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INTRODUCTION AND BACKGROUND
Coastal wetlands of the gulf coast and south Florida, in particular, have been and will continue to experience significant changes in their hydrologic regimes as a function of rising sea-level and freshwater management control.  Because mangroves thrive in the intertidal zone between land and sea, these systems are expected to undergo the most severe changes of both marine influence (sea-level rise, salinity) and freshwater drainage effects (flushing, nutrients, pollutants).  A suite of spatial simulation models (Doyle 1997, Doyle and Girod 1997, Doyle et al. 2002, Chen and Twilley 1998a, Chen and Twilley 1998b) have been developed for south Florida mangrove communities that with additional empirical inputs and modifications can be linked to output of existing CERP hydrological models to predict changes in habitat quality and distribution of low marsh/mangrove under different management strategies of freshwater flow and release into the larger Everglades ecosystem.

CERP agency partners need to know how managed and natural changes of Everglades hydrology from human and climate change forces may alter the long-term stability of certain plant and animal assemblages in parks and refuge lands of south Florida.  For example, to what degree is the altered health and dieback of some mangrove habitats a function of altered freshwater flow, water quality, present climate conditions, hurricane, and/or sea-level rise effects.  Mangrove habitats provide a valuable and critical resource for fisheries and wading bird populations.

Mangrove locales vary in the degree to which they are connected to the regional hydrology as influenced by upslope drainage and tides.  In this proposal, we address the need to apply existing models of mangrove growth, succession, and soil-nutrient processes in south Florida parks and refuges for a range of tidal and non-tidal sites under varying alternatives of freshwater release.  The primary goal of this study will focus on applying landscape and stand-specific models, SELVA-MANGRO (USGS) and MANGAL (ULL), to determine the potential benefits and consequences of active management of the Everglades freshwater delivery process and restoration program on land-margin ecosystems of south Florida and Everglades National Park.  

This effort will complement field and modeling studies conducted under CERP, Comprehensive Everglades Restoration Program, to extend the functionality of existing landscape simulation models, SFWMD, NSM, ELM, TIME and ATLSS.  Critical data and model products have been identified in this proposal to complement the modeling needs and applications as outlined under the Critical Ecosystem Studies Initiative (CESI). 

SCOPE OF WORK: PROJECT GOALS AND OBJECTIVES
PROGRAM HISTORY: The studies discussed here are continuations of previously peer-reviewed work of CESI support (2001-2003) for which funding has ceased and/or been inadequate.  In particular, this work will continue research initiated under the USGS/BRD CESI ATLSS Modeling Program, NPS and FWS South Florida Global Climate Change Program and the mangrove component of ENP Hurricane Andrew research program.  Both programs have undergone rigorous, external peer-review.  Project tasks and methodologies were defined by input of agencies and scientific staff to integrate with other CERP programs and models supported under the Everglades Restoration Program.

METHODOLOGIES: The tasks discussed below will provide spatial data, critical processes, and model functions at the landscape, stand-level, and soil-nutrient interface necessary to accomplish a hierarchically integrated modeling component of vegetation relations within the land-margin ecosystem complex compatible with SFWMM, ELM, NSM, and ATLSS.  Executable programs will be compiled to assist CERP partners and land managers (i.e., Everglades National Park) to evaluate the impact of varying hydrologic alternatives on habitat changes, structure and distribution, within the land-margin ecosystem.  Task 1 defines a top-down approach of the pattern and process of landscape aspects of landform and regional hydrology that influence stand-level processes, forest growth and succession of mangrove and associated marsh systems.  Task 2 defines a bottom-up integration of water-nutrient relations and stand-level processes, above and belowground, that influence tree growth and competition, species success, and site quality.  

Task 1: SELVA/MANGRO Upgrades of the Land-Margin Ecosystem Simulation Model of South Florida: Pattern and Process of Landscape/Stand Level Interaction (Thomas W. Doyle, USGS-BRD, National Wetlands Research Center, Lafayette, LA) 

The primary goal of this task includes field and modeling activities to upgrade the functionality of an existing landscape simulation model for south Florida (SELVA-MANGRO, Doyle and Girod 1997, Doyle 1998, Doyle et al. 2002, Doyle 2003a) specifically emphasizing the physical forcings and biological qualities of the collective watersheds and estuaries of the larger Everglades landscape.  Current and revised versions of SELVA-MANGRO have been compiled into executable programs with data links to the SFWMM hydrology model (2X2) output files to be used by NPS staff for ongoing CERP assessments of potential impact of various hydrological alternatives.  Field efforts have been accomplished to remeasure mangrove forest structure of existing permanent plots (GCC-SOFL, Doyle et al. 1995) to establish patterns of spatial ingrowth and data accuracies, including tree heights, diameter at breast height, azimuth, distance, crown class, viability status, leaf area, and light (PAR) distribution.  This data has been used to initialize MANGRO (Doyle and Girod 1997, Doyle et al 2002, Doyle 2003a) stand-level simulator to test model function and capability to predict future tree and forest response to hurricane impact in conjunction with projected sea-level rise.  Aerial photography has been interpreted and digitized for a series of historic dates to establish rates and patterns of mangrove encroachment and retreat along ecotone boundaries.  Landscape change analysis will be conducted to identify areas of varying degrees of mangrove migration and to relate ecotone dynamics to changes in freshwater drainage, land use, and sea-level rise.  The SELVA-MANGRO model will be calibrated and validated to backcast/forecast ecotone migration for historic sea-level and streamflow conditions. Synoptic surveys have been conducted to determine land/water datums across the coastal zone including prairie, basin forest, riverine fringe and overwash islands.  Elevational relationships have been established to refine existing digital elevation models used in SELVA-MANGRO.  Algorithms have been developed for SELVA-MANGRO model to predict tidal forcing and salinity conditions of the coastal zone.  Available resources including aerial photography, videography (Doyle et al. 1994, Doyle et al. 2003), and available radar and satelite (Roberts et al. 1994) imagery have been used to classify a site quality index of mangrove habitat at the landscape level based on estimated and measured canopy height (potential.  Surveys have been coordinated with associated field activities defined in Task 2 and other CESI collateral studies to characterize representative watersheds inclusive of basin, riverine, and overwash habitats by soil fertility, hydrologic and geomorphic setting, and sapling productivity measures (D/H, internode relations).  Supplemental field and experimental studies have been initiated to develop and refine model algorithms that describe the physiological basis for mangrove species and forest response to changing hydroperiod and freshwater flow.  Model linkages have been developed to hierarchically integrate SELVA-MANGRO with output files of hydrologic scenarios obtained from the SFWMM (2X2) model.  The SELVA-MANGRO modeling platform has been ported to a dedicated USGS server to allow client and cooperator access to run batch simulations with graphical and data dumps by Internet.  Model applications will include predicting changes in ecosystem structure and function of restored waterflow alternatives for Everglades National Park and watersheds (Shark and Taylor River) subject to different climate change scenarios of sea-level rise.

PROGRAM HISTORY:  Original research for this study effort was initiated under an interagency agreement between U.S. Fish and Wildlife Service and the National Park Service under the direction and funding of DOI's Global Climate Change Program.  A landscape simulation model, SELVA-MANGRO (Doyle and Girod 1997, Doyle et al. 2002, Doyle 2003a), has been developed and applied for the larger south Florida peninsula including the complex of collective state and federal parks and refuges about the Everglades System.  Specific federal lands covered in this effort include Ding Darling National Wildlife Refuge (NWR), Ten Thousand Islands NWR, Florida Keys NWR, Everglades National Park (NP), Biscayne NP, and Dry Tortugas NP among other state and county reserves.  The model has been used to review the impact of climate change phenomena, hurricanes and sea-level rise, on the structure and function of mangrove communities across south Florida.  Field studies have been conducted to supplement model development including post-hurricane impacts (Doyle et al, 1995) describing forest structure, tree growth, and succession in established study plots in the above parks and refuges across south Florida.  Experimental greenhouse and growth chamber studies have been implemented to determine species tolerance and response to growth limiting conditions of light, salinity, and hydrology.  Model refinements and validation have continued with the integration of field and laboratory results as well as updated literature synthesis.  Specific information on the health and status of these systems have been synthesized and reported to research, management, and interpretive staff for the above parks and refuges.  Recommendations for habitat management and research priorities have also been discussed with key park and refuge officials.

Coastal Margin of the Everglades Region, South Florida
The larger extent of mangroves in the U.S. lies in south Florida in Lee (14,275 ha), Collier (29,126 ha), Monroe (94,810 ha) and Dade (33,931 ha) counties circumscribing the Everglades (Odum et al. 1982).   The near sea-level elevation and flat slope of the protected Everglades system accounts for one of the largest contiguous tracts of mangrove forests found anywhere and punctuates their potential vulnerability to rising sea level and other climate changes. These forests are subject to coastal and inland processes of hydrology largely controlled by regional climate, disturbance regimes, and water management decisions.  It is difficult to generalize the probable impacts of climate change given the myriad of environmental settings where mangrove persist even within the Everglades. Figure 1-1 shows the study area and mangrove zone and locations of forest plots as related to previous studies of impact of Hurricane Andrew.

Mangroves are adapted to tolerate coastal flooding and salinity (Lugo and Snedaker 1972).  Davis (1940) was among the first to describe the intertidal zonation and diverse geomorphic settings where mangroves colonize and persist in south Florida.  While zonation has largely been attributed to salinity gradients, more recent field and experimental studies indicate that mangroves have wide tolerances to salinity and other soil factors (Hutchings and Saenger 1987, Smith 1992).   Increases in relative sea level will eventually raise saturation and salinity conditions at ecotonal boundaries where mangroves are likely to advance or encroach upslope into freshwater marsh/swamp habitats.  

MANGRO Forest Model
MANGRO is a spatially explicit stand simulation model constructed for neotropical mangrove forests composed of black mangrove, white mangrove, and red mangrove.  Figure 1-2 shows a graphics interface of the MANGRO model and a recruitement phase of mixed mangrove species composition.  MANGRO is an individual-based model composed of a species-specific set of  biological functions predicting the growth, establishment, and death of individual trees.   MANGRO predicts the tree and gap replacement process of natural forest succession as influenced by stand structure and environmental conditions.  The position of each tree is explicitly defined on a planar coordinate system with a default stand area of 1 hectare (100 m per side).  Canopy structure is modeled as a 3-dimensional process of crown height, width, and depth in relation to sun angle and shading by neighboring trees.  Tree growth was based on growth potential for a given tree size reduced by the degree of light availability to the individual tree and species response to shade.  Mortality was modeled as a stochastic process of age, suppression, and hurricane impact derived from damage probability curves developed from observed data of Hurricane Andrew (1992) impact (Doyle et al. 1994, 1995).

