TITLE:  Understanding and predicting global climate change impacts on the flora and fauna of mangrove forested ecosystems in Florida.

BRD PRINCIPAL CONTACT:  Thomas J. Smith III, Ecologist, Florida / Caribbean Science Center, Restoration Ecology Branch, c/o SERP, OE-148, Florida International University, Miami, FL   33199,  Voice 305-348-1267, FAX 305-348-4096,  Email  smithtj@fiu.edu
OBJECTIVES / JUSTIFICATION
Need:  Mangrove forested ecosystems dominate the intertidal zone of DOI lands in south Florida, including Everglades, Dry Tortugas  and Biscayne National Parks, and the 10,000 Islands, Sanibel, Key Deer and Great White Heron NWRs.  They are also found throughout the world's tropical and subtropical coastlines as important and often dominant communities within coastal environments. Understanding the ecology of mangrove ecosystems and their response to global change, including those exacerbated by human intervention and sometimes "management" has been identified as a priority by the Science Sub-Group of the Federal & State Taskforce for the Restoration of the south Florida Ecosystem.   This proposed research addresses two overarching goals of the national program: #s 1 & 2.  In particular the proposed study area (ecosystem) is germane to Objective 1.3.  The mangrove forests of south Florida have been subjected to rapid sea level rise in the past fifty years and have suffered from decreased freshwater inflow from upstream sources due to massive hydrological  alterations from the Kissimmee River southward.  The proposal also addresses Objectives 2.1, parts 2 & 3.  Results from our proposed studies will have application to other coastal wetland systems, be they freshwater marshes along the Great Lakes or salt marshes in New England, California or the Gulf Coast.

An overall objective of the research is to gain a fundamental understanding of the biotic and abiotic factors which determine vegetation structure and dynamics in mangrove forests and especially along mangrove / marsh ecotones were change has already been observed.  By sampling important nektonic organisms at the same sites as vegetation we will be able to make strong inferences regarding faunal response to global change as well.

Background:  Global climate change poses four main categories of change for coastal wetlands: sea-level rise; increased storminess; increased temperature and elevated CO2.  (Figure A  from Semeniuk 1994).  The present proposal concentrates on the first two categories of change.  Sea-level rise in South Florida and the Caribbean is an accepted fact (Ross et al. 1994; Wanless et al. 1994), though there is continued debate about projected rates into the next century.  The general consensus is that a relative SLR of 60 cm by 2100 is likely, amounting to a rate of rise of 0.5 m/100 years (Stewart et al. 1990 as cited in Stoddart and Reed 1990).  The data of Maul & Martin (1993) indicate that the rate of SLR in south Florida has itself increased to some 23 cm/100yrs or higher and is within the predicted range.  This proposal makes no judgement on the precision of the predictions, but rather asks, “What are the likely consequences of relative sea-level rise and increased hurricane frequency on the extensive mangrove wetlands of the southwest Florida coast?” 

Most models of effects of sea-level rise on coastal wetlands concede that the ultimate fate of these wetlands will be dependent upon three important factors: (1) the slope to the terrestrial upland, and thus whether the wetland can expand inland; (2) sediment supply and thus whether upward accretion can keep pace with inundation; and (3) tidal range (Woodroffe 1990).  On average, macrotidal regimes have the potential to move more sediments than meso- or micro- tidal regimes. The slopes in SW Florida are very gentle and generally without manmade barriers at the upstream interface where mangroves grade into brackish or freshwater marshes.  The supply of terrigenous sediment is low, however shallow bay sediments are often resuspended during winter cold fronts and may be imported into mangrove forests.  Hurricanes can also move significant volumes of sediment from the nearshore zone into mangrove forests (Rissi et al. 1995).  Thus panel (b) of Figure B best describes the geomorphological scenario in SW Florida.

