Section 2

Southern Estuaries Module


2.1.1
SE Work Plan
2.2

Southern Estuaries Hypothesis Cluster-Water Quality 

2.2.1
Abstract

South Florida’s bays, and the plants and animals that they support, reflect the volume, distribution, and quality of fresh water flowing into these aquatic systems.  Past changes to the quality, quantity, timing, and distribution of freshwater flow have degraded water quality and compromised estuarine community structure and function in some areas of the SE. Current water quality monitoring programs provide adequate spatial and temporal coverage throughout the SE with the possible exception of the southwest Florida shelf where the temporal variability may not be adequately captured.  Chlorophyll a was selected as an indicator of water quality, because its biomass is an integrator of many of the water quality factors which may be altered by CERP and there is concern that increased freshwater flow due to CERP activities may result in more frequent, intense, and persistent phytoplankton blooms in the SE. The baseline conditions indicate that most of the SE are oligotrophic with median Chlorophyll a concentrations of less than or approximately 1 ppb. This baseline data was used as the reference condition to assess the 2006 data, and only the Barnes, Manatee, and Blackwater Sound sub-region was found to have chlorophyll a biomass significantly higher than the baseline. This algal bloom was the result of an increase in total phosphorous in this sub-region from the combined effects of highway construction and hurricane impacts, including the pre-hurricane freshwater release.  This phytoplankton bloom illustrates the sensitivity of the SE to small increases in nutrient loading, because it took only a small increase in TP (> 10 ppb) to trigger this large phytoplankton bloom, which continues to persist. The ability of our methodologies to adequately detect this decline in water quality due to altered environmental conditions indicates the applicability of this technique to detect changes in water quality as a result of CERP activities. Understanding howCERP affects water quality in the SE will facilitate adaptively managing and guiding restoration efforts.

2.2.2
Background Description




Water quality in the SE is dependent upon the volume, distribution, and quality of freshwater flowing to the system. The biotic components (e.g., phytoplankton, benthic habitats) of estuaries are sensitive to salinity variability and nutrient loading which may be modified by CERP. Complex interactive mechanisms between water quality and hydrologic drivers as well as internal nutrient cycling will influence CERP effects.
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Figure 2-2: Water Quality Conceptual Ecological Model

Major Relevant CERP Hypotheses

· Through modifications of quantity, quality, timing and distribution of freshwater, CERP implementation will affect dissolved and particulate nutrients delivered to the estuaries and alter estuarine water quality. These modifications will affect primary production and food webs in estuaries. These modifications include:

1) changes in the distribution and timing of nutrient inputs through increased flow via Shark River Slough and diversion of canal flows from ‘point source’ to more ‘diffuse’ delivery through coastal wetlands and creeks;

2) changes in the quantity of nutrient inputs to the estuaries through alteration of the mobilization and release of nutrients from developed and agricultural areas, through nutrient uptake in treatment areas, and through changes in nutrient processing and retention in the Everglades;

3) changes in the bioavailability of nutrients which depend on both the quality of nutrients (e.g., inorganic nutrients and DOM) from the watershed and internal estuary mechanisms (e.g., P limitation of DOM decomposition);

· Internal nutrient cycling rates (e.g., nitrogen fixation and denitrification) and biogeochemical processes, such as phosphate sorption, will change with CERP implementation because of salinity and benthic habitat changes.

· Nutrient accumulation and retention in estuaries is affected by episodic storm events, which can export nutrient rich sediments. CERP implementation will modify benthic habitats and nutrient loading, which will affect this export.

· The spatial extent, duration, density, and composition of phytoplankton blooms are controlled by several factors that will be influenced by CERP. These include:

1) external nutrient loading;

2) internal nutrient cycling (seagrass productivity/die-off, sediment resuspension);

3) light availability (e.g., modified by sediment resuspension and CDOM);

4) water residence time;

5) biomass of grazers (e.g., zooplankton, benthic filter-feeders).