Forecasting Sea-Level Rise and Mangrove Migration across South Florida
The SELVA-MANGRO model represents a hierarchically integrated landscape model that manages the exchange of scalar information up, down, and across scale between linked simulation models SELVA and MANGRO.  SELVA is a Spatially Explicit Landscape Vegetation Analysis model that tracks predicted changes in the biotic and abiotic conditions of each land unit (1 sq ha) on an annual basis for the entire simulated landscape.  SELVA passes necessary information of environmental change to the MANGRO model at the stand level for each and all land units in the landscape profile.  MANGRO returns a state condition of stand structure and composition to SELVA as predicted for each growth season or calendar year.  Composite maps are produced that exhibit the predicted changes in species composition and forest migration, loss or gain, as influenced by changes in sea-level.  

Sea‑level rise is modeled as a function of historic sea-level conditions at Key West, Florida based on mean annual tide records (1940 to present) projected into the 21st century with the addition of curvilinear rates of eustatic sea level expected from climate change.  The historic record was retained to mimic the natural cycle of high and low tidal variation attributed to astronomical and meteorological causes.  The data record was extended into the next 100 years with the addition of multiple cases of eustatic rates of sea-level rise based on IPCC (1990, 1996) low, mid, and high projections obtained from global climate change models.  Model simulations were achieved for each sea-level rise scenario by resetting the tidal prism for each case by calendar year.

The model is updated on an annual basis as to the predicted tide height which is then contrasted with the land elevation of each land unit to determine flood height or deficit.  A digital elevation model has been interpolated of the south Florida Everglades landscape and incorporated in the SELVA-MANGRO model based on 1 ft contours mapped by Parker et al. 1953.  Flood height is then used to predict favored habitat condition and species regeneration based on probability functions of species and community tolerance to water level and salinity.  Mangrove species establishment was modeled as a function of tidal sorting and presence or absence of parent trees in adjoining land units.  Seeding probabilities favored red mangrove in persistently inundated soils, while black mangrove and white mangrove seedlings were favored in irregularly flooded soils.  Mangrove regeneration and migration was allowed in any land unit where tidal inundation exceeded soil elevation for any given year.   In years where flood height exceeds tolerance for the prevailing habitat condition and favors a different habitat type, the model updates the habitat array to reflect a change in ecological succession.  Model output consists of land unit counts and hectares of converted habitat, loss and/or gain, by calendar year.

Model results show that species and forest cover changed over space and time with increasing tidal inundation across the simulated landscape for all sea-level rise scenarios.  The model predicts potential mangrove migration compared with contemporary distribution for selected sea-level scenarios, low, moderate, and high, expected by 2100 without regard for freshwater flow effects that are expected under CERP.  The greater the rate of sea-level rise the faster or more extensive the encroachment of mangroves onto the Everglades slope.  The model shows that freshwater marsh/swamp habitats will be displaced as the tidal prism increases over time as it moves upslope.  Under these modeling assumptions, mangrove habitat will increase over the next century under climate change and conversely, freshwater marsh/swamp is expected to decrease.  Mangroves are predicted to gain habitat extension at the expense of other freshwater habitats over the next century relative to a host of predicted estimates of climate change induced sea level rise in the abscence of freshwater restoration.  Coastal erosion is a realistic probability driven more from hurricane influence than just sea-level rise alone.  In spite of major storm strikes along the southwest coast where some tidal flats once dominated by mangroves remain unvegetated due to hurricane impact, the coastline over the last 60 years has remained remarkably stable.  The land building qualities of mangroves to capture and hold marine sediment deposition is sufficient to buffer normal wave energy of the Gulf of Mexico in the absence of severe tropical storms.

PROJECT OBJECTIVES:  The primary objective of this research study is to upgrade the SELVA/MANGRO model with additional spatial data sets and model algorithms that relate to issues and effects of hydrologic restoration of the Everglades drainage on the land-margin ecosystems compatible with the SFWMM, NSM, ELM, TIME and ATLSS models.  Study initiatives coincide with hierarchical scaling of model input and functions to capture the relationship between landscape and stand-level interactions of ecosystem organization and function on the composite vegetation response to changing climate and hydrology.  Hypothesis testing has been expressed in the form of model constructs of systems hierarchy and feedback mechanisms as important linkages controlling ecosystem composition, structure, and resiliency.  A spatially explicit community dynamics model, MANGRO, has been constructed to simulate inter-plant relations and species tolerance to relevant environmental conditions.  MANGRO encompasses those abiotic and biotic factors controlling tree and species growth, survival, and regeneration at the stand/community level.  The MANGRO model is imbedded within a geospatial model, SELVA, delineating the environmental gradients and disturbance regimes exogenous to localized stand conditions but important to climatic control of species distribution and community development at the landscape scale.  The following tasks describe a combination of empirical studies, GIS mapping, and model developments deemed paramount for upgrading SELVA/MANGO and for linking with CERP and ATLSS program needs.

Subtask 1-1:  GCC Plot Remeasurement

Field efforts will involve stem mapping mangrove forest structure of existing permanent plots (GCC-SOFL, Doyle et al. 1995) to establish patterns of spatial ingrowth and data accuracies, including tree heights, diameter at breast height, azimuth, distance, crown class, viability status, leaf area, and light (PAR) distribution.  This data will be used to initialize MANGRO (Doyle and Girod 1997) to test it’s capability to predict post-hurricane forest recovery and tree growth over the past decade.  

The null hypothesis for Subtask 1-1 states that there is no difference in interplant spatial relations that determine tree or species success.  Explicit spatial data of tree position and stature will be used to initialize model simulations to determine if there is any difference in model behavior and predictive outcome with non-spatial gap simulation of stand conditions.  Specific model algorithms related to intertree competition, shade tolerance, and light distribution with forest structure will be evaluated and verified with field data.  The results of this test will determine the complexity of model algorithms needed to predict stand level outcomes and the information required to pass up-scale for landscape integration with SELVA.

Results of CESI funding 2001 and 2002

Trimester and annual reports of study findings and progress have been delivered to funding prinicipals as requested and scheduled.  Resurveys of forest plots published by Doyle et al. (1995) have been accomplished and processed for SELVA/MANGRO model calibration and validation purposes.  Model performance trials of SELVA/MANGRO show that simulated regrowth is on average comparable to field observations but is generally faster than observed for blowdown areas and slower for partial blowdown sites.  Shading functions of survivors underestimate the functional damage to canopy branching and leaf area which slows forest ingrowth below actual field response.  Open canopy blowdown sites on the other hand have been slow to recolonize in contrast to model predictions in most cases.  Differences in field and modeling results can be a result of fairly limited field observations and model design which assumes available propagule sources and favorable site conditions for reestablishment.  Blowdown debris and rapid decomposition and subsidence of mangrove sites following hurricane impact may cause shading and hydrochemical conditions that may suppress potential regrowth than what has been investigated or discovered to date.  The field results are highly variable within and between sites which suggests that site-specific factors are more complicated than what current model algorithms and ecological understanding allow.  These field and modeling results of mangrove system recovery following hurricane impacts suggest that there is a much greater interaction of disturbance effects with site and hydrology factors than what is currently known and may therefore be important to consider under freshwater restoration.

Subtask 1-2:  Historic Ecotone Boundary Mapping
Aerial photography will be interpreted and digitized for a series of historic dates to establish historic rates and patterns of mangrove encroachment and retreat along ecotone boundaries.  Landscape change analysis will be conducted to identify areas of varying degrees of mangrove migration and to relate ecotone dynamics to changes in freshwater drainage, land use, and sea-level rise.  The SELVA-MANGRO model will be calibrated and validated to backcast/forecast ecotone migration for historic sea-level and streamflow conditions.

The null hypothesis for Subtask 1-2 states that there is no difference in mangrove/marsh ecotone boundaries across the land-margin ecosystem from past to present.  Digital contrasts will be used to determine whether there are changes in mangrove distribution, retreat or encroachment over the past 50 years.  Change analysis data layers will be constructed to illustrate specific areas and patterns of mangrove spread or retreat.  Model simulations of sea-level rise and freshwater outflow will be parameterized to determine model capacity to predict historic changes in ecotone shifts.  Model refinements will be added to account for hydrological impediments of highways and canals that account for changes in watershed relations and mangrove migration.

Results of CESI funding 2001 and 2002

Trimester and annual reports of study findings and progress have been delivered to funding prinicipals as requested and scheduled.  Ecotonal mapping products are currently available and underway for 1927, 1951, 1987, and 1995.  Digitized map products of the mangrove expanse of the 1927 T-sheet delineations, 1940 natural potential vegetation by Davis (1943), 1987 National Wetlands Inventory delineations, and 1995 habitat maps from the Gap Analysis Program and University of Georgia mapping efforts can be selected for SELVA/MANGRO landscape simulations.  Regional photo coverage of strip transects where field sites are located along the southwest coast are partially delineated from 1951 aerials that will provide a mid-line of mangrove migration to compare with early and contemporary dates and images.  Qualitative contrasts show that mangrove migration has occurred upslope and along tidal creeks and canals concomitant with sea-level rise.  Historic tide data from Key West, FL shows a 2.25mm/yr rise over the last century that is likely to continue or accelerate under global climate change.  Sea-level rise scenarios have been simulated with SELVA/MANGRO and published showing that without Everglades hydrologic restoration, mangrove migration will continue upslope and replace existing freshwater marsh/swamp habitats in the absence of freeze, fire, and hurricanes (Doyle et al. 2002, Doyle 2003a).  Hydrologic restoration of the Everglades may be expected to ameloriate some of the potential mangrove encroachment particularly in freshwater outlets of Shark River Slough and Taylor River.
Task 1-3:  Survey Land/Water Datums across Intertidal Zone
Synoptic surveys wil be conducted to determine land/water datums across the coastal zone including prairie, basin forest, riverine fringe and overwash islands.  Elevational relationships will be established to refine existing digital elevation models of the coastal zone.  Algorithms will be developed for SELVA-MANGRO model to predict tidal forcing and salinity conditions within the coastal zone.