In addition to defining the net direction of wetland movement, Figure B also highlights two important ecotones where change will be most readily apparent: the upland ecotone with herbaceous marshes in the case of SW Florida; and the seaward ecotone with permanently subtidal waters and occasionally intertidal saltmarsh.  Based on the lack of mangrove regeneration in certain geomorphological settings following hurricanes in 1960 and 1992, Wanless et al. (1994) have defined a third area where wetland change is likely:  in 50-100 m-wide bands along small tidal mangrove-lined channels well inland from the seaward ecotone.  Lack of mangrove regeneration here (with eventual conversion to subtidal conditions) is hypothesized to be due to initial storm surge with changed sediment conditions (anoxia, elevated levels of hydrogen sulfide) that prevent mangrove seedling establishment (Smith et al. 1994; Wanless et al. 1994).  Continuing observations following Hurricane Andrew have revealed large tracts of interior, basin type, forests are also not regenerating and may become intertidal mudflat or even sub-tidal habitat (Smith, pers. obs.).

Mangroves provide a number of ecological “services” that benefit humankind.  Foremost amongst these are direct and indirect support and enhancement of coastal fisheries (Odum et al. 1982; Sasekumar et al. 1992; Laegdsgaard & Johnson 1995; Ewel et al. 1998).  Any change to the extent and function of mangrove ecosystems resulting from global climate change are thus of considerable economic and management interest.  The literature on predicted effects of global change on nekton (fishes, macrocrustaceans including shrimp and crabs) largely concerns the effects of increased temperature on changes in productivity, local extinctions, range contractions, or range extensions (e.g., Symposium on the Effects of Climate Change on Fish 1990).  Because South Florida mangroves lie near the present northern (i.e., cold) limit of mangrove distribution in this hemisphere, warming temperatures are not likely to be deleterious to the majority of mangrove-associated nekton which tend to be of sub-tropical or tropical affinity.  Hurricanes cause short-term population reductions in nekton (Tabb & Jones, 1962; Roman et al. 1994), but recovery is relatively rapid, i.e., generally within months (Michener et al. 1997).   Rather, habitat loss or conversion caused by relative sea-level rise or hurricane damage are potentially the biggest threats to coastal wetland nekton.  Where there is a net loss in coastal wetlands, one would predict an adverse effect on populations of wetland-associated nekton as well as in landings of estuarine-dependent shellfish (Turner 1977) and fish.  Mangrove retreat has been documented in Bermuda (Ellison 1993), and predicted for many of the Caribbean islands (Bacon 1994).  

Perhaps the most robust model for the effects of sea-level rise on nekton of coastal wetlands is that of Zimmerman et al. (1991) for the salt marshes of the northern Gulf of Mexico.  These researchers have documented increased nekton densities where there is increased marsh/open-water interface.   Such interface (or edge) is created as formerly contiguous marshes become reticulated with subsidence (due to plant death and subsequent erosion, as well as to sediment starvation).  In the short-term, Zimmerman et al. (1991) thus predict a temporary  increase in fishery productivity as contiguous marsh is converted to a patchwork of marsh interspersed in shallow open water.  However, consistent with Turner (1977), they predict a long-term loss of fishery productivity as valuable marsh habitat and productivity are lost.

The SW Florida mangrove zone is spatially quite extensive (160,000ha).  To document changes in the nekton assemblages as a result of sea-level rise and increased probability of hurricane landfall thus requires the following: (1) knowledge of nekton assemblage structure and standing stocks in representative mangrove habitats; (2) knowledge of the suite of physicochemical variables in those habitats, particularly salinity (and its temporal variation) and depth and duration of flooding (Rozas 1995; McIvor and Rozas 1997; Kneib 1997); and (3) knowledge of the areal extent and relative abundance of these habitats. Therefore, emphasis in change detection in mangrove nekton assemblages will be placed on upstream ecotone, and on mangroves fringing tidal channels.  These two areas correspond to two of the mangrove community types described by Lugo and Snedaker (1974), i.e., the mangroves of the upland margin are of the basin type, and those lining tidal channels are of the riverine type.  

