoming more dilute as its loading rate increases.  Conversely, if increased freshwater flow increases DOM inputs to the estuarine zone, and stimulates microbial loop synthesis (see Question 3 below), the subsequent competition for limiting nutrients by bacteria may inhibit phytoplankton productivity.

Seagrasses dominate benthic primary production in coastal Everglades estuaries (Fig.4). Productivity by seagrass in Florida Bay is limited by P availability (Fourqurean et al., 1992a,b) and the source of P is the Gulf of Mexico  MACROBUTTON endnote+.cit (Fourqurean et al. 1993; Rudnick et al. 1999). Increased freshwater flow may decrease tidal water inputs in this shallow estuarine basin by simple conservation of mass. This coupled with the small P concentrations in this freshwater suggest that increased freshwater flow in the coastal Everglades may actually decrease the P availability to seagrass in Florida Bay. Water management and Everglades restoration may thus decrease shallow subtidal estuarine productivity by the combined effects of lowered salinity and decreased nutrient availability.  This is another example of how the coastal Everglades does not fit standard models of land-margin interface dynamics.  

Specific Research Hypothesis 1A:  Primary productivity by freshwater marsh macrophytes will increase with increasing nutrient inputs, but not with increased freshwater flow or DOM inputs, while mangrove productivity will be sensitive to all three (Long-term Scenarios 1-4, Fig.3).

Approach:  We will continue to use sawgrass as the primary species for long-term monitoring of primary productivity in the freshwater marshes of SRS and TS/Ph.  In this method, 1 m2 permanent plots are established and are sampled for aboveground biomass and leaf turnover rates every other month using a non-destructive allometric technique (Daoust and Childers, 1998).  We will calculate net aboveground primary productivity (NAPP) annually. At present, fifteen sawgrass monitoring quadrats are in place at all TS/Ph freshwater sites (as part of ongoing projects).  We will add 3 quadrats to each of the 3 freshwater sites in the SRS basin.  We will quantify annual mangrove productivity as litterfall, litter standing crop (as per Twilley et al., 1986), stem/wood production (Day et al., 1996; Chen and Twilley, 1999b), and belowground production (Twilley, unpubl.data) in triplicate 0.25 ha plots at all estuarine sites. Once a year we will also take soil and plant tissue samples from all quadrats for bulk nutrient analysis (we have found no evidence of seasonality in tissue nutrient ratios; Daoust and Childers, 1999).
Specific Research Hypothesis 1B:  Periphyton community composition will be altered and productivity will decline where any process increases nutrient concentrations (Long-term Scenario 3, Fig.3c).

Approach: We are currently monitoring periphyton species composition and biomass accumulation using periphytometers and periphyton mat cores at the central SRS marsh site in conjunction with our experimental flume study (see Childers et al., 1999a). We are also currently quantifying periphyton productivity and respiration rates at all TS/Ph marsh sites using the standard BOD bottle oxygen change method.  We will expand our periphytometer sampling to include all 3 SRS sites and all TS/Ph sites and expand our productivity measurements to include all SRS sites. Periphytometers will be used through the wet season, and productivity will be quantified twice each wet season. Additionally, we will investigate freshwater flow impacts by transplanting periphyton mats from sites far from canal inflows to sites near canal inflows and quantifying productivity and respiration rates.
Specific Research Hypothesis 1C:  The spatial domain of phytoplankton primary production will be altered with increasing freshwater flow (Long-term Scenarios 1-4, Fig.3).

Approach: Our existing water quality monitoring program measures standing stocks of chlorophyll a (chl a) at the 3 SRS and 3 Florida Bay sites monthly.  At these same locations and at all TS/Ph mangrove sites, we will quantify phytoplankton productivity by coupling PAR measurements with pulse amplitude modulated fluorometry (Kolbowski and Schreiber 1995).  In this technique, a rapid series of high frequency flashes permits measurement of: 1) the absorption cross section of Photosystem II (quantum yield); 2) the rate of photosynthetic electron transport, and; 3) the level of photochemical quenching.

Specific Research Hypothesis 1D: Increased fresh water flow will result in a decrease in estuarine benthic primary productivity (Long-term Scenarios 1-4, Fig.3).