The null hypothesis for Subtask 1-3 states that there is no difference in land and water datums across the land-margin ecosystem from the coast inland.  Continuous data loggers will be used to capture relative water level changes within select coastal reaches and drainages over multiple tide cycles.  Kinematic surveys of the associated mangrove soil surface will be tied to real-time water level datums.  Surveys will be rectified based on tidal datums and benchmarks.  Refinements of the existing digital elevation model (See figure 1-3) and tidal prism functions will be based on actual survey results and tidal harmonics.  

Results of CESI funding 2001 and 2002

Trimester and annual reports of study findings and progress have been delivered to funding prinicipals as requested and scheduled.  Continuous and synoptic sampling of water levels at the mangrove ecotone boundary has been accomplished for field site locations.  Elevation surveys have been conducted to relate hydrologic conditions to soil elevation of river/channel flow and backswamp mangrove sites.  Analysis of site hydroperiod has been conducted for 2001-2002 water year which shows that hydroperiod of in-channel and backswamp stations are significantly different with slower exchange and longer hydroperiods in backswamp areas than previously documented.  Local rainfall increases local hydroperiod abruptly and influences backswamp hydroperiod.  Differences in wet and dry season hydrology are readily apparent and account for the greater variability of local hydroperiod within years than between climate years.  Different watershed basins demonstrate lesser or greater coupling with the regional hydrology when compared to observed and predicted tidal hydrology.  Upgrades to SELVA/MANGRO include a tidal algorithm of tidal amplitude by location along the coastal margin from Naples to Miami, FL.  Users are given the option to accept a default tidal range or to enter a site-specific datum for mean higher high water which is used to determine whether the site conditions meet the intertidal requirements for sustaining mangrove viability.  Mean annual sea-level for the Key West, FL tidal station is used for simulating annual sea-level conditions which defines the tidal prism on the simulated landscape.  SELVA/MANGO applications of potential sea-level rise on mangrove migration in south Florida have been published (Doyle et al. 2002, Doyle 2003a).  Rectification of the SELVA/MANGRO digital elevation model are continuing based on tidal datums and ground surveys from this and other CESI and USGS sponsored field studies. 
Subtask 1-4.  Site Quality Characterization across Mangrove Landscape
Available resources including aerial photography, videography (Doyle et al. 1994), and available radar and satellite (Roberts et al. 1994) imagery will be used to classify a site quality index of mangrove habitat at the landscape level based on estimated and measured canopy height (potential) and greenness (NDVI).  Ground surveys and overflights will be conducted to achieve a representative watershed sampling and to establish classification accuracy and spatial interpolation.  Measures of soil fertility, hydrologic and geomorphic setting, and sapling productivity measures (D/H, internode relations) will be gathered as part of a coordinated effort with other projects and PI's, R. Twilley and T.J. Smith.  A classified site quality index map will be created in an ARCINFO coverage and converted to a raster set for the SELVA model and used to drive MANGRO growth functions for dwarf, intermediate, and tall growth forms and equations.  Locations of wading bird colonies, if available, will be digitized into the same GIS coverage to alter nutrient loading and site quality for inclusive stand simulations.

The null hypothesis for Subtask 1-4 states that there is no difference in mangrove habitat structure and growth potential based on canopy heights of mature stands across the Everglades complex. Field data will be analyzed to determine whether there are distinct clusters of vegetation habits, height and growth index, with site type and fertility.  An explicit map set will be generated to drive model functions of site productivity in SELVA/MANGRO in relation to site characterization.

Results of CESI funding 2001 and 2002

Trimester and annual reports of study findings and progress have been delivered to funding prinicipals as requested and scheduled.  Aerial videography of mangrove transects, coastal and inland, across Everglades National Park have been analyzed for tree height differences for nearly 200km strip of mangrove habitat.  Results of this work show that average tree stature approaches 10m based on stratified sampling of 250 freeze frames and ground locations across the larger coastal margin of Everglades National Park.  Study findings have been submitted for journal publication (Landscape Ecology, Doyle et al. 2003) and demonstrate that there is no statistical difference in tree stature of blowdowns following Hurricane Andrew impact across hurricane wind quadrants or between transects.  Tree heights have been collected from all field plots including hurricane remeasurement sites.  Local variation in tree stature is apparent in ground studies that could not be distinguished from aerial videography of post-hurricane blowdowns.  The SELVA/MANGRO model has been upgraded to include a site quality index based on maximum potential forest stature that moderates the growth functions to simulate dwarf and tall mangrove forests.  The default parameter setting in the model simulates a representative forest type 15m in height.  Ecotone study sites show that forest stature generally decreases to 5-10m at the marsh ecotonal interface.  Field measurements and analysis will continue to determine growth relations of tree taper, growth, and transpiration that explain controlling factors of soils and hydrology.
Subtask 1-5:  Develop External Model Linkages
Model linkages will be developed to hierarchically integrate SELVA-MANGRO with output from other CERP models, SFWMM, NSM, ELM, TIME and ATLSS as required to support CESI projects and assessments.  Direct or indirect programming developments will be devised to pass information up, down, and across scale as appropriate to establish crosslinks between models.  Applications will include predicting changes in ecosystem structure and function of restored waterflow alternatives for different parks and refuges, watersheds, and project locations under different climate change scenarios.  Executable programs of model upgrades and revisions will be accomplished to serve CERP and CESI program needs and evaluations of restoration alternatives. 

Results of CESI funding 2001 and 2002

Trimester and annual reports of study findings and progress have been delivered to funding prinicipals as requested and scheduled.  Graphic user interfaces and functionality have been upgraded in the revised versions of the SELVA/MANGRO models.  The models have been mounted on a dedicated USGS server for Web access by clients and cooperators to allow for remote access and application.  Restudy hydrologic simulations of daily stage have been added to the freshwater flow routine determined by 2X2 SFWMM model output for trailing cells that most influence runoff into Shark River Slough and Taylor River.  User-friendly selection windows allow the user to highlight the scenario of choice and to set the period of performance which can extend into the future by data wrapping hydrologic input for the current 30 year record based on 1965-1995 climate conditions.  The SELVA/MANGRO model apportions the effect of yearly tree growth based on relative daily hydrology index.

Extended Research Field and Modeling Activities for Year 4 and 5 CESI Funding

Subtask 1-6:  Physiological Response to Salinity/Hydroperiod Interaction

Mangrove species persist in tropical and subtropical intertidal zones in a rather broad spectrum of salinity and hydrologic regimes.  Field and experimental observations from the literature indicate that most mangrove species achieve their highest growth potential under modest mesohaline (5-18ppt) conditions.  The SELVA/MANGO model currently incorporates a suite of growth models derived from published studies of mangrove species response to static soil salinities from field and experimental observations.  Except in hypersaline settings that are thought to be rare in south Florida except on small islands within Florida Bay, the model algorithms do not distinguish differences in species response but rather modest growth reduction under freshwater (oligohaline) regimes relative to optimum brackish (mesohaline) conditions. Data are lacking on mangrove species response to the interaction of changing hydrology and salinity levels.  Current mangrove models do not contain functions that directly relate daily or seasonal hydroperiod and salinity levels to the physiological health and stress of mangrove forests. 

As part of the Greater Everglades Restoration Project, resource planners need to have access to models that incorporate hydrological variability within and between seasons where climate and management priorities will dictate system-wide freshwater availability and apportionment.   Seasonal variations in freshwater flow, precipitation, tropical storms, and managed flow are readily apparent in data from historic stage gages and from simulated data of proposed freshwater flow alternatives and output of the 2X2 SFWMM model.  The result of natural and managed freshwater flow are altered hydroperiods, flood depth and duration, across the regional expanse and habitats of the Everglades system.  Current field studies show that hydroperiod varies across the intertidal zone and that increasing freshwater flooding may be controlling the ecotonal boundary between mangrove and freshwater marsh/swamp habitat interface (See Task 1-3).  Field studies are underway to monitor mangrove species response that are described in greater detail in the following project tasks (See Tasks 1-7, 1-8). 

Greenhouse studies have been implemented at NWRC to investigate mangrove species tolerance to shade, salinity, and hydroperiod.  Results of shading experiments have been used to calibrate light response curves for constraining tree growth in the MANGRO model (Doyle and Girod 1997, Doyle 1998).  Mangrove species response to salinity has also been investigated for a range of light conditions mimicing closed, gap, and open forest conditions (Doyle 1998).  Hydroperiod experiments have also been devised to mimic tidal conditions in contrast to impounded or static water conditions (Doyle 2003b).  An integrated (salinity X hydroperiod) experiment is underway under controlled greenhouse conditions to monitor species and seedling physiology, transpiration, photosynthesis, biomass partitioning, and survival.  Upgraded daily and seasonal growth algorithms will be constructed for the SELVA/MANGRO model to refine existing annual growth modifiers to capture species response to changing hydroperiod and salinity that will relate more directly to differences in proposed freshwater flow alternatives.  The following null hypotheses will be tested with this experimental approach:

H0: There are no interspecific differences (R. mangle vs. A. germinans vs. L. racemosa) in transpiration, photosynthesis, biomass partitioning, or survival among seedlings developing under three contrasting hydroperiods. 

H0: There are no differences in transpiration and photosynthesis in mangrove seedlings between two growing seasons under comparable salinity X hydroperiod treatments.

METHODS

Seeds/propagules have been collected from mature R. mangle, A. germinans, and L. racemosa trees and sown in dibble tubes, and overwintered in a greenhouse at the National Wetlands Research Center, Lafayette, Louisiana under full light levels.  Seedlings were then transported to the University of Louisiana at Lafayette’s Center for Ecology and Environmental Technology (Ecology Center) in Carencro, Louisiana, where the experimental treatments have been constructed and will be maintained for two growing seasons. Seedlings were randomly assigned individually to a 22.7-L bucket.  Nine buckets, containing 3 individuals of each species, were randomly assigned to larger 560-L treatment mesocosms.  Artificial soils, which are a mixture of approximately 5 parts peat moss to 1 part sand, provides an organic substrate similar to that in the RB-NERR forests and interiorly located forests of SRS.  A layer of sand, approximately 2 cm thick, were placed on each soil surface to prevent floating of peat moss.  