· Nutrient inputs from groundwater discharges can affect water quality in coastal wetlands and estuaries. If CERP implementation increases groundwater discharge in the coastal zone, this may alter nutrient loads to the estuaries.
Interim Goals

The desired condition is maintaining good water quality in Florida Bay by minimizing the magnitude, duration, and spatial extent of algal blooms that can adversely affect light penetration and thus the bay’s aibility to sustain healthy and productive seagrass habitat.  The interim goal for Florida Bay algal blooms is to prevent any increase in the intensity, duration, or spatial extent of such blooms in Florida Bay or adjacent waters.  The proposed assessment along with current monitoring projects is capable of addressing this interim goal in all of the ten sub-regions with the possible exception of the southwest Florida shelf where sampling frequency may not be adequate.  The current assessment shows that there has been an increase in algal blooms in one sub-region (Blackwater, Manatee, and Barnes Sounds); however, this increase was not due to CERP, and instead was the result of a combination of hurricanes, managed water releases, and road construction. 

The ability to predict water quality and chlorophyll a response to CERP is dependent upon the further refinement of the Environmental Fluid Dynamics Code Model that is being developed as a task of CERP’s Florida Bay and Florida Keys Feasibility Study.  This model will be used to predict the intensity, duration, and spatial distribution of algal blooms in Florida Bay and the nearshore southwest Florida shelf as CERP is implemented.  A similar model may be required for Biscayne Bay.  The current monitoring and assessment plans are adequate, except perhaps upon the southwest Florida shelf, to detect changes in the intensity, duration, and spatial distribution of algal blooms and assess the accuracy of the model.

2.2.3
Methods and Analysis





Systematic monitoring of water quality at fixed stations in the southern estuaries has been ongoing since late 1989 as part of Florida International University’s Southeast Environmental Research Center’s (FIU/SERC) Water Quality Monitoring Network.  This effort began in Florida Bay and by the mid-1990s had expanded to the entire SE, including the mangrove transition zone (Table 2-1).  Also, beginning in the mid-1990s the National Oceanic and Atmospheric Administration’s Atlantic Oceanographic and Meteorological Laboratory (NOAA/AOML) began monitoring water quality and circulation throughout the southern estuaries via fixed station and continuous synoptic sampling. All of the fixed stations except those located on the SWFS were sampled monthly by both programs until recent funding shortcomings forced NOAA to reduce sampling frequency to six times per year (Table 2-1).

The continuous synoptic sampling by NOAA/AOML measures sea surface temperature, salinity, chlorophyll a fluorescence (that can be converted to biomass estimates), beam transmission (λ=660) (that can be used to estimate Total Suspended Solids (TSS)), and Chromophoric Dissolved Organic Matter (CDOM) fluorescence.  These measures can then be used to estimate light attenuation along the underway track which is useful to determine if phytoplankton and/or seagrass growth is light-limited within specific regions of the southern estuaries.  At each of the fixed stations, samples are collected for chlorophyll a biomass and dissolved inorganic nutrients.  Additionally, NOAA/AOML samples light attenuation, TSS, Dissolved Organic Carbon (DOC), and pH at each station, and FIU/SERC samples Total Organic Carbon (TOC), Total Phosphorous (TP), Alkaline Phosphatase Activity (APA), and Total Nitrogen (TN) at each station.  Recent analyses of water quality in the southern estuaries include: Boyer et al. 


(1997; 1999) ADDIN EN.CITE  for Florida Bay and mangrove transition zone water quality distributions and trends, Rudnick et al. (1999) for Florida Bay nutrient loading, Kelble et al. (2005) for Florida Bay light attenuation, Kelble et al. (2007) for Florida Bay salinity variability, Caccia and Boyer (2005) for Biscayne Bay water quality distributions and Jurado et al. (2007) for bloom dynamics on the SWFS.  Much of these data are available to the public at www.aoml.noaa.gov/sfp/ and http://serc.fiu.edu/wqmnetwork/SFWMD-CD/index.htm. 