Approach: We are currently monitoring seagrass productivity at 10 locations in Florida Bay  MACROBUTTON endnote+.cit (Zieman et al. 1999). We will expand this by monitoring seagrass, macroalgal and benthic microalgal productivity at the marine-terminal site of the SRS transect and at the 3 Florida Bay sites of the TS/Ph transect (Fig.1b). We will quantify primary productivity bi-monthly: 1) in seagrass using the leaf-marking method  MACROBUTTON endnote+.cit (Zieman 1974); 2) in macroalgae using a vital staining technique, and; 3) in microalgae using periphytometers.  We will use C:N:P plant tissue ratios to monitor nutrient availability   MACROBUTTON endnote+.cit (Fourqurean et al. 1992a). 
Question 2:  How does freshwater flow or the content of source water control secondary production and trophic dynamics?
Rationale: Although consumer trophic linkages in Everglades wetlands are similar to most aquatic systems (Fig.4), patterns of secondary producer standing stocks in freshwater Everglades marshes are unusual when compared to other aquatic ecosystems (Turner et al. 1999).  Much of the year there is a very high biomass of periphyton, among the greatest biomass per unit area recorded in any wetland ecosystem (Goldsborough and Robinson 1996; Turner et al. 1999), but surprisingly low biomass of consumers (Turner et al. 1999).  When nutrient enrichment occurs, mat-forming algal species are replaced by phytoplankton and filamentous blue-green algae (Browder et al. 1994; Davis 1994; McCormick and O’Dell 1996).  Also, the standing stocks of consumers increase, unless the eutrophication is extreme enough that cattails (Typha domingensis) form a monoculture that drop dense detrital mats and block light from entering the water column (Rader and Richardson, 1992). The composition of animal communities and patterns of consumer biomass also differ consistently with hydroperiod.   Short hydroperiod marshes generally have fewer fishes and aquatic invertebrates than long hydroperiod ones.  This difference is typically attributed to periodic population crashes experienced by many aquatic animal species when marshes dry out, a more frequent occurrence in short hydroperiod marshes.  However, the biomass and types of primary producers also differ along hydroperiod gradients (Loftus and Eklund, 1994).

Specific Research Hypothesis 2A: Increasing freshwater flow will change the spatial pattern of standing stocks, and in particular the location of peak biomass along the estuarine zone. This change will be more apparent in the SRS basin than the TS/Ph basin, as per Long-term Scenarios 1-4 (Fig.3).

Approach: An extensive monitoring effort is already in place for studying the foodweb in the freshwater Everglades.  We will extend these techniques to our estuarine sites with minor modification.  The sampling techniques we will use for small fishes and aquatic invertebrates in vegetated shallow-water habitats are well documented (throw traps for the freshwater Everglades: Kushlan 1981, Chick et al. 1992, Loftus and Eklund 1994, Jordan et al. 1997, Turner and Trexler 1997; pull-up and encircling nets for mangrove zones: Rozas 1992, Vance et al., 1996; Lorenz et al., 1997, Ronnback et al. 1999).  These techniques generate density and biomass data on a per square meter basis.  As appropriate, we will use these techniques to sample twice annually, once in the wet season and once in the dry season, to estimate small fish and macroinvertebrate density and biomass.  A minimum of 21 samples will be taken at all freshwater marsh and mangrove sites. Information on abundances of larger fish is critical to characterizing foodweb complexity , and we have found that separate techniques are needed to sample larger fish.  In the freshwater Everglades, boat electrofishing is an effective method (Chick et al. 1999), but it is ineffective in marine habitats. For this study, we will use experimental gill nets (Hubert 1983) to characterize large fish standing stocks in the all habitats.  Our data show major variation in fish community biomass at approximately a 10 km scale (Trexler et al., in review).  Thus, our first task will be to quantify the scale of spatial variation in the estuarine zone, and we will distribute our sampling within sites using that information.

Specific Research Hypothesis 2B:  Increasing freshwater flow will change the spatial pattern of secondary productivity and food web structure This change will be more apparent in the SRS basin than the TS/Ph basin, as per Long-term Scenarios 1-4 (Fig.3).

Approach: Oligotrophic Everglades marshes have very low standing stocks of large-bodied fishes that are predators of fish and macroinvertebrates (Turner et al. 1999), and they are thus thought to have little impact on overall trophic dynamics (Loftus and Eklund 1994).  Our data indicate that as marsh productivity and hydroperiod--in particular the availability of deep-water refuges--increase, the biomass of these large fish also increases. In the estuarine zone, many saltwater fish follow tidal creeks far upstream, then move out of the creeks to forage on inundated wetlands (Loftus and Kushlan, 1987).  If increased freshwater flow pushes the productivity maximum downstream, it could render tidal creek headwaters more oligotrophic over time, thus possibly decreasing the availability of food for these estuarine species.  We will examine foodweb structure annually by quantifying C and N stable isotopic signatures in representatives of four trophic levels (primary producer, a macroinvertebrate, a small fish, and a large fish ) at each of our study locations.  This will permit us to observe shifts in trophic structure, should they occur (Cabana and Rasmussen, 1994).  Three composite samples will be taken at each site once per year in the wet season.   Twenty specimens from each composite will be homogenized to account for inter-individual variation.  The three composites per site will estimate variance from analytical sources. Our preliminary studies indicate that inter-individual variance in ∂13C and ∂15N values is small relative to variation among geographic locations in the Everglades (Trexler, unpubl.data).  The key to this food web analysis is to make interannual  and spatial comparisons.  Other workers are already conducting detailed foodweb studies in several locations in the Everglades (W.Loftus, unpubl.data).

Question 3:  How do changes in freshwater flow or the content of source water control organic matter accumulation in freshwater and mangrove wetland soils?
Rationale: There are two primary types of soils found in freshwater Everglades marshes:  Peat and marl.  Peat soils are highly organic and are generally found in long hydroperiod areas. Peat genesis is generally tied to sawgrass production.  Marl soils are CaCO3-rich soils with much higher bulk densities and lower % organic matter compared to peat.  Marl soils are found in short hydroperiod marshes, and soil genesis is associated with periphyton production coupled with seasonal drydown.  In both systems, in situ belowground macrophyte production adds organic matter to soils. Hydroperiod and soil P tend to be directly related, even after the bulk density of these soils is taken into account. Our experimental design encompasses both types of soils (Fig.4).  The SRS transect is dominated by peat marshes while the TS/Ph transect is a mixture of marly peat soils (in Taylor Slough) and marl marshes (in the ENP Panhandle).  