The treatment combinations are as follows: (1) permanently flooded; (2) basin flood; and (3) saturated.  Flooded water levels are being maintained at approximately 5 cm above the soil surface for the two growing season duration of the experiment.  Basin flood simulations approximate general trends reported for a basin forest in Rookery Bay NERR.  Basin floods, therefore, are more representative of a pulsed bottomland hardwood wetland system than a diurnally tidal mangrove system, which may result from hydrological rehabilitation efforts in southwest Florida.  Floods are periodic, of constant depth, and last about 2 weeks each, with a greater percentage of floods occuring in the wet season.  Unflooded water levels are being kept at approximately 20 cm below the soil surface, which, through the capillary movement of water, maintains soil hydration.  Salinity levels in all treatments are being held between 7 and 8 g L-1 with a commercial brand seawater mix to approximate conditions within mangrove/marsh ecotone areas, and to provide adequate salinity without undue salt stress confounding relationships. 

Nine buckets were assigned to each treatment combination, with all treatments being replicated 5 times (Replication = Block) within a randomized block design.  Hence, the study consists of a total of 15 independently associated mesocosms (3 hydroperiods  5 replications), each with 9 seedlings (3 from each species), for a total of 135 seedlings in the entire study.  Light levels at the Center for Ecology are attenuated to approximately 60% of ambient in order to offset the heat load in the greenhouse facility, but photosynthetic photon flux density (PPFD) should be high enough to maintain leaf-level light saturation.  Light level within the greenhouse facility are being measured at 15 min intervals throughout the experiment with a quantum sensor and remote datalogger (Li-1400, Li-Cor, Inc., Lincoln, NE).  REDOX potential will be measured several times throughout both years of the experiment for a qualitative assessment of soil conditions relative to the various hydroperiod treatments.  

Growth Year 1. Total height and diameter of every seedling were taken initially and are being remeasured at approximately bimonthly intervals, along with leaf count and viability status, through the first year.  Growth Year 1 morphological measurements were taken and physiological light response curves for net carbon assimilation and transpiration were generated with a Li-Cor Li-6400 Portable Photosynthesis System (Li-Cor Inc., Lincoln, NE) on a random sub-sample of seedlings as follows: 

In the mid to late afternoon, a randomly selected set of buckets (N = 4-6) from a treatment replication was selected and placed in a low light (~ 2-20 µmol m-2 s-1), well-ventilated environment until selection for physiological light measurements the following day.  The youngest pair of fully expanded leaves were selected from each seedling and placed in a leaf cuvette for at least 10 min at ambient air temperature and approximately 800 µmol m-2 s-1 incident light.  The cuvette environment was then adjusted to actual leaf temperature and molar fraction (mmol) of H2O present in the leaf and a CO2 concentration of 375 µmol CO2 m-2 s-1.  For each leaf, photosynthetic assimilation and transpiration was measured at a PPFD of 1500, 1000, 500, 200, 100, 50, 20, and 0 µmol m-2 s-1 of artificial light with 2 to 5 min intervals between each measurement.

A non-rectangular hyperbola were used to model individual leaf assimilation (A) versus light (Q) using a photosynthesis software program (Photosyn Assistant, Version 1.1, Dundee Scientific, Dundee, Scotland, UK).  Dark respiration (Rday: µmol CO2 m-2 s-1), light saturated carbon assimilation rate (Amax: µmol CO2 m-2 s-1), apparent quantum efficiency (: µmol CO2 / µmol photon m-2 s-1), and curve convexity (k) was first estimated through linear regression using only the linearly increasing data from each curve.  Then, data were fitted to a quadratic equation to attain more accurate estimates based upon a curvilinear fit of A across the full light spectrum as follows:

                       [image: image1.wmf]day

R

k

QkA

A

Q

A

Q

A

-

-

+

-

+

=

2

)

(

4

)

)

((

)

(

max

2

max

max

q

q

q


Light compensation point (LCP: µmol photon m-2 s-1) was estimated by calculating the x-intercept and the light saturation point (LSP: µmol photon m-2 s-1) was estimated through extrapolation of data to the point where the Amax curve intercepts the LSP curve.   Maximum transpiration (Tr: mmol H2O m-2 s-1) and water use efficiency (WUE: µmol CO2 m-2 s-1 / mmol H2O m-2 s-1) at the highest rate of assimilation was calculated to determine potential adjustments by light and hydroperiod treatment under optimal instantaneous light levels.

The length of each leaf was recorded on all seedlings selected for physiological measurements and related, through previously established regression equations, to individual leaf area, and finally, to total seedling leaf area.  This allows photosynthetic light response to be determined on a total leaf area basis since L. racemosa is expected to produce more lateral branching than R. mangle and A. germinans and potentially have a greater overall photosynthetic potential even though leaf-level photosynthesis may be reduced.


Growth Year 2. Morphological and viability measurements will continue through the overwintering period and through the second growing season.  Light response curves will then be re-constructed.  This time, however, the variable of interest will be adjustment of photosynthetic and transpiration light response by hydroperiod relative to Year 1.  All of the seedlings will then be separated belowground and harvested to determine biomass partitioning among treatment combinations over the two-year experiment.  Total leaf area will be measured directly on all seedlings with a leaf area meter (Li-3000A, Li-Cor, Inc., Lincoln, NE), and those data will be used to scale physiological responses to the seedling level.

Subtask 1-8:  Fine-scale Dendrometric Response to Hydroperiod

Currently, links between a mangrove vegetation response and metrics of hydrology are indirect within mangrove ecological simulation models.  Such metrics; including salinity, nutrients, and site elevation; are implicitly linked to water flow, but are probably not the best metrics for evaluations of rehabilitation scenarios in south Florida.  Natural and managed freshwater flow regimes in the Everglades have shown a distinct seasonality related to wet and dry periods related to rainfall distribution.  Growth studies demonstrate that mangroves grow year round but that 70% of the growth is achieved during the spring and summer months in relation to photoperiod; however, no studies have been conducted to determine how mangroves respond to intra-seasonal variation in hydrology (Doyle 1998).  Mangroves systems are susceptible to freshwater inflow and droughts which have been known to cause acute dieoffs particularly under impounded and basin forest conditions (Doyle 2003b).  Freshwater regulation under natural and managed regimes may be an important forcing that controls mangrove success or dieback which is still little understood.  Fire and drought episodes has been speculated to control the ecotonal boundary and mangrove encroachment along the freshwater interface of the coastal land margin.  On the other hand, freshwater flow may abate the chronic intrusion of saltwater that may allow mangroves to migrate upslope and displace existing freshwater marsh/swamp habitat predicted with the SELVA/MANGRO model under historic and accelerated sea-level rise (Doyle et al. 2002, Doyle 2003a).

Fine-scale physiological functions are needed to upgrade the MANGRO model in order to relate mature tree growth directly to seasonal effects of changing hydroperiod.  A field study is underway to determine diameter growth patterns in southwest Florida mangrove vegetation relative to species (R. mangle vs. A. germinans vs. L. racemosa), season (wet vs. dry season), and long-term natural hydroperiod (hrflooded mo-1), interactively with site-specific edaphic characteristics, through fine-scale dendrometry.  Field measurements will be used to construct revised algorithms for predicting daily hydroperiod changes on species growth in the SELVA/MANGRO model.  The following null hypotheses will be tested with this experimental approach:

H0: There are no site or interspecific differences (R. mangle vs. A. germinans vs. L. racemosa) differences in mangrove diameter increment among five sites with contrasting hydroperiods from a riverine (Shark River Slough) and basin (Rookery Bay Reserve) mangrove system.

H0: There are no seasonal differences (wet season vs. dry season) in mangrove diameter increment among five sites with contrasting hydroperiods from a riverine (Shark River Slough) and basin (Rookery Bay Reserve) mangrove system.

METHODS 

Sample design– Diameter growth studies are being conducted at Rookery Bay Reserve (RB-NERR) and Shark River Slough (SRS).  At each study site (N = 5), dendrometer bands were installed on approximately 20 trees per species from each site.  In isolated cases where individual species availablity was limited, fewer of one species was selected but was supplemented by additional individuals of a more common species; fewer than 15 trees per species were avoided.  Bands were modified slightly by using a flexible stainless steel to prevent corrosion in saline environments.  Each tree was marked with a numbered aluminum tag, measured for DBH and height, scraped lightly at approximately DBH with a rasp to ensure a tight band fit against the tree cambium, and fitted with a dendrometer band. Dendrometer bands are designed to measure millimeter fractions in circumference increment that translate into even finer resolution for diameter increment.  With such fine resolution, patterns of tree growth have been successfully related to day length, insolation angle, air temperature, and rainfall.  Bands will be remeasured quarterly for about 2-3 years to allow for sufficient long-term climate contrasts of intra- and inter-seasonal variation in tree and species response.

A sonic water level recorder (Model 220, Infinitie USA, Inc., Daytona Beach, FL) has been installed on each site within banded trees to record site hydroperiod (hrflooded mo-1).  Elevation transects will be established from fringing, open estuarine areas to water level recorders in order to assist in relating degree of inundation with predicted tides and subsequently with stress as quantified through dendrometry. 

Subtask 1-9:  Whole-tree Transpirational Response to Hydroperiod

Physiological studies and models based on controlled seedling experiments and outplantings provide important process calibrations on an individual tree and species basis but do not adequately equate to whole-tree and closed-canopy forest response.  Restoration alternatives for the Everglades system will involve an increase in freshwater flow that may vary with timing and location, but in general is expected to increase hydroperiod over current and historic conditions.  Increased flooding is likely to alter the physiological reaction of mangrove trees, species, and forests in ways that are yet poorly understood.  Calibrating the water-use characteristics of whole-trees and forests has been achieved in recent years with sap-flow instrumentation and measurements that approximate in-situ transpiration rates.  Calculated evapotranspiration rates can then be used to quantify ecosystem-scale water budgets that are related to leaf area, stand density, and environmental conditions, all of which are parameters modeled in the SELVA/MANGRO model.  However, the SELVA/MANGRO model lacks a hydrological process at the tree, species, and population level that simulates the transpirational demands and soil water availability that affect local hydrology or the impact of increasing hydroperiod on forest health and distribution.

