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Project Abstract:
Over the past decade, Florida Bay has undergone unprecedented and widespread ecological changes. Continued monitoring of the status and trends of seagrasses and benthic macroalgae in Florida Bay, which are the dominant biological communities and provide the majority of the fisheries habitat in this coastal system, will allow tracking of the net effects of changes in critical ecosystem parameters (e.g., water quality, salinity, phytoplankton, etc.) as well as providing supporting data for current and future restoration and modeling efforts.  The Fish Habitat Assessment Program (FHAP) has provided spatially-explicit data on the distribution, abundance, and population dynamics of  benthic macrophytes in Florida Bay, since spring 1995.  The results from this program have detailed distribution patterns and the extent of distributional and abundance changes in the Bay’s macrophyte communities, through the production of distribution and abundance maps, change maps, and summary graphic and tabular products.   These data provide resource management agencies with significant quantitative benchmarks from which to assess the efficacy of, or the system responses to, the various restoration actions being undertaken in the south Florida region as part of the CERP process.  

The continuation of FHAP will build on the existing map data, largely eliminate the destructive core sampling component, and will expand in focus to provide more pro-active process-oriented (bio-optical water quality, photosynthetic quantum yields, flowering, etc.) ecoindicator data at shoot-to-landscape scales.  Resource managers may then adequately address ecosystem-response issues and weigh alternative restoration options within the context of contemporary ecoindicator data. By continuing to follow the status and trends of the major macrophyte species in terms of distribution, abundance, reproductive and physiological status (ecoindicators), FHAP will provide information that will directly support the following objectives of the Program Management Committee Science Plan and CERP.

· develop the capability to predict how the ecosystem as a whole and how a suite of species that collectively may be considered indicators of ecosystem health respond to system perturbations; 

· separate anthropogenically induced changes from natural system variation;

· develop a basic understanding of the ecology of Florida Bay.

Information Needs and Uses:
· Ecological restoration of Florida Bay is largely being implemented by hydrological restoration because hydrology is the primary driving ecological force within ENP and the Bay.  Development and monitoring of ecoindicators or performance measures will be the primary metrics used by managers to assess the efficacy of CERP.  FHAP has been utilizing a systemwide, spatially explicit approach for assessing seagrass abundance and structure.  Changes in these characteristics provide powerful performance measures on the effects of restoration activites (e.g., increased water deliveries to C-11, Taylor Slough, etc.) on the dominant biological communities in Florida Bay.

· What are the best ecoindicators of the ecological health of Florida Bay?  Seagrasses are long-lived, benthic perennial organisms that integrate changes in water quality conditions. Seagrasses are considered the keystone of the Florida Bay ecosystem in the Florida Bay Conceptual Model.  They are the dominant biological community and the dominant physical structure in the Bay.  Thus, seagrasses influence water circulation and quality, sediment characteristics, and higher trophic functions.  FHAP is the only extant program that is monitoring the status and trends of the seagrasses in Florida Bay at shoot-to-basin scales systemwide.

· What are distribution and abundance patterns of seagrasses and macroalgae in Florida Bay? FHAP has provided distribution and abundance maps for spring and fall since 1995.

· Have the distribution and abundance of the seagrasses and macroalgae changed?  Where have seagrasses declined or increased?  FHAP has provided change maps illustrating spatial patterns in declines and increases in seagrasses.

· Can the changes be attributed to die-off or environmental changes (salinity, water clarity, etc.).  Spatial coincidence of turbidity patterns and seagrass losses (stand thinning) in western Rabbit Key Basin suggests losses primarily due to light-limitation rather than dei-off, in this region. Seagrass die-off in Barnes Key area occured in area that has remained clear and subjected too hypersalinity - affected bed very dense and shallow. These observations raise questions regarding the role of hypersalinity in die-off.

· Shoot-specific morphometric data from FHAP is being used by seagrass unit modelers.

· Spatially-explicit cover and density data from FHAP is being used by seagrass landscape modelers and trophic-dynamic modelers. 

Key Findings:

· Of the more than 14,000 Braun-Blanquet samples (0.25 m2) taken in the Bay from 1995 to 2000 by FHAP, approximately 97% contained seagrass.

