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Overall Objectives
Taylor Slough, the ENP Panhandle Region, and the Rocky Glades Region represent the eastern hydrologic boundaries for water delivered to the freshwater and estuarine portions of Everglades National Park (ENP).  These drainages, and the downstream mangrove estuaries that form the northern shore of Florida Bay, collectively often referred to as the Southern Everglades, will be the site of significant hydrological changes as a result of the upcoming restoration activities.  Most of the major environmental issues associated with the Southern Everglades and Florida Bay focus on three key parameters:  hydroperiod, water quality, and salinity.  All are intimately tied to water delivery to Taylor Slough, the ENP Panhandle, and the Rocky Glades.  This work plan is designed to address the need for monitoring and adaptive assessment of key environmental variables (nutrient inputs and transformations, vegetation change, salinity regime, and periphyton dynamics) during the restoration of the Southern Everglades.

In making decisions about restoration activities, it is important that the SFWMD understands how changes in the quantity, timing, and quality of water deliveries will affect Southern Everglades wetlands and the Florida Bay estuary.  This three year integrated monitoring and science work plan will continue to address questions relating to how hydrologic restoration will impact ecosystem dynamics in the entire Southern Everglades--from canal inflows to the Florida Bay shoreline.  We will accomplish this by integrating ongoing efforts in the ENP Panhandle (active since Fall 1997), in Taylor Slough (active since Summer 1999), and in the mangrove transition zone (active since Spring 1996).  This work will continue our long-term monitoring of water quality at seven freshwater marsh sites and four mangrove sites.  We will also continue our long-term monitoring of: 1) freshwater macrophyte species composition; 2) sawgrass biomass, productivity, and tissue nutrient content; 3) soil characteristics, geochemical parameters, and porewater dynamics; 4) water levels and hydroperiod, and; 5) the rates of key processes, including periphyton productivity.  This monitoring will continue to include marsh sites along three hydroperiod transects in Taylor Slough that run roughly east-west from central Taylor Slough to near the uplands boundaries. 

The primary goal of this work plan is to assess how increased movement of fresh water, nutrients, and organic matter from the S-332/S-332D structures and C-111 canal affects the freshwater and mangrove wetlands of the Southern Everglades.  A coincident goal is to assess how wetland ecological dynamics will ultimately control the effects of these management strategies on Florida Bay.  Addressing these goals will involve continuing to quantify the ecosystem processes and environmental controls that influence water and materials exchange between canal inputs, freshwater wetlands, estuarine wetlands, and Florida Bay.  A key goal of this work plan is to integrate all current wetland monitoring and research efforts into a single Southern Everglades integrated program.  The objectives and tasks described below will continue past monitoring and research efforts in a coordinated fashion, and will inherently also involve similar work in Shark River Slough through the SFWMD-FCE LTER partnership we describe below.  The ecosystem-level interactions we will quantify in this monitoring and research are conceptualized in Figure 1.  Throughout this work plan we will refer to these diagrams, and note specifically which components (boxes and circles) and processes (arrows) will be quantified. We have organized our research into four components:  

1. monitoring water quality dynamics in Southern Everglades watersheds; 

2. quantifying responses of marsh ecosystem structure to changes in water management; 

3. quantifying responses of marsh ecosystem function to changes in water management, and; 

4. using dynamic budget 
odeling at the landscape scale to integrate components 1-3.

Specific objectives and tasks of this 3-year work plan are:

1. to monitor and understand the nutrient and organic matter transformations in the water flowing from canals and through the wetlands of the Southern Everglades;

2. to document the effects of additional fresh water inputs on the entire southern Everglades landscape, and;

3. to relate the findings from this large wetland monitoring network to ongoing management and research efforts in the Florida Bay estuary.  

Our work plan focuses on how the modification of inundation and salinity regimes in Southern Everglades wetlands will affect ecological processes in the downstream wetlands and estuarine ecosystems.   This three year continuation of an existing wetland monitoring network will provide critical data that will better enable the SFWMD to manage the Southern Everglades and Florida Bay in the context of ongoing hydrologic restoration.
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Figure 1:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract.
The Southern Everglades Work Plan as a Critical Partnership

As we note above, this work plan presents a monitoring and science program that will continue to document ecosystem and landscape effects of hydrologic restoration in the Southern Everglades.  This program has been in place for several years (up to nearly 5 years in the case of some sites).  We briefly summarize our critical findings below, using our existing data to support the work we propose in this work plan.  This knowledge of the Southern Everglades is clearly important to management decisions made by the SFWMD.  However, similar decisions must also be made for other regions of ENP—namely Shark River Slough. Notably, as the Comprehensive Everglades Restoration Plan (CERP) gains momentum, much of the future hydrologic restoration will be affecting Shark River Slough. As with the Southern Everglades, it is important that SFWMD have access to ecosystem-level information about the Shark River Slough region of ENP.   This information will be particularly valuable if it provides a pre-restoration database as well as a framework for the monitoring of restoration efforts.  We propose that it is thus also important for SFWMD to be involved in a wetland monitoring network in Shark River Slough.  A significant facet of this work plan is our proposed mechanism to accomplish this connection for SFWMD.

In May 1999, a large group of research scientists from universities, state agencies (including SFWMD, through involvement by Dr. Fred Sklar at ESRD), and federal agencies were awarded funding by the National Science Foundation to establish a Long Term Ecological Research (LTER) site in Everglades National Park.  For detailed information about the NSF LTER Network, see www.lternet.edu.  This new LTER site is known as the Florida Coastal Everglades LTER (FCE LTER; for more information on the FCE program, see www.fiu.edu/~ecosyst/lter). Several other SFWMD scientists, including Chris Madden, David Rudnick, and Carlos Coronado-Molina, are now actively involved in the FCE LTER Program.  Some of the research being conducted by the FCE LTER program is basic science.  However, much of the LTER research is quite similar to the work we are proposing to continue in the Southern Everglades. Because of this overlap, we propose a partnership between the FCE LTER program and the SFWMD.  

In this partnership, the SFWMD will continue to support the Southern Everglades monitoring and science network (as per this work plan) in support of both SFWMD and LTER objectives.  In return, the FCE LTER program will support identical work in Shark River Slough in support of parallel objectives.  As part of this partnership, the FCE LTER program will agree to make water quality, plant, soils, and DOM data from Shark River Slough available to SFWMD (through the FCE database) in a timely manner for use in management decisions.  In exchange, SFWMD would be willing to allow Southern Everglades data collected under this monitoring program to be incorporated into the FCE LTER database (we detail data management and propriety issues in a separate section below). This SFWMD-LTER partnership will dramatically expand the monitoring presence of SFWMD in Everglades National Park while solidifying an important linkage between two closely tied research programs.  The synergy of this relationship between SFWMD scientists and managers and FCE LTER researchers will almost certainly have positive effects far beyond this partnership.
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Figure 2:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract.  Water quality parameters are highlighted in red.

Water Quality - Objectives
We have been quantifying the concentrations of total nutrients (TN, TP) and salinity in water flowing through Taylor Slough, the ENP Panhandle region, and through the Southern Everglades mangrove zone for several years. Using these data, we are able to quantify inputs and outputs of primarily N and P to a given transect length of wetland by comparing upstream and downstream concentration patterns (Figure 2).  This network of water quality monitoring sites effectively forms two transects running from canal inputs to the Florida Bay shoreline--one in Taylor Slough and one in the ENP Panhandle (Fig. 3).  These sites are each instrumented with autosamplers (to collect water samples), rain gauge actuators (to log rainfall and actuate sample collection during major precipitation events), and water level sensors.  The Taylor Slough water quality transect includes sample sites:  

1. just below the S-332 pump structure (data since July 1999); 

2. west of the L-31W canal and north of the S-332 (to capture S-332D water inputs; data since December 1999); 

3. at the Main Park Road bridge (data since July 1999);

4. at Argyle Henry (the freshwater-estuarine ecotone; data since May 1998), and; 

5. at the mouth of Taylor River (data since April 1996).  

In this work plan, we propose to add another water quality station at our LC site, located approximately 5 km north of the Argyle Henry site (see Fig. 3).  

The ENP Panhandle transect includes sample sites:  

1. at the C-111 canal, west site (W-1; data since September 1997); 

2. two km south of the C-111 canal, west (W-2; data since September 1997); 

3. at the mouth of Snook Creek along NE Joe Bay (data since November 1999), and; 

4. at Trout Creek (at the Joe Bay-Florida Bay confluence; data since May 1998).

In addition to this canal-to-estuary transect, we have a supplemental freshwater marsh transect at the east end of the C-111 canal with 2 sites (E-1 and E-2), both with data since June 1999.

In Year 1 of this Southern Everglades integrated monitoring program, we will identify key management questions to be addressed in the North C-111 and Model Lands region between Card Sound Road and US Highway 1.  Once these questions have been formulated, we will identify a specific field sampling protocol to address these questions that will include collecting up to 100 water quality samples--50 to be analyzed for all nutrient constituents and 50 to be analyzed for only TN and TP.  The samples will be collected at two temporary autosampler sites in this area in Year 1 in close consultation with SFWMD scientists.  In Year 2, we will expand these water quality sampling sites to include up to a total of 4 autosampler sites and a total of 2 macrophyte monitoring sites.  At the latter sites, we will quantify macrophyte parameters and soil nutrients.  In Year 2, the water quality sampling will increase to include collecting up to 150 water quality sample--75 to be analyzed for all nutrient constituents and 75 to be analyzed for only TN and TP.  These samples will be collected in close consultation with SFWMD scientists and may include up to four temporary autosampler sites in this area in Year 2. In Year 3, we will expand these to include 2 additional sites where macrophyte parameters and soil nutrients are monitored.  The water quality sampling will increase to include collecting up to 200 water quality sample--100 to be analyzed for all nutrient constituents and 100 to be analyzed for only TN and TP.  These samples will be collected in close consultation with SFWMD scientists and may include up to four temporary autosampler sites in this area in Year 3.  As a subset of this North C-111 work, we will sample three of the 9 culverts connecting the North C-111 basin to the canal four times each year, analyze these samples for all dissolved and total nutrients and organics.  We will note the direction of flow when these samples are collected.