Sap-flow studies provide a widely-used technique to measure water use in trees and the basis for up-scaling to the forest or ecosystem level.  This technique has not heretofore been attempted on mangrove species but has been extensively applied for many tree species and forest types, temperate and tropical.  Field sites with riverine and basin hydrogeomorphology have been established where xylam-sap probes will be deployed to gage whole-tree transpiration by size and species.  Site comparisons will provide a basis for determining a hydroperiod link between transpiration potential, stem growth, leaf area, stand density and total water budget for mangrove swamps. Transpirational data and scaling will be used initially to verify water budget model simulations for the HYMAN model (See Task 2).  These field results will also verify which flooding regimes produce the greatest amout of physiological activity among mature mangrove trees, which can be linked through a growth response function in the MANGRO and FORMAN forest simulation models.  Landscape-level transpiration functions for different flood regimes (i.e., hydroperiods) will be constructed for the SELVA-MANGRO model. The following null hypotheses will be tested with this experimental approach:

H0: Xylem sap-flux density does not differ between flooded and non-flooded regimes on identical sites in paired-day comparisons.

H0: There are no interspecific differences (R. mangle vs. A. germinans vs. L. racemosa) in xylem sap-flux density in a southwest Florida mangrove forest.

H0: There are no seasonal differences (wet vs. dry season) in xylem sap-flux density in a southwest Florida mangrove forest.

METHODS

Xylem sap flow studies will initially be conducted in RB-NERR, but may later be expanded to SRS.  RB-NERR provides an adequate logistical base for these more intensive physiological measurements that will require constant attention.  Also, installing studies on at least one site used to develop original mangrove water budgets will provide a stronger site-specific link between transpiration and total water budget calculations for southwest Florida mangrove swamps. 

Sample Design - In RB-NERR, the same framework established for dendrometer band plots (Experiment 1) will be used, however sample sizes will be reduced.  Past investigations have suggested that between 5 and 10 trees are adequate to measure stand transpiration.  All attempts will be made to install xylem sap studies on both RB-NERR sites, although sample sizes will be adjusted positively on the one selected site if selection of both sites is not possible.  

On each site between 6 and 8 trees per species (depending upon forest composition) will be selected from those with dendrometer bands.  Hence, the number of trees sampled per site will be considerably above the 5 – 10 required to determine stand water budgets.  Continuously heated xylem sap probes will be installed in selected trees for a one-month minimum evaluation period during two time frames, spring/summer (wet season) and winter (dry season).  Two assumptions are important to xylem sap flow measurements, both of which are most likely met in mangrove vegetation since foliar absorption of water is not a reported metabolic pathway.  First, water transpired by the tree should equal the water absorbed by the roots, and second, transpiration and absorption should be constant and equal in magnitude.  Furthermore, transpiration can be estimated from xylem sap flow even if stem water storage does occur; the error imposed by water storage is likely to be small.  Xylem sap flux density is, therefore, expected to be a good approximation for whole-tree transpiration in mangrove swamps.  

Probes will be inserted to approximately 1.5 to 2 cm within the outer xylem of the tree, and xylem flux density at that reference depth will be assumed representative. However, experimentation with methods and formulae advanced by collaborators at LSU (Baton Rouge, LA) to determine maximum flow rates with depth may necessitate a change in probe insertion depth.  

The design consists of two probes, one with a heating element and thermocouple and one with a thermocouple alone.  Collectively, thermocouples measure the heat differences between the two probes to relate to sap flux.  Xylem sap flux density per unit sapwood or leaf area, u, is calculated as: 
        

u = 119 * (dTmax - dTa) /dTa )1.231
where dTmax is the temperature difference when xylem sap flow equals zero (night-time rate), dTa is the measured temperature differential at actual xylem flux, and both 119 and 1.231 are determined constants.  From these rates, scaling to the tree and stand is pretty straight-forward and can be accomplished with the following formula, where tree/stand sap flux density (F: g H2O s-1) is:

F = uSA
where SA equals indivudual tree cross-sectional sapwood area, plot sapwood area, or, even, leaf area per unit ground area, depending upon the desired scaler.

Sap probes and field implementation of techniques will be performed in collaboration with Dr. Jim L. Chambers and Joy P. Young at Louisiana State University, Baton Rouge, LA.  Two dataloggers (EnvLoggers, LSU) will be deployed per location to limit the risk of non-demonic intrusion.  Heat probes are powered by deep-cycle marine batteries and will require constant maintenance during measurement periods.  

All trees will be fairly close spatially to minimize site variability.  Stand basal area will be quantified on each site.  Trees will be located as close to water level recorders as possible to ensure that water inundation frequencies are closely linked to physiological measurements spatially.  Soil oxidation-reduction (REDOX) potential will be measured during at least one flood cyle and one drained cycle with spatial replication for a qualitative assessment of soil conditions while flooded.  Continuous dataloggers (HOBO, Onset Computer Corp.) will be deployed (2 per site) to record canopy temperature and relative humidity in order to relate these variables, including vapor pressure deficit, to diurnal patterns of whole-tree transpiration.

Rates and patterns of xylem sap flow will be presented relative to stand leaf area index around each evaluated tree.  Leaf area index will be determined for each evaluated tree with hemispherical photographs taken from two opposite directions approximately 1-2 m from the center of each tree.  A commercial software applications program (HemiView, Delta-T Devices, Cambridge, UK) will be used to analyze all photographs and determine leaf area index from each frame.  In all, xylem sap flow rates will be quantified for a total of approximately 36 trees, and will be used to scale physiological water transport processes to stand-level rates of transpiration (mm yr-1).  
Subtask 1-10:  Disturbance Histories and Probability Functions

Mangrove species and systems are susceptible to climate events and episodic disturbances that can cause partial or complete dieback, including hurricanes, freezes, droughts, floods, and lightning strikes.  The return frequency of these various climatic phenomenon vary across the Everglades landscape.  For example, the mangrove communities of the Everglades along the east coast experience a higher hurricane strike incidence than mangroves along the southwest coast or Ten Thousand Islands area.  Likewise, freeze events occur with greater frequency at the northern extention of mangrove habitat along the central Gulf coast of Florida than the populations in the Everglades region.  Even severe rainfall events and excessive freshwater runoff under impounded circumstances can induce major forest dieoff events in mangrove zones (Doyle 2003b).  The SELVA/MANGRO model was developed with data and funding that coincided with the impact of Hurricane Andrew in 1992.  Model applications (Doyle and Girod, 1997) have determined that hurricanes play a much greater role in the structural and functional dynamics of mangrove forest succession than previously documented.  The interaction of huricane impact with forest recovery related to hydrology has also been deemed important where rapid root subsidence in coastal blowdown sites can alter soil elevation and chemistry sufficiently to inhibit recolonization.  

The null hypothesis for Task 1-10 states that there is no difference in the probability estimates for disturbance, hurricanes, lightning, freezes, across the Everglades complex either latitudinally or longitudinally.  HURASIM (Doyle et al. 1995, Doyle 1997, Doyle and Girod 1997) is a hurricane simulation model that has been used to reconstruct past storm windspeeds and circulation to complement field and modeling studies in mangrove and other forest types.  Model output from HURASIM has been used to correlate the degree and pattern of impact and recovery based on damage inventories (Doyle et al. 1995), windfall characteristics (Doyle et al. 2003), and changes in tree ring growth (Doyle and Gorham 1996).  The HURASIM will be appliedd in this study to create a landscape map of maximum wind force and duration reconstructions of hurricane activity for the period of record 1851 to present.  Hurricane return frequencies and windspeed probability fields will be generated for 1km scale grid cells across the south Florida landscape as a disturbance data layer in the SELVA-MANGRO model.  Interactive functions will be added to the model to restrict forest recovery where mangrove habitats are likely to revert to coastal mud flats under given land/water datum relations following severe impact or blowdowns.  Other parameters as identified such as wind direction and sediment deposition patterns can also be retained in SELVA for simulating other hurricane-related forces and consequences.  MANGRO already contains a calibrated function for predicting tree mortality related to wind force.  Model applications will be available to consider the effects of freshwater flow alternatives with and without the interaction of catastrophic disturbances of climatic origin that may interact with freshwater flow and delivery so as to promote or limit mangrove resiliency.

Subtask 1-11:  SELVA/MANGRO Application Link to ATLSS DataViewer

The ATLSS Data Viewer System (DVS) is an application developed to allow resource managers and scientists to display and analyze the output of ATLSS-based simulation models.  ATLSS represents a suite of higher trophic simulation models designed to predict the response of select faunal groups and populations to changes in terrestrial habitat and hydrology with and without restoration alterations.  Spatially-Explicit Species Index models have been developed that generate a comparative index value based on potential breeding and foraging success in relation to changing hydrologic and habitat conditions.  SELVA/MANGRO requires a potential productivity index that defines the impact or benefit of specific hydrologic scenarios to simplify contrasts of model output and forest complexity.  The model output routines will be modified to dump simulation output in file formats that are compatible with the ATLSS Data Viewer utility software.

Task 2:  The Utility of Mangrove Unit Models (FORMAN, NUMAN, HYMAN) in Support of the Comprehensive Everglades Restoration Plan (Robert R. Twilley and Victor H. Rivera-Monroy, Center for Ecology and Environmental Technology , University of Louisiana at Lafayette, Lafayette, LA)

Mangrove wetlands, as ecotones of continental margins in warm temperate to tropical climates, are one of the most susceptible ecosystems to climate and land use change (Twilley 2001).  These forested wetlands will be a key habitat to evaluate the performance of restoration criteria in reestablishing food webs and rookeries in the coastal Everglades.  We propose that mangrove unit-models can help understand and project how upstream water management scenarios in the Everglades watershed will influence the structure and function of downstream mangrove estuaries. More than 240 miles of project canals and internal levees within the Everglades will be removed to reestablish the natural sheetflow of water through the Everglades. There are two important considerations associated with how Everglades restoration efforts may influence mangrove estuaries: (1) how will changes in hydrologic conditions and water quality affect the mangrove zone, and (2) how will the mangrove zone modify the nutrient biogeochemistry of water passing through these land-margin ecosystems. We propose that unit models focusing on various attributes of ecosystem structure and function can be integral tools in testing and validating a variety of considerations in water management plans as part of the Comprehensive Everglades Restoration Plan (CERP). These models can also be used to assist in developing and testing conceptual models in the RECOVER (REstoration COordination & VERification) program that is designed to support the efforts of CERP. Unit models, such as those described in this proposal, can assist several of the RECOVER teams that are responsible for developing conceptual ecological models, establishing performance measures and restoration targets, implementing a system-wide monitoring and research program, and performing adaptive assessment protocol. Mangrove unit models can assist in the objectives of these different team efforts as related to the Everglades Mangrove Estuary models that are part of the RECOVER program. 