The fate of soil organic matter in these systems is closely tied to phosphorus availability, as soil respiration is P-limited (Bachoon and Jones, 1992; Amador and Jones, 1993).  Thus, local processes tend to dominate soil dynamics in freshwater Everglades marshes. Mangrove wetlands, in contrast, are tidally influenced and soil dynamics here include regular fluxes of particulates (Twilley, 1985; Reed, 1989; Childers et al., 1999a,b).  As with all estuarine wetlands, stability of these mangrove systems depends on vertical change in soil elevation keeping pace with sea level rise. Some local processes are similar to those in the freshwater marsh--including soil respiration and belowground production (Twilley et al., 1992)--while other local processes may enhance tidal influences--including the effects of crab foraging and burrowing (Smith et al., 1991).  In either system, long-term soil dynamics may be compared through such integrative parameters as change in soil elevation, rates of surficial accretion, and soil respiration.

Different approaches have been used to characterize sedimentary organic matter (SOM). Recently, specific molecular characterizations have significantly improved bulk SOM characterizations.  Molecular markers (biomarkers) are popular tools for such specific characterizations (Meyers and Ishiwatari, 1993; Prahl et al., 1994).  Biomarkers are used to determine autochthonous versus allochthonous sources to SOM (Cranwell, 1982; Prartono and Wolff, 1998) and waterborne particulates (Parrish, 1988; Jaffé et al., 1995 and 1997). However, differentiating terrestrial vs. marine origins of both higher plant OM and microbial OM is more difficult (De Leeuw et al., 1995; Canuel et al., 1997; Volkman, 1999).  In seagrass-dominated estuaries, such as Florida Bay, OM input from seagrasses is quite significant (Bianchi et al. 1999), making the identification of seagrass biomarkers essential.  We are confident that the best approaches for this are compound specific stable isotopic composition (13C/12C) of common higher plant biomarkers such as alkanes, fatty acids and sterols (Canuel et al., 1997), and the use of seagrass-specific biomarkers.
We have characterized major lipid fractions in soil/sediment  and plant tissue samples from estuarine regions of both the SRS and TS/Ph basins, and found high abundances of two freshwater periphyton biomarkers (a highly branched C20:1 alkene and the corresponding C20:0 alkane) in SRS samples. A similar but much muted trend was also observed in the TS/Ph system. We have also identified several higher plant triterpenoids for mangrove leaf biomarkers. Surface sediments from Florida Bay were high in seagrass biomarker compounds (C25-alkane-2-one), as expected.  We confirmed this with ir-GC/MS isotopic analysis of the individual ketones to show 13C/12C ratios of about -15 o/oo for the seagrass derived ketone and -31 o/oo for the mangrove derived compounds. A clear shift from mangrove to seagrass was observed in the sedimentary C25 ketone isotopic composition throughout the SRS estuarine zone, but we found a much reduced influence of marine-derived SOM in the TS/Ph estuarine zone. The research we propose here will focus on a greater understanding of SOM dynamics in both study systems.
Specific Research Hypothesis 3A: Any process that introduces nutrients to freshwater marshes will have a negative effect on soil elevation change, as the nutrient stimulation of soil respiration exceeds organic matter inputs via enhanced macrophyte (peat marshes) or periphyton (marl marshes) production (Long-term Scenario 3; Fig.3c).

Approach:  Net change in soil elevation will be monitored using the sediment erosion table (SET) technique (Childers et al., 1993b; Boumans and Day, 1994). This method is being used in many coastal settings, including several coastal LTER sites. We will differentiate belowground versus surficial contributions to soil elevation change using feldspar marker horizons (Cahoon and Turner, 1989) at each SET station that will be sampled cryogenically (D.Cahoon, pers.comm.).  SET stations are already in place at the TS/Ph marsh and mangrove sites (F.Sklar, unpubl.data), and we will install them at the 6 SRS sites.  We will quantify soil OM turnover using bulk soil respiration measurements of CO2 + CH4 flux from all samples taken in November (late wet season) and May (late dry season). We will also quantify soil respiration rates via SO4-2 reduction in mangrove and Florida Bay soils. Combining bulk density, %OM, and %C measurements from these soil samples with respiration and elevation change data will allow us to budget the fate of organic carbon in both peat and marl marsh soils on a long term basis.

Specific Research Hypothesis 3B: Any process that introduces nutrients or enhances tidal exchange in the mangrove zone will have a positive effect on soil elevation change, by stimulation of mangrove productivity and enhanced inputs of allochthonously derived particulate matter (Long-term Scenario 2; Fig.3b).

Approach:  Same as Specific Research Hypothesis 3A, above.

Specific Research Hypothesis 3C: The sources, transport processes and environmental fate of estuarine SOM will reflect the balance between transport processes (freshwater flow vs. tidal energy), mixing phenomena (storms), and local processes (sources of primary production, soil diagenetic pathways; Long-term Scenarios 1-4; Fig.3).