Our protocol for sampling at all of these sites involves programming the autosamplers to take a 1 L sample every 3 days as a composite of four 250 ml subsamples drawn every 18 hours (to include a dawn sample, a dusk sample, a noon sample, and a midnight sample).  In this work plan we propose to continue this water quality sampling at all existing and new sites, following this same protocol, whenever the marsh at a given site is inundated.  In addition, we will add to this protocol collection of a single grab sample every month, when autosamplers are serviced, for full nutrient and organics analysis (dissolved constituents as well as totals).  Our existing long-term datasets of both TN and TP concentrations along transects from the C-111 canal to Florida Bay (Fig. 4) and from the L-31W canal (at both the S-332 and S-332D inflows) to Florida Bay (Fig. 5) demonstrate the value of continuing this monitoring.
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Figure 4: Total P and N concentrations from the C-111 canal at W-1 to Florida Bay at Trout Creek.

[image: image8.wmf]
Figure 5: Total P and N concentrations from the L-31W canal at the S-332 and S-332D input points to Florida Bay at Taylor Creek.

Long-term records of total nutrient concentrations, salinity, and hydrologic records will continue to provide us with information critical to management decisions in the Southern Everglades.  We will also augment these monitoring datasets with periodic, more intensive sampling directed at specific questions and phenomena.  This event-based sampling will enhance our ability to predict wetland ecosystem responses to environmental changes.  Our event-based water quality sampling will have two foci.  The first involves short-term responses of local water quality to major precipitation events.  To document this, we will program the rain level actuators at each sampling site to collect additional water samples immediately after rain events that exceed a programmed threshold.  This threshold may be associated with the duration, intensity, or frequency of an event, and these thresholds will be programmed after discussions with SFWMD scientists.  Secondly, we will have the ability to collect samples on a shorter time scale and immediately collect the samples to be analyzed for the full suite of dissolved nutrients (NH4+, NO3-, NO2-, SRP) and organic constituents (DOC and TOC) as well as total nutrients.   This cause-and-effect monitoring will allow us to address questions directed at fluxes and turnover of specific nutrient constituents--in particular, oxidized nitrogen (nitrate) versus reduced nitrogen (ammonium) dynamics.

Hydrologic information is critical to our ability to extrapolate from our long-term TN and TP concentration records to some measure of flux.  At our freshwater marsh sites, accoustic water level gauges digitally record relative water height every hour (see Fig. 6 for an example of such data from the Taylor Slough freshwater transect).  Exact calculations of water flux from such records are difficult, but we have been able to extrapolate our C-111 nutrient concentration data sets to nutrient loadings by combining routine spot measurements of water flow in the marsh with water level records (see below).  In the mangrove zone, however, our water quality sites are located adjacent to USGS flow and water level gauges.  Using water flux data provided by USGS from these gauges, we are thus able to accurately calculate TN and TP flux on a daily basis at all mangrove water quality sites (See Davis et al., 2001a,b and Davis et al, in review for examples).

[image: image9.wmf]
Figure 6: Hourly water level readings in upper, central, and lower Taylor Slough freshwater marshes.

Our work in the freshwater marshes of the C-111 basin from 1997 to the present has generated another unique water quality dataset.  Our work there has been driven by management questions about the effects of C-111 southern levee removal in 1996-97.  We have been addressing water quality and nutrient flux questions at several scales, including small-scale interactions quantified with flowthrough flumes build at the canal-marsh interface and larger-scale interactions quantified with autosampler sites located along 2 north-south transects.  We have been combining concentration and flux data at both scales with water level and current velocity measurements made in our flumes and at our autosampler sites (Fig. 7), thus generating integrated P and N loading estimates for this system.  In Fig. 8, we present these loading calculations for 1998 and 1999 and compare them to published estimates for 1984-96 loadings for the ENP Panhandle Basin from Rudnick et al. (1999).  We feel that these kinds of calculations and estimates, that couple hydrology and biogeochemistry while accounting for ecological pattern and process, are critical input to management decisions being made by SFWMD.  To that end, we will continue synthesizing our water quality and hydrologic data in this way throughout the Southern Everglades monitoring network.
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Figure 7: Net monthly flux rates in the ENP Panhandle freshwater marshes south of C-111 canal inputs as calculated by the difference between concentration-driven nutrient loads at the canal (yellow bars) and 2km downstream from the canal (green bars); Top panel = total P flux and loads, bottom panel = total N flux and loads.
[image: image11.wmf]
Figure 8: Annual P (top) and N (bottom) loads to the ENP Panhandle basin from C-111 canal inputs.  Blue bars are estimates from Rudnick et al. (1999) for loading before the southern levees were removed from the C-111 canal, and red bars are calculations based on our flume flux studies and water quality sampling in this basin in 1998 and 1999.
Dissolved Organic Matter Dynamics - Objectives
Dissolved organic matter (DOM) is an integral component of biogeochemical cycles and is particularly important in oligotrophic environments such as the Everglades. Many biogeochemical processes occurring in the Florida Everglades and Florida Bay environments are thought to be strongly influenced and controlled by DOM dynamics. Although DOM measurements (as concentration in mg L-1) have widely been performed and utilized in research and monitoring activities, little is known about the source, molecular characteristics and state of diagenetic degradation (and therefore microbial bioavailability) of this organic carbon pool. Such investigations have the potential to aid in the better understanding of biogeochemical processes occurring in these ecosystems, such as nutrient cycling and dynamics, fate and transport of mercury, carbon cycling, among others and the potential effects of watershed management on them. This issue becomes particularly important at a time when significant changes in water delivery are to b
























eing considered as part of Everglades restoration.

Dissolved organic matter has been widely studied in aquatic environments because of its importance in a variety of biological, geochemical, and physical processes. DOM may be classified into two major categories:  a) biochemically defined non-humic compounds, such as proteins, carbohydrates, and lipids, that are labile


























, and; b) humic substances (HS), which are resistant to microbial degradation.  Bacteria depend on labile DOM as a source of energy and nutrients, which fuels the microbial loop and regulates trophic transfers in aquatic food webs. For example, DOM leached from algae is immediately available for heterotrophic bacterial production, and thus enters the microbial loop food web. As a main fraction of terrestrial DOM, humic substances influence physico-chemical characteristics of natural aquatic systems through light attenuation, pH buffering, and complexation with/reduction of trace metals.
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Figure 9:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract.  DOM parameters are highlighted in red.
We have been using a variety of analytical techniques to characterize the composition of DOM sampled 









 our Southern Everglades monitoring network (Fig. 9).  In other aquatic settings, spectroscopic techniques such as UV-visible and fluorescence are often used to characterize sources, degree of degradation, and transformation of DOM. However, many of the more traditionally applied analytical techniques have significant limitations in Everglades applications. For more complex environments such as the Florida Everglades, we have found that other techniques need to be applied and/or developed and validated. In this respect, we 
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Figure 10






:  Synchronous fluorescence spectra for surface water samples from a South Florida estuary.  Lower estuary; middle estuary;  freshwater endmember – upper estuary.
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Figure 11







:  Py-GC/MS results for surface water DOM samples from the C-111 transect (Canal, W1, W2, W3) at different time: () Proteins; () Carbohydrates; () lignins: and () Poly-aromatics.

have successfully applied a variety of complementary techniques, such as FTIR, solid-state 13






pyrolysis-GC/MS, 



synchronous fluorescence









to the characterization of DOM in surface waters (Fig. 11)























. Preliminary results from our FTIR, solid-state 13C-NMR and pyrolysis-GC/MS analyses suggest both seasonal and geographical variability in the chemical composition of DOM found in Southern Everglades wetlands.  Pyrolysis-GC/MS results from our western C-111 transect suggest a marsh source of DOM as well as a differential fractionation of labile and refractory DOM components (Fig.11).  These data point to a freshwater marsh source for these proteins and carbohydrates, as well as a dilution of the more refractory DOM being supplied by the canal by these labile compounds as water flows through the marsh.   W


















































e will expand this DOM characterization work into the Southern Everglades mangrove zone and to complement DOM characterizations with analysis of samples for the full suite of nutrients (see red highlighted areas in Fig.9).  This will allow us to further understand how water management affects DOM composition, DOM transformations and food web energetics, and the key environmental processes controlling them in this ecosystem.

In addition to examining the sources of DOM, information about its transport and fate in the Southern Everglades landscape is also pertinent to understanding how water management will affect this highly oligotrophic, P-limited system.  We will continue investigating the fate of DOC, DON, and DOP leached from red mangrove (Rhizophora mangle) leaves, an important source of detritus in the mangrove wetlands and ecotonal transition zone of the Southern Everglades.  For example:  Recent [light and dark bottle] incubations of mangrove leachate showed an immediate (1day) stimulation of bacterial activity in non-poisoned samples.  This activity gradually increased throughout the first month (of the 3 month incubation), reflecting the labile nature of mangrove lea














chate.  Concurrently, the DOC content of the non-poisoned leachate decreased from 5.3 mM to 4 mM after the first 28 days.  Examination of poisoned and non-poisoned samples by spectroscopic techniques showed substantial changes in the concentration, composition, and structure of DOM associated with both microbial processing and photochemical degradation of mangrove-derived DOM.  We will expand these experiments to investigate microbial versus photochemical transformations of DOM produced by Cladium, Eleocharis, and periphyton mats in the freshwater and [ecotonal] transitional wetlands of the Southern Everglades.  These experiments will also be done on canal water and water taken from key locations along our Southern Everglades transects.