We propose the combined application of a hydrology box model (SALSA) and three mangrove unit models (HYMAN, NUMAN, and FORMAN) to help develop and implement management plans for the restoration of the Everglades region (www.ucs.louisiana.edu/~rrt4630/mangrove-restudy.htm).  Our goal is to further develop the utility of the SALSA and HYMAN hydrology models with the FORMAN and NUMAN models to understand the links between water management and mangrove function in coastal Everglades. We view these models as representing the three key areas of mangrove structure and function: hydrology, nutrient biogeochemistry, and ecological succession (Figure 1).  Model development will continue on improving the linkages of these models so that specific responses in community development of mangrove forests can be associated with changes in nutrient biogeochemistry and hydrology of the Shark River estuary. In addition model development will be initiated to compare mangrove response in the Taylor Slough estuary using a similar approach. This comparison of mangrove unit models for both the Shark River and Taylor River estuaries should gives insights to how different mangrove environments will respond to water management scenarios recommended in CERP.  The present structure and function of these two mangrove estuaries are very distinct, and should serve as excellent conceptual models that capture projected responses across contrasting geomorphological types. Task elements described below not only describe modeling efforts, but also include concurrent field and experimental studies to provide key parameter inputs and data for model development and scenario testing.  The significance of these key parameters has been identified from previous sensitivity tests and simulation experiments published in peer-reviewed literature (Twilley and Chen 1998, Chen and Twilley 1998a,b, Twilley et al. 1999a,b).  

These models will be applied to project the response of mangrove stands to changes in quantity and quality of discharge from upland watersheds as part of the Everglades Restoration Program under the Critical Ecosystem Study Initiative (CESI). The SALSA model is a box model designed to forecast changes in salinity of the water column along the Shark River estuary as a result of planned changes in waterflow in the Shark River Slough. Outputs from this box model are used as inputs to HYMAN, a hydrology model of mangrove forests. Soil fertility of mangrove zones along a tidal or topographic continuum can be simulated using forest structure and allochthonous nutrient inputs (NUMAN). This allows managers to evaluate specific responses of mangroves, including hydrology and ecological processes, to modified water deliveries to Everglades National Park as proposed in the Natural Systems Model (NSM).

NEED, KEY QUESTIONS & RESTORATION BENEFITS:  The land-margin ecosystems in southwest Florida represent a combination of different mangrove ecological types in mainland carbonate environments with gradients in amount of peat accumulation.  Although there exist much published literature concerning the geology and forest structure of these ecosystems, along with analyses of food webs in these environments, the biogeochemistry and productivity have not been addressed.  These ecological properties are important because potential changes in nutrients and hydrology in the upland watershed may have important impacts on the structure and function of mangroves in the coastal margin of southwest Florida.  Initial studies of these specific types of mangroves indicate that they are sensitive to the availability of nutrients and type of hydroperiod (Chen and Twilley 1998a).  Thus changes in the water management of this coastal region could have significant ecological impacts on these mangrove ecosystems. 

Restoration efforts in south Florida include issues of water management including projected impacts of fresh water diversions and nutrient enrichment on the Everglades and associated wetland ecosystems.  However, the responses of mangroves to changes in water quality and the role of these land-margin ecosystems to mitigating nutrient enrichment in the coastal zone have received little attention.  The biogeochemical properties of mangroves are the least understood of ecological processes along the transition from upland to coastal margin ecosystems (Twilley 1995).  Thus the specific nature as to how the distribution of nutrients influences mangrove structure and productivity, and the role of mangroves in the fate of nutrients in sub-tropical estuaries, are poorly understood.   Continued efforts monitoring these biogeochemical processes, together with further development of ecological models, will provide important information on the projected response of mangroves to changes in water management in this coastal watershed.

Ecological modeling is a powerful tool that can be used to describe, quantify, and forecast the response of mangroves ecosystems to different coastal management strategies.  Potential impacts of coastal eutrophication and hydrological modifications on the structure and function of mangroves need to be evaluated in advance before implementing programs that modify regional land use, which can profoundly alter forcing functions controlling mangrove distribution and productivity (Twilley et al. 1999). 

There are several key questions in the CERP and RESTORE documents relative to the response of mangroves in the coastal Everglades zone to upstream water management scenarios.  Many of these issues require additional modeling efforts since mangroves are outside the boundary of present landscape modeling efforts. In addition, a key approach of the conceptual models in RESTORE is to utilize geomorphological types to characterize the diversity of responses to expect across the coastal zone. These questions are summarized as the following: 

1) How does mainland hydrology, as simulated by surface and groundwater models, link to freshwater inflow and to the resulting distribution of salinity and nutrients in the Mangrove Estuary?

2) How will the distribution of salinity and nutrients, resulting from the restoration of freshwater inflows in combination with sea level rise, affect the distribution, productivity and organic soil accretion of the mangrove forests? Will predicted rates of peat accretion equal or exceed the predicted local, long-term rise in sea level?

3) What are the interactions of salinity and hydroperiod on mangrove structure and productivity; in particular how will these factors influence the position and rate of movement of the mangrove interface?

4) What are the interactions of nutrients and mangroves, including how nutrient concentrations affect production and structural aspects of mangroves and how the mangrove zone affects nutrient transport downstream? What is the contribution of mangrove ecosystems in different drainage basins along the coastal Everglades as a Source and/or Sink of primary nutrients in mangrove estuaries?

5) How will mangrove forest structure and productivity of mangroves across Gulf of Mexico and Florida Bay differ in response to changes in water management in Everglades watershed?

The goal of this proposed research program is to further develop the linkage between the SALSA Box model with the HYMAN, NUMAN, and FORMAN models to evaluate the  effect of changes in water management on vegetation development and biogeochemistry of mangrove ecosystems along the Shark River and Taylor River estuaries. The objective of these mangrove unit models is to provide assistance for critical decisions regarding the potential impacts of changes in quantity, quality and timing of water deliveries from upland watersheds on mangrove succession and nutrient cycling in coastal Everglades. 

BACKGROUND MODEL DEVELOPMENT: 

The Salinity Box Model of the Shark River Estuary (SALSA) (www.ucs.louisiana.edu/~rrt4630/salsa.htm ) was constructed using freshwater output data from the 2x2 South Florida Water Management Model (SFWMM) and salinity data provided by Florida International University. SALSA includes the effect of freshwater inflows (advection) and tidal flushing (dispersion) on the transport of water and salt through a series of sequential, one-dimensional volume elements (boxes). A tidally average flow (Qg) from Ponce de Leon Bay (Gulf of Mexico) is assumed to be constant throughout the estuary and calculated using long-term salinity and freshwater inflow data. The average flow was then used in a simple mixing equation to estimate salinity in the upper and lower Shark River estuary at different river discharges and to calculate tidally averaged exchange flows between boxes. The current structure of the model consists of 2 two boxes representing the upper and lower sections of the estuary; the center of the boxes are located 3.6 and 10.3 km from the mouth of the estuary (Figure 2). The spatial domain of the model is 7.6 km2. This data set includes long term surface and bottom salinity data for three stations along the Shark River Estuary from 1993 to 1996. Data for initial calibrations include output from the 1995 Base SFWMM run (cell: column 12, row 10) and the 1995 salinity data from the FIU data set. Freshwater inflow data used to run SALSA were provided by SFWMM under different management alternatives or scenarios. SALSA simulations were verified using salinity data (1993 to 1996) from the Gunboat station obtained during 1993, 1994 and 1995 and the hydrological output from the 1995 Base SFWMM run. 

The HYMAN model (Twilley and Chen 1998) is a hydrology model that simulates the mass balance of freshwater and tidal inputs, and calculates porewater and surface salinity in different zones of mangrove forests. The FORMAN and NUMAN models are designed to mimic ecological processes affected by water and nutrient delivery and the resultant patterns of forest development and nutrient distribution in coastal everglades of south Florida. One of the initial efforts will be to further develop (calibration, verification) of the SALSA box model for the Shark river and apply the same approach to develop a model for Taylor Slough. These models will be then linked to the HYMAN model to forecast changes in soil salinity under different scenarios of water flow change along the drainages. Since soil salinity is one of the major factors controlling vegetation development simulated by the FORMAN model, the interaction between these models will allow a comprehensive analyses of vegetation change along waterflow and salinity gradients (Figure 2).  

Another effort will be to upgrade the existing FORMAN unit models by including more mechanistic control of community development. The primary objective of the FORMAN model is to simulate the mechanistic effects of spatial gradients in soil characteristics and hydroperiod on the growth and development of mangrove wetlands. The FORMAN model (Chen and Twilley 1998a) is an individual-based mangrove succession model that simulates the influence of physical factors on species distribution and productivity on yearly basis. Resource competition theory is utilized to model community development due to the shifts in nutrient pools and availability across the land-margin coastal hydrological gradients of the Shark and Taylor River estuaries. Upgrading the FORMAN model will require a better understanding of the interaction between hydroperiod and nutrient availability on productivity of mangrove and marsh communities.  This includes mesocosm experiments of N and P enrichments (three treatments, each) on growth of Rhizophora, Avicennia, Laguncularia under two hydroperiods (long vs short) at two salinity regimes.  These studies will be performed in greenhouses at the Center for Ecology and Environmental Technology at UL Lafayette. Ecological types of mangrove wetlands across different geomorphological regions with contrasting fertility may have different plant and ecosystem strategies of ecological succession.  One of the key mechanisms that has been proposed that may influence shifts in vegetation pattern along the estuary gradient is also a rate of propagule recruitment and establishment.   

The NUMAN model was developed to simulate the availability of N and P in mangrove soil by coupling the simultaneous effect of productivity and allochthonous inputs of mineral sediment (Chen and Twilley 1998b). In brief, the NUMAN model was modified from the SEMIDEC (Morris and Bowden 1986) and CENTURY (Parton et al. 1987) models of soil organic matter for marshes and grasslands, respectively.  Results from our nitrogen and phosphorous cycling studies in mangrove forests (Rivera-Monroy et al 1995a, b, Rivera-Monroy and Twilley 1996, Twilley 1995, 1997) show the regulatory nature of C:N:P ratios have on N and P transformations, particularly P and N immobilization. One of the key transformations that needs further study is documenting the role of allochthonous P inputs and N fixation in the C:N:P ratio of mangrove wetlands. Model modifications will include explicit relationships of N and P transformations such as immobilization and mineralization.  By adding mechanisms that describe the partition of C, N, and P exchange (atmosphere and water) and regeneration, we expect to increase our understanding of how mangroves influence the fate of nutrients in coastal Everglades. 