· Analyses of landscape-scale seagrass dynamics in ten basins within Florida Bay from 1995 to 2000 indicate that Thalassia testudinum abundance has varied by only ± 8% of the mean at the Bay scale. However, at the basin scale, abundance of Thalassia has varied by an average of ± 30% (range 12-101%).  The greatest losses of Thalassia occurred in the western basins, which had been chronically turbid; increases were observed in the central basins.

· Since 1998, there has been an upturn in abundance, standing crop, and flowering of Thalassia which seems to be associated with improving water clarity.  Some of this improvement in water clarity may be due to a decrease in unvegetated bottom (Durako and Hall, 2000).

· However, new die-off has been observed north of Barnes Key (first observed during January 1999).  This new “Classic” die-off is occurring in an area where die-off has not been previously observed, but it has some characteristics very similar to those observed during the initial seagrass die-off in 1987.  The area has excessively dense beds of T. testudinum with die-off patches interspersed among the dense beds.

· Halodule wrightii has more than doubled in abundance bay-wide from 1995-2000. In turbid basins in western Florida Bay, Halodule abundance has increased over 450% . Thus, the dominance of Thalassia is declining and mixed turtlegrass and shoalgrass beds are becoming more common.

· In the past 5 years, relative Thalassia abundance has dropped from being over 5 times that of Halodule to being less than three times more abundant; in spring 1997 Halodule replaced Thalassia as the most abundant seagrass in Johnson Key Basin (JKB).

· The low-light adapted species, Halophila engelmanni, first became established in Johnson Key Basin during fall 1996 and exhibited rapid spread. During fall 1996, H. engelmannii was observed at one station in JKB.  By spring 1998 this species was present at 15 of the 32 stations in this basin.

· The passage of hurricane Georges west of the Bay in Fall 1998 uprooted much of the Halophila in JKB (it was only observed at 5 stations nine days after the storm), reduced the cover of Thalassia, especially in areas where it had been sparse, and it removed much of the litter layer on the bottom.

· However, by spring 1999 Halophila cover increased in JKB and this species was observed in Rankin Lake (RAN), Whipray Bay (WHP) and Twin Key Basin (TWN).  This rapid increase in spatial distribution suggests the hurricane may have played a role in distributing propagules.

· In spring 1999 and 2000, widespread sexual reproduction was observed for both Thalassia and Halodule. This is the first record of sexual reproduction in Halodule in Florida Bay.

PROJECT DESCRIPTION:
Purpose and Goals - Seagrasses are the dominant biological community of Florida Bay and they act as an intermediate link between the Everglades/South Florida and the Florida Keys ecosystems. Seagrass beds, dominated by Thalassia testudinum  Banks ex König (Turtle grass), historically covered over 90% of the 180,000 ha of subtidal mudbanks and basins within the area of Florida Bay bounded by Everglades National Park (Zieman et al. 1989).   By comparison, mangrove islands cover only about 7% of the Bay.  Because of the shallow nature of Florida Bay, (mean depth < 2 m, Schomer and Drew 1982), seagrasses are also the dominant physical feature of Florida Bay, and their presence greatly affects physical, chemical, geological as well as biological processes in this system.  

The shallow distribution of seagrasses places them in close proximity to the land/sea interface and they are subjected to the stresses and disturbances associated with this boundary.  This distribution also places seagrass communities at the end of the watershed pipe, and their status may reflect larger, landscape-scale perturbations.  Because seagrasses are benthic perennial plants and are sedentary, they are continuously subjected to stresses and disturbances that are associated with intra- and inter-annual changes in water quality.  Thus, seagrasses act as integrators of  net changes in water quality variables which tend to exhibit rapid and wide fluctuations when measured directly, and their status may reflect true improvement or deterioration of the system.  In Florida Bay, seagrass abundance, particularly the abundance of T. testudinum, is a valuable ecological indicator and to a large extent determines public perception regarding the ecological “health” of the Bay (Goerte 1994;  Boesch et al. 1995).  Thus, any changes in the distribution or abundance of seagrass within Florida may be perceived as a change in the health of the Bay.  For these and other reasons, seagrasses may be one of the best indicators of changes in the condition of South Florida’s coastal hydroscape.

