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Section 7
                                                                                                             Southern Coastal Systems Module


7.4 Southern Coastal Systems Hypothesis Cluster - Submerged Aquatic Vegetation

7.4.4 Abstract 
Seagrasses and macroalgae are the dominant biological components of benthic communities in the coastal region to be affected by CERP and they provide the majority of the fisheries habitat in this system.  The goal of the South Florida Fisheries Habitat Assessment Program (FHAP-SF) is to provide information for the spatial assessment and resolution of inter-annual variability in seagrass communities, and to establish a baseline to monitor responses of seagrass communities to water management alterations associated with CERP activities.  FHAP-SF is documenting the status and trends of seagrass distribution, abundance, reproductive, and physiological status (ecoindicators), as well as providing process-oriented data such as photosynthetic quantum yields and epiphyte loads.  Resource managers will be able to use these data to address ecosystem-response issues on a real-time basis and to weigh alternative restoration options.  Specific objectives of FHAP-SF are to:  (1) develop a basic understanding of the relationships among water quality parameters (e.g. salinity, water clarity, nutrient levels) and seagrass and macroalgal species distribution and abundance in south Florida, (2) provide baseline data in order to separate anthropogenically induced changes from natural system variation, and (3) assist in verifying model predictions on species and ecosystem-level responses to water quality changes associated with CERP.  Results of the 2007 SSR suggest that the methods adopted can detect changes in SAV from pre-CERP conditions when there are sufficient reference data, and that the present trends are consistent with hypothesized causal relationships.
7.4.2
Background

Submerged aquatic vegetation (SAV) communities composed of seagrasses and macroalgae are characteristic of shallow coastal waters worldwide; however, few areas contain meadows as extensive as those found in the south Florida region (Fourqurean et al., 2002).  SAV communities provide key ecological services, including organic carbon production, nutrient cycling, sediment stabilization, and food sources and habitat structure that enhance local biodiversity (Orth et al., 2006).  These plants are not only a highly productive base of the food web, but are also a principal habitat for higher trophic levels. 

Because SAV live in close proximity to the land-sea interface, they are subject to physical disturbances and water quality changes associated with human population growth.  As perennial plant species, SAV integrate net changes in water quality parameters (e.g., salinity, light availability, nutrient levels) that tend to exhibit rapid and wide fluctuations when measured directly.  As such, SAV serve as biological sentinels of increasing anthropogenic influence in coastal ecosystems (Orth et al., 2006).  To a large extent, seagrass and macroalgal abundance determines public perception regarding the health of the coastal waters of Florida (Goerte, 1994; Boesch et al., 1995).  Thus, the recent changes in the distribution and abundance of seagrasses within south Florida estuaries have been perceived as an especially significant change in the overall ecosystem health.  For these reasons, seagrasses have been deemed one of the best indicators of change in the SE module (Fourqurean et al., 2002).
[image: image5.emf]0

0.25

0.50

0.75

1.00

14    16       18       20       22      24       26      28     30       32      34         

Mean Salinity (psu)

Thalassia

Halodule

Syringodium

Probability of Occurrence (p)

0

0.25

0.50

0.75

1.00

14    16       18       20       22      24       26      28     30       32      34         

Mean Salinity (psu)

Thalassia

Halodule

Syringodium

Probability of Occurrence (p)



7.4.3  Ecological Hypotheses
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The hypotheses described below are derived from a heuristic conceptual model of the factors that influence SAV community structure (e.g., water management, land use and episodic events), and the interaction of SAV with estuarine organisms and the physical environment.  CERP implementation will alter the volume, timing, and spatial distribution of freshwater inflow into the SE.  SAV field data and concomitant water quality information are being collected to establish baselines (i.e., reference conditions) against which the extent of system change will be measured once CERP is implemented.  Analysis of this pre-CERP 
data is needed to determine the extent of ecosystem change that will be detectible (and how long that might take) once CERP is implemented.  At an early stage, it will also reveal systematic problems in the monitoring or analysis and highlight areas where significant improvements can be made.

Major CERP Relevant Hypotheses

· Hypothesis 1:  Changes in both salinity and water quality resulting from CERP implementation are expected to result in changes in seagrass cover, biomass, distribution, species composition, and diversity though the combined and interrelated effects of light penetration, epiphyte load, nutrient availability, sediment depth, salinity, temperature, hypoxia/anoxia, sulfide toxicity, and disease.

· Hypothesis 2:  Changes related to CERP implementation will include an expansion of areas with Halodule wrightii and Ruppia maritima cover and a reduction in areas of Thalassia testudinum monoculture along the northern third of Florida Bay.  Based on forecasted changes in hydrology, seagrass density and species composition in the southern two-thirds of Florida Bay and the eastern half of Biscayne Bay are not expected to change.

· Hypothesis 3:  Changes in both salinity and water quality resulting from CERP implementation are expected to change benthic algal cover, biomass, distribution, species composition, and diversity though the combined and interrelated effects of light penetration, nutrient availability, salinity, temperature, and changes in seagrass density and species composition.

· Hypothesis 4:  Significant changes in benthic algae and seagrass distribution can affect susceptibility of sediments to become resuspended and the stability of mudbanks as well as nutrient availability to other primary producers.
7.4.4 Elements of Submerged Aquatic Vegetation

7.4.4.1
  Nearshore Benthic Habitats Program (NBHAP)

Since 2003, nearshore benthic habitats (< 500 m from shore) of Biscayne Bay have been monitored by the University of Miami and NOAA’s National Geodetic Survey to evaluate spatial patterns of abundance of submerged aquatic vegetation (SAV) in relationship to distance to shore and inflow of fresh water from canals, groundwater, and overland sources (Lirman et al., 2008a, b). One of the most profound changes expected with the implementation of CERP is the alteration of salinities within western Biscayne Bay with unknown ecological effects on benthic organisms.  The areas most sensitive to these changes are the shallow areas along the mainland shoreline that are critical nursery habitats for pink shrimp (Diaz, 2001) and economically-valuable fishes (Serafy et al., 2003; Faunce et al., 2002).  This project provides a comprehensive, spatially-explicit baseline database on the seasonal species composition, distribution, and abundance of SAV in these susceptible habitats against which ecological responses to changes in water quality and salinity regimes can be fully ascertained.  