Task elements are designed to methodically calibrate model functions and parameter sets and to validate model behavior and results compatible with existing mangrove research programs of USGS/BRD and ATLSS to model the Everglades mangrove estuary. These data will be related to the development of landscape models of mangroves, MANGRO, by Tom Doyle (National Wetlands Research Center) that is to be integrated with the ATLSS modeling effort by Don DeAngelis (USGS/Miami). A large part of the proposed effort to utilize mangrove unit models will be to demonstrate to the various research and management groups associated with the Everglades restoration teams (RESTORE) the utility of the these types of models in conceptualization of restoration goals, and assisting in evaluation of restoration designs and target criteria. These models could be very helpful in developing feedback during the adaptive management phases of this restoration effort (Twilley et al. 1999a). 
PROJECT OBJECTIVES:  The individual tasks are designed to methodically integrate the SALSA, HYMAN, NUMAN and FORMAN models into the research programs under RECOVER along with efforts to model the Everglades watershed. The goal is to develop specific guidelines as to how these mangrove unit models can be utilized in the ecosystem and landscape modeling efforts to assess the response of coastal ecosystems to changes in quantity and quality of freshwater inputs from the upland watershed. There is a consensus that mangrove resources are a key component of the biodiversity and productivity of the region and therefore need to be included in the management plan under different freshwater flow scenarios.  A large part of this effort will be to demonstrate to the various research and management groups associated with the Everglades restoration effort the utility of these mangrove unit models in projecting the impacts of freshwater diversion on mangrove wetlands. Along with this effort will be an opportunity of verification of the SALSA, HYMAN, NUMAN and FORMAN models at other sites such as Taylor Slough. The main goal of this proposal is to determine the utility of existing models to project the response of mangrove stands to changes in quantity and quality of water discharge as part of the Critical Ecosystem Study Initiative (CESI). 

Subtask 2-1.  Verify the HYMAN , FORMAN, and NUMAN models: The JABOWA-FORET individual gap models were used as a basic design to develop a model to simulate mangrove forest development (FORMAN). The FORMAN model (Chen and Twilley 1998a) is an individual-based mangrove succession model that simulates the influence of physical factors on species distribution and productivity on yearly basis. The HYMAN model (Twilley and Chen, 1998) is a hydrology model that simulates the mass balance of freshwater and tidal inputs, and calculates porewater and surface salinity. The NUMAN model was developed to simulate the availability of N and P in mangrove soil by coupling the simultaneous effect of productivity and allochthonous inputs of mineral sediment (Chen and Twilley 1998b). NUMAN was calibrated with field measurements in the Shark River estuary and estimated rates of several processes including N mineralization, P accumulation from exogenous sources, and export of organic detritus from mangroves to coastal waters (Chen and Twilley 1998b). FORMAN and NUMAN models were calibrated with sites along the Shark River estuary, but needs to be verified on other mangrove plots in the south Florida. We are currently performing studies on nutrient cycling in mangrove forests along the Taylor Slough and are planning to use data already collected to perform verifications in this region as part of our collaborative effort with FCE/LTER program (FIU) and interactions with SFWMD. In addition, there are several key parameters that have been identified in each of the manuscripts describing these models that will be the focus of the field and mesocosm studies proposed to continue to develop these unit models.  These parameters are important in the use of FORMAN and NUMAN models to evaluate critical restoration scenarios proposed within CESI. 

The NUMAN model (Chen and Twilley 1998b) used a cohort analysis of mangrove soil formation.  This initial modeling effort discovered some key parameters that need to be calibrated to understand the soil organic matter and nutrient pools along the estuary gradient in southwest Florida.  One of these parameters is the allocation and turnover of above- and belowground biomass of mangrove wetlands related to soil conditions. We propose field and mesocosm studies of these processes to directly test biomass allocation of different mangrove species along nutrient, salinity, and hydroperiod gradients.  Comparisons of organic matter production, both above and below ground, will be evaluated among soil cohorts and compared to the input of mineral matter.  Better definition of these processes in the NUMAN model will improve estimates of organic matter accumulation and soil accretion (elevation) in mangroves under different water management strategies. These simulations can be validated by field studies underway by Smith and Cahoon at selected sites in the Everglades mangrove estuaries. Parameterization and calibration of the NUMAN model will have important applications to understanding the impacts of specific water delivery schedules from the upland Everglades watershed to the long-term sustainability of mangroves under conditions of present sea-level rise. 

Subtask 2-2.  Linking SALSA to HYMAN and FORMAN: One of the past limitations of the SALSA model was that freshwater input comes from cell 12-10 of SFWMM (Figure 2). This cell is the boundary of the spatial model and therefore model output has more uncertainty that cells located in the interior of the Everglades National Park. In addition, there were few actual measurements of river discharge available for the Shark River estuary . Since the development of SALSA in 1998 freshwater discharge has been measured in Tarpon Bay and hydrological measurements (hydroperiod) have been performed intensively during the last 2 years by USGS and Florida International University in collaboration with UL-Lafayette.  In addition there is a very extensive monitoring of water levels and salinity in mangrove estuaries of coastal Everglades (TIME, http://time.er.usgs.gov/index.html). The acquisition of these field data will certainly help to further develop and calibrate the SALSA model and advance potential linkages with the HYMAN model to predict mangrove soil salinities under different water management strategies.  Further application of the SALSA model in the Taylor Slough will allow an comparison of changes in water flow among these two sites with very different mangrove forest structure (average tree high is 9 and  <4 m in the Shark River and Taylor Slough, respectively). 

We will further develop the SALSA model by increasing the number of boxes in the Shark River estuary and apply the same approach in Taylor Slough. Salinity and hydrology data are currently available in both areas and will allow us to expand the calibration efforts and coupling of the SALSA output to the HYMAN model. The criteria to build the different boxes will be based on changes in vegetation (mangrove height, species dominance, and freshwater vegetation ecotones) to assure that different vegetation structures at the landscape level are represented along the hydrologic gradient. 

Subtask 2-3.  Nutrient biogeochemistry-Biomass Allocation and Soil Formation: The pool of available nutrients in mangrove soils is a product of several processes that proceed on different time scales: plant production (aboveground and belowground), decomposition of litter fall, mineralization of organic matter, input by rainfall and ground water, sedimentation by tide and runoff, and uptake by plants.  The NUMAN model was developed to simulate the availability of N and P in mangrove soil by coupling the simultaneous effect of these processes.  In brief, the NUMAN model was modified from the SEMIDEC (Morris and Bowden 1986) and CENTURY (Parton et al. 1987) models of soil organic matter for marshes and grasslands, respectively.  The NUMAN model (Chen and Twilley 1998b) used a cohort analysis of mangrove soil formation.  This initial modeling effort discovered some key parameters that need to be calibrated to understand the soil organic matter and nutrient pools along the estuary gradient in southwest Florida.  One of these parameters is the allocation and turnover of above- and belowground biomass of mangrove wetlands related to soil conditions.  We propose field and mesocosm studies of these processes to directly test how they vary along nutrient gradients.  Comparisons of organic matter production and decomposition will be evaluated among soil cohorts and compared to the input of mineral matter using Pb-210 techniques (see Nutrient Exchange below).  These processes along with the NUMAN model can be compared with results of soil accretion and elevation proposed for study by Smith and Cahoon at selected sites in the Everglades.  Parameterization and calibration of the NUMAN model will have important applications to understanding the impacts of specific scenarios of CESI to the long-term sustainability of mangroves under conditions of present sea-level rise. 
Subtask 2-4.  Nutrient biogeochemistry-Nutrients and Hydroperiod: Calibrating the FORMAN and NUMAN models will require a better understanding of the interaction between hydroperiod and nutrient availability on productivity of mangrove and marsh communities.  This includes mesocosm experiments of N and P enrichments (three treatments, each) on growth of Rhizophora, Avicennia, Laguncularia under two hydroperiods (long vs short) at two salinity regimes.  This is a major effort to provide parameters for the FORMAN and SELVA-MANGRO models.  Decrease in P concentrations alone could not explain 20% of the decrease in forest structure along the Shark River estuary; and there is evidence that this may be due to the additional effects of increased hydroperiod.  Thus accurate projections of marsh and mangrove distributions and community structure will depend on model formulations that capture effects of fresh water and nutrient inputs from upland watersheds to the coastal vegetation.  These studies will be performed in the new Environmental Greenhouse Facility (1 acre) constructed at UL Lafayette and includes wetland intertidal mesocosms ($300,000 greenhouse facility).

Extended Research Field and Modeling Activities for Year 4 and 5 CESI Funding
Subtask 2-5.  Nutrient biogeochemistry - Allocthonous Input from Freshwater Inflow

The pool of available nutrients in mangrove soils is a product of several processes that proceed on different time scales: plant production (aboveground and belowground), decomposition of litter fall, mineralization of organic matter, input by rainfall and ground water, sedimentation by tide and runoff, and uptake by plants. The NUMAN model was developed to simulate the availability of N and P in mangrove soil by coupling the simultaneous effect of these processes. Results from our nitrogen and phosphorous cycling studies in mangrove forests (Rivera-Monroy et al 1995a, b, Rivera-Monroy and Twilley 1996, Twilley 1996) show the regulatory nature C:N:P ratios have on N and P transformations, particularly P and N immobilization. One of the key transformations that needs further study is documenting the role of allochthonous inputs in the C:N:P ratio of mangrove wetlands.  Model modifications will include explicit relationships of N and P transformations such as immobilization and mineralization.  By adding mechanisms that describe the partition of C, N, and P exchange (water) and regeneration, we expect to increase our understanding of what processes control the flux of nutrients at the mangrove:coastal water boundary of the south Florida land-margin.