The nature of the upstream mangrove / marsh ecotones is also quite complex and variable.  There are two dominant forms of ecotone.  The first, at the most upstream, and freshwater end of the gradient, consists of the red mangrove (Rhizophora mangle) interspersed with open Eleocharis cellulosa and periphyton mats.  The mangroves are of a low stature (<2m in height), are spaced apart and do not form a continuous canopy (Egler 1952).  There is little or no peat soil present and fires are infrequent.  This type of ecotone has been reported to be especially important as a foraging area for wading birds (Walters et al. 1992, Ogden 1994).  A second type of common mangrove / marsh ecotone consists of white (Laguncularia racemosa) and red mangroves which adjoin sawgrass (Cladium jamaicense), needlerush (Juncus roemerianus) and/or cordgrass (Spartina bakeri).  The salinity at this type of ecotone varies from fresh to brackish, the mangroves may reach 6-10m in height and there is a deep peat soil.  This type of ecotone is very common in the southern Ten Thousand Islands of ENP and is the site of most natural wildfires in the Park (Wade et al. 1980, Panko, 1998).  Preliminary analysis of ecotonal change over time indicates that areas of most rapid change have both frequent fires and deep peaty soils (Smith 1995).

To maximize effort as well as data utility, nekton sampling sites will be within or immediately adjacent to existing GCC sites instrumented for automated collection of groundwater and surface water salinity and heights, and for long-term measures of changes in sediment elevation, and plant community structure (species composition, size-class frequency, productivity, see below).  Overlain on the placement of existing GCC stations to cover both salinity (upstream-downstream) and elevational gradients, we will take advantage of the differing geomorphology of the northern versus southern Ten Thousand Islands to ask questions about the effects of edge and differences in volume of freshwater inflow on the community structure (species composition, density, standing stocks) of nekton. 

The model of Zimmerman et al. (1991) as well as other literature on saltmarsh nekton (Minello et al. 1994) predict that nekton standing stocks and productivity are increased where the amount of edge between vegetated intertidal habitat and open water, i.e., the seaward ecotone, is maximized.  Because saltmarshes and mangroves are believed to function very similarly in support of nekton, we will test this model from a landscape perspective in the highly-dissected northern Ten Thousand Islands with relatively large amounts of edge with the more linear, less-dissected southern Ten Thousand Islands with considerably less edge.  One possible scenario for SLR in SW Florida is that the rate of SLR will exceed the ability of mangroves to keep pace through sediment accretion and belowground production (Cahoon & Lynch 1997).  Under this scenario, patchy dieback of mangroves with eventual conversion to open water will occur.  Such an outcome is analogous to that presently seen in the saltmarshes of the northern Gulf of Mexico where the amount of edge increases with marsh subsidence.

The concern with freshwater inflow derives from a consideration of the effects of SLR on a series of rivers with different size catchments, different degrees of anthropogenic water diversion, and thus different discharges.  The present limits of upstream excursion of salt water (and plant communities) are largely a function of the long-term balance between tidal range and the volume of freshwater discharge.  With SLR, the salt wedge will extend further up the individual tidal rivers and mangroves will extend their upstream distribution as well as their lateral or elevational range.  However, water diversions for human use mimic SLR by changing the balance between tidal and riverine freshwater forces.  Thus rivers with relatively large freshwater diversions like the Shark River should show the effects of SLR and thus changes in the placement of the mangrove/marsh ecotone more rapidly than similar rivers in this same region of SW Florida with relatively less water diversion.  By using space-for-time substitution (Michener et al. 1997) , we can capitalize on the gradient of water diversion in these rivers to ask questions about a range of physical and biotic parameters - including nekton- along mangrove/upslope ecotones.

The broad objective for the nekton portion of this proposal is to relate fishery productivity (density, biomass/area) to a suite of parameters likely to be affected by relative sea-level rise.  For the seaward ecotone, we will focus on the relative amount of edge between mangroves and open water.  At the upslope ecotone, we will concentrate on net primary productivity of contiguous mangroves and marshes (both brackish, fresh), flooding duration (or hydroperiod), and temporal  variability in salinity.