Approach: We will use lipid biomarker molecular distributions (GC/MS), compound-specific stable isotope compositions (ir-GC/MS) and bulk sediment/soil molecular parameters (e.g. pyrolysis-GC/MS), to differentiate freshwater marsh (sawgrass and periphyton), mangrove, and marine phytoplankton sources of SOM (e.g. Canuel et al. 1995, Jaffé et al. 1995) using both free and bound lipid fractions of soil/sediment and suspended particulate samples.  Grain size fractionated determination will be performed as well.  We will perform these analyses on samples taken at all mangrove sites twice annually--in November (late wet season) and May (late dry season). We will also characterize the suspended particulate load (POC) at these sites and these times.
Question 4:  How is the quality and/or quantity of DOM or the quantity of inorganic nutrients in source water altered by changing freshwater flow versus internal processes occurring at a given location in the landscape? How are local ecosystem processes controlled by changes in source water DOM or inorganic nutrients?
Rationale: In ENP, concentrations of waterborne P flowing from the Tamiami Canal into Shark River Slough increased 4 to 21% year-1 during the 1980s (Walker, 1991).  The ratio of TP input (in kg yr-1) to water discharge (in millions m3 yr-1) at this point is approximately 10:1 for the 1979-1996 period of record (Rudnick et al., 1999). Park marshes near these water inflows show the familiar patterns of impact (Scheidt et al., 1989; Doren et al., 1997).  This pattern of impact is most familiar in WCA 2A, where marshes have been receiving large P loads for nearly 30 years (SFWMD, 1992; Davis, 1994). Nearly half of WCA 2A is now impacted by these long-term P additions (Koch and Reddy, 1992). WCA 2A soils contain 500 to over 1600 µg P g-1 dry soil (Reddy et al., 1991; Craft and Richardson, 1993) compared to ENP marshes, where soil P levels are typically 200-300 µg P g-1 dry soil (Amador and Jones, 1993; Doren et al., 1997). Rates of methane release are several times higher compared to unimpacted marshes (Bachoon and Jones, 1992; Chanton et al., 1993). Notably, away from canals the water overlying most ENP wetlands is highly oligotrophic, with total P concentrations of 0.1 - 0.3 µM.  Those oligotrophic freshwater marshes that first receive freshwater inflows are very efficient at removing inorganic nutrients--particularly P. Concentration data taken along the ENP Panhandle leg of our TS/Ph transect show this clearly (Fig.5a,b).  Flux data from 60m flumes located at the canal-marsh interface show initial wetland uptake rates of up to 0.75 µM TP m-2d-1 and 34 µM TN m-2d-1, with a classic marsh pattern of NH4+ uptake (up to 10 µM m-2d-1) and NN release (up to 20 µM m-2d-1; Parker and Childers, unpubl.data). The introduction of freshwater flow also caused this marsh to switch from releasing DOC to taking up DOC--demonstrating the tight coupling of DOM and inorganic nutrient dynamics in these systems (Fig.5c). We have also used flumes and enclosure studies to quantify wetland flux in the TS/Ph dwarf mangroves. These mangroves appear to be acting as sinks for TN and TP and sources of DOM while transforming NH4+ into NO3- and NO2- (Davis et al., in prep.). This dynamic is reflected in our long-term water quality dataset, which shows that upstream TN and TP concentrations are generally higher throughout the wet season (Fig.6a,b).  This dataset is an example of the long-term water quality data we will collect at all 14 wetland sites in our coastal Everglades long-term research effort.

Freshwater inputs have the potential to create nutrient loading impacts in estuarine and coastal receiving waters.    Variation in precipitation amount and pattern, bedrock geology, watershed landuse, and management activities can have significant impact on the quantity, quality, timing, and distribution of inputs.  In South Florida, changes in the management of water delivery schedules through canals of the Everglades watershed have been shown to have a significant effect on the water quality of Florida Bay (Boyer and Jones, 1999). Water quality characteristics define 3 major zones of this estuary: a western zone with marine conditions and seston N:P ratios near 16; a central zone with a tendency towards hypersalinity, high seston N:P, and high DOM concentrations, and; an eastern zone with highly variable salinity, very high seston N:P, and generally high DIN concentrations (Boyer et al. 1997).
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In estuarine regions of SRS, DIN concentrations show non-conservative distributions relative to salinity, with highest concentrations occurring in the oligohaline zone.  These high concentrations of DIN may be the result of either allochthonous production (N2 fixation) or DON mineralization (Rivera-Monroy et al., 1995). Soil TN and TC data show a similar increase landward, from marine endmember concentrations of ≈110 mg C g-1 soil and ≈5 mg N g-1 soil to oligohaline values of ≈370 mg C g-1 soil and ≈19 mg N g-1 soil (Chen and Twilley, 1999b). The P picture is different, with the highest waterborne concentrations of TP and SRP in the low salinity zone but the highest soil P values at the marine endpoint (Fig.2). 