Marsh Macrophyte Biomass and Productivity - Objectives

We have been quantifying several marsh plant parameters in Taylor Slough, the ENP Panhandle region, and in the Southern Everglades estuarine ecotone for several years (Figs.1 and 13).  This network of macrophyte monitoring sites effectively form three transects running from canal inputs to the Florida Bay shoreline--one in Taylor Slough, that includes lateral hydroperiod transects as well, and two in the ENP Panhandle.  Our strategy in collecting these data is to use Cladium productivity and demographic parameters as long-term indicators of ecosystem change throughout the Southern Everglades.  Daoust (1998) demonstrated that, in the oligotrophic and unimpacted marshes of ENP, sawgrass responds to even low-level additions of P (as low as 40 mgP m-2 y-1) by first increasing its belowground biomass, then increasing aboveground biomass.  Based on these experimental results, we have been non-destructively quantifying Cladium aboveground biomass, productivity, tissue nutrient content, and macrophyte community composition in triplicate 1 m2 quadrats at the following sites:

1. both east transect sites in the C-111 basin (E-1 and E-2; data since August 1998);

2. all 3 west transect sites in the C-111 basin (W-1, W-2, and W-3; data since October 1997);

3. in Taylor Slough, at the S-332D inflow point due west of the L-31W canal (data since January 2000);

4. in Taylor Slough, at 3 sites along an upper hydroperiod transect north of the Main Park Road (UE, UC, and UW; data since July 1999);

5. in Taylor Slough, at 3 sites along a central hydroperiod transect (ME, MC, MW; data since July 1999);

6. in Taylor Slough, at 3 sites along a southern ecotonal transect (LE, LC, and LW; data since July 1999), and;

7. in Taylor Slough at Argyle Henry (data since November 1999).
Because our measures of sawgrass aboveground biomass, culm density, and productivity are made every 2 months in the same 1 m2 monitoring plots, we are able to use a rigorous Repeated Measures Analysis of Variance techniques to identify long-term ecosystem-level responses to water management as they are manifest in macrophyte dynamics.  These long-term process-based monitoring data allow us to identify seasonal patterns in Southern Everglades wetlands (see Fig. 12 for an example of these types of data from the C-111 basin).  Furthermore, as these datasets continue to grow, we are confident in our ability to differentiate inter-annual variability from possible ecological responses to changes in water management.  To this end, we propose to continue this network of marsh plant monitoring at our existing 16 sites (for a total of 48 plots) in the freshwater marshes of the Southern Everglades.
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Figure 12: Time-series of sawgrass aboveground biomass (top) and culm density (bottom) data from the western C-111 transect.
As the freshwater-estuarine ecotone responds to increased freshwater flow, it will also be subjected to sea level rise stresses.  One hypothesized response of these two conflicting forces may be changes in the relative importance of Eleocharis sp. in the macrophyte matrix of this ecotone.  Our bi-monthly sampling includes stem counts for all plant species found in our quadrats, so we will be able to quickly see any such changes in the plant community composition.  However, our plots are dominated by sawgrass whereas relatively large patches of Eleocharis characterize the ecotone landscape.  We propose low-level monitoring of this Eleocharis -dominated community by locating triplicate 1 m2 plots in Eleocharis patches near our W-3, LC, and AH sites.  In these plots, we will count the number of Eleocharis stems every 4 months, thus monitoring any shift in stem density or relative abundance of Eleocharis in these patches.
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Figure 13:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract.  Macrophyte parameters are highlighted in red.
Marsh soil dynamics - Objectives

Ecosystem-level processes in soils integrate environmental effects over even longer time scales than do macrophyte responses (see Fig. 14). We do not expect to see dramatic changes in either the structural or nutrient parameters in the short-term, but we strongly feel that a long-term database of these key monitoring parameters is critical to any future ability to detect such changes.  In this way, we propose to further enhance our ability to monitor the long-term, gradual, even subtle effects of water management on the Southern Everglades landscape by monitoring soil porewater nutrients and salinity, soil bulk density and organic fraction, and soil bulk nutrient content at all macrophyte monitoring plots.  We propose to continue monitoring key structural and nutrient parameters in the wetland soils of our macrophyte monitoring plots throughout the Southern Everglades (Fig. 14).  These parameters include measuring soil porewater nutrients, DOC, and salinity at a 15 cm depth 4 times per year, and quantifying soil bulk density, % organic content, and bulk nutrients annually.  Additionally, we will monitor soil porewater salinity at a depth of 30 cm at select ecotone sites (E-2, W-3, LE, LC, LW, and AH).  All soils in the ENP Panhandle drainage are high-density marls (bulk densities > 0.5 g cc-1 soil).  Typically, soils throughout the Southern Everglades freshwater marshes have about 100 µg P gdw soil-1.  Soil P content in the mangrove wetlands of the Southern Everglades are typically 200 - 300 µg P gdw soil-1 in these low-density peats (average bulk density ≈ 0.15 g cc-1  soil).
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Figure 14:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract.  Soil parameters are highlighted in red.
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Figure 15:  Bulk density (top) and net carbon mineralization rates for soils sampled at the macrophyte monitoring sites in Taylor Slough in October 1999.  No methanogenesis was detected in any samples
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Figure 16:  Net carbon mineralization rates for soils sampled at the macrophyte monitoring sites along the C-111/ENP Panhandle transects in October 1999. Methanogenesis was detected only at the W-2 site, and at extremely minor rates.
Marsh periphyton dynamics - Objectives

Whereas soils tend to respond slowly to changes in water management and nutrient inputs because they integrate these effects over long time periods, the periphyton component of Everglades marshes responds most rapidly to these changes.  In fact, recent work by E.Gaiser and others in oligotrophic marshes of Shark River Slough suggests that water quality effects are detectable in the periphyton mats even before an increase in water column nutrient concentrations can be observed (E.Gaiser, unpubl. data).  These very rapid responses include significant shifts in community composition (which have also been observed by McCormick and others) and dramatic changes in tissue C:N:P ratios.  We expect that these structural changes are mirrored by altered periphyton metabolic rates as well.  Our periphyton monitoring in the ENP Panhandle marshes (for nearly 3 years) and in Taylor Slough (for 1 year) has also shown some consistent landscape-scale patterns in metabolism (Table 1).  These data suggest that periphyton function (productivity and respiration rates) may be as responsive as structure (species composition and C:N:P ratios) to changing water quality and water management.  These data show consistently higher periphyton productivity and respiration rates in marshes at sites in the estuarine ecotone, where sawgrass and dwarf red mangrove both make up the wetland matrix.  Coincident studies on mangrove leaf leaching have shown that mangrove leaves release relatively large amounts of both nutrients and dissolved organic matter during decomposition (Davis, unpubl.data).  We thus hypothesize that this concurrent nutrient and DOM supply in ecotonal marshes stimulates both algal productivity and heterotrophic microbial respiration in periphyton mats.  Preliminary transplant experiments seem to confirm this hypothesis. 

We propose to experimentally monitor periphyton responses at select canal and ecotonal sites in the Southern Everglades integrated monitoring network (S332-D, W-1, W-3, LC, and AH, also see Fig. 17).  This will involve quantifying periphyton metabolism at these sites and will include transplant experiments in which periphyton from north of the ecotonal sites is incubated with ecotone water or leachate from key ecotonal ecosystem components (Fig. 18).  We will combine measures of productivity and respiration with tissue nutrient analyses and standing stock biomass as key functional and structural measures. These periphyton measures will provide us and SFWMD managers with an "early warning system" about how changes in water management or environmental variables are affecting the freshwater and estuarine wetland ecosystems of the Southern Everglades.
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Figure 17:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract.  Periphyton parameters are highlighted in red.
Table 1:  Summary of periphyton metabolism measures from the ENP Panhandle basin from Aug. 1998 to Aug. 2000.  The E-0 site is in the levee removal area at E-1.  All rates are in mgC g AFDW-1 hr-1, and each measure is based on triplicate oxygen incubations using periphyton and water taken from the respective site.

	
	Site
	E-0
	
	E-1
	
	W-1
	
	E-2
	
	W-2
	
	W-3
	

	Date
	
	GPP
	Resp
	GPP
	Resp
	GPP
	Resp
	GPP
	Resp
	GPP
	Resp
	GPP
	Resp

	Aug.-98
	Mean
	
	
	
	
	
	
	
	
	
	
	0.93
	0.26

	
	SD
	
	
	
	
	
	
	
	
	
	
	0.27
	0.05

	Oct-98
	Mean
	
	
	
	
	
	
	2.06
	0.49
	
	
	1.49
	0.24

	
	SD
	
	
	
	
	
	
	0.51
	0.15
	
	
	0.16
	0.02

	Dec-98
	Mean
	
	
	
	
	
	
	1.31
	0.29
	0.77
	0.26
	
	

	
	SD
	
	
	
	
	
	
	0.11
	0.01
	0.14
	0.06
	
	

	Jun-99
	Mean
	
	
	0.25
	0.08
	0.63
	0.20
	0.48
	0.13
	0.68
	0.18
	0.22
	0.27

	
	SD
	
	
	0.01
	0.02
	0.08
	0.04
	0.03
	0.01
	0.13
	0.03
	0.03
	0.01

	Aug-99
	Mean
	
	
	0.64
	0.00
	1.00
	0.00
	1.41
	0.00
	0.51
	0.01
	0.50
	0.03

	
	SD
	
	
	0.08
	0.04
	0.05
	0.00
	0.18
	0.03
	0.05
	0.02
	0.09
	0.03

	Oct-99
	Mean
	4.39
	0.66
	3.77
	1.14
	2.67
	0.61
	1.58
	0.22
	1.29
	0.30
	1.75
	0.25

	
	SD
	0.80
	0.05
	0.55
	0.51
	0.48
	0.02
	0.50
	0.10
	0.18
	0.04
	0.26
	0.07

	Dec-99
	Mean
	
	
	