In 2008, seasonal surveys (wet season, dry season) of nearshore (< 500 m from shore) benthic habitats were conducted between Matheson Hammock and Manatee Bay (Figure 1). These surveys expand previous efforts conducted in 2003 and 2005 that concentrated on the area between Matheson Hammock and Turkey Point (Table 1). Site selection followed a stratified random sampling design that included distance-to-shore buffers (< 100 m, 100-200 m, 200-300 m, 30–400 m, and 400-500 m from shore) as well as 4 distinct zones/basins delineated based hydrodynamic and salinity patterns (Lirman et al., 2008b) (Figure 1). The survey domain encompassed 132 km2, and the minimum distance between sites averaged 300 m.  

The indicators of SAV status used in this program include percent cover, spatial distribution, and frequency of observation within images of seagrasses and macroalgae. Temporal and spatial patterns of abundance and distribution of SAV are quantified using the image-based shallow-water positioning system (SWaPS, Lirman et al., 2008a).  This system, installed in a shallow-draft skiff, uses a GPS receiver centered over a digital high-resolution camera (Nikon D200, 10 MP) that is suspended over a glass enclosure and provides a clear view of the bottom (Figure 1). The digital images collected during SWaPS surveys (Figure 1) are analyzed to determine: (1) spatial distribution of seagrasses, macroalgae, and hardbottom organisms (identified to species level when possible); (2) species richness; and (3) abundance and percent cover.  For each site (i.e., a transect < 25 m along the survey track), 10 non-overlapping geo-tagged images are chosen at random from the image library and percent cover is estimated for each benthic category as determined by the fraction of the frame that is obscured by each taxon when viewed directly from above) (Fourqurean et al., 2002).

Table 1. Number of SAV sites surveyed in 2003, 2005, and 2008 in western Biscayne Bay (< 500 m from shore). In 2003 and 2005, surveys were only conducted from Matheson Hammock to Turkey Pt.

	Zone
	Location
	2003 Dry
	2005 Dry
	2005 Wet
	2008 Dry
	2008 Wet

	Zone 1
	Matheson Hammock to N Black Pt
	66
	100
	100
	124
	124

	Zone 2
	Black Pt to Turkey Pt
	63
	140
	140
	68
	68

	Zone 3
	Turkey Pt to Manatee Bay
	-
	-
	-
	145
	145

	Zone 4
	Manatee Bay
	-
	-
	-
	34
	34

	 
	Total
	129
	240
	240
	371
	371
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Figure 1. A) Location of the sampling sites and the 4 zones surveyed as distinct strata in this project. B) Map of the Black Point area showing the survey buffers (inshore to offshore) and location of the random sites surveyed during 2008, C) Sample image of the SAV community collected during surveys.

A full description of the data collected in 2008 is included in the annual report for CERP MAP Activity 3.2.3.3 (Lirman and Serafy, 2008). Two seagrass species, Halodule wrightii and Syringodium filiforme, showed a stable pattern of benthic cover since 2003, while Thalassia testudinum has shown a steady decline, from > 40 % in 2003 to < 20 % in 2008 (Figure 2). Macroalgal cover remained stable between 2003 and 2008, except for a large increase in the 2005 wet season associated with the bloom of species with a large affinity for freshwater such as Chara and Batophora (Figure 2). It is unclear whether the declining trend in Thalassia cover is just temporary or a more persistent pattern. But, considering that previous research in Florida Bay suggests that dense Thalassia beds may be more susceptible to mortality due to reduced O2 conditions, it is crucial that monitoring of these habitats be continued over multiple years to tease apart natural variability from potential impacts of CERP.
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Figure 2. Percent cover of SAV in nearshore habitats of Biscayne Bay from 2003 to 2008. 

As expected based on the tolerance of each taxon to salinity (Lirman and Cropper, 2003), distinct seasonal and species-specific patterns of abundance and spatial distribution that are directly influenced by the inflow of freshwater into nearshore Biscayne Bay were documented. The abundance of Thalassia was similar throughout the study region. Syringodium was only found in zones 1 and 3, reaching its highest abundance in zone 1 (Matheson Hammock to N of Black Point), and Halodule was found in all zones, reaching its highest abundance in zone 2, the area with the largest inflow of freshwater from canals (S of Black Pt. to Turkey Pt.). Drift macroalgae were abundant throughout the study region, reaching highest abundances in zones 1 and 3, the zones with the highest salinity values. Attached macroalgae were most abundant in zone 2, the area with the lowest salinity. This pattern is influenced greatly by the high cover of Batophora, Acetabularia, and Chara and other macroalgal species commonly associated with more estuarine-like conditions in the Black Point area.


The abundance of Thalassia increased linearly with increasing distance from shore (and depth), while the abundance of Halodule showed the opposite pattern. The abundance of Syringodium was highest within buffer 4 (300-400 m from shore), the buffer with the deepest mean depth in the zone where this species is found. Finally, “dead zones” or zones devoid of any macrophyte tissue are extremely limited in western Biscayne Bay. In fact, no sites completely devoid of SAV were documented in 2008.


The frequency of observation of different taxa can be an important indicator of SAV status. The proportion of images without any SAV decreased from the dry season to the wet season as productivity increased. For seagrasses, there was an increase in the proportion of plots with dense cover (> 70 %) as seagrass growth peaked in the warmest months of the year. While the proportion of sparse seagrass plots increased between 2005 and 2008, there was a major decline in the proportion of the densest patches (> 70 % cover) in this period, suggesting that the decline in cover was especially pronounced within the densest Thalassia beds.