DOM is an important component in food web dynamics in aquatic systems and therefore an integral part of nutrient cycling (Wetzel et al, 1995; Norman et al., 1995; Fry et al., 1996; Vallino et al., 1996; Fig.4). Chemical characterization of DOM will allow us to assess the contributions of either higher plants and soils (pedogenic DOM or PDOM) or of planktonic/microbial sources (aquagenic DOM or ADOM) to this carbon pool, as described in other studies (Zumstein and Buffle, 1989; Battin, 1998). Organic geochemical techniques such as elemental and stable isotopic composition and biomarkers are often used to assess the biogenic sources of DOM in aquatic environments (Jaffe et al. 1995; Jaffe et al. 1997), but their application is limited because of low dissolved phase concentrations. Other analytical approaches include: UV-Visible, fourier transform infrared (FTIR), fluorescence spectrophotometry, 13C-NMR, pyrolysis-MS, pyrolysis-FTIR, pyrolysis-GC/MS and CuO oxidation (off line) with GC/MS (e.g. Gaffney et al., 1996). Combinations of spectroscopic techniques are often used to identify sources of DOM (e.g. Battin, 1998; Gjessing et al., 1998; Zumstein and Buffle, 1989). However, individual techniques such as 13C-NMR and pyrolysis-GC/MS have also been successfully used for this purpose (e.g. McKnight et al., 1994; Biber et al., 1996; Bruchet et al., 1990).

Most nutrient and phytoplankton studies to date have been primarily concerned with the amounts of dissolved inorganic nitrogen (DIN) and phosphorus (DIP) as these fractions are directly available for phytoplankton uptake. Recently, efforts have been directed at assessing the contribution of the DON and DOP pools.  A significant portion of the DOM pool may be remineralized by microbes to CO2, NH4+, PO4-, and biomass depending upon ambient nutrient status, C/N/P ratio of the source material (Tezuka, 1990), and chemical bioavailability (Benner et al., 1986; Amon and Benner 1996). Bacterial utilization of DOM, and subsequent grazing on these bacteria by protists and microzooplankton (the microbial loop), is an alternative link in the aquatic food webs that is important in many ecosystems (Azam et al.,1983;others).   [image: image6.jpg]LM,
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It may also play a significant role in nutrient remineralization. Conversely, the microbial loop may also act to compete with phytoplankton for inorganic nutrients when concentrations are limiting (Caron, 1994). So both the dissolved nutrient status and the bioavailability of the DOM determine whether the microbial loop is a source or sink for nutrients. 

In their review of the role of experimental approaches in marine ecology, Duarte et al. (1997) stressed that "The future effectiveness of experimental marine ecology will be substantially enhanced through a larger allocation of efforts towards field experiments, designed to interplay with observational and comparative approaches...".  We believe that differences in the allocation of resources between traditional grazing pathways and the microbial loop will be an important indicator of ecosystem status across the coastal Everglades landscape under changing management scenarios. In addition to understanding nutrient dynamics, we will characterize changes in DOM bioavailability along both coastal Everglades transects.  We will also quantify microbial loop dynamics in both periphyton mats and estuarine waters across the landscape.

Specific Research Hypothesis 4A: Nutrient and DOM concentrations will be low throughout the coastal Everglades landscape except near freshwater inflows and in the oligohaline zone of the SRS system.  All 4 Long-term Scenarios (Fig.3) reflect how these concentration patterns will respond to changes in regional controls (freshwater flow, nutrient and DOM inputs). 

Approach: We are currently monitoring water quality at many locations along both the SRS and TS/Ph transects.  In TS/Ph, we are sampling water quality continuously at 2 freshwater marsh sites in Taylor Slough and 4 in the ENP Panhandle, and we are sampling 2 mangrove sites in Taylor Slough and 1 in the ENP Panhandle.  We use autosamplers to collect tri-daily samples that are composites of 4 subsamples taken every 18 hours.  We analyze these for salinity and TN and TP concentration.  During selected precipitation events, the autosamplers are programmed to sample at higher frequencies and we collect samples immediately for analysis of all inorganic and organic constituents.  We will add one freshwater marsh water quality site to complete this TS/Ph network. Samples for all nutrients and DOM are being collected at our 3 SRS and Florida Bay estuarine sites and at the canal inflow points monthly. We are also collecting full water quality samples at the experimental flumes in central SRS.  We will add continuous water quality stations (using autosamplers) to the other 2 SRS freshwater marsh stations, and to the 3 SRS estuarine stations.  These samplers will follow the tri-daily sample protocol and will be instrumented with rain gauges to allow for event sampling of all nutrient constituents (for atmospheric nutrient inputs, see Specific Research Question 5A).

Water flow measurements are critical to our estimation of water residence times and hydrologic budgets.  We will continuously measure water level at all sampling sites that are not already instrumented.  Flow measurements are being made at all canal inflow points and at a number of our sampling sites. Autosamplers at all mangrove sites will include flow sensors and loggers. We will use a hand-held acoustic doppler flow meter to quantify water flows at ungauged sites whenever they are visited.  If necessary, more intensive flow measurements will be made at the tidal SRS sites (these data are now being collected by USGS gauges at similar sites along the TS/Ph transect).
Specific Research Hypothesis 4B: Periphyton and sawgrass are the primary sources of DOM in freshwater Everglades marshes while mangroves and seagrass are the primary sources of DOM in the estuaries. 