	
	3.68
	0.77
	
	
	0.86
	0.31
	3.59
	1.63

	
	SD
	
	
	
	
	0.26
	0.28
	
	
	0.28
	0.08
	0.21
	0.03

	Jun-00
	Mean
	
	
	
	
	1.59
	0.86
	
	
	1.06
	0.40
	0.86
	0.06

	
	SD
	
	
	
	
	0.36
	0.09
	
	
	0.36
	0.20
	0.29
	0.08

	Aug-00
	Mean
	1.03
	0.22
	1.52
	0.32
	2.89
	0.44
	3.15
	0.71
	1.50
	0.60
	0.83
	0.03

	
	SD
	0.57
	0.01
	0.79
	0.17
	0.46
	0.12
	0.37
	0.11
	0.16
	0.12
	0.07
	0.07
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Figure 18:  Data from a Dec. 1999 periphyton transplant study in which it is clear that periphtyon metabolism in mats located in sawgrass marsh is stimulated  when those mats are incubated in water taken from the sawgrass-mangrove transition zone.  Note that both GPP and R are dramatically stimulated by this ecotonal water transplant.
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Figure 19:  Conceptual diagram of the major ecosystem components (boxes and circles) and processes (arrows) that will be monitored through this contract. Parameters to be studied in the 15N tracer studies are highlighted in red.
Process-based Experiments and 15N Tracer Studies

The intensive monitoring we propose in this work plan will allow us to recognize ecosystem-level changes in response to water management as well as other environmental stresses (including climate change, modified disturbance regimes, and sea level rise).  Monitoring data are thus quite valuable, but they often are not readily applicable to questions about why the system responded, or changed, as it did.  And informed management decisions require data and analysis that not only documents change but that explains--to the extent possible--why that change occurred and thus how it may be avoided in the future.  We propose a sequence of field experiments and stable isotope tracer studies, at multiple spatial scales, that will focus on key ecological processes and thus on answering questions about why the Southern Everglades ecosystem responds as it does. The intensive, system-wide sampling approach used in these stable isotope tracer studies will allow us to directly quantify or infer with reasonable accuracy most processes shown in the conceptual diagram below.  Concurrent nutrient content analyses will quantify the component N pools.

Phosphorus is the limiting nutrient in Everglades wetlands, and as such many management issues focus on its concentration, availability, and fate.  Our data suggest that the freshwater wetlands of both Taylor Slough and the C-111/ENP Panhandle are strong sinks for TP.   However, nitrogen has recently become an important management issue in the Southern Everglades largely because of the desire to understand how wetlands that lie between canal inputs of freshwater and Florida Bay modify or ameliorate the flux of nitrogen to the Florida Bay estuary. Our wetland flux work in the freshwater marshes south of the C-111 canal has implicated these marshes as sources of both TN and DOM to the overlying water, but as sinks for inorganic nitrogen. Carbohydrates and proteins (both labile components) make up much of this exported DOM, suggesting that much of the TN export we have observed may be labile nitrogenous organics.  However, there are a number of unanswered questions about N dynamics in these wetlands, including:  1) What is the source of this exported N? 2) What is the biological or geochemical fate of the DON being exported?  3) How is the uptake or transformation of DIN related to DON release?  4) What is the fate of N in canal water compared with N exported by the marshes, relative to ultimate N delivery to the Florida Bay estuary?

We propose to address these N-related questions with a series of stable isotope tracer studies to be performed in the C-111/ENP Panhandle freshwater marshes.  15N will be added first in mesocosms (see description below), then in our 60m flumes, and [if our data suggest it is feasible] at the scale of our water quality monitoring transects.  In these short-term tracer addition studies, we will collect samples of water, periphyton, soils, soil porewaters, and macrophytes and analyze them for nutrients and 15N content.  Additionally, we will analyze water samples for all nutrients and will quantify 15N content in both TN and DON constituents.  We are currently perfecting techniques for separately analyzing 15NH4+ and 15NOx in such samples (e.g. separating NH4+ using ion-specific resin columns).  We will thus be able to track the cycling of canal N by following the 15N tracer as it is taken up and cycled through the various components of the ecosystem.  

We hypothesize that the 15N label will quickly be removed from the water column by both the periphyton and the soil, and will thus appear in periphyton and soil porewater samples in hours to days.  We expect that we will see subsequent, and perhaps relatively rapid production of 15N-labelled DON in the water column as either periphyton or soil processes generate DOM.  We further hypothesize that the macrophytes will not show the 15N signal for a week or more, and that 15N-labelled DON production by these plants will be negligible compared with periphyton (and perhaps soil) DON flux.  By using mesocosms, flumes, and perhaps a full transect approach, we will be able to calculate how flow rates and water movement interact with rates of N cycling in these marshes.  That is, we will be able to accurately calculate N spiralling rates and apply these to our water quality monitoring data to identify how much canal N ultimately enters Florida Bay compared to N naturally provided to the estuary by the upstream wetlands.

There is a long history of mesocosm experiments being used to address process-oriented management questions in the Everglades.  We propose to construct, deploy, and utilize mesocosms to address several process-oriented questions relevant to water management in the Southern Everglades.  The mesocosms will enclose 2 m2 (approximately 1.6m diameter) and will be constructed of clear plexiglass.  We will design a soil "base" for each that includes a rigid sheath (aluminum or stainless steel) that is inserted 30 cm into the soil to isolate roots and porewaters within the mesocosm.  The chamber walls will be removable, but we will leave the bases in place for consecutive samplings, to ease field logistics.  Our primary objective for the mesocosms will be to conduct controlled 15N tracer addition experiments, in order to identify sampling intervals and sample volume necessary to accurately follow the stable isotope tracer as it is cycled through the various ecosystem components.  This will greatly increase the effectiveness of our larger-scale, flowing-water tracer addition experiments in the C-111 flumes and, perhaps, at the scale of our water quality monitoring transects.  However, there are a number of other experiments that could be performed with these mesocosms (if another source of funding is secured).  Other important questions that may be addressed with mesocosm experiments include:  1) long-term effects of increased hydroperiod (would require pumping water into mesocosms to extend hydroperiod 1-2 months into the dry season, but is a viable experiment at both the W-1 and AH sites); 2) identifying how P availability controls N cycling rates by using both 15N and 32P as tracers, and; 3) periphyton removal experiments in conjunction with a 15N tracer, to investigate the relative contribution of periphyton to DIN uptake, DON production, and rates of N transformation.

Spatial analysis & Modelling - Objectives

Information synthesis and timely transfer of this information to SFWMD managers are key objectives of our Southern Everglades integrated monitoring program.  Our strategy for maximizing both is to take full advantage of the SFWMD-FCE LTER partnership and the close coordination of the work we propose here with ongoing LTER activities.  We envision this SFWMD-FCE LTER partnership as the hub that brings together many spokes of a large research wheel while also adding critical spokes of its own. At the center, the hub is an modelling approach that integrates data and spatial information.  The Everglades Landscape Model is an excellent example of this type of integrative modelling.  We envision the FCE LTER modelling effort as performing a complementary synthesis role.  Both efforts are designed to synthesize data as they are collected and generate models for use as adaptive management tools for research programs.  Notably, we have already developed a freshwater marsh periphyton model (Buzzelli et al., 2000) and a phosphorus budget for Shark River Slough freshwater marshes (Noe et al, 2001a,b).  We do not propose an entirely new modelling and synthesis effort for this work plan.  Rather, we will take advantage of the SFWMD-FCE LTER partnership and the ELM research group at SFWMD to assist with synthesis.  Our primary objective in this work plan, directed at integration and synthesis of data, focuses on site-scale budgets of C, N, and P dynamics at each site.  To the extent possible, we will couple these budgets to each other using flow rates and empirically-derived nutrient flux rates.  We will also take advantage of our time-series datasets and make these site-specific budgets dynamic in time.  This will not produce a validated and predictive simulation model as part of this work plan.  However, this type of synthetic analysis will provide a detailed and whole-ecosystem picture of how the various parameters we are monitoring and the various processes we are investigating with experimentation come together to explain how changing water management in the Southern Everglades affects the wetland ecosystem and, ultimately, the Florida Bay estuary.
Project Tasks

A.  Water Quality Tasks
1. In Year 1, quantify the concentrations of total nutrients (TN, TP) and salinity in water flowing through Taylor Slough and the C-111 ENP Panhandle region with a network of autosamplers located at:  a) the S-332 and S-332D inputs from the L-31W canal; b) at the Park Road bridge (MPR), and; c) at W-1, W-2, E-1, and E-2 in the C-111 basin whenever the marsh is inundated and whenever airboat access is possible (unless helicopter time is available through SFWMD).  For this sampling, autosamplers will be programmed to take a 1 L sample every 3 days as a composite of 4 250 ml subsamples drawn every 18 hours (to include a dawn sample, a dusk sample, a noon sample, and a midnight sample).

2. In Year 1, add an additional water quality station in Taylor Slough at the LC transect site (Fig. 1).  Instrument this site as per all other freshwater marsh sites to include an autosampler, a rain level actuator, and a water level gauge.  Collect samples beginning at installation, and continue whenever the marsh is inundated and airboat access is possible. For this sampling, autosamplers will be programmed to take a 1 L sample every 3 days as a composite of 4 250 ml subsamples drawn every 18 hours (to include a dawn sample, a dusk sample, a noon sample, and a midnight sample).  
3. In Years 2 and 3, quantify the concentrations of total nutrients (TN, TP) and salinity in water flowing through Taylor Slough and the C-111 ENP Panhandle region with a network of autosamplers located at:  a) the S-332 and S-332D inputs from the L-31W canal; b) at the Park Road bridge (MPR); c) at the new LC site; d) at Argyle Henry; e) at the Taylor Creek mouth site; f) at W-1, W-2, E-1, and E-2 in the C-111 basin; g) at the Snook Creek site, and; h) at the Trout Creek site.  For freshwater marsh sites (8 total), sample whenever the marsh is inundated and airboat access is possible or SFWMD helicopter time is available (except for the S-332, S-332D, and MPR sites which are accessible by road).   For the mangrove zone sites (4 total), sampling will be year-round. For this sampling, autosamplers will be programmed to take a 1 L sample every 3 days as a composite of 4 250 ml subsamples drawn every 18 hours (to include a dawn sample, a dusk sample, a noon sample, and a midnight sample).