The probability of occurrence of SAV in relationship to salinity was tested using logistic regression where seagrass species were coded within sites as either present or absent. All three species showed significant relationships with mean salinity (logistic regression, p < 0.05 for the 3 seagrass species). Halodule has a higher probability of occurrence at low mean salinity, while Thalassia and Syringodium have a higher probability of occurrence at high mean salinity (Figure 3). 
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Figure 3. Probability of occurrence of seagrasses in relation to mean salinity during the wet season fitted with logistic regression
7.4.5 xx  Conclusions
The SAV data collected in nearshore western Biscayne Bay since 2003 show a significant relationship between salinity patterns (i.e., mean value, variability) and the seasonal abundance and spatial distribution of SAV. More importantly, these observations support the use of SAV as appropriate indicators of changes in salinity patterns resulting from CERP. Nevertheless, it should be noted that the patterns reported were obtained for only three survey years (2003, 2005, 2008), and that an extended effort is needed to fully document interannual variability in SAV abundance and distribution to be able to discern the impacts of the restoration projects and evaluate restoration performance.
7.4.xxx Seagrass Communities of Biscayne Bay


Miami-Dade County Department of Environmental Resources (DERM) in partnership with the South Florida Water Management District (SFWMD), has conducted a benthic habitat monitoring program in Biscayne Bay since 1985. The monitoring program was initiated with 13 fixed locations (10 of which remain active) throughout the bay. The program later expanded to include a rapid survey method that increased the spatial extent of the data collected to all of southern Biscayne Bay. This program’s data set provides a unique long-term history of the status of SAV in Biscayne Bay.
Methods


The study area encompasses Central to South Biscayne Bay and Card Sound (Figure 4). The SAV monitoring design is comprised of two components: (1) detailed sampling at fixed strategic locations, providing site specific trend-oriented data; and (2) a stratified random sampling that provides spatial, status, and trend data of the SAV communities.  
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Figure 4. Location of the permanent benthic stations (A) sampled since 1985 and the random stations (B) sampled since 1999. 

Fixed Stations: Three 1-m2 quadrats are deployed at three fixed points along a 50-meter transect at each station and short shoots of each seagrass species are counted at five haphazardly selected 0.2 m2 quadrats within the  1 m2 quadrat (e.g., 15 counts [0.6m2] per station).  Sampling was conducted on a quarterly basis through 1996, at which time it was decreased to annually (sampling takes place in June).

Random Stations: Annually since 1999, stations are visually surveyed in Central to South Biscayne Bay and Card Sound. Stations are selected using a stratified random design similar to that used by SAV monitoring programs in FL Bay and the FKNMS (Fourqueran et al., 2002). A total of 101 area-equal sampling regions are identified and up to 18 potential sampling stations are identified in each polygon (actual number range between 9 and 18 due to size of ‘border’ polygons). The size and shape of border polygons were modified to affect a shoreline ‘buffer zone’ of 100 m. At each location, the SAV community is surveyed visually within four haphazardly placed 0.25 m2 quadrats using the Braun-Blanquet Cover Abundance (BBCA) method (Fourqueran et al., 2002). Sampling is conducted in June, and a total of 913 stations have been sampled in 1999-2007.
Results

North Biscayne Bay – Fixed Stations

The data from fixed transects in this region show Syringodium to be the dominant seagrass, with Thalassia present in low densities, and variable Halodule densities. Two stations, Haulover Inlet (BB06) and 79th St. Causeway (BB10), experienced a complete loss of seagrass between 1997-1999. BB06 was likely influenced by periodic maintenance dredging of the Intracoastal Waterway proximal to the station. However, no specific causative factors have been identified for the seagrass losses recorded at BB10.  Both stations currently appear to be undergoing a recovery of seagrass, with Syringodium and Halodule returning to BB06 in 2005 and to BB10 in 2007. 

Central-South Biscayne Bay - Fixed Stations

The transects located in the central-eastern region of South Biscayne Bay, show a long-term (1985-2008) consistency in the monospecific high density Thalassia populations of this region. The transect located east of the mouth of Snapper Creek has shown recent declines in Thalassia, however, data from the polygon containing this transect do not reflect a similar decrease, suggesting that this change is not occurring on a larger spatial scale in this region. Two stations located in the northern portion of the study area, Rickenbacker (BB22) and Dinner Key (BB29), show shifts to Halodule dominance for a period in the 90’s, and then to Syringodium in the late 90’s to present (Figure 5). Changes in salinity may have played a role in this shift. At both stations prior to this shift, salinity ranged from 34-36 psu. Following this shift, most annual means have been between 32-34 psu. The change in salinity regime would likely favor Syringodium, which has a lower optimum salinity than Thalassia (Phillips, 1960). The station at Black Point channel, dominated historically by Halodule and Syringodium, has shown a recent shift to Thalassia dominance (Figure 5) but DERM and SERC salinity data do not extend far back enough in time to make any inferences on the influence that salinity may have had on the changes in seagrass at this station.
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Figure 5. Shoot density of seagrasses and salinity patterns from permanent monitoring stations in Biscayne Bay.

Central-South Biscayne Bay and Card Sound – Random Stations 
The mean BBCA values for the 9-year evaluation period indicate that Thalassia is the dominant seagrass (BBCA score for Thalassia ranges mainly 1 to 5 [estimated cover of 5 % to 100 %]), with highest cover in the northwestern and central-eastern portions of the bay. Halodule is common though not as abundant within this region, with a highest coverage occurring in the northern, western, and extreme southern sections.  BBCA scores for Halodule were commonly 1 or less (cover ≤ 5 %), with a maximum of 3 (cover of 25 % to 50 %) in one polygon in the extreme south of the area. Syringodium has the most restricted distribution in this area being found most commonly in the northern and southernmost portions of this region, with a range of BBCA scores and cover equivalent to that of Halodule. Ruppia maritima was not identified within the study region (i.e., >100 m from shoreline).  

Seagrasses
Thalassia testudinum: Patterns of Thalassia cover in South Biscayne Bay follow relationships with salinity regimes, depth, and sediment depth. Shallow depths and consistent tidal exchange characterize the eastern shoal complex known as the Safety Valve, which has the largest expanse of high cover (> 75 %) and low variability of Thalassia.  Low percent cover (< 5 %) is common in the hardbottom habitats of the southern–mid bay.  Additional areas of lower cover also occur in habitats with greater depth (northern and southern) and/or lower salinity (northern and western). Generally, these conditions favor the other seagrasses, Halodule and Syringodium, and their distributions reflect that.
Halodule wrightii: Halodule is second to Thalassia in overall presence. Reviews of 3 year groupings of data show Halodule consistently in the northern and southern regions, with low (< 5 %) to moderate cover (25 %). It also occurs sporadically along the western shore, and in the hard-bottom areas at low cover (< 5 %). 
Syringodium filiforme: Syringodium is primarily located in the northern and southern sections, with infrequent records in western nearshore and eastern polygons. 
7.4.xx  Biological Monitoring in Northeast Florida Bay

The SAV monitoring program conducted by DERM in northeast Florida Bay began in October 1993 and was expanded in 1997 east of US 1 to include the two southernmost basins of Biscayne Bay, Manatee Bay, and Barnes Sound. The primary objectives of this program are to identify spatial and temporal trends in SAV patterns, to evaluate differences within and between the study basins, and to identify trends in vegetation patterns across the basins.  