Approach: Once during each wet season, we will use chemical characterization of DOM to determine the contributions of higher plants and soils pedogenic DOM or PDOM) or of planktonic/microbial sources (aquagenic DOM or ADOM) to this C pool, as described in other studies (Zumstein and Buffle, 1989; Battin, 1998). Detailed structural determinations of isolated DOM can be performed by 13C-NMR and pyrolysis-GC/MS (McKnight et al., 1994; Gjessing et al., 1998; Bruchet et al., 1990; Biber et al., 1996; del Rio and Hatcher , 1996; respectively). Within the PDOM fraction, chemical characterization can elucidate the plant sources of OC (Hedges and Ertel, 1982; Saiz-Jimenez  and De Leeuw J.W., 1986). In addition to differentiating between higher plant types, traditional pyrolysis-GC/MS supplies information regarding the relative contributions of higher plant/soil organic matter vs. autochtonous/aquatic organic matter.  We will characterize DOM structurally using spectroscopic techniques and pyrolysis-GC/MS after isolation. Selected samples will also be size-fractionated via ultrafiltration methods (Cai et al., 1999) and analyzed by pyrolysis-GC/MS. 
Specific Research Hypothesis 4C: The source of DOM is an important controller of the fate of DOM in both the freshwater and the estuarine systems.  DOM from more oligotrophic areas will be less bioavailable than from more productive areas.  DOM from sawgrass and mangroves will be less bioavailable than DOM from periphyton and seagrass due to increased lignin content.

Approach: We will conduct biomass leaching experiments (abiotic) to characterize the DOM generated by specific sources. Results of such ‘end-member’ experiments will then be applied in the field. We will conduct bioavailability assays on ambient and leached DOM using 14 day incubations (Servais et al., 1989; Boyer and Groffman, 1996) during which we will quantify loss of the DOC fraction as well as the chemical characteristics.  The assays will be designed to quantify the effect of nutrient additions on DOC degradation and will be run with a killed control.  
Specific Research Hypothesis 4D: Microbial loop dynamics in periphyton mats are functionally different from those in the estuaries because of the spatial compression of the mat community.  Secondly, increased community heterotrophy will result in increased microbial loop activity at the expense of traditional grazing pathways.

Approach: Numerous methods have been used to determine the size and/or productivity of the bacterial pool in fresh and marine waters. We will use 3H-thymidine incorporation to quantify bacterial production via DNA synthesis (Fuhrman and Azam, 1980).  We will use the fluorometric assay of Tranvik (1997) which uses the double-stranded DNA stain PicoGreen (Molecular Probes, Eugene OR) to determine bacterial density.   This method corresponds well with direct counts by epifluorescence microscopy in both fresh and salt water and is easier and less time consuming.  We will also measure bacterial grazing rates using the dilution technique of Landry et al. (1995).  The monthly measurements of algal and bacterial biomass and productivity as well as grazing rates at all sites will allow us to characterize the microbial loop across the landscape.

Question 5:  How do long-term changes in freshwater flow (primarily manifest through Everglades restoration) interact with long-term changes in the climatic and disturbance regimes to modify ecological pattern and process in coastal landscapes?
Rationale: The climatic regime of the coastal Everglades, which is driven by precipitation, is more variable from year to year than from season to season within a given year.  The regional disturbance and perturbation regimes operate on this climatic template; we show where each will directly affect a component of the coastal Everglades in Fig.4 (numbered red dots).  Sea level rise and global climate change affect all coastal ecosystems, albeit with subtle regional and latitudinal differences.  The long-term rate (1846-present) of relative sea level rise (RSLR) at Key West is 0.13 cm yr-1 (Maul and Martin, 1993), which agrees well with the IPCC (1990) average of 0.12 cm yr-1.  Before 1925, RSLR at Key West was 0.15±0.03 cm yr-1, compared with 0.23±0.01 cm yr-1 since, but from 1951-1987, RSLR at both Key West and Miami Beach was 0.16 cm yr-1 (Maul and Martin, 1993). Long-term climatic change is much more difficult to document, but there is little doubt that interannual variation in regional climate, as well as the frequency and intensity of tropical storms and hurricanes, will change in the future.  Hurricane Andrew, in 1992, provided an excellent case study of how major hurricanes affect the coastal Everglades (see Bioscience issue 44(4), 1994). Between 1871 and 1981, 78 hurricanes and 44 tropical storms affected the Everglades ecosystem (Duever et al., 1994).  Our long-term research effort will certainly capture one or more tropical storm impacts (see Fig.4).  

Fire, the other major disturbance in our system, has more localized impacts and mainly affects the freshwater marshes.  Fire intensity determines local impacts while fire size determines landscape impacts.  Low intensity fires remineralize nutrients, particularly P, from dead biomass but intense fires may burn peat soil, dramatically affecting the entire ecosystem. Most fires occur during the dry season, particularly late in the dry season. In the 45 years of record, 752 fires have affected ENP; as expected, the number of fires yr-1 follows a decadal periodicity that is very similar to the interannual wet year-dry year variation (Gunderson and Snyder, 1994). Although our sites will be located in long hydroperiod marshes, we expect that a fire will affect one or more of our sites during this long-term research effort (Fig.4).