Previous research in the study region was supported by the GCC program of the National Park Service as the South Florida Global Climate Change Program (SOFL-GCC).  This program consisted of four projects, of which one, received the full extent of funding originally anticipated.  These three projects were: 

1)  "Dynamics & Historical Evolution of the Mangrove / Marsh Fringe of SW Florida, in Response to Sea Level History, Biogenic Processes, Storm Influences & Climate Fluctuations,"   Dr. Harold Wanless,  Dept. Geological Sciences, U.Miami.  1992-1996.  Completed.

2) "Modelling the Dynamics of Ground Water, Surface Water & Salinity Related to the Mangrove/Marsh Ecotone,"  Dr. William Nuttle, University of Virginia.  1992-1998.  

3) "Modelling Mangrove Community & Disturbance Regimes for South Florida," Dr. T.W. Doyle, BRD, National Wetlands Research Center.  1992-1998.  

Only the first project received the full amount of funding originally anticipated and was completed.  However, several Masters Theses and Ph.D. Dissertations, refereed journal papers and published abstracts were completed (e.g. see Doyle, Nuttle & Wanless in Literature Cited, Appendix 1).  The initial and subsequent funding for SOFL-GCC never contained monies for actual vegetation ecology research nor for faunal studies.  SOFL-GCC funds did support the installation and instrumentation of a network of ground and surface water monitoring wells (part of project 2).  This 18 station network is unique.  Partial funding to continue maintenance and data collection from this network is currently being provided under the auspices of the DOI Critical Ecosystems Studies Initiative with funding for a fulltime hydrological technician coming from FY98 GCC funds.  The network became fully operational in 1996 and has produced a data report which is available to managers at Everglades NP, USGS/WRD, the South Florida Water Management District and any other interested party (Anderson et al. 1998).  Continued operation of this network is a stated priority of the South Florida Natural Resource Center at Everglades NP.

Subsequent to Hurricane Andrew (in 8/92) funding was allocated by the National Park Service's Hurricane Andrew Research Program ("Effects of Hurricane Andrew on structure and function of Gulf Coast mangrove forests," TJ Smith, PI).  This allowed the establishment of  a series of permanent mangrove forest monitoring plots in the SW Florida region, collection of sediment nutrient data and establishment of studies concerning wood decomposition.  Many of the permanent plots are co-located with SOFL-GCC hydrology stations and initial findings have been published (Smith et al. 1994, Doyle et al. 1995).  Partial  funding to continue the vegetation permanent plot network, finish the wood decomposition studies and establish sediment / elevation tables was secured through the DOI-CESI program ("Vegetation dynamics in the land-margin ecosystems:   The mangroves of south Florida" to TJ Smith).

The result of all of these studies is a network of hydrological monitoring stations, permanent vegetation plots and sediment/elevation measuring stations (most colocated to maximize scientific utility) in the mangrove forests of SW Florida.   This observational network is unique, and totally lacking an experimental component.

PROCEDURES / METHODS:

Testable Hypotheses and Their Rationale

The following broad hypotheses will guide project priorities and direction.
H1.  Mangroves in a geomorphic setting with relatively more edge (open-water/mangrove interface) support greater fishery productivity as measured by density and biomass/area than comparable mangroves with relatively less edge.  The rationale is based on work in salt marshes that shows that the amount of seaward edge in a coastal wetland affects accessibility of the vegetated intertidal habitat for nektonic organisms (Kneib 1997; Minello et al. 1994).  Observations in northern Gulf coast marshes led Zimmerman et al. (1991) to predict that subsidence and break-up of saltmarshes would increase short-term fishery productivity by providing more edge and greater access to the marsh surface for nekton.  This prediction is based on extrapolations from samples taken immediately near the marsh edge versus those taken several meters into the marsh.  Though the results at this scale are unequivocal, the prediction has not been tested in a series of saltmarshes at the landscape level, and the prediction has never been tested for mangroves.  Given that major predictions of the effects of sea-level rise and increased hurricane landfall on mangroves are erosion of the seaward margin (Ellison 1993; Wanless et al. 1994) and creation of increased patchiness including forest gaps (Smith et al. 1994; Wanless et al. 1994), this hypothesis requires testing in mangroves.  