Subtask 2-6.  SALSA-MIKE11 Upgrade and Link to MANGAL

The Salinity Box Model of the Shark River Estuary (SALSA) is based in the method proposed by Miller and McPherson (1991) and simulates the freshwater inflows and salinity at the watershed scale. The method includes the effect of freshwater inflows (advection) and tidal flushing (dispersion) on the transport of water and salt through a series of sequential, one dimensional volume elements (boxes). A tidally average flow (Qg) from Ponce de Leon Bay (Gulf of Mexico) is assumed to be constant throughout the estuary and calculated using long term salinity and freshwater inflow data. Qg is then used in a simple mixing equation to estimate salinity in the upper and lower Shark River estuary at different river discharges and to calculate tidally averaged exchange flows (QE) between boxes. This type of model is also being developed for Taylor River. The general structure of the model consists of 2-6  boxes representing the upper and lower sections of the estuaries.  SALSA has been constructed using freshwater output data from the South Florida Water Management Model (SFWMM) and salinity data provided by FIU /Water Quality in Shark River and from the USGS long term data (1995-2001) in Taylor River.  

Depending on water flow and water column salinity data availability, we will also develop a 1-D dynamic flow model  (MIKE 11) for Shark and Taylor Rivers.  This model will help to dynamically simulate the magnitude and direction of salinity and water flow changes as result of management decisions.  This type of dynamic model has been already developed and calibrated for Taylor River. The SALSA box model and the MIKE11 type models for both regions will be linked to the MANGAL  model to simulate soil salinity in the mangrove forests based on changes of water column salinity in Shark and Taylor Rivers.   Salinity is one of the variables used by the MANGAL model to simulate forest structure and productivity. The coupling of these two models will allow forecasting of changes in salinity as result of the freshwater diversions established by the Comprehensive Everglades Restoration Plan in South Florida. 

Subtask 2-7:  MANGAL Application Link to ATLSS DataViewer

The ATLSS Data Viewer System (DVS) is an application developed to allow resource managers and scientists to display and analyze the output of ATLSS-based simulation models.  ATLSS represents a suite of higher trophic simulation models designed to predict the response of select faunal groups and populations to changes in terrestrial habitat and hydrology with and without restoration alterations.  Spatially-Explicit Species Index models have been developed that generate a comparative index value based on potential breeding and foraging success in relation to changing hydrologic and habitat conditions.  The MANGAL model comprises the linked architecture of a suite of forest/soils/nutrients/hydrology models (FORMAN, NUMAN, HYMAN, and SALSA) that predicts effects of changing freeshwater flow on the structure and function of mangrove systems along important riverine gradients (Shark River and Taylor Sloughs) of the Everglades.  Model output includes the annual and daily changes in the forest structure and soil characteristics that in themselves are important but will require a potential productivity index that defines the impact or benefit of specific hydrologic scenarios to simplify contrasts of model output and forest complexity.  The model output routines will be modified to dump simulation output in file formats that are compatible with the ATLSS Data Viewer utility software.

METHODOLOGIES
Estuary: Sampling of inorganic (NH4, NO3, NO2, PO4, SiO4) and total nitrogen and phosphorus will be sampled in the Shark River estuary adjacent to the six mangrove sites proposed in this study.  This water quality survey will include measurements of water salinity, temperature, and dissolved oxygen at each of the sites.  Forest Soil:  Three 40 cm deep cores will be obtained seasonally from each site using a 10 cm diameter aluminum coring apparatus.  Soil total carbon (C), nitrogen (N), and phosphorus (P), and extractable N and P, along with soil bulk density will be measured at 5 cm intervals.  Forest Pore water analysis:  Pore water samples will be collected at each site seasonally (three times during the study) using a plastic siphon with syringe from depth 0, 10, 20 and 40 cm.  On aliquot of pore water is filtered and assayed for inorganic nutrient (NH4, NO3 and PO4) and salinity.  Another aliquot of the porewater sample will be added to an antioxidant buffer in the field, then brought to the laboratory to be analyzed for sulfide concentrations. Modeling: Results of these field studies will be used to parameterize the NUMAN, FORMAN, and HYMAN models and focus on how to use the SALSA model as input parameters to these mangrove unit models.  The box model of the estuary will be further developed using information from USGS to estimate the loading of water and nutrients from Shark River estuary to coastal boundary current. In addition, a box model of Taylor River estuary will be developed to assist in modeling efforts where mangrove sites presently exist as part of the FCE/LTER. 

SCHEDULE OF PROJECT MILESTONES: This schedule has been revised with an actual start-up during the first quarter of  FY00 and funding schedule of three years with expected 5 year planning table and integration with other CERP and ATLSS related program elements.

YR1
YR2
YR3
YR4
YR5
TASK 1:  SELVA-MANGRO
 1.1     Plot Mapping



X
X

 1.2     Ecotone Mapping


X
X
X

 1.3     Datum Surveys



X
X
X

 1.4     Site Quality



X
X
X

 1.5     Model Linkages



X
X

 1.6     Physiology Studies



X
X
X

 1.7     Dendroband Studies



X
X
X

 1.8     Transpirational Studies



X
X
X

 1.9     Disturbance Chronologies




X
X

 1.10   Link to ATLSS Data Viewer




X
X







YR1
YR2
YR3
YR4
YR5
TASK  2: MANGAL Unit Models

 2.1   
Link FORMAN/NUMAN

X
X
X

 2.2
Link SALSA/HYMAN

X
X
X

 2.3  
Biomass Turnover


X
X
X

 2.4 
Nutrients/Hydroperiod

X
X
X

 2.5
Allocthonous Inputs




X
X
X

 2.6 
SALSA/MANGAL 




X
X
X

 2.7 
Link to ATLSS Data Viewer



X
X

Reports and Deliverables: 

Type of Product*
No.  of Copies
Due Date

1.  Brief letter report with the following: [1] date of receipt of executed contract (i.e. start date), [2] this “table” with specific due dates, [3] status of progress made towards providing data/metadata/model-source-code, [4] draft text w/ graphics/slides for 2-pager Fact Sheet.
Original + 2 + electronic copy
60 days after award of contract.

2.  1st Trimester Report – a brief report updating progress/problems to date and   all data and metadata file, &/or model source code to date.  Plus, final of 2-pager Fact Sheet.  For ENDING projects, in addition to above, provide a plan for final report in a detailed outline format.
Original + 2 + electronic copy
120 days after award of contract.

3.  2nd Trimester Report – with updated data/metadata file[s] &/or model source code.  Plus, “Request for Continued Funding” for the next year funding.  For ENDING projects, provide a DRAFT final report suitable for external review.
Original + 2 + electronic copy
240 days after award of contract.

4.  Annual or Final Report with all data to date with metadata file[s], fully documented model source code.  For FINAL modeling projects, a fully executable, fully documented model source code is required.
Original + 2 + electronic copy
1 Year after award of contract.

*  Note:  Manuscripts, peer reviewed publications, book chapters, graduate student thesis/dissertation, etc. are both acceptable and desirable as chapters or sections of annual/final reports.  At least one 2-page fact sheet is required for each of these major types of publications.

PROJECT MANAGEMENT AND COLLABORATION: The overall coordination of the project will be co-directed by Dr. T. W. Doyle and Dr. Robert Twilley.  UL Lafayette research group will be responsible for Task elements and deliverables associated with the mangrove unit models.  
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BUDGET SUMMARY for USGS’s National Wetlands Research Center (NWRC) and University of Louisiana at Lafayette [UL Lafayette]:  Budget figures are based on a projected minimum of 3-year funding to accomplish the integrated field and modeling studies to be extended to a 5 yr basis to accomplish integration with other concurrent ATLSS projects. 

 YR3

YR4

YR5 

Extended

TASK 1:  SELVA-MANGRO






Funding

Salaries



92k

98k

102k





Supplies



 8k

  6k

  4k


Travel




20k

16k

 14k



Subtotal Task 1.


120k

120k

120k

$240,000





   YR3

   YR4

   YR5

Extended
TASK 2: MANGAL MODEL






Funding

Salaries










Principal Investigator

  10,404
  11,000
   12,000


Post Doctoral Asst

  36,414
  38,000
   39,000

MS Student


    9,000
    9,000
     9,000
Fringe Benefits


  10,768
  11,000
   12,000

Total Salaries and Fringe

  66,586
  69,000
   72,000

Supplies



    6,000
    6,000
     4,000


Travel




  10,000
  11,000
   12,000


Other

Analytical Services/CEET
  15,000
  12,000
   10,000
Operating Costs

       800
    1,200
     1,600
Tuition


    
    2,000
    2,100
     2,200




Total Direct Costs


100.386
101,300
 101,800

Indirect Costs (18%)


  18,070
  18,144
   18,180


Subtotal Task 2. Subtotal

118,456
119,534
 120,124
$239,658

Proposal TOTAL


338,456
339,534
 340,124
$479,658
BUDGET JUSTIFICATION
Salaries:  


Salary for Principal Investigator is based on 1.0-month of summer salary paid by the project.  Based on 9-month salary. The PI is responsible for the supervision of Post Doctoral Associate and Graduate Research Assistant.  


Salary for Post Doctoral Associate is based on 12 months effort and annual salary of $35,000.  The responsibilities of this individual include handling daily operations of the project such as model simulations, field program, and mesocosm studies.  


One Graduate Research Associates will work on field and mesocosm studies of mangrove productivity.  This is based on 12 month stipend of $750/month. 

Fringe Benefit is based on 23% of Salaries and Wages of non-student employees.

Equipment:  First year includes upgrade of PC computer facilities and peripherals to enhance model simulation capacity ($5,000).  Second year includes output peripherals ($4,000)

Supplies: Materials and supplies for mesocosm and field studies.  First year is for mesocosm tanks and tidal hydrology system for each tank. Expendables for CHN elemental analyzer for carbon and nitrogen assays; and chemicals for spectrophotometer assays of phosphorus.  

Travel: Three field trips to sites for three persons during each year of project based on $1000/trip for each person ($400 airfare + $600 per diem including lodging), plus $1000 for boat rentals. 

Other Costs: 

Analytical services to run autoanalyzer and CHN instruments and perform chemical assays on field and mesocosm samples. Also includes costs of monthly sample collection at remote field site during year.  Includes costs for renting space in greenhouse at Center for Ecology and Environmental Technology ($3,000 per year for 3,000 square feet). 

Operating Costs include photocopying, phone, fax, express mail.

Tuition: Based on approximate costs for in-state graduate tuition for two semesters.

Indirect: Based on 18% of Modified Direct Costs as negotiated with USGS/NWRC.

