The major human perturbation that will affect the coastal Everglades is Everglades restoration.  This complex, multi-faceted, long-term engineering and environmental effort is expected to take 50 years to complete (see http://www.restudy.org).  Fortunately, many of the earliest hydrologic restoration projects are taking place in our study basins.  In Taylor Slough, freshwater inflow is controlled by a canal pump (the S332), but a second and larger canal pump (the S332D) will soon begin adding considerably more water to this system.  In the ENP Panhandle, levees along a major canal (the C111) were removed in 1997, greatly increasing freshwater flow south through this system to northeast Florida Bay.  Freshwater flow into the SRS basin is controlled by gated structures along the Tamiami Trail (the S12A-D).  Two newly completed structures (S12E & F) will soon permit greater water inflow in eastern SRS, and the long-term plan is to remove much of the levee along the Tamiami Canal, dramatically increasing flow into the SRS basin.  In all cases, our LTER program will be poised to understand the ecological implications of these Everglades restoration efforts (Fig.4).

Specific Research Hypothesis 5A: The long-term effects of sea level rise and Everglades restoration will be secondary to any long-term change in the climatic regime, and its characteristic cycles of variation (Long-term Scenarios 1-4; Fig.3).

Approach:  To address this long-term question, we will monitor water fluxes into and through the SRS and TS/Ph basins using SFWMD inflow data, our own water level data, and water flow measurements made at our sampling sites.  Measuring long-term climatic variability requires a continuous weather record.  We will monitor weather with a met station located in the central region of both basins.  Key parameters quantified at each will be rainfall (quantity and quality), wind speed/direction, solar insolation, temperature and humidity, and evaporation rates.  These long-term hydrologic and climatic records will be critical to our long-term understanding of how the climatic regime of coastal systems controls their responses to disturbance at all scales. Additionally, we will run various climatic variability scenarios on the spatial models of both basins and use the results of these model experiments to guide future long-term research directions.

Specific Research Hypothesis 5B: Everglades restoration (=increased freshwater flow) will expand the oligohaline productivity zone while sea level rise will tend to push the entire estuarine zone landward.  This landward migration will be driven by storm surges, and thus will be a punctuated rather than continuous process (Long-term Scenarios 1-4; Fig.3).

Approach: The zone of estuarine influence is easily identified in the coastal Everglades by the presence of red mangroves.  Rhizophora propagules are large, and the primary vector for their movement landward is storm surges.  We will track long-term migration of the freshwater-estuarine ecotone using aerial photography , image analysis, and spatial statistics (as per Wu et al., 1997).  We will work with ENP scientists to acquire photos every 2-3 years for this GIS exercise.  Notably, the Univ. Georgia is currently completing a digital vegetation mapping project of ENP that includes both of our study basins (R.Welsh, UGA, pers.comm.; http://www.crms.uga.edu/).  We will use the UGA-ENP high-resolution digital imagery as our t=0 dataset. We will also investigate this question of spatial change with our spatial models by running various SLR scenarios.

Specific Research Hypothesis 5C: Fires and hurricanes will have local effects at scales that depend upon disturbance size, but will have little impact on long-term changes affected by sea level rise, climate change, and Everglades restoration (Long-term Scenarios 1-4; Fig.3).

Approach: We will address this question of local to regional to global control by combining the work described above (Specific Research Hypotheses 5A and 5B) with our process-based research at each site--and assuming that at some point a fire or hurricane will affect at least one of our sites.  Our modelling effort is central to addressing this hypothesis through multi-scale synthesis.  We will use our spatial models of both study basins to test fire and hurricane disturbance scenarios in conjunction with known and predicted trajectories of change in freshwater flow, sea level rise, and climatic variability.
Expanded Research 

(added July 2001)

Eddy covariance system

We plan to put up an eddy covariance system for measuring ecosystem fluxes in conjunction with the LTER program at TS/Ph-1 or 2 in Taylor Slough.  This system measures ecosystem carbon and water fluxes continuously.  The system will require a small meteorological tower and solar panel installation.  The system will have weather instruments on the top of the tower, a lightning mast, a pair of large solar panels, and a large plastic truck box, weatherproof box, or ice chest to contain the gas exchange instruments, battery, computer, and pump.  The site will be accessible by foot.  We are not planning a permanent installation at this point.

We anticipate using one of the following plans for the meteorological tower: 

1. We will mount a mast on top of a standard weather station tripod (total height 20 ft), which will sit on the ground (see fig.7).  We don’t plan to build a base, but if the substrate is peat instead of limestone, we might have to put in a platform.  There will be 6 connections with the ground: the 3 legs of the tripod, which would serve both as anchors and lightning grounds, and the 3 rebar anchors for the guy wires.  
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Figure 7.  Meteorological tower with a mast mounted to a standard weather station tripod

2. We will bolt 20 ft (2 sections) of aluminum triangular radio mast (such as used for short wave antennas, it would need 3 guy wires) to a 2 inch steel pipe driven into the ground (see fig.8).  We don’t plan to construct a base.  There will be 3 guy wires attached to rebar anchors in addition to the 2 inch steel pipe for a total of 4 attachments to the ground.
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Figure 8.  Meteorological tower with sections of radio mast

Iron enrichment experiments

At selected LTER Everglades and mangrove stations (probably TS/Ph 2, 4, 6), we plan to establish three 1x1meter quadrats to examine the effect of iron enrichment on sediment chemistry and macrophyte/algal growth.  To these 1x1 meter plots we will complete a one-time amendment with iron oxide granules, at a spreading density of 0.5 gm cm-2.  The iron amendment plots will be sampled twice yearly and compared with control plots with respect to sediment variables (coring and analysis as described in current permit) and plant/algal responses (periodic harvesting as described in current permit).  