In addition to the NOAA/AOML sampling program that collects and analyzes underway and moored continuous salinity measurements in the SE, Biscayne National Park (BNP) maintains an array of continuous salinity and temperature recorders.  These are deployed at 34 sites in Biscayne Bay and measure bottom conditions every 15 minutes.  Eleven of these sites also record surface condition for a total of 45 instruments deployed.  Some of the recorders are positioned along west to east transects intended to document the dynamics of the salinity regime from near shore outward.  Fourteen sites are located within the mangrove zone where changes in salinity due to CERP implementation will be most pronounced.  Instruments were also deployed at Black Point, Turkey Point, Barnes Sound, and Manatee Bay in response to particular environmental concerns in these key areas. 



	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Based upon the major relevant CERP water quality hypotheses, it was determined that chlorophyll a biomass should be utilized as the primary indicator to assess the status and trends in water quality for the southern estuaries.  The hypotheses state that CERP will affect the rates of external nutrient loading and internal nutrient cycling by several different mechanisms.  These rates along with three other factors (light availability, water residence time, and biomass of grazers) that may also be influenced by CERP activities control the magnitude, duration, and spatial extent of phytoplankton blooms for which chlorophyll a is a proxy.  Moreover, phytoplankton blooms are a major concern to the overall health of the southern estuaries (Rudnick et al. 2005).  These blooms decrease light penetration through the water column that can lead to seagrass mortality.  Seagrass mortality often results in the release of more nutrients via decomposition and increased sediment resuspension, which in turn stimulates more phytoplankton growth 


(Rudnick et al. 2005; Zieman et al. 1999) ADDIN EN.CITE .  This potential to propagate a positive feedback loop throughout the ecosystem elevates the importance of monitoring water quality and chlorophyll a.
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The role of nutrient inputs from the Everglades in initiating and perpetuating algal blooms in the southern estuaries is unclear and likely varies throughout the region.  Several studies have hypothesized that this is an important factor and that increased freshwater flow with CERP may intensify algal blooms in the southern estuaries 


(CROGEE 2002; Brand 2002; Jurado et al. 2007) ADDIN EN.CITE .  Given this possibility, it is necessary to quantify and understand the baseline conditions for salinity and chlorophyll a and be capable of identifying deviations from this baseline that may occur as CERP is implemented.  The behavior of water quality variables, particularly salinity and chlorophyll a, is distinct throughout individual sub-regions of the southern estuaries due to differences in freshwater runoff patterns 


(Kelble et al. 2007; Nuttle et al. 2000) ADDIN EN.CITE , circulation (Lee et al. 2006), sediment biogeochemistry (Zhang et al. 2004), nutrient inputs (Rudnick et al. 1999), grazer biomass (Peterson et al. 2006), and phytoplankton species composition (Phlips and Badylak 1996).  Therefore, it was necessary to subdivide the southern estuaries module into ten sub-regions based upon statistical methodologies 訁

(Boyer et al. 1999; Caccia and Boyer 2005) ADDIN EN.CITE  and analysis of circulation patterns 

(Lee et al. 2006; Lee et al. 2007) ADDIN EN.CITE .  

Table 2-1:  Number of Fixed Station Samples for Water Quality in Each Sub-region 

The ten subregions are southwest Florida shelf (SWFS), mangrove transition zone (MTZ), west Florida Bay (WFB), north-central Florida Bay (NCFB), south Florida Bay (SFB), northeast Florida Bay (NEFB), Blackwater, Manatee, and Barnes Sounds (BMB), south Biscayne Bay (SBB), central Biscayne Bay (CBB), and north Biscayne Bay (NBB). The data from both NOAA/AOML and FIU/SERC were combined, and the grab samples collected at all of the stations were utilized to determine the status of chlorophyll a in the SE for this assessment.  The distribution of chlorophyll a concentrations was not normal in any of these sub-regions, always being heavily weighted towards lower concentrations (Fig. 2-3).  As such, the midpoint of the data was best represented by the median, and it was necessary to conduct non-parametric statistical tests to analyze the data.  EPA guidelines were applied to establish the reference conditions for chlorophyll a concentrations and set criteria for determining what constitutes elevated levels of chlorophyll a (EPA 2001).  This approach established that a median concentration greater than the reference conditions 75th percentile would be classified as elevated from baseline.  Furthermore, Kruskal-Wallis tests were employed to statistically test for differences in chlorophyll a between 2006 and all data collected prior to 2006.  If any differences were measured, more detailed analyses were undertaken to identify underlying changes in water quality parameters and determine the ultimate cause(s) of the observed change.
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Figure 2-3: Histograms of Chlorophyll a (parts per billion [ppb]) in Each Sub-region.  Frequencies are on Y-axis and Chlorophyll a Intervals Are on the Y
2.2.4
Discussion