H2.  Fishery productivity (density, biomass/area) along upslope ecotones is positively related to net primary productivity of both mangrove and marsh ecosystems and to flooding duration, and inversely related to temporal variability in water-column salinity.  These mangrove/marsh ecotones are relatively poorly studied, yet thought to be highly productive of small, resident fishes important to the foraging and reproductive success of some Everglades wading birds (Tabb et a. 1974; Walters et al. 1992, Ogden 1994). Length of hydroperiod is of considerable importance to the productivity of small fishes in the Eleocharis/periphyton marshes of the freshwater Everglades (Loftus and Eklund 1994) and to saltmarsh fishes foraging in the intertidal zone (Kneib 1997).  High variability of water column salinity at specific sites in northeastern Florida Bay and adjacent transitional mangrove zone is inversely correlated with standing stocks of submersed vegetation and associated invertebrates (Montague and Ley 1993) and with fishes (Ley et al., in review).

The design uses the highly-dissected northern Ten Thousand Islands as a spatial proxy for a geomorphological landscape predicted to be more common under scenarios of an increased rate of sea-level rise.  Exact locations will be chosen to duplicate the sites in the southern Ten Thousand Islands as closely as possible in terms of plant associations, flooding frequency, and average salinity regime.  The overall design for nekton of upslope ecotones is a three-way, repeated-measures ANOVA with nekton density and nekton biomass as dependent variables, regional setting (northern, southern 10,000 Islands), type of adjoining marsh (fresh, brackish) and plant community (mangrove, marsh) as the factors.  This is a repeated measures design because the same sites will be repeatedly sampled over time.  There will be 3 replicate subsamples taken in each combination of river (4 total), salinity regimes/river (fresh, brackish), and plant community (mangrove, marsh).  We anticipate sampling 4 times/year to capture the dynamics of nekton breeding and recruitment of small individuals, as well as the dynamics of the wet/dry seasons.

Replicate, discreet samples of nekton will be taken with enclosure nets (Lorenz et al. 1997; Rozas and Minello 1997) to yield actual density and biomass estimates of small (<10 cm) fishes.  Researchers have found 1 m2 throw traps to function well in the fresh marshes of many south Florida wetlands (Chick et al. 1992; Loftus and Eklund 1994).  In the less productive mangrove ecotone of the southeastern Everglades, Lorenz et al. had to use 9 m2 drop nets to obtain an adequate sample.  The appropriate size of net based on nekton densities will be determined for both mangrove and marsh communities in a pilot study. 

To gain information on larger individuals (and species) using intertidal habitats, modified flume nets (McIvor and Odum 1986) will be used to sample fishes leaving the mangrove forest via rivulets or small intertidal channels at the forest/creekbank interface (Rozas et al. 1988; Robertson and Duke 1990).  Such nets sample a considerably  larger area than most enclosure nets, though the precise area is difficult to quantify as it varies with tidal height on a given day.  The value of such samples is twofold: they integrate over the entire flooded elevational gradient thereby giving a broader view of mangrove-associated nekton than smaller more precise enclosure samples; and they provide qualitative (or relative abundance) information on larger and less abundant species than smaller enclosure nets.  These samples will be taken twice/yr across regional landforms and salinity regimes.  This portion of the nekton study is a two-way repeated measures ANOVA design.