The iron-enrichment experiments will be used to calculate net rates of organic matter decomposition via sulfate reduction along the salinity gradient of the TS/Ph transect. We also will determine how iron enrichment modifies the availability of phosphorus for plant production and decomposition. The experiment will allow us to determine the long-term responses of the plant/algal community in these carbonate-dominated and iron-poor sediments. This process-oriented information will assist the Soils and Sediments Working Group in describing antecedent conditions along the TS/Ph transect prior to regional restoration initiatives.

Autosampler at TS/Ph 3

We are adding an autosampler station adjacent to the current macrophyte plots at TS/Ph 3 in order to collect water samples and measure rainfall.  The autosampler platform will be 5 feet high and have dimensions of 4 feet by 4 feet.  Four pieces of pressure treated 4"x4" lumber sunk into the sediment will be connected with two 2"x4"x4' pieces of wood on each side to provide support for the platform.  The top of the platform will consist of six 2"x6"x4' pieces of wood.  The autosampler will be tied down to 4 eye bolts on the platform.  The platform will also hold a marine battery to power the autosampler and a rain level gauge to measure rainfall.

Mangrove boardwalks near TS/Ph 6, 7, 8

We are adding the existing boardwalks near TS/Ph 6, 7, 8 to this proposal.  These boardwalks have been permitted for 2 years for the SFWMD/LSU/FIU project entitled “Nutrient exchange between Florida Bay and the Everglades’ salinity transition zone – Phase II research”.   Instead of removing these boardwalks during the final year of the project, LSU and the SFWMD have agreed to transfer responsibility for the boardwalks to the FCE LTER project.

Eddy flux tower at SRS 6
We propose to set up a scaffolding tower in the middle of the mangrove forest near the Shark River area (LTER site SRS-6) to investigate the environmental controls on trace gas exchange between the local forest and overlying atmosphere. The height of the all-aluminum tower will be 80 feet, and the footprint of the base will have the dimensions of 6 feet by 4.5 feet.  For the footprint of the tower, we will sink into the sediment four pieces of pressure treated 4"x4" to support two 6"x8" railroad ties. These railroad ties will be 7 feet in length, and when mounted on the 4"x4", they will be separated by a distance of 4.5 feet. The tower will sit on the railroad ties.  Also, four anchoring rods will be placed in the sediment to install three sets of guy wires, which will be placed at three different heights on the tower. The guy wires will allow us to safely operate the tower at high (~80 MPH) wind speeds. 

To access the tower site, we will build a wood boardwalk from the nearest boat access site to the tower.  Boat access and boardwalk connections will be made with the existing LTER site structures, already permitted.  Pressure treated wood will be used. The board will be supported on 2"x4"s which will be driven into the soil. The board will be constructed with 2"x10" and will remain over 5 inches above the soil surface. The boardwalk will be only one board wide - i.e. 9.5" - so it will have minimal impact on the forest floor. The length of the board will be less than 100 feet and will be determined based on the final location of the tower.  

The construction of the tower will not involve cement or other permanent structures, and it will be placed so that it is not visible from navigable channels. The tower will not be visible from a distance of approximately 110 feet away from the nearest boat access site. The tower will serve as the main platform to install both meteorological instruments and gas analyzers which will be operated continuously for a length of approximately three years.

The continuous environmental observations will permit us to investigate several related processes.  Given that mangrove forest constitutes a unique biome in the world and a key ecosystem in the Everglades, we wish to investigate the atmospheric and physiological controls on the carbon sequestration capability of the mangroves. We will pay particular attention to the impacts of perturbations such as salinity changes on the net carbon ecosystem exchange (NEE). The water vapor exchange between the resident forest and overlying atmosphere will be investigated as well. An additional area of investigation concerns the emissionss of biogenic hydrocarbons by mangroves.  We are interested in learning hydrocarbon emission rates and types of hydrocarbons emitted by the forest. Because biogenic hydrocarbons serve as key substrates to aerosol formation, we will investigate the extent to which aerosols in the local atmospheric boundary layer modify the incoming photosynthetically active irradiance stream and how such light modification can alter the forest NEE.  During intensive field campaigns, we will study the source/sink strength of trace gases produced/consumed by the local forest.  We are interested in learning the processes governing the exchanges of ozone, ammonia and other nitrogen compounds between the forest and atmosphere.  With these investigations, we will not only derive basic knowledge about the present functioning of the mangrove ecosystem but will provide key information to develop and apply biospheric modeling systems to investigate the impacts of current and anticipated environmental changes on the mangrove biome.
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