Chlorophyll a was utilized as an indicator to assess the status and trends in water quality for the SE.  CERP implementation may affect external nutrient loading, internal nutrient cycling, light availability, water residence time, and biomass of grazers; factors which control the magnitude, duration, and spatial extent of phytoplankton blooms for which chlorophyll a is a proxy.  Phytoplankton blooms are a major concern to the overall health of the SE as they can decrease light penetration that can lead to seagrass mortality.  Moreover, seagrass mortality can result in a positive feedback loop via the release of more nutrients through decomposition and increased sediment resuspension, which in turn can stimulate further phytoplankton growth 


(Rudnick et al. 2005; Zieman et al. 1999) ADDIN EN.CITE .

Present Condition
The present condition of water quality in the southern estuaries has been the subject of numerous previously mentioned peer-reviewed papers.  For consistency when undertaking the bi-annual assessment effort, the current condition of chlorophyll a was examined by a standard easily applied methodology.  To examine the distribution of chlorophyll a throughout the southern estuaries, the data was divided between months that typically have high salinities (April-September) and those that have low salinities (October-March).  This was determined based on analysis of salinity patterns in Florida Bay and Biscayne Bay (Fig. 2-4).  Then, the median for each station during high and low salinity months was calculated and the results were plotted with Surfer (Fig. 2-5).  The highest chlorophyll a concentrations are consistently measured along the southwest Florida coast, both in the MTZ and on the SWFS. During low salinity, the elevated chlorophyll a water expands further west onto the shelf, further south towards the Keys, and further east along the northern edge of Florida Bay. The SFB, NEFB, BMB, SBB, CBB, and NBB sub-regions had consistently lower chlorophyll a concentration for both high and low salinity periods.


The median monthly chlorophyll a concentration was calculated in each sub-region and the typical annual cycles of chlorophyll a were examined (Fig. 2-6).  As depicted in the contour maps, there were significant differences in the magnitude of chlorophyll a between sub-regions. The three regions of Biscayne Bay displayed similar annual cycles in chlorophyll a with elevated concentrations from early summer through the end of the year.  However, the NBB sub-region had over double the median chlorophyll a for each month compared to the other two sub-regions.  There were significant differences in the annual cycles for the five sub-regions of Florida Bay, although they all had higher concentrations in the second half of the year.  NCFB displayed the largest degree of variability with a peak in October that was over three times the lower values observed from January through June.  SFB had the second largest amount of variability with values in the second half of the year almost double those for the first half of the year.  WFB had the highest median values for almost all months with all of the median monthly values greater than 1 ppb. BMB and NEFB had the lowest chlorophyll a concentrations without much variability.  The southwest Florida coast had significant differences between its two sub-regions.  The MTZ had consistently high levels of chlorophyll a with a slight seasonal shift of decreased chlorophyll a during the second half of the year, which is the opposite of all other sub-regions in the southern estuaries.  SWFS had a large degree of seasonal variability with a large peak in median chlorophyll a in November.  However, this peak may be an artifact of the sampling effort in this sub-region which is undertaken on a quarterly basis.  Thus each month has not been sampled each year and the results may be biased by sampling during November only in years with elevated chlorophyll a [image: image27.emf]WCA 2
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Figure 2-4: Salinity Cycles in Biscayne Bay (top two panels) and Florida Bay (bottom panel)
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Figure 2-5: Contour plots of the Median Chlorophyll a distribution in the SE During Low Salinity Months (October-March) and High Salinity Months (April-September).
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 Annual Cycle of Median Chlorophyll a (parts per billion [ppb]) in Each Sub-region.
Detecting Change
To detect change the data were analyzed with respect to the EPA guidelines outlined above.  The median and quartiles were calculated to quantify the reference conditions for the ten sub-regions of the southern estuaries (Table 2-2).  These reference conditions were then used to establish criteria from which the status of chlorophyll a and thus water quality in each of the sub-regions can be evaluated on an annual basis.  If the annual median chlorophyll a concentration is greater than the reference median, but lower than the 75th percentile, the sub-region is marked yellow and if the annual median concentration is greater than the 75th percentile of the reference, the sub-region is marked red.  This approach sets low thresholds (almost half of the sub-regions go red at less than or approximately 1 ppb) and regions with higher thresholds like FBNC will still go yellow at slightly over 1 ppb.  The only exception is the mangrove transition zone which has significantly higher thresholds.  The data is plotted as a series of annual box and whisker plots to provide a visual representation of the analysis and account for the variability in the data.  This also allows the criteria to be somewhat malleable, because a significant change in the variability will be observed even if there is not a coincident change in the median (Fig. 2-7).  The box and whisker plots have the median as their centerline, the 95% confidence intervals of the median as the notches in the box, the 25th and 75th percentiles demark the edges of the box and the whiskers extend to the 10th and 90th percentile.  Thus, the notches and the boxes can be utilized as a pseudo-test for significant differences between medians.