H3.  Fires along the mangrove / marsh ecotone promote mangrove invasion.  At first this hypothesis might seem counterintuitive.  In the first instance the fire might initially kill any mangrove seedlings which are growing under the marshgrass "canopy."  The fire however will not only remove the canopy, but may also promote dispersal of mangrove propagules by reducing vegetative resistence to flow.  Dry season fires may also burn and lower the elevation of the peat substrate, thus acting as a surrogate for sea level rise.  The removal of the marsh grass canopy will dramatically increase light levels at the sediment surface which will promote propagule establishment and early growth (Smith 1992).  Clearly there will be interactions between fire frequency, intensity, and prevailing hydrological conditions.  These will be addressed in futher research following the initial experiments.

This hypothesis will be tested both observationally and experimentally.  The Fire Management Team at ENP keeps very accurate records of fire occurrence in the park.  These data are in a GIS format.  The database will be queried and mangrove / marsh ecotones having had recent (<3yrs ago) fires will be identified.  Replicate transects (n=3) will be established running from the mangroves into the marsh at each randomly selected ecotone.  Plots will be sampled along the transects to detemine both mangrove forest structure and marsh community composition.  Methods for the tree plots will follow Smith et al. (1994) and Doyle et al. (1995).  Marsh plots will be permanently staked and vegetation biomass and production determined using nondestructive allometric techniques.  A similar sampling scheme will be employed for ecotones which have not had recent fires.  The experimental portion will take one of two forms.  Preferably, small, controlled burns will be conducted along randomly selected ecotones.  Sampling similar to that described above will be conducted before and repeatedly, after the burn to achieve a time course of vegetation response.  The Fire Management Team at ENP has been contacted concerning this method and their initial response was favorable (Panko 1998).  If controlled burns cannot be used, then openings in the marsh canopy will be cut by hand and mangrove propagules planted into the openings.  Propagules will also be planted in nearby, uncut marsh.  Replicate plots (n=3), for each mangrove species, at several randomly chosen ecotones (n at least 3, preferably more) will be established.  Measurements of growth and survival will be made quarterly.  Environmental parameters to be measured along each transect and in the plots will include sediment porewater salinity, flooding frequency / duration, and sediment characterisitcs such as bulk density and nutrient status.

EXPECTED PRODUCTS:  This project will produce a variety of products including refereed journal articles, Masters and/or PhD Theses, Annual Reports, Fact Sheets and others.  Data sets will be produced,  carefully QA/QCed, and archived.  Reference specimens from the nekton collections will be provided to interested museums, but at a minimum to:  Everglades NP, Florida Marine Research Institute (FDEP, St. Petersburg) and the Smithsonian Institution, Washington, D.C.  Data from both the vegetation and nekton segments of the research will be provided for use in the USGS/BRD's Across Trophic-Level System Simulation (ATLSS) modelling program.

TECHNOLOGY / INFORMATION TRANSFER:  A primary user of the information generated by this  project will be the National Park Service. Units of NPS which will be interested in the work will be Everglades, Big Cypress, Dry Tortugas, Biscayne and Virgin Islands NPs.  Fish & Wildlife Service refuges with significant mangrove areas include Sanibel, 10,000 Islands, Key Deer and Great White Heron.  Additionally, DOI has responsibility for technical assistance to the former trust territories in the Pacific Ocean, including the Federated States of Micronesia, Republic of Pelau, and the Republic of the Marshall Islands.  All have significant mangrove forest resources which will be affected be global change.  Data will be stored and archived on the mainframe computer at the South Florida Natural Resource Center at ENP  as the Everglades will be the primary study location.  State and NGOs who will be interested in this study include the South Florida Water Management District, Florida Department of Environmental Protection, the Audubon Society and The Nature Conservancy.  Information will be transferred via standard USGS "Fact Sheets" at first and also seminars, refereed publications, and annual progress reports.

DATA MANAGEMENT:  Early in the project, metadata concerning the project goals, hypotheses, study sites, methods, personnel and other pertinent facts will be made available for posting with the NBII and Science Information System.  As data are collected, and after they have undergone rigorous QA/QC, they will be made available through the NBII.  We anticipate releasing "conditional" data once a year as part of the Annual Progress Report.  Final, completed QA/QCed data would be made available (both in hard copy and electronic format) as part of the Final Project Report.