The purpose of the Florida Bay FHAP program is to assess shoot-to-bay scale status and trends in seagrasses and benthic macroalgae (i.e., fish habitat) within the boundaries of Everglades National Park.  The approach utilized in FHAP for assessing status and trends in benthic macrophytes in Florida Bay is similar to the approaches being applied in the Florida Keys National Marine Sanctuary seagrass monitoring program and the Dade Environmental Resource Management/South Florida Water Management District monitoring program in northeast Florida Bay (Fourqurean et al., in press).  The establishment of compatible sampling protocols has provided a mechanism for the establishment of a regional management-oriented database of unprecedented scale (Fourqurean et al. in press).  The goal of  FHAP is to provide information for spatial  assessment and resolution of  both intra- and inter-annual variability in the seagrass-macroalgae communities, and along with the aforementioned companion programs, FHAP provides baseline data to monitor responses of these important benthic communities to current and future water management alterations or other restoration activities associated with CERP. 

Synopsis of Research Methods - FHAP is based on a four-tiered (shoot, quad, basin, Bay) sampling effort.   The study elements outlined below will provide information for spatial  assessment and resolution of  both intra- and inter-annual variability in the seagrass-macroalgae communities and will provide baseline data to monitor responses of these important benthic communities to possible future federal and state water-management alterations or civil-works projects associated with CERP activities.

Sampling design - Sampling for FHAP is conducted twice per year, during spring (May-June) and fall (October-November).  Each of ten basins, representing a range of conditions and gradients in Florida Bay, are partitioned into approximately 30-35 tesselated hexagonal grid cells.  Sampling-station locations are randomly chosen from within each cell, for a total of about 330 stations per sample period (Figure 1).  Sampling grids and station locations were generated using algorhythms developed by the U.S. Environmental Protection Agency’s Environmental Monitoring and Assessment Program (EMAP) and were provided by Dr. Kevin Summers (EPA, Gulf Breeze, Florida).  This type of sampling design results in systematic random sampling, it scales the sampling effort to the size of the basin, and it is well-suited for interpolation (i.e., kriging) and mapping of the data.  Stations are located using a handheld GPS. 

Seagrass distribution and abundance - At each station, seagrass cover is visually quantified within each of four, haphazardly-located 0.25m2 quadrats  using a modified Braun-Blanquet frequency/abundance scale (Mueller Dombois and Ellenberg 1974).  This semi-quantitative method requires relatively little time per sample (5-10 minutes for 4 quadrats), can be used for most plant communities, and closely approximates quantitative characteristics of shoot density and standing crop for seagrasses.  For a particular sample quadrat, the observer first lists all the species or plant groupings that are observed.  A cover-abundance rating is then assigned using the following scale: 5-any number, with cover of more than 75% of the quad; 4-any number, with 50-[image: image1.jpg]Fish Habitat Assessment Program
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Figure 1.  FHAP sampling stations.
75% cover; 3-any number, with 25-50% cover; 2-any number, with 5-25% cover; 1-numerous, but less then 5% cover, or scattered with up to  5% cover, 0.5-few, with small cover; 0.1-solitary, with small cover.  The upper four scale values (5, 4, 3, 2) refer only to cover.  The lower three scale values are primarily estimates of abundance, i.e. number of individuals per species.  Sampling of replicate (4) quadrats at each sample point allows assessment of within versus among-station variability. 

Maps of seagrass distribution and abundance and changes in abundance are produced using a contouring and 3D mapping program (Surfer or ArcView Spatial Analyst).  The geostatistical gridding method of kriging is used to express the trends in the Braun-Blanquet data.  A linear variogram model with no drift is used to calculate all grid node values.  Changes in distribution and abundance are estimated by subtracting grid node values from differing sampling periods.   Grid node values and difference values are visualized using contour maps (Figure 2).  Planar areas for each cover class are calculated by the area differences among cut (positive) and fill (negative) volumes of the kriged grids using the grid volume command in Surfer.  An estimate of the total abundance of a species within a basin is then obtained by mutliplying the planar area for each cover class by the cover-class midpoint and adding the resulting values together (Table 1).

Table 1. Relative total abundances (dimension less, see methods) of Thalassia testudinum (Tt) and Halodule wrightii (Hw) in ten Florida Bay basins from spring 1995 to spring 1999.