Water availability and delivery to the Taylor River Slough and C-111 basin and the effects on the Northeastern Florida Bay regions and estuarine habitat are a focus of regional restoration efforts and water management initiatives. Restoration efforts of the Comprehensive Everglades Restoration Program (CERP), and water management initiatives, such as the Minimum Flows and Levels (MFLs) have identified the submerged aquatic vegetation (SAV) community of this zone as a key measure of gauging the success of these programs (Hunt et al., 2006). 
Methods


The sampling domain is divided into two regions, the Northern Transition Zone (NTZ) that includes Highway Creek, Long Sound, Joe Bay, Alligator Bay, Davis Cove, Trout Cove, Little Madeira Bay, and an area south of Little Madeira Bay; and the Eastern Zone (EZ) that includes Manatee Bay, Barnes Sound, Little Blackwater Sound, and Blackwater Sound. These basins were selected to reflect effects due to point and/or non-point water sources, i.e., the C-111 Canal, watershed runoff, and managed water releases into Taylor Slough.

The evaluation of basin and region-wide vegetation patterns and trends is accomplished through random/rapid sampling methodology based on the US Environmental Protection Agency’s Environmental Monitoring & Assessment Program (USEPA-EMAP) and the Florida Fish & Wildlife Conservation Commission’s Fish Habitat Assessment Program (FFWCC-FHAP) (Level 1; Figure 6). Specific changes in the SAV biomass and communities within the basins are documented based on intensive sampling at fixed sites that are intended to examine local temporal trends in cover and biomass (Level 2; Figure 7).

Random Stations: The 12 basins sampled in this program are further subdivided into 4-12 sub-basins. One site within each sub-basin is selected at random and surveyed quarterly using four 0.25m2 quadrats. The cover of SAV is assessed within quadrats using the Braun-Blanquet Cover Abundance (BBCA) methodology (Fourqurean et al., 2002). Moreover, the 0.25m2 quadrats are further subdivided into four 0.0625m2 quadrats and short shoot and blade counts of all seagrass species are recorded.  
Fixed Stations: Fixed sites in ten locations in northeast Florida Bay are sampled in May and November (Figure 7).  At each site, three 1m2 plots are surveyed along a 50-m transect. Within each quadrat, the cover of SAV is calculated using the BBCA method (Fourqurean et al., 2002). Short shoot and blade counts are determined from five haphazardly chosen sub-units. Finally, biomass samples are collected from three 8” cores to provide estimates of shoot density, leaf area, total standing crop, and below-ground biomass using methods described for the FFWCC’s Florida Bay seagrass monitoring project.
Water Quality: In situ measurements of water quality parameters are made at each site, including a PAR (Photosynthetically Active Radiation) profile, and dissolved oxygen, salinity, conductivity, temperature, and pH at the surface, one meter, and 0.1m off the bottom.  

For a more detailed description of the methodology used, please refer to Avila and Blair (2006, 2008).
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Figure 6. Study area in Northeast Florida Bay showing Level 1 sampling FFWCC-FHAP grid dividing the 12 basins into subregions and all possible sample sites. 
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Figure 7. Study area in Northeast Florida Bay showing Level 2 fixed sampling sites.
Results

Water Quality


Salinity has shown a general increase over time in the study area. The NTZ basins are characterized by lower mean salinity, and a greater degree of variability between years and between basins. In contrast, the EZ has had a higher salinity and lower variation. Blackwater Sound and Barnes Sound have been at the higher end of the salinity range seen in this zone. Little Blackwater Sound is at the low end of the range in the EZ and has had the greatest variation in salinity. The storms of the 2005 hurricane season caused significant drops in salinity (May – October) in all basins (compared to the same time in 2004).


In both zones, dissolved oxygen and oxidation-reduction potential (ORP), which vary proportionally to each other, had the highest values in the first three years of monitoring and trended lower with period-of-record (POR) minimum for both parameters recorded in 2005.  Moreover, 2007 may set another minimum for DO in both zones. Both DO and ORP showed a weak but significant decreasing trend over time. OPR has a strong correlation with hydrogen sulfide concentrations (Eckert, 1993), which create reducing conditions and has been shown to play a role in Thalassia die-offs in Florida Bay (Carlson et al., 2004). Lastly, the extinction coefficient (K) shows a significant (p < 0.001) but poor (r2 = 0.25) downward trend over time.   
Seagrasses


The seagrass community in Northeastern Florida Bay is dominated by three seagrass species, Thalassia testudinum, Halodule wrightii, and Ruppia maritima. Halophila engelmannii is also present with a limited distribution and abundance. Thalassia is absent from the two primary receiving basins within the study area, Highway Creek and Joe Bay, however it is the dominant macrophyte throughout the remainder of the region. Ruppia has the most limited distribution maintaining a relatively consistent presence two of the study basins; Joe Bay and Highway Creek (Fourqurean et al., 2002). Ruppia is one of the dominant components of the SAV community in the creeks and ponds further upstream (Frezza et al., 2003). Finally, Halodule persists in areas with dynamic salinity regimes and its presence and abundance has shown the ability to opportunistically expand when declines in the presence or abundance of Thalassia or Ruppia have occurred