	Sub-region
	Valid N
	25th Percentile
	Median
	75th Percentile

	Blackwater, Manatee, Barnes
	BMB
	1704
	0.306
	0.526
	0.910

	Central Biscayne Bay
	CBB
	1673
	0.200
	0.313
	0.566

	Mangrove Transition Zone
	MTZ
	3803
	1.690
	2.863
	4.903

	North Biscayne Bay
	NBB
	635
	0.670
	1.048
	1.648

	North-central Florida Bay
	NCFB
	1399
	0.585
	1.216
	3.710

	Northeast Florida Bay
	NEFB
	1979
	0.254
	0.417
	0.790

	South Biscayne Bay
	SBB
	2257
	0.181
	0.264
	0.426

	South Florida Bay
	SFB
	1695
	0.327
	0.533
	1.059

	Southwest Florida Shelf
	SWFS
	1297
	0.739
	1.180
	1.976

	West Florida Bay
	WFB
	2304
	0.653
	1.345
	2.845


Table 2-2: Criteria for Evaluating Chlorophyll a.
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Figure 2-7: Box and Whisker Plots of Median Annual Chlorophyll a Overlaid on the Reference Conditions
[image: image33.png]40

a7

34

Salinity

28

—&— North-central = = Northeast

—&— Souh
& & 2 & &2 53 3 2 § 8 & &



From this box and whisker analysis a stoplight map was produced to display the status of chlorophyll a/water quality in each sub-region (Fig. 2-8).  The sub-regions that received yellow ratings may undergo further analysis if a Kruskal-Wallis test shows there has been a significant change in median chlorophyll a concentration.  The additional statistical test is required because a random sample will be higher then the median and thus yellow 50% of the time, even if no significant change has occurred.  The sub-regions that received red ratings will be further evaluated to understand the cause of degradation in water quality and whether it was the result of CERP, natural variability, or other anthropogenic activities.  The physical environment of the southern estuaries, particularly salinity, responds to meteorological events, such as tropical cyclones and El Niño (Fig. 2-9).  Thus, water quality likely responds to these natural events, and it is against this natural variability that changes due to CERP need to be discerned. 

Figure 2-8: The Circle in Each Sub-region Displays the Current Status of Chlorophyll a, Where Yellow Circles Denote Median Concentration is Greater Than the Sub-regional Baseline Median Yet Less Than the 75th Percentile, and Red Denotes Median Concentration is Greater Than the 75th Percentile of the Baseline
The 2006 analysis showed that of the ten sub-regions 1 was green, 8 were yellow, and 1 was red (Fig. 2-8).  Two sub-regions, the MTZ and BMB, had the highest median chlorophyll a concentrations of any year on record.  The red sub-region incorporates Blackwater, Manatee, and Barnes Sounds, and the entire 95% confidence interval of the median is located in the red region of the graph, indicating there was a substantial increase in chlorophyll a in this sub-region in 2006.  This is an area that has been subject to significant disturbances unrelated to CERP over the past two years.  In April of 2005 a road construction project began to expand US Highway 1 in this region.  This involved a significant amount of cutting and mulching of mangroves and soil tilling.  Also, from August to October 2005 this area was affected by the passing of three hurricanes over the region.  In addition to causing a great deal of physical disturbance, there was a large managed release of water that contained elevated levels of phosphorous prior to the first hurricane.