Basin   
              Area
   1995
             1996                 1997
        1998
     1999

  
( km2)
Tt     Hw          Tt       Hw         Tt      Hw           Tt      Hw         Tt        Hw
Blackwater
28.7     30.0   11.8       35.5      9.2       52.1    18.8       44.3    28.6      58.5      18.6

Calusa Key
26.4     38.7     0.0       44.7      5.1       28.5      4.5       38.5      6.3      43.7        7.1

Crane Key
15.3     26.0     2.9       27.3      2.4       32.9      4.3       26.8      5.6      33.7        4.3

Eagle Key
62.4     57.3   28.2       72.9    26.2       50.0    21.7       85.8    29.6       75.1      23.1

Johnson Key
14.3     12.8     6.1       23.5    13.1       17.2    20.5       10.1    25.0       12.6      27.7

Madiera Bay
12.4     16.1     6.3       22.4      4.1       23.0      6.0      27.2       4.2       35.3       4.7

Rabbit Key 
31.8   128.9   10.0     125.0    10.7     105.3     11.8     94.4      24.7     109.5     48.4

Rankin Lake
  5.8       3.9     3.9         3.8     3.6         3.6       8.7       5.1        7.5         4.8       7.7

Twin Key
54.3   159.8   11.3     122.7    17.7     105.8     25.3    142.7      20.7     137.5     21.2

Whipray Bay
21.9     16.8     6.2       29.0     6.6       31.5       8.0      30.6      12.6       47.3      28.7

Total                 273.3   490.3    86.8     506.8   98.8     449.8   129.6    521.2    164.9     558.0    191.5
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Figure 2. Spring 1999 Thalassia distribution and abundance (see methods for description of Braun Blanquet scale).
Standing crop and density - This study element provides an assessment of the spatial and temporal variability of seagrass and macroalgae habitat structure.  Annual density and standing crop (= above-ground biomass) measurements will be obtained from duplicate 15 cm diameter core samples from the first and third BB quadrats at each of the spring Braun-Blanquet stations. Density is the net result of short-shoot mortality, recruitment, and life span. Changes in standing crop may reflect shoot-level stress and leaf loss before actual shoot mortality occurs.

Photosynthetic measurements - The use of chlorophyll fluorescence techniques to investigate photosynthesis in submerged angiosperms, especially pulse-amplitude modulated (PAM) fluorescence, has recently increased due to advances in technology and instrument availability.  PAM fluorescence is especially useful because it is quick, non-invasive, quantitative, can be done in situ, and provides information about the photosynthetic efficiency of PSII (Ralph et al., 1998).   PAM fluorescence is highly correlated with both O2 evolution (Beer and Bjork, 2000) and 14C uptake (Hartig et al., 1998), photosynthetic measurements which are destructive to the plant tissue.  

The plant material being measured is subjected to a pulse of saturating light and two fluorescence measurements are made; one before (Fo) and one during (Fm) the pulse.  Quantum yield and photosynthetic efficiency are then calculated as Fv/Fm (where Fv=Fm-Fo) under differing light-adaptation conditions. Quantum yield is a measure of photosynthetic capacity of light-adapted leaves.  Photosynthetic efficiency is measured using dark-adapted leaves and has been shown to be a very sensitive indicator of photosynthetic stress (Ralph, 1999). PAM fluorescence has been used to assess both light stress (Ralph and Burchett, 1995) and salinity stress (Kamermans et al., 1999).  In the FHAP continuation, quantum yields and photosynthetic efficiencies will be measured for 4 short-shoots of Thalassia at each station.  Changes in photosynthetic characteristics in response to environmental changes should be detected before changes in standing crop, density, and cover, providing a dynamic ecoindicator of the physiological status of the seagrasses.

Spring 2001 FHAP Field Sampling Work Plan
Station locations-same as spring 1995-1 basin/day

Data sets
Braun-Blanquet

4/station

SS density in 8" core rings

2/station BB quad 2&4

Standing crop in 8" core rings


2/station BB quad 2&4

PAM light- and 5 min dark Y

4/station

Salinity/Temp

1/station

Light profile

1/station

Field procedure
1.  At each station 2 divers will each do 2 BB quads (#s 1&2 and 3&4) off the transom

2. On second quad for each diver (#2&4) place 8" core ring in center of quad, count # of SS, note SS count in comments section of BB datasheet.

3.  A dive bag will be placed over the ring and all green leaf material (above sheath) will be cut using Ss scissors. At boat, place leaf material in labeled zip-loc bags and place in ice chest.

4. Light- and dark-adapted photosynthetic yields will be measured for 4 short-shoots up-current of the anchor

5. Salinity and temp will be measured with YSI conductivity probe

6. Light profiles will be done with surface and bottom measurements of the light frame. Record up and down sensor readings on datasheet.
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