Localized (i.e., intra-basin) losses of Thalassia were documented following passages of Hurricane Georges (1998) and Hurricane Irene (1999), which appear to have been the driving influences of the changes (Bacon et al., 2001; Avila et al., 2003). From May 2004 through May 2005, a prolonged period of elevated salinity occurred in each of the basins monitored (Avila et al., 2005). Concurrent with this period of elevated salinity was the loss of Ruppia in Joe Bay and Highway Creek (Avila et al., 2005). The high salinity period ended with record regional rainfall in the summer of 2005 were generated by the passage of Hurricanes Katrina and Wilma. Moreover, an unprecedented algal bloom initiated and has persisted in the southern Biscayne Bay basins and Blackwater Sound following the passage of the 2005 hurricanes (Rudnick et al., 2007; 2008). Loss of Thalassia has been documented in Blackwater Sound co-occurring with the storm events and the ongoing algal bloom (Rudnick et al., 2008). 
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Figure 8. Mean annual shoot density of Thalassia in the study region
[image: image13.emf]1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


0


1


2


3


4


5




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0

1

2

3

4

5


Figure 9. Mean annual shoot density of Halodule in the study region

Eastern Zone Basins


Both frequency and shoot density of Thalassia have declined in recent years in the EZ.  In 2006, there was a 34.6 % decrease in shoot density compared to 2004. Furthermore three successive years of lower mean shoot density were recorded beginning in 2005, decreasing to POR lows in 2007 (Figure 8). The recent changes taking place in the EZ Thalassia populations appear to be the culmination of the prolonged 2004-2005 period of high salinity followed by the major storm events of 2005. The 1997-2007 data show a generalized trend of increasing salinity (with a drastic decrease during the 2005 hurricane season), increased reducing conditions, and decreasing oxygen concentrations coinciding with decreases in Thalassia density.  

The three-year period of 1998-2000 was the highest three-year period in terms of shoot density and frequency for Thalassia in the EZ (Figure 8). During these three years salinity was moderate and had relatively low variation. The later part of 2005, after Hurricane Katrina, showed notable losses of Thalassia in this region, and it was the first of three successive years of POR low-shoot densities. In Blackwater Sound and Barnes Sound for the years 2005 versus 2007, shoot density decreased 85.9 % and 70.1 % respectively. However, some recovery is evident by the increase in frequency for Manatee Bay, Barnes Sound, and Little Blackwater Sound in 2007. Blackwater Sound, however, has shown a continued decline in the annual percent frequency of Thalassia, and, for 2007, a region-wide POR low of 35.4 % was recorded. During the 2004-2005 elevated-salinity period, dissolved oxygen and redox potential were depressed from previous years. Following Hurricane Katrina, large areas of the EZ had dissolved oxygen >2 mg/l and redox > -70 mV. This suggests that the Thalassia population of the EZ may have been effected by the oxygen/sulfide stress dynamic operating at both a chronic low level during the 2004-2005 elevated-salinity event and an extreme event following Hurricane Katrina. 


All four of the EZ basins had period of record low Thalassia shoot densities within the time frame of the salinity reaching the respective basin minimums following Hurricane Katrina.  Following these losses of Thalassia, an unprecedented blue-green algal bloom initiated (and has persisted) in Manatee Bay, Barnes Sound, and Blackwater Sound through 2006-2007 (Rudnick et al., 2007).  During this period, chl-a concentrations were measured as high as 18ug/l in Barnes Sound. As of the end of 2007, chl-a levels in this region remained 10-12 times historic median concentrations. Water clarity was also affected by these events and decreased light attenuation values were recorded during this period. For the zone as a whole, 2005 through 2007 light attenuation values were notably low values and 2006 was a set the annual record low for all four basins in the EZ. With the 2007 data analyzed to date, the EZ as whole as well as number of the basins within it are at POR lows for dissolved oxygen. This is likely the result of reduced photosynthesis for Thalassia and other SAV, decomposition of organics, and sulfide consumption. 


Within the EZ, Little Blackwater Sound had the lowest Thalassia shoot density and the highest Halodule shoot density for most years.  This basin also experienced the lowest annual salinity and highest annual salinity variation. Within the other three basins, the annual mean metrics for Halodule exhibit the general trend of opportunistic expansion during periods when Thalassia is reduced. For example, for the first two years of monitoring, Blackwater Sound had high metrics for Halodule coinciding with lower relatively lower density of Thalassia. 


Halodule in the EZ showed two consecutive years of low mean shoot density in 2004 and 2005, while during 2006 and 2007, the shoot density was within the range of the previous years (Figure 9). The frequency of Halodule showed highest values in 2006 and 2007 since the addition of the Manatee Bay and Barnes Sound basins in 1998. Ruppia has not been a consistent or abundant component of the SAV community in the EZ during the POR, and it has not been recorded in this zone since 2004.

Finally, there are indications of stabilization and recovery of the seagrass community in these basins, Halodule frequency and density has responded to the displacement of Thalassia throughout the EZ and, with the exception of Blackwater Sound, the frequency of Thalassia is higher in 2007 than in 2006. 

Northern Transition Zone Basins

Both frequency and shoot density of Thalassia have declined in recent years. In 2006, there was an 8.2 % and 17.5 % respective decrease in frequency and a 19.7 % decrease in shoot density compared to 2004. Furthermore three successive years of lower mean shoot density beginning in 2005 have been recorded, decreasing to POR lows in 2007 (Figure 8). 


There is a near 20 % decrease in Thalassia within the NTZ when comparing the first three years of the program to the most recent three years. In 1997-1999, Little Madeira Bay had the highest Thalassia density of the basins within the NTZ. However, in 2000 the basin experienced a loss of Thalassia, and has remained at a lower density through subsequent years (Figure 8). The three open coves of Duck Key Basin, AB, DC, and TC, as well as the large open Eagle Key Basin, have maintained a Thalassia frequency near 100 % for the POR, and, in terms of shoot density, all four basins appear to be within historical ranges. In the downstream basins dominated by Thalassia, the overall long-term changes in density appear to be driven primarily by the loss of a large area of high shoot density within Little Madeira Bay in late 1999 (Bacon et al., 2001; Avila et al., 2003) as well as some of the more recent, although less dramatic, declines in other basins (e.g., Long Sound).  