[image: image34.png]Huricane

so-uer

o-n

vo-uer

€0-nr

eo-uer

zonr

zo-uer

Lo-in

Lo-uer

oo-n

oo-uer

661N

66-uer

86N

g6-uer

Date



Figure 2-9: The Mean Bay-wide Salinity of Florida Bay Displays Significant Deviations due to Climactic Phenomena and Tropical Cyclones
The result of these occurrences was the initiation of an atypical algal bloom in this sub-region shortly after October of 2005.  Levels of chlorophyll a far exceeded previously measured values in this sub-region.  Furthermore, the long residence times of this sub-region acted to maintain the bloom’s location and helped the bloom to persist throughout 2006.  The minimal flushing did not dilute the bloom and its persistence is likely due to the creation of a positive feedback loop, whereby the bloom shades the seagrasses which senesce and decay releasing nutrients and destabilizing the bottom which increases sediment and nutrient resuspension further fueling the bloom.  Monitoring results indicate that the bloom was likely initiated by a large increase in total phosphorous prior to the bloom’s initiation, and total phosphorous has remained elevated throughout the bloom’s persistence, indicating its importance in fueling the bloom (Fig. 2-10).  The bloom is spatially associated with the road construction activities and temporally associated with the impacts of hurricanes.  Thus, it is likely that the bloom was the result of these two events occurring coincidentally in the fall of 2005.  For more information on this phenomenon and its underlying causes please refer to Rudnick et al. (2007).
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Figure 2-10: Time Series of Median Monthly Chlorophyll a and TP in the BMB sub-region
Salinity

In response to reviewers' requests, a separate salinity section has been delineated in the SSR.  The proposed hypotheses are founded in previous group work (i.e., Florida Bay Feasibility Study and Southern Estuaries Evaluation Subteam) and may be altered or expanded later. 
Proposed Hypotheses:
· Establishment of persistent low salinities, with a positive salinity gradient from wetlands to bay, in western nearshore South Biscayne Bay will lead to an increase in the number of species in the estuarine fish and invertebrate community. 
· Reduction in the intensity, frequency, and duration of hypersaline conditions in north-central Florida Bay will lead to an increase in species diversity and production. 
The underway synoptic salinity data collected by NOAA/AOML were presented in the previous water quality section to help interpret the chlorophyll a data (Fig. 2-11).  In this salinity section, we further discuss that data, present the data from the MAP continuous recording stations in Biscayne Bay (Fig. 2-11), and propose the methodology for a separate salinity section in future System Status Reports to determine the impact of CERP activities on salinity in the SE.  Continuous recording stations also exist in Florida Bay, which are maintained by Everglades National Park, but these are not discussed in this SSR.  The sampling efforts in number of synoptic sampling cruises per year by NOAA/AOML and number of observations per site for the Biscayne National Park continuous salinity recorders are given in Tables 2-3 and 2-4, respectively.
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Table 2-3: Number of Synoptic Underway Sampling Cruises conducted by NOAA/AOML in Biscayne Bay and Florida Bay Each Year Since the Projects Inception
	Site
	Number of Observations
	Site
	Number of Observations
	Site
	Number of Observations

	0
	75194
	26
	79492
	54
	71290

	1
	72550
	28
	91228
	55
	56418

	4
	66456
	30
	84957
	56
	81795

	5
	55010
	32
	77965
	58
	80649

	8
	77284
	34
	69623
	60
	66925

	10
	72313
	35
	53692
	61
	72767

	12
	64622
	36
	62429
	62
	79564

	13
	40832
	37
	51668
	64
	73390

	14
	92503
	40
	92547
	66
	62488

	16
	83779
	42
	84367
	67
	62888

	18
	70104
	44
	75430
	68
	29555

	19
	35921
	45
	70266
	69
	28726

	20
	76181
	48
	69414
	70
	73798

	22
	85794
	50
	74825
	72
	12411

	24
	84452
	52
	79400
	
	