PERSONNEL:
1)
Thomas J. Smith III, Ph.D., Research Ecologist

Responsible for all aspects of the vegetation experiments, ecotone change analysis, GIS, data QA/QC and preparation of final drafts of reports.

2)
Carole C. McIvor, Ph.D., Fisheries Ecologist

Responsible for all aspects of nekton sampling.  Provides liaison to co-operators, assists in report preparation.

COOPERATORS / PARTNERS:
It is expected that portions of the funds received as part of this research project will be used in support of graduate research assistants.  At present Cooperative Agreements exist between USGS/BRD and the University of Miami (#1445-CA09-95-0111) and Florida International University (#1445-CA09-95-0112).  We cannot say at this time which university the students might be affiliated with.  However, both institutions have qualified faculty who can assist with the project, and both offer reduced overhead charges as part of their Co-ops.

In addition to University cooperators, the PIs have established working partnerships with BRD researchers at the National Wetlands Research Center.  Dr. Don Cahoon has established sedimentation / elevation tables at several of the SOFL-GCC hydrology and permanent mangrove vegetation plots.  Dr. Tom Doyle is involved in assiting the ATLSS modelling program develop appropriate community and landscape level simulations of the mangrove ecosystem.  Dr. Karen McKee will be joining the staff at the NWRC soon can provide expertise concerning plant physiological ecology.  Dr. Charles Roman, (U. Rhode Island Co-op Unit) is conducting similar research in the saltmarshes of New England.

FACILITIES / EQUIPMENT / STUDY AREAS:  The Principal Investigators from the Restoration Ecology Branch are currently housed within offices and laboratory facilities of the Department of Biology at Florida International University (FIU).  Facilities from other FIU departments (Environmental Studies, Geology) are also available. Research vessels are kept at the NPS marina at Flamingo, Florida, approximately a one hour drive from FIU.  Additional laboratory and office space is provided to BRD researchers by Everglades NP at their South Florida Natural Resources Center.  Computer support (mainframe, GIS, Internet access and server) is provided by the Southeast Regional Data Center (a unit of the State University System of Florida) at FIU and the SFNRC at ENP.

LEGAL & POLICY-SENSITIVE ASPECTS:  The vast majority of the research proposed here will be conducted within Federal lands, primarily Everglades NP, but also the 10,000 Islands NWR.  TJS has two active research permits for ENP (#s 19970093 & 19980080).  Official permits for the NWR are not required but the refuge staff is kept fully informed of activities and verbal permission is secured prior to work.  Within ENP most study sites will be in the Marjory Stoneman Douglas National Wilderness Area.  BRD's mangrove hydrology project and permanent forest plot project both have undergone a full review for NEPA compliance and are satisfactory (report on file with TJS).  An additional permit from ENP will be necessary to conduct the nekton portion of the work proposed.  Permits from ENP are secured from:  Mr. Robert Johnson, Director, SFNRC, ENP,  40001, SR 9336, Homestead, FL  33034.  305-242-7800.

Neither the Park Service nor the Fish & Wildlife Service places restrictions on the dissemination of data.

BUDGET:
Personnel

Gordon Anderson GS-9/03 (12mons)

$46,000

Biological Scientist II




  40,000

Graduate Research Assistants (2)


  35,000

Equipment / Supplies

Desktop PC, monitor, peripherals (2)

    7,000*

Computer supplies / software



    2,000

Nekton sampling gear (nets, traps, cages)

    5,000*

Field supplies (PVC, flagging, tags, waterproof

paper, markers)



    2,000

Gas/oil/maintenance for boats/vehicles

    3,000

Travel

Field sites (12 trips per year/3 people/5 days)
  12,800

Scientific meetings




    3,000**

Other

Tuition Remission for Graduate Students

    6,000

Sub-Total






$161,800

*
Year 1 only

**
Begin year 2

Administrative Assessments
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