For Halodule, Little Madeira Bay and Long Sound have had the highest density and frequency among the six basins in the NTZ (Joe Bay and Highway Creek are evaluated separately due to the absence of Thalassia) (Figure 9). There is no apparent trend with the metrics measured for this seagrass in these basins, with the exception of Long Sound and Little Madeira, which experienced increases in Halodule following declines in Thalassia. The other four basins show a slight decline in frequency.


In Joe Bay and Highway Creek (two basins without Thalassia that are primary habitat for Ruppia), peaks in Halodule shoot density have coincided with periods of elevated salinity. Two such periods have occurred within the POR: 1999-2000 and 2004-2005. During the latter period of elevated salinity, both basins had a complete loss of Ruppia and this species has not been recorded in these basins since that time.  Mean salinities in 2006 and 2007 for both basins are below 20 psu, however reviews of the quarterly data show dry season peaks above 31 psu and four to five month decreases to wet season lows of around 1 psu. Concurrently, Halodule density has varied but frequency has increased to approximately 60 %, and is now the sole and dominant seagrass in these basins. 


Finally, the NTZ maintained a consistent presence of Ruppia into 2005, but density and frequency of Ruppia decreased during 2005, showing POR low values. In 2006, Ruppia showed a minimal increase in these metrics.      

For a more detailed description of the results of this monitoring program, please refer to Avila and Blair (2006, 2008).

7.4.4.xxx South Florida Fisheries Habitat Assessment Program

The Florida Bay Fisheries Habitat Assessment Program (FHAP-FB) has provided spatially explicit data on the distribution, abundance, and species composition of Florida Bay SAV since 1995.  As a component of MAP, the geographic scope of FHAP-FB was expanded in 2005 to include additional locations in the SCSM ranging from the Lostman’s River to southern Biscayne Bay (Figure 10) and the program was renamed the South Florida Fisheries Habitat Assessment Program (FHAP-SF).  The goal of FHAP-SF is to provide information for spatial assessment and resolution of inter-annual variability in seagrass communities, and to establish a baseline to monitor responses of seagrass communities to water-management alterations associated with CERP activities.  FHAP-SF documents the status and trends of seagrass distribution, abundance, and reproduction, as well as provides process-oriented data such as photosynthetic efficiency and epiphyte loads. Resource managers will be able to use these data to address ecosystem-response issues on a near real-time basis, and to weigh alternative restoration options. 
Methods

Regional Seagrass Sampling - FHAP-SF sampling is conducted annually, at the end of the dry season (May-June) when salinity stress on seagrasses is typically highest.  Monitoring stations are determined using a systematic random-sampling design.  Each location is divided into approximately 30 tesselated hexagonal grid cells (Figure 10 inset), and a single station position is randomly chosen from within each grid cell during each monitoring event.  SAV at each station is visually quantified using a modified Braun-Blanquet (BB) technique within a series of 0.25 m2 quadrats placed on the bottom.  The number of individual BB quadrats examined in each location from 1995-2008 is presented in Table 2.  Species occurring within the quadrats are assigned a cover/abundance value according to the following scale: 0 = absent; 0.1 = solitary with small cover; 0.5 = few with small cover; 1 =numerous but < 5% cover; 2 = any number with 5-25% cover; 3 = any number with 26-50% cover; 4 = any number with 51-75% cover; 5 = any number with 76-100% cover. The average BB score for each species is computed for the quadrats within a site to yield an average BB density estimate for each location. When Thalassia testudinum (turtlegrass) is present, short-shoots are collected to determine leaf epiphyte biomass and seagrass morphometric data.  Photosynthetic efficiencies are also measured for Thalassia using a diving PAM (pulse-amplitude modulated) fluorometer.
Permanent Transects in Florida Bay - A more intensive sampling effort is conducted twice annually (May-June at the end of the dry season, and October-November at the end of the wet season) at 15 permanent transects in Florida Bay (Figure 10).  These 50 m long transects are located adjacent to long-term water quality monitoring stations originally established by the FIU Southeast Environmental Research Center.  Quantitative measures of seagrass abundance (e.g., above and below-ground seagrass biomass, short-shoot density, leaf morphometrics) are collected in addition to Braun-Blanquet cover estimates.
Results

Seagrass Community Structure - Spring 2008 - With the exception of the southwest Florida locations, seagrasses were abundant throughout the study area (Figure 11a).  Thalassia testudinum was the dominant species in Florida Bay and southern Biscayne Bay (Figure 11b), however Halodule wrightii was also consistently present in low densities (Figure 11c).  Syringodium filiforme occurred primarily in western Florida Bay, where it was locally abundant (Figure 11d).  The northern Biscayne Bay seagrass community was dominated by Syringodium, but Halodule and Thalassia also occurred throughout the region in sparse to moderate densities.  In contrast to most of Florida Bay and Biscayne Bay, seagrass cover was sparse in all southwest Florida sampling locations.  However, Chara, a macroalgal species that occurs in brackish water habitats, was found in relatively high densities throughout Coot Bay.

Seagrass Trends 1995 – 2008 - Evaluating trends in seagrass community structure over short time periods (e.g., 2005 to 2008) is problematic due to inherent variability in seagrass distribution and abundance between years.  However, regression analyses of longer-term data (1995 to 2008) revealed significant trends in seagrass density within several Florida Bay sampling locations that corresponded to changing water quality conditions, as well as predicted species successional patterns. These trends were most apparent in western Florida Bay (Figure 12a, b, and c), which was subject to a widespread die-off of Thalassia testudinum in the late 1980’s, followed by a decline in light availability from the early to mid -1990’s due to persistent algal blooms and resuspended sediments. 
The seagrass dynamics in Johnson Key Basin illustrate a representative sequence of events in western Florida Bay (Figure 13).  When sampling was initiated in Spring 1995, cover of all seagrass species was sparse and water clarity was poor.  Over time, water clarity improved and the frequencies and densities of all seagrass species increased, but temporal patterns were quite different among species.  Halodule, the fastest growing seagrass species, showed the most rapid response.  Eventually the abundance of the longer-lived species, Thalassia and Syringodium, also began to increase.  Halodule density peaked in 2000, but has declined since then, exhibiting a significant cubic trend.  Braun-Blanquet densities of Thalassia and Syringodium have continued to increase, and are exhibiting significant positive linear trends. The changes in species abundance in Johnson Key Basin are following a secondary successional pattern typical for subtropical seagrass systems, and have resulted in a mixed-species community dominated by Thalassia.  Comparing these temporal trends to Johnson Key Basin water quality data (Figure 13c, d) also indicates that seagrasses are responding to increasing light availability (lowered turbidity and water column chlorophyll a).
More detailed information regarding the species composition, distribution, and abundance of seagrass and macroalgal species as well as other FHAP-SF performance measures, study design, and methodology is available in the 2005, 2006, and 2007 FHAP-SF Annual Reports.