4. In Years 1-3, collect a single grab sample at all water quality stations monthly, when the autosamplers are serviced, and analyze for all total and dissolved nutrients (including dissolved organic nitrogen, DON, and dissolved organic phosphorus, DOP).

5. In Year 1, quantify the concentrations of dissolved and total nutrients (NH4+, N+N, SRP, TN, TP) and organics (TOC, DOC) in up to 120 specially-collected samples.  In Years 2 and 3, quantify the concentrations of dissolved and total nutrients (NH4+, N+N, SRP, TN, TP) and organics (TOC, DOC) in up to 180 specially-collected samples (the increase is because the 4 mangrove sites are included in this work plan in Years 2 and 3).  Notably, the grab samples in Task 4 are part of these samples.  These intensive samplings may be timed to capture specific hydrologic and/or climatological events.  If so, the distribution and timing of sampling will involve close consultation with SFWMD scientists.  These 120 (Year 1) and 180 (Years 2 and 3) samples may also be collected in conjunction with the 15N tracer experimentation (see Task 9).

6. At those water quality monitoring sites that are instrumented with rain level actuators, collect and analyze for TN and TP up to a total of 120 samples per year.  These samples will be collected automatically during large precipitation events (as defined by some combination of rain intensity, duration, and precipitation total) and collected during routine autosampler visitations.  The programming of the rain level actuators, in order to capture water samples during such events, will involve close consultation with SFWMD scientists.

7. In Year 1, purchase 4 additional autosamplers (with rain level actuators) and water level gauges.  Deploy up to 2 in Year 1, and up to a total of 4 in Year 2, in the North C-111 study area at locations to be decided in close consultation with SFWMD scientists.  Collect up to a total of 50 samples in Year 1, 100 samples in Year 2, and 150 samples in Year 3 to be analyzed for TN, TP, and salinity and up to a total of 50 samples in Year 1, 100 samples in Year 2, and 150 samples in Year 3 to be analyzed for all nutrients, based on a sampling scheme designed in close consultation with SFWMD research collaborators and managers.

8. In Years 1-3, collect a grab sample from under-levee culverts located at the extreme east, west, and central regions of the C-111 canal on the north side of the canal.  At these 3 culverts (which drain the C-111 North marsh), collect a sample 4 times each year whenever water is flowing from the culvert into the C-111 canal.  Analyze samples for all dissolved and particulate constituents (these 12 samples/year are a subset of those noted in Task 5, above).

9. Contract the construction of 12 in situ mesocosms in Year 1, in consultation with SFWMD scientists.  Field-test these mesocosms at a canal-side site (W-1 or E-1) with a 15N tracer study, collecting up to a total of 400 samples for stable isotopic analysis (at $10/sample for analysis in the FIU SERC Stable Isotope Lab).  In Year 2, finalize mesocosm field testing and initiate flume-scale 15N tracer experimentation at the existing W-1 or E-1 site, collecting up to a total of 800 samples for stable isotopic analysis (at $10/sample for analysis in the FIU SERC Stable Isotope Lab). In Year 3, finalize flume and mesocosm experimentation and, if feasible, begin field testing of a transect-scale 15N tracer addition experiment, collecting up to a total of 800 samples for stable isotopic analysis (at $10/sample for analysis in the FIU SERC Stable Isotope Lab).  A transect-level tracer study in Year 3 will only be implemented after consultation with SFWMD scientists.

Water Quality Methods
At all water quality monitoring sites, we will sample water using ISCO automated autosamplers housed on 1.2m X 1.2m wooden platforms. Sampling will involve programming the autosamplers to take one composite sample every three days.  These samples will be composites of 250 ml subsamples drawn every 18 hours (a sampling scheme designed to represent a dawn, noon, dusk, and midnight sample in every three day composite).  These samples will be collected every 3-4 weeks and analyzed for total phosphorus (TP), total nitrogen (TN), and salinity.  Samples will only be collected when the marsh at a particular site is inundated and access is possible (generally, the viability of this access will be determined by whether or not airboat access is possible, to minimize the need for helicopter time).  As such, we have budgeted funds for field trips and sample analysis assuming that: a) the 4 mangrove sites (Argyle Henry, Taylor River Mouth, Trout Creek, and Snook Creek) will collect samples yearround; b) the 4 Taylor Slough sites (S-332, S-332D, MPR, and LC) will collect samples 9 months per year; c) the 4 C-111/Panhandle sites (E-1, E-2, W-1, and W-2) will collect samples 6 months per year, and; d) the C-111 North study area will require 7 field days in Year 1, 10 field days in Year 2, and 13 field days in Year 3.

Freshwater sites that have been equipped with rain level actuators include W-1, W-2, S-332D, and MPR (see Fig. 1).  In Year 1, the new LC site and 2 new C-111 North sites will also be so equipped.  We have not equipped the 4 mangrove water quality sites with rain level actuators because leaf fall from the trees interferes with the normal operation of these devices.  These devices quantify both rainfall at each site on an hourly basis, and they allow the autosamplers to be programmed to collect extra samples during certain precipitation events.  This programming can incorporate both the duration and intensity of a rain event.  Currently, we have programmed the rain level actuators to trigger the samplers to collect a sample 30 minutes after any rain event that exceeds 2.5 cm hr-1.  This surface water sample is collected as a composite of 2 500ml water samples taken 30 and 60 minutes after the rain event.  Samples will be collected for analysis during routine monthly autosampler servicing. Thus, our current programming involves only intensity-driven activation.  We have full flexibility to change these program scenarios at any time, and will work closely with SFWMD scientists and managers to optimize our precipitation event sampling regime.  We have budgeted a total of 120 rain-induced samples per year for analysis of TN, TP, and salinity.  These samples  may be distributed across our water quality monitoring network in any way.

There are a number of specific objectives, associated with both routine monitoring and cause-and-effect monitoring, that cannot be addressed without more detailed water quality information.  For such objectives, we will collect samples to be analyzed for the full suite of dissolved, total, inorganic, and organic constituents of C, N, and P.   For these samplings, we will program the samplers to take water samples at intervals determined after close consultation with SFWMD scientists and managers.  During these intensive sampling events, sample bottles will be kept iced within each autosampler.  Samples will be analyzed for NH4+, NO2-, NO3-, SRP, DOC, TOC, TN, TP, and salinity following the protocols noted below.  We have budgeted analysis funds for a total of 120 such samples in Year 1, 180 total in Years 2 and 3.  These samples will be distributed across our water quality monitoring network after close consultation with SFWMD scientists.

Water samples from intensive sampling will be collected within 24-48 hours and transported to the Wetland Ecosystems Ecology lab at FIU for preparation.  From each, we will determine salinity, then immediately filter a known subsample volume through a Whatman GF-F filter.  The filtrate will be stored in an acid-washed 60 ml bottle and immediately frozen for dissolved nutrient analysis (NH4+, NO2-, NO3-, SRP, and DOC).  Whole water samples will also be stored in acid-washed 125 ml bottles and kept cold for determination of total C, N, and P concentrations.  Water samples from the extensive sampling will be analyzed for salinity, TN, and TP. All samples will be analyzed at the SERP analytical lab at FIU following approved QA/QC protocols and procedures.  Our sample analysis pricing structure is based on the fact that both Principal Investigators are SERC faculty, which allows us to have samples analyzed at a reasonable cost.  

In 1999, we set up three transects in Taylor Slough, oriented normal to the Slough itself (Fig. 1).   We coordinated the location of these transects with other ongoing research efforts (including periphyton sampling by SFWMD scientists, mesocosm experiments by SFWMD scientists, faunal sampling by J.Trexler, FIU, and macrophyte species composition monitoring by SFNRC-ENP scientists).  Our northern transect (UE, UC, and UW) is near the SFWMD T2 transect, just north of the Main Park Road (allowing us access to all sites by road).  Our central transect (ME, MC, MW) is located  near the SFWMD T3 transect, south of the Pine Island airboat access.  Our southern transect is located near the SFWMD T7 transect, or southeast of the Old Ingraham Highway. We use the Old Ingraham Highway to access the MW site.  We use airboats to access the ME, LE, LC, and LW sites in the wet season and helicopters in the dry season.  Because MC is not near either a road or an established airboat trail, it requires helicopter access yearround.  We installed accoustic water level sensors and dataloggers at the UE/MPR, ME, and LC sites.   We used laser surveying equipment (Total Station) to determine the elevations of sites along a transect, relative to each other.  This also allows us to extrapolate water level records from the long hydroperiod sites on each transect to a hydroperiod record for all transect sites.

We will use in situ mesocosms to investigate specific questions about nitrogen cycling and processing in Southern Everglades wetlands.  The specifications for these mesocosms are flexible, but we envision them as enclosing 2 m2, with a diameter of approximately 1.6m.  The mesocosm walls will be removable and clear, built to a height of approximately 0.5m.  They will be collapsible into 2 plexiglass sheets for transport, and easily bolted together to form a round enclosure.  We will construct semi-permanent bases that include a 30cm aluminum or stainless steel flange that will be inserted into the soil (to isolate porewater and root dynamics within the mesocosms).  The top of the bases will have a horizontal seal of inert rubber onto which the walls will sit, to minimize leakage.  The walls will be held to the bases with several screw clamps permanently attached to both.  The optimal implementation of this mesocosm design will be to use the same site and locations for most of our experimentation (likely W-1 or E-1 for freshwater marsh and canal influences, and AH for estuarine ecotone experiments).  We will have 12 such mesocosms built on contract, with close consultation with SFWMD scientists.

The first 15N tracer addition experiments will be performed using these mesocosms.  We will add the stable isotopic tracer as either 15NH4+ or 15NO3-, in amounts that will not significantly increase ambient concentrations to avoid a fertilization effect.  In all cases, the isotopic tracer will be added to the water column as inorganic N.  We will then collect samples of all major ecosystem components for 15N and 13C analysis at the FIU Stable Isotope Lab.  Major ecosystem components to be sampled include water column DIN and DON, periphyton N, aboveground macrophyte N, belowground macrophyte N, soil porewater DIN and DON, and soil bulk N.  Samples of all components will also be collected and analyzed for N concentrations regularly.  We will collect samples for isotopic analysis at t=0, 1 hr, 3 hr, 6 hr, 1 day, 3 days, 9 days, and 27 days after addition, but only collecting aboveground plant samples after Day 8 and belowground after Day 16 and 32.  We anticipate that we will be able to remove the walls and re-introduce flow after Day 8 without loosing any added 15N, but preliminary experiments will be necessary to test this assumption. Given an experiment in which we add tracer to 3 mesocosms, the experiment will require analysis of about 160 samples for 15N and 13C analysis.  If we use 6 mesocosms (e.g. 3 with periphyton removed and 3 ambient), this type of experiment will require analysis of approximately 300 samples.  Given that the budget allows a total of 500 such samples in Year 1, we anticipate doing one of each type of experiment in Year 1.  In Years 2 and 3, the 800 budgeted isotope samples will be split between mesocosm and field dosing experiments (see below). 

Beginning in Year 2, we will take our knowledge of N cycling in freshwater marshes and use our existing flumes at W-1 or E-1 to do actual flowing water 15N tracer additions.  Protocols for additions and sampling will be similar to the mesocosm experiments, except that we will have 4 sampling points in the flumes from which samples will be collected for isotopic analysis--in the middle of the periphyton zone, at the periphyton-marsh interface, midway through the marsh zone, and at the downstream end of the flumes.  Samples will be collected for nutrient analysis at the upstream end of the flume, but because water is flowing one-way it will not be necessary to sample these for stable isotopes.  The temporal schedule will be the same, and replicate flumes will be sampled simultaneously.  As with our nutrient flux work in the flumes, water levels and flow velocities will be measured whenever a sample is collected.  Using this protocol, we will generate about 425 samples for for 15N and 13C.  Thus, it should be possible to perform one flume addition and 1-2 mesocosm experiments in each of Years 2 and 3, allowing us to address similar N-cycling questions in the estuarine ecotone (at AH) using the mesocosms.

B.  Dissolved Organic Matter Dynamics  Tasks
1. Characterize DOM in the water column at the 11 freshwater and estuarine water quality monitoring sites occupied by autosamplers bi-monthly during the wet season (whenever all transect sites are accessible by airboat for sampling) in Years 1-3.  Analyze for the full suite of nutrients in samples analyzed for DOM characterization.
2. Quantify the relative amounts of DOM produced and characterize the quality of the DOM produced by periphyton, sawgrass, mangroves, spikerush, and soils through carefully controlled laboratory leaching experiments.  One leaching experiment will be performed on sawgrass, mangroves, spikerush, and soils and two on periphyton (on early and late wet season periphyton mats), with 2 such experiments done in Year 1, 2 in Year 2, and 2 in Year 3.
3. Characterize both photochemical and microbial degradation of the DOM produced by the leaching experiments noted in Task 3.  Also, characterize both photochemical and microbial degradation of the DOM in C-111 and L31-W canal water, and water from water quality monitoring sites coincident with the FCE LTER (W-1, W-2, Trout Creek, S-332D, MPR, LC, AH, and Taylor River) once a year under laboratory conditions (Years 1 - 3).  
4. When requested, provide synchronous fluorescence DOM characterization data to SFWMD scientists for calibration with SFWMD DOM fluorometer measurements as soon as these data have been QA/QC verified and are available; that is, provide synchronous fluorescence data on a more timely basis than the 6 month deliverable schedule when requested.
Dissolved Organic Matter Dynamics  Methods
A key issue in the study of DOM is the analytical methodology used. This has been the main problem in the development of detailed DOM studies, since most molecular techniques are very time consuming, labor intensive and expensive. Techniques that measure bulk characteristics (e.g. DOM concentration and UV-Visible and flourescence indices) do not provide sufficient information on the chemical composition of the DOM. Therefore, new approaches are needed that allow for a reasonably large sample throughput while also providing molecular information about DOM.  As mentioned above, we have developed a high sample-throughput synchronous fluorescence method that has shown very promising results in the estuarine areas of the Southern Everglades.  Although it is more labor-intensive, pyrolysis-GC/MS also provides detailed molecular information on the DOM at reasonable rates of sample throughput.  Since both photodegradation and microbial activity change the chemical composition of DOM, these analyses must be conducted shortly after collection. In order to better understand the characteristics of DOM in the Southern Everglades, surface water samples will be collected bimonthly through the wet season at all water quality monitoring sites.  Our detailed characterization of the DOM in these samples, using the methods outlined above, will provide information regarding the geographical and seasonal variability in DOM composition and relative concentration.

In addition to the DOM monitoring effort, we will also use cause-and-effect monitoring techniques to investigate the sources and fate of DOM along our Southern Everglades monitoring transects.  We will identify DOM sources with leaching experiments and we will quantify the fate of DOM with degradation/decomposition experiments.  In the first, the dominant biomass components of the Southern Everglades system (sawgrass, spikerush, mangroves, periphyton, and soils) will be used in leaching experiments conducted under laboratory conditions. Freshly leached DOM (after 24 hrs.) will be separated by filtration from the biomass, and divided into three equal amounts. Two of these will be poisoned (with sodium azide) to eliminate all bacterial activity. One of the poisoned treatments will be kept in the dark, thus allowing us to separate photochemical degradation (poisoned in light vs. poisoned in dark) from microbial degradation (unpoisoned vs. poisoned).  All sets of leachates will be allowed to undergo ‘aging’ in a controlled environment and we will characterize the composition and concentrations of DOM in each with time (0, 1, 3, 7, 14 and 30 days). Other parameters, such as nutrient concentrations, DOC, DO, pH, and CO2 evolution (in some cases) will be monitored throughout the experiments. DOM will be analyzed using all of the above-described analytical techniques. 

Chemical composition of the DOM will be assessed by both synchronous fluorescence (Lu and Jaffé, 2000; de Sousa-Sierra et al., 1994) and pyrolysis-gas chromatography / mass spectrometry (py-GC/MS; Bruchet et al., 1990; Biber et al., 1996). Synchronous fluorescence will be performed on a Perkin Elmer (Model LS50B) spectrofluorometer on whole water samples filtered through 0.2 µm filters. Two liter water samples will be pre-concentrated under reduced pressure by rotary evaporation (at 40 oC), frozen and freeze-dried. The solid dissolved fraction (including the DOM) will consequently be analyzed on a CDS-2000 pyroprobe coupled to a Hewlett-Packard 5973 GC/MS system. Characterization of the pyrogram data into four groups of compound classes (i.e. proteins, carbohydrates, lignins and polyhydroxyaromatics) will be performed as described in the literature.  
C.  Marsh Macrophyte Biomass and Productivity Tasks

1. In Years 1-3, determine macrophyte species composition bimonthly in all C-111 and Taylor Slough plots.

2. In Year 1, establish 3 new 1 m2 stem density monitoring plots in Eleocharis meadows near sites W-3, LC, and AH. 

3. In Years 1-3, count the total number of Eleocharis stems in the quadrats described in Task 2 bimonthly.

4. In Years 1-3, nondestructively quantify aboveground biomass and estimate net primary productivity of Cladium  
bi-monthly as per Daoust and Childers (1998) in all existing C-111 and Taylor Slough plots.

5. In Years 1-3, quantify the C:N:P nutrient ratios of aboveground and belowground Cladium tissues and Eleocharis tissues in the 9 new quadrats from Task 3 annually at those C-111 and Taylor Slough plots that correspond to FCE LTER sites. 

6. In Years 1-3, quantify belowground Cladium biomass annually at those C-111 and Taylor Slough plots that correspond to FCE LTER sites.

7. In each of Years 2 and 3, establish 2 new macrophyte monitoring sites (3 1 m2 quadrats each) in the North C-111 study area in locations agreed upon after close consultation with SFWMD scientists.  At these sites quantify all Cladium parameters listed in Tasks 1 and 4 - 6, above.

Marsh Macrophyte Biomass and Productivity Methods

At the three sites along these three Taylor Slough transects, and at the Argyle Henry and S332-D sites, we installed 3 1 m2 permanent Cladium sampling quadrats in 1999.  Identical triplicate quadrats were set up at C-111/Panhandle sites W-1, W-2, W-3, E-1, and E-2 in 1997 and 1998.  Within each of these 48 quadrats, we are determining the macrophyte species composition and frequency annually. Within each quadrat, we are also quantifying the aboveground biomass of Cladium bi-monthly using the non-destructive allometric method of Daoust and Childers (1998).  In order to calculate annual primary production from these biomass data, we also need an estimate of mortality.  We estimate this mortality term by quantifying leaf [biomass] turnover of 10 marked sawgrass culms in each quadrat.  These data are corrected for green leaf longevity rates that we have separately determined by tagging individual sawgrass leaves on a subset of these marked plants and following leaf demographics for two or more years.  These annual production models are currently calibrated and are being used for all southern Everglades sites.

D.  Marsh soil dynamics Tasks

1. In Years 1-3, quantify soil porewater salinity and dissolved nutrient concentrations at 15 cm depth four times annually at all macrophyte monitoring plots.