Conclusions

The ability to statistically detect change from baseline conditions is a crucial component of the RECOVER Monitoring and Assessment Plan.  Results to date suggest that changes in seagrass species composition, distribution, and abundance in the Southern Estuaries can be determined using the monitoring data collected by FHAP-SF, and that these trends are consistent with available water quality information.  However, both documented species successional patterns, which reflect species life history characteristics, and the extensive variation in seagrass community structure observed from 1995-2008 in Florida Bay show that a decade or more of monitoring data may be required to accurately interpret ecosystem changes that can be related to CERP activities. Fortunately given the present implementation schedule, such a time series will be available only if MAP monitoring is sustained as planned.
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	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008

	Lostman’s River
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	360
	240
	232
	240

	Oyster Bay
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	348
	240
	240
	240

	Whitewater Bay
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	372
	232
	224
	240

	Coot Bay
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	384
	248
	244
	248

	Johnson Key Basin
	128
	124
	120
	128
	124
	124
	124
	112
	107
	124
	336
	240
	240
	232

	Rabbit Key Basin
	136
	132
	108
	112
	108
	120
	112
	124
	107
	108
	371
	248
	248
	240

	Twin Key Basin
	128
	120
	132
	124
	124
	120
	120
	128
	128
	120
	384
	240
	236
	248

	Rankin Lake
	148
	136
	144
	136
	136
	120
	132
	116
	132
	136
	372
	240
	240
	248

	Whipray Basin
	128
	120
	132
	124
	116
	112
	124
	124
	124
	128
	372
	240
	224
	224

	Madeira Bay
	124
	124
	128
	132
	132
	116
	128
	124
	116
	132
	335
	240
	240
	240

	Calusa Key Basin
	120
	120
	124
	116
	116
	120
	116
	116
	124
	116
	360
	240
	240
	240

	Crane Key Basin
	140
	132
	136
	136
	136
	132
	136
	140
	128
	136
	408
	232
	240
	240

	Eagle Key Basin
	136
	144
	148
	128
	128
	136
	128
	132
	144
	124
	 396
	248
	248
	248

	Duck Key Basin
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	360
	232
	240
	240

	Blackwater Sound
	132
	120
	128
	136
	136
	120
	136
	128
	124
	136
	392
	232
	232
	224

	Manatee Bay
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	360
	240
	240
	240

	Barnes Sound
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	360
	240
	239
	240

	Card Sound
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	348
	232
	240
	240

	South Black Point
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	348
	232
	236
	240

	North Black Point
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	360
	232
	232
	232

	Port of Miami
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	336
	232
	216
	-

	North Biscayne Bay
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	276
	208
	239
	-

	TOTAL # QUADS
	1320
	1272
	1300
	1272
	1256
	1220
	1256
	1244
	1234
	1260
	7938
	5208
	5210
	4784


[image: image16.emf]1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


0


1


2


3


4


5




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0

1

2

3

4

5

[image: image17.emf]1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


0


1


2


3


4


5




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0

1

2

3

4

5

[image: image18.emf]1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


0


1


2


3


4


5




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0

1

2

3

4

5



[image: image19.emf]1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


0


1


2


3


4


5




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0

1

2

3

4

5



[image: image20.emf]1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


0


1


2


3


4


5




1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

0

1

2

3

4

5


 References
Avila, C.L. and S.M. Blair. 2008. C-111/Taylor Slough Water Quality and Biological Monitoring in Northeast Florida Bay. Comprehensive Annual Report 2004-2005. Submitted May 2006 to: South Florida Natural Resources Center, Everglades National Park, Homestead, Florida, 13 pp.
Avila, C.L. and S.M. Blair. 2008. C-111/Taylor Slough Water Quality and Biological Monitoring in Northeast Florida Bay. Comprehensive Annual Report 2006-2007.  Submitted May 2008 to: South Florida Natural Resources Center, Everglades National Park, Homestead, Florida, 27 pp.

Avila, C.L., S.M. Blair, C.D. Hopps, S. K. Kemp, O.Z. Abdelrahman, M. J. Pierre, and K. M. Skindzier. 2005. High Salinity Event of 2004-2005 and Responses of the Seagrass Community in Northeast Florida Bay. In: 2005 Florida Bay and Adjacent Marine Systems Science Conference pp. 51-52.

Avila, C.L., S.M. Blair, O. Z. Abdelrahman, S. K. Kemp, K. Liddell, F.C. Shaw, and M. J. Pierre. 2003. Seagrass Distribution and Cover Abundance in Northeast Florida Bay 1996-2002. In: Joint Confrence on the Science and Restoriation of the Greater Everglades and Florida Bay Ecosystem. pp. 157-159.

Bacon, J.J., Hefty, L.N., Kemp, S.K., Shaw, F. Liddell, K., and Avila, C. 2001. Seagrass  Distribution and Cover Abundance in Northeast Florida Bay. In: 2001 Florida Bay and Adjacent Marine Systems Science Conference. pp. 145-148.

Carlson, P.R.Jr., Yarbro, L.A. Barber, T.R. 1994.  Relationship of sediment sulfide to mortality of Thalassia testudinum in Florida Bay. Bulletin of Marine Science. 54:733-746.

Diaz, G.A. 2001.  Population dynamics and assessment of pink shrimp (Farfantepenaeus duorarum) in subtropical nursery grounds.  Ph.D. Dissertation. University of Miami, Coral Gables.  175 p.

Eckert, W. 1993. Microbially – related redox changes in a subtropical lake 2. Simulation of metalimnetic conditions in a chemostat. Biogeochemistry 21: 21-38.