2. In Years 1-3, quantify soil porewater salinity at 30 cm depths at sites E-2, W-3, LE, LC, LW, and AH four times annually at macrophyte monitoring plots.

3. In Years 1-3, quantify soil Eh, pH, and temperature four times annually at all macrophyte monitoring plots.

4. In Years 1-3, quantify soil C:N:P nutrient ratios, bulk density, and organic content annually at all macrophyte monitoring plots.

5. In both Years 2 and 3, quantify:  a) soil porewater salinity and dissolved nutrient concentrations at 15 cm depth four times annually; b) soil Eh, pH, and temperature four times annually, and; c) soil C:N:P nutrient ratios, bulk density, and organic content annually at all macrophyte monitoring sites in the C-111 North study area.

Marsh soil dynamics Methods

Once a year, we will extract two 10 cm diameter soil cores (depth = 30 cm) from near each macrophyte quadrat (site total = 6 cores).  Homogenous subsamples from one core will be analyzed for wet weight, water content, bulk density, % organic matter, and for C, N, and P content, following standard QA/QC approved protocols.  The other core will be carefully washed and sieved.  The root material from the core will be separated into live and dead components, dried, and weighed for belowground biomass estimates.  A subsample of the root tissue from each core will be analyzed for C, N, and P content belowgroundCladium  tissue.

We will measure soil Eh and pH at approximately 15 cm depth within each permanent quadrat (using an Orion Eh/pH meter and standard electrode techniques) three times per year (in June/July, August/September, and October/November).  We will also install soil porewater sippers at a depth of 15-20 cm in each permanent quadrat.  Sippers will be maintained with an oxygen-free atmosphere, and we will sample each twice a year (early and late wet season).  We will analyze all porewater samples for salinity and dissolved nutrient concentrations. 

E.  Marsh periphyton dynamics Tasks

1. In Years 1-3, quantify productivity and respiration rates for the periphyton mat using BOD bottle oxygen incubation techniques 3-4 times annually (depending on marsh inundation and airboat access) at sites S332-D, W-1, W-3, LC, and AH.  Use the same methodology at the same sites to also perform canal and ecotone effect experiments in which periphyton distant from the canal and ecotonal sites is incubated with water from these sites.

2. In Years 1-3, quantify productivity-irradiance relationships (P-I curves) for the periphyton mat using BOD bottle oxygen incubation techniques and several different light reduction treatments.  Conduct P-I curve incubations annually at sites S332-D, W-1, W-3, LC, and AH.

3. In Years 1-3, quantify periphyton organic content, inorganic content (AFDW), and tissue nutrients (C, N, and P) after each incubation. 

4. In Years 1-3, quantify the standing stock biomass of periphyton in the marsh whenever metabolism is measured.

5. In both Years 2 and 3, quantify:  a) productivity and respiration rates for the periphyton mat; b) periphyton organic content, inorganic content (AFDW), and tissue nutrients, and; c) standing stock biomass of periphyton once each year at all newly-established macrophyte monitoring sites (2 total in Year 2, 4 total in Year 3) in the C-111 North study area.

Marsh periphyton dynamics Methods

Once or twice each year, we will conduct simple process-based whole system measurements of periphyton productivity and respiration.  Periphyton metabolism measurements will be made twice each year at all water quality monitoring sites (early and late wet season) and once each year at macrophyte monitoring sites not located at water quality sites. We will use the oxygen change-BOD incubation method of quantifying whole system metabolism.  These measurements will only be done when the marsh is inundated and when a particular site has a periphyton mat present.  Ambient periphyton biomass will be measured by harvesting all periphyton from triplicate, randomly located  0.0625 m2 quadrats at each site on the day of all metabolism experiments.  These samples will be returned to the lab, dried and weighed, and ashed and weighed to give dry wt. and AFWD biomass.

F.  Spatial analysis & Modelling Tasks
1. Work closely with FCE LTER modelling and synthesis efforts to integrate and synthesize the structural and process-based measures detailed in this work plan with dynamic budget models and full ecosystem nutrient budgets, as per Childers et al. (1993a), as per the FCE LTER proposal.

G.  Data Management, Data Propriety, and Project Informatics

Data management responsibilities for much of the work we propose in this work plan will be handled by the FCE LTER Information Manager.  The FCE LTER office is well equipped to accept this responsibility, and the current Information Manager is also a GIS expert.  A Data Management Policy is already in place, and a copy of this policy will be included with this work plan as an appendix.  The FCE LTER program requires a metadata format that has been standardized by the LTER Network office across all 24 LTER sites nationwide.  We will use this same metadata format to identify and manage the datasets collected as part of this work plan. This cooperation on information management also makes sense because of the partnership and large overlap between the Southern Everglades integrated monitoring program we propose here and the LTER program. This allows us to move the budgetary resources that would otherwise be needed for data management to directly addressing our monitoring and science objectives.

Data propriety is an issue that must be detailed in any large project that involves multiple Principal Investigators and in any large project that will actually be a partnership with another large project, as in this case (the FCE LTER program).  Data collected by the FIU Principal Investigators in Shark River Slough, using FCE LTER funds, will be made available to SFWMD scientists and managers on approximately an annual basis--this annual availability represents an accelerated time schedule relative to the FCE LTER Data Management Policy.  These data will be accessible through the FCE LTER database (which will be web-accessible by early 2001), and their use must follow appropriate Data Management Policy guidelines.  As such, the data collected with NSF funds in Shark River Slough cannot be viewed as deliverable items by the SFWMD.

The SFWMD-FCE LTER partnership that we propose in this work plan will thus allow the SFWMD relatively immediate access to important water quality, macrophyte, and periphyton monitoring data from Shark River Slough.  Notably, all of these data will be collected in the same way, by the same scientists, as the Southern Everglades monitoring data.  In return, the SFWMD agrees to allow data collected using SFWMD funds through this contract to be incorporated into the FCE LTER database (where LTER sites correspond to SFWMD sites described in this work plan).  Incorporation of these SFWMD data from our Southern Everglades sites cannot occur until after these data have been delivered to the SFWMD as a regular contracted report (which will be due every 6 months over the life of the project).  In all situations in which we incorporate SFWMD-funded data into the FCE LTER database, both the SFWMD and SFWMD scientists involved in this contract will get full credit for supporting the collection of these data.  Additionally, both the SFWMD and SFWMD scientists will receive full protection accorded to all FCE LTER scientists through the LTER Data Management Policy.
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		31		22.4		21.3		25.7		30.6		52.7		56.3		7.27		1.87		2.22		1.55		1.63		3.18

		31		24.2		20.5		25.3		30		48.6		55.3		6.25		1.58		1.88		1.28		1.51		2.79

		41.4		28.3		17.5		23.6		30.6		52.4		54.2		6.7		1.58		2.05		1.17		1.9		3.07

		25.4		19.7		30.6		22.1		27.6		53.9		49.7		7.92		1.75		2.19		2.42		1.56		3.98

		a254/a436		PHA%		Lg%		Pr%		Ps%		HS %		Ps+Pr		DOM		CPr		CPs		CLg		CPHA		CPHA+CLg





		





		0		2.7		2.1		3.07		2.53

		2		2.49		2.1		2.65		2.33

		3.4		4.03		4.84		3.67		3.16

		4		4.83		5.63		3.75		3.49

		0		1.96		2.42		1.49		1.87

		2		2.3		2.13		1.67		2.11

		3.4		2.55		2.83		2.21		2.2

		4		2.15		2.36		2.74		1.46

		0		1.52		1.8		0.73		1.11

		2		1.21		1.51		1.06		0.78

		3.4		1.68		2.28		0.72		1.08

		4		1.82		2.3		0.84		0.71

		0		2.06		1.97		1.37		2.07

		2		2.43		2.26		1.2		2.16

		3.4		2.83		2.7		1.29		1.9

		4		2.81		2.69		1.16		1.84

				CPr		CPs		CLg		CPHA





		0		0		0		0

		2		2		2		2

		3.4		3.4		3.4		3.4

		4		4		4		4

		0		0		0		0

		2		2		2		2

		3.4		3.4		3.4		3.4

		4		4		4		4

		0		0		0		0

		2		2		2		2

		3.4		3.4		3.4		3.4

		4		4		4		4

		0		0		0		0

		0		0		0		0

		2		2		2		2

		3.4		3.4		3.4		3.4

		4		4		4		4



June

Aug

Oct

Dec

Distance (log(m))

Conc of Compounds (mg/L)

2.7

2.1

3.07

2.53

2.49

2.1

2.65

2.33

4.03

4.84

3.67

3.16

4.83

5.63

3.75

3.49

1.96

2.42

1.49

1.87

2.3

2.13

1.67

2.11

2.55

2.83

2.21

2.2

2.15

2.36

2.74

1.46

1.52

1.8

0.73

1.11

1.21

1.51

1.06

0.78

1.68

2.28

0.72

1.08

1.82

2.3

0.84

0.71

2.06

1.97

1.35

2.03

2.43

2.26

1.2

2.16

2.83

2.7

1.29

1.9

2.81

2.69

1.16

1.84



		10.4		60.7		39.3

		9.23		55.4		44.6

		9.58		53.5		46.5

		15.7		65.6		34.4

		17.7		64.5		35.5

		10.8		58.6		41.4

		10		58.6		41.4

		9.17		55.1		44.9

		13.3		62		38

		11.9		56.5		43.5

		10.4		56.3		43.7

		10.1		51.9		48.1

		12.1		51.5		48.5

		10.7		53		47

		10.2		57.4		42.6

		10.3		50.2		49.8

		7.74		41.7		58.3

		7.36		56.4		43.6

		7.17		59		41

		8.21		55.1		44.9

		9.79		61.5		38.5

		8.7		54		46

		7.27		52.7		47.3

		6.25		48.6		51.4

		6.7		52.4		47.6

		7.92		53.9		46.1

		5.15		57.9		42.1

		4.56		39.3		60.7

		5.77		57.9		42.1

		5.98		62.4		37.6

		5.2		58.3		41.7

		5.74		61.5		38.5

		6.24		49.8		50.2

		7.41		71.1		28.9

		8.05		51.5		48.5

		8.72		42.5		57.5

		8.5		55.5		44.5

		DOM		47		53

				47.9		52.1

				51.9		48.1

				43.9		56.1

				HS%		non-HS%





		