Faunce, C.H., J.J. Lorenz, J.E. Ley, and J.E. Serafy. 2002.  Size structure of gray snapper (Lutjanus griseus) within a mangrove "no‑take" sanctuary.  Bulletin of Marine Science 70:211-216.

Fourqurean, J. W., Durako, M. J., Hall, M.O., and Hefty L.N. 2002. Seagrass Distribution in South Florida: A Multi-Agency Coordinated Monitoring Program.  In The Everglades, Florida Bay, and Coral Reefs of the Florida Keys: An Ecosystem Sourcebook. Porter, James W. and Karen G. Porter, Eds. CRC Press, Boca Raton, FL.

Frezza, P.E., Bean, D. and J.J. Lorenz. 2003.  Distribution and Abundance Patterns of Submerged Aquatic Vegetation in Response to Changing Salinity in the Mangrove  Ecotone of Northeastern Florida Bay.  Florida Bay Program and Abstracts from the Joint Conference on the Science and Restoration of the Greater Everglades and Florida Bay Ecosystem, p.170.

Hunt, M., D. Rudnick, C. Madden, R. Bennett, A. McDonald, J. VanArman and D. Swift. 2006.Technical Documentation to Support Development of Minimum Flows and Levels for Florida Bay. Technical Report, South Florida Water Management District, West Palm Beach, FL.

Lirman, D. and W.P. Cropper Jr.  2003. The influence of salinity on seagrass growth, survivorship, and distribution within Biscayne Bay, Florida: field, experimental, and modeling studies. Estuaries 26:131-141.

Lirman, D., G. Deangelo, J. Serafy. 2008. Documenting Everglades restoration impacts on Biscayne Bay’s shallowest benthic habitats. CERP Monitoring and Assessment Plan Component. Activity Number 3.2.3.3. First Annual Report. December 2008
Lirman, D., G. Deangelo, J. Serafy, A. Hazra, D. Smith Hazra, and A. Brown. 2008a. Geospatial video monitoring of nearshore benthic habitats of western Biscayne Bay (Florida, USA) using the Shallow-Water Positioning System (SWaPS). Journal of Coastal Research 24:135-145.

Lirman, D., G. Deangelo, J. Serafy, A. Hazra, D. Smith Hazra, J. Herlan, J. Luo, S. Bellmund, J. Wang, and R. Clausing. 2008b. Seasonal changes in the abundance and distribution of submerged aquatic vegetation in a highly managed coastal lagoon. Hydrobiologia 596:105-120.  

R. Orth, T.J.B. Carruthers, W.C. Dennison, C.M. Duarte, J.W. Fourqurean, K.L. Heck jr., A.R. Hughes, G.A. Kendrick, W.J. Kenworthy,S. Olyarnik, F.T.Short, M. Waycott, and S.L. Williams. 2006. A global crisis for seagrass ecosystems. BioScience 56:987-996.

Phillips, R. C. 1960. Observations on the ecology and distribution of the Florida seagrasses. Florida State Board of Conservation. Marine Laboratory Professional Paper Series, No. 2. St. Petersburg, Florida.

Rudnick, D., C. Madden, S. Kelly, R. Bennett and K. Cunniff. 2007. Appendix 12-3: Report on Algal Blooms in Eastern Florida Bay and Southern Biscayne Bay. In: 2007 South Florida Environmental Report – Volume I, South Florida Water Management District, West Palm Beach, FL.

Rudnick, D., Madden C., Bennett R., McDonald A., Kelly S., Cunniff, K., Alleman R., Chamberlain, R. Doering, P., Gostel, M., Haunert, D., Hedgepeth, M., Hunt, M., Orlando, B., Qiu, C.,and Walker, P. 2008. Management and Restoration of Coastal Ecosystems. In 2008 South Florida Environmental Report. South Florida Water Management District, West Palm Beach, FL. 

Serafy, J. E., C. H. Faunce, and J. J. Lorenz. 2003. Mangrove shoreline fishes of Biscayne Bay, Florida. Bulletin of Marine Science 72:161-180.

�





� EMBED Unknown  ���





�





�





�





�





�





Manatee Bay





Barnes Sound





Duck Key





Blackwater Sound





Eagle Key Basin





Calusa Key Basin





Crane Key Basin





Whipray Basin





Madeira Bay





Lostman’s River





Oyster Bay





Coot Bay





Whitewater Bay





Rankin Lake





Twin Key Basin





Rabbit Key Basin





Johnson Key Basin





FLORIDA BAY





South Black Point





North Black Point





Card Sound





North Biscayne Bay





Port of Miami





Hexagonal


Grid Cells





Sampling


Points





Sampling


Locations





ATLANTIC


OCEAN





GULF OF


MEXICO





Figure 10.  Map depicting the South Florida Fisheries Habitat Assessment Program (FHAP-SF) sampling locations and sampling design (see Inset Map).  Locations with black labels have been sampled since 1995, those with red labels since 2005.  Sampling was discontinued in the North Biscayne Bay and Port of Miami locations in Spring 2007.  Red circles show locations of permanent transects.





Table 2.  Number of sampling quadrats surveyed in each basin for each year during the Spring FHAP monitoring event.





Figure 11.  Contour plots illustrating Braun-Blanquet densities of a) Total Seagrass, b) Thalassia testudinum, c) Halodule wrightii, and d) Syringodium filiforme in Spring 2008.  Results for North Biscayne Bay and Port of Miami are from Spring 2007.  The Total Seagrass category also includes the infrequently observed seagrass species Halophila decipiens, Halophila engelmanii, and Ruppia maritima.
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Figure 12.  Mean Braun-Blaunquet densities (± SE) of a) Thalassia, b) Halodule, and c) Syringodium from Spring 1995 to Spring 2008.
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Figure 13. a) Mean Frequencies (± SE) and b) Mean Braun-Blanquet Densities (± SE) of Thalassia, Halodule, and Syringodium from Spring 1995 to Spring 2008 in Johnson Key Basin.  Time series plots for c) Turbidity and d) Chlorophyll a in Johnson Key Basin from January 1993 to June 2008.  Water quality data were provided by the FIU SERC Water Quality Monitoring Network.
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