		27.3		31.8		21.9		19				W3 6/25/99

		25.3		31.3		19.3		24.1		Canal		8/25/99

		26		28.9		22.6		22.5		W3		8/25/99





		0

		0

		0

		0



Pr 27.3 %

Ps 31.8 %

Lg 21.9

PHA 19.0 %



		0		30.2		28.2		12		29.6

		2		31.4		27.6		10.3		30.7

		3.4		29.7		36.4		12.7		21.2

		4		28.6		39.9		12.1		19.4

		0		30.4		26.8		16		26.8

		2		37.2		26.8		18.7		31

		3.4		27.2		31.2		16.2		25.2

		4		30.5		30.6		14		24.9

		0		25.8		26.7		14.7		32.8

		2		29.8		30.2		13.6		26.5

		3.4		26.2		34		13.1		26.6

		4		27.9		36.7		13.6		21.7

		0		35.5		22.5		15.1		26.9

		2		31.3		24.5		14.7		29.5

		3.4		27.9		28.2		13.2		30.7

		4		29.7		28.8		15.4		26.1
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		0		0		0		0
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		26		20.2		29.5		24.3				canal 6/25/99

		25.3		31.3		19.3		24.1				8.25/99





		0

		0

		0

		0



Pr 26.0 %

Ps 20.2 %

Lg 29.5 %

PHA 24.3 %



		1		0		0		0		0

		4		1.17		0.49		0.51		0.78

		8		1.9		0.82		0.68		1.3

		16		3.15		0.95		0.38		4

		25		3.79		1.06		0.8		4.45

		36		4.11		1.14		0.53		5.16

		day		m		saw		sea		peri





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Time (day)

Percent of DOM (%)
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		0		10.4		7.74		5.15		7.41

		2		9.58		8.21		4.56		8.05

		3.4		15.7		9.79		5.77		8.72

		4		17.7		8.7		5.98		8.5

		0		10.4		7.74		5.15		7.41

		2		9.58		8.21		4.56		8.05

		3.4		15.7		9.79		5.77		8.72

		4		17.7		8.7		5.98		8.5





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0
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DOM Conc. (mg/l)
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		6		10.4		9.58		15.7		17.7

		8		7.74		8.21		9.79		8.7

		10		5.15		4.56		5.77		5.98

		12		7.41		8.05		8.72		8.5





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Time (Month)

DOM Conc. (mg/l)
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Table

						Aug-98				Oct-98				Dec-98				Jun-99				Aug-99				Oct-99				Dec-99				Jun-00				Aug-00								Site		E-0				E-1				W-1				E-2				W-2				W-3

		Site		Metabolic Rate		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD		Mean		SD				Date				GPP		Resp		GPP		Resp		GPP		Resp		GPP		Resp		GPP		Resp		GPP		Resp

		E-0		GPP																						4.39		0.80		*		*		*		*		1.03		0.57				Aug.-98		Mean																						0.93		0.26

				Resp																						0.66		0.05		*		*		*		*		0.22		0.01						SD																						0.27		0.05

		E-1		GPP														0.25		0.01		0.64		0.08		3.77		0.55		*		*		*		*		1.52		0.79				Oct-98		Mean														2.06		0.49						1.49		0.24

				Resp														0.08		0.02		0.00		0.04		1.14		0.51		*		*		*		*		0.32		0.17						SD														0.51		0.15						0.16		0.02

		W-1		GPP														0.63		0.08		1.00		0.05		2.67		0.48		3.68		0.26		1.59		0.36		2.89		0.46				Dec-98		Mean														1.31		0.29		0.77		0.26

				Resp														0.20		0.04		0.00		0.00		0.61		0.02		0.77		0.28		0.86		0.09		0.44		0.12						SD														0.11		0.01		0.14		0.06

		E-2		GPP						2.06		0.51		1.31		0.11		0.48		0.03		1.41		0.18		1.58		0.50										3.15		0.37				Jun-99		Mean						0.25		0.08		0.63		0.20		0.48		0.13		0.68		0.18		0.22		0.27

				Resp						0.49		0.15		0.29		0.01		0.13		0.01		0.00		0.03		0.22		0.10										0.71		0.11						SD						0.01		0.02		0.08		0.04		0.03		0.01		0.13		0.03		0.03		0.01

		W-2		GPP										0.77		0.14		0.68		0.13		0.51		0.05		1.29		0.18		0.86		0.28		1.06		0.36		1.50		0.16				Aug-99		Mean						0.64		0.00		1.00		0.00		1.41		0.00		0.51		0.01		0.50		0.03

				Resp										0.26		0.06		0.18		0.03		0.01		0.02		0.30		0.04		0.31		0.08		0.40		0.20		0.60		0.12						SD						0.08		0.04		0.05		0.00		0.18		0.03		0.05		0.02		0.09		0.03

		W-3		GPP		0.93		0.27		1.49		0.16						0.22		0.03		0.50		0.09		1.75		0.26		3.59		0.21		0.86		0.29		0.83		0.07				Oct-99		Mean		4.39		0.66		3.77		1.14		2.67		0.61		1.58		0.22		1.29		0.30		1.75		0.25

				Resp		0.26		0.05		0.24		0.02						0.27		0.01		0.03		0.03		0.25		0.07		1.63		0.03		0.06		0.08		0.03		0.07						SD		0.80		0.05		0.55		0.51		0.48		0.02		0.50		0.10		0.18		0.04		0.26		0.07

																																												Dec-99		Mean										3.68		0.77						0.86		0.31		3.59		1.63

						*		No water at site																																						SD										0.26		0.28						0.28		0.08		0.21		0.03

																																												Jun-00		Mean										1.59		0.86						1.06		0.40		0.86		0.06

		Table of GPP and respiration data for the wet seasons of 1998 - 2000.																																												SD										0.36		0.09						0.36		0.20		0.29		0.08

																																												Aug-00		Mean		1.03		0.22		1.52		0.32		2.89		0.44		3.15		0.71		1.50		0.60		0.83		0.03

																																														SD		0.57		0.01		0.79		0.17		0.46		0.12		0.37		0.11		0.16		0.12		0.07		0.07





Table without SD

		Site		Metabolic Rate		Aug-98		Oct-98		Dec-98		Jun-99		Aug-99		Oct-99		Dec-99		Jun-00		Aug-00

		E-0		GPP												4.39		*		*		1.03

				Resp												0.66		*		*		0.22

		E-1		GPP								0.25		0.64		3.77		*		*		1.52

				Resp								0.08		0.00		1.14		*		*		0.32

		W-1		GPP								0.63		1.00		2.67		3.68		1.59		2.89

				Resp								0.20		0.00		0.61		0.77		0.86		0.44

		E-2		GPP				2.06		1.31		0.48		1.41		1.58						3.15

				Resp				0.49		0.29		0.13		0.00		0.22						0.71

		W-2		GPP						0.77		0.68		0.51		1.29		0.86		1.06		1.50

				Resp						0.26		0.18		0.01		0.30		0.31		0.40		0.60

		W-3		GPP		0.93		1.49				0.22		0.50		1.75		3.59		0.86		0.83

				Resp		0.26		0.24				0.27		0.03		0.25		1.63		0.06		0.03

						*		No water at site

		Table of GPP and respiration data for the wet seasons of 1998 - 2000.





Chart

		W1 PERI & W1 WATER		0.7735023986		0.2631747388		0.2631747388		0.2774885208		0.2774885208

		W1 PERI & W2 WATER		1.2224888781		0.5475942882		0.5475942882		0.1060024755		0.1060024755

		W1 PERI & W3 WATER		17.888168345		3.8488387044		3.8488387044		4.8199292479		4.8199292479

		W2 PERI & W1 WATER		0.1411469029		0.1178065621		0.1178065621		0.0933908817		0.0933908817

		W2 PERI & W2 WATER		0.3077948324		0.2794754815		0.2794754815		0.0750714363		0.0750714363

		W2 PERI & W3 WATER		16.7979566265		3.1333634575		3.1333634575		3.6286620625		3.6286620625

		W3 PERI & W1 WATER		0.3134049013		0.1623330495		0.1623330495		0.1126304756		0.1126304756

		W3 PERI & W2 WATER		0.3710565872		0.1189464406		0.1189464406		0.1058548869		0.1058548869

		W3 PERI & W3 WATER		1.6281330246		0.2146624966		0.2146624966		0.0333974243		0.0333974243



GPP

RESP

Periphyton Source and Water Source

Metabolic Rate (mg C * g AFDW-1 * h-1)

Transplant Study December 1999

3.6750632362

3.17843457

22.5005429129

0.4781588854

0.855367513

16.8500472197

0.7568566828

0.8667911136

3.5885347603



ignore this sheet Dan

		TREATMENT		Resp		SD		GPP		SD

		W1 PERI & W1 WATER		0.77		0.28		3.68		0.26

		W1 PERI & W2 WATER		1.22		0.11		3.18		0.55

		W1 PERI & W3 WATER		17.89		4.82		22.50		3.85

		W2 PERI & W1 WATER		0.14		0.09		0.48		0.12

		W2 PERI & W2 WATER		0.31		0.08		0.86		0.28

		W2 PERI & W3 WATER		16.80		3.63		16.85		3.13

		W3 PERI & W1 WATER		0.31		0.11		0.76		0.16

		W3 PERI & W2 WATER		0.37		0.11		0.87		0.12

		W3 PERI & W3 WATER		1.63		0.03		3.59		0.21