Table 2-4:  Numbers of Observations Per Site for the Biscayne National Park Continuous Salinity Monitoring Project
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Figure 2-11: Map of the Typical Cruise-Track for the Underway Synoptic Salinity Sampling and Locations of the Biscayne Bay Continuous Salinity Recorders
Salinity in the SE is a primary stressor of many of the organisms that historically inhabited this area. This stressor may be extreme low or extreme high salinity due to too much or too little fresh water.  The desired condition is to reduce the intensity, frequency, duration, and spatial extent of high salinity events, reestablish common mesohaline to oligohaline conditions in mainland nearshore zones, and reduce the frequency and rapidity of salinity fluctuations resulting from pulse releases of fresh water from canals.  The effect of water management on salinity is manifested in different ways throughout different regions in the SE.  In Florida Bay, extended periods of hypersalinity in NCFB due to decreased freshwater runoff have been identified as a potential stressor to benthic seagrasses.  In fact the highest salinities observed in Florida Bay were concurrent with the massive seagrass die-off that sparked much of the public interest in Florida Bay (Fourqurean and Robblee 1999).  Historically, flow through the Buttonwood embankment into this sub-region would decrease salinities.  Now, this flow is only observed after the passing of large precipitation tropical cyclones (Kelble et al. 2007).
In Biscayne Bay, runoff has been diverted from creeks and coastal wetlands to point source canals (Meeder et al. 1999, Meeder et al. 2001).  As a consequence, large volume releases of fresh water from canal mouths cause sudden declines in salinity, while cessation of flows during the dry season may result in nearshore hypersalinity.  These unstable salinity regimes stress estuarine biota, negatively affect their life cycles and decrease reproductive potential (Serafy et al. 2003). Historically, the Biscayne Bay coastal wetlands and nearshore areas supported a diverse assemblage of estuarine faunal communities, including oyster reefs, estuarine fish and crocodiles. Redfish and other species that relied on sustained estuarine condition were “abundant at all seasons” (Smith 1896), and Miami-Dade County was at the core of the American crocodile geographic range in the United States (Kushlan and Mazzotti 1989). Historic oyster beds are presently inactive due to changed salinity patterns resulting from the loss of freshwater discharge into the wetlands through creek systems. Estuarine fishes and shellfish have precipitously declined in abundance due to the loss of estuarine habitat along the bay’s southwestern edge (Serafy at al. 2001). Efforts to restock red drum have failed due to the release of juveniles into areas that were no longer consistently estuarine (Serafy et al. 1996).  It is anticipated that redirecting canal flows will provide sustained mesohaline salinity patterns in the nearshore environment and lower salinity in the mouths of tidal creeks.
Biscayne Bay Continuous Salinity Recorder Data

The average bottom salinity measured in Biscayne National Park between June 2005 and October 2006 was 26 ppt (sd 1.8).  The lowest average monthly salinity for the time period was 11 (sd 5.7) at Site 32 (a bottom recorder), and the highest average monthly salinity was 39 (sd 2.5) at Site 20 (also a bottom recorder) [Site locations are depicted in Fig. 2-12].  As expected, lower salinities were measured closer to shore, and in particular between canals C-1 and C-103.  Sites with highest salinities were located offshore, with salinities approaching oceanic as proximity to the Atlantic Ocean increased.

Average wet season salinity for the 2005-2006 water year was 23 ppt, based on the average monthly values from June 1, 2005 to October 31, 2005.  Thirteen of the sites had average wet season salinities less than 20 ppt.   The zone of salinity under 20 ppt extends from the shoreline during the wet season into the nearshore areas south of Mowry Canal and north of Black Point (Figure 2-13).  Surprisingly, the lowest salinities were found around Fender Point, which is furthest from any canal outfall.  This is likely due to existing groundwater flow through the porous Biscayne aquifer since there are no other adjacent sources from canals or overland flow.  Although salinity is somewhat higher just south of Black Point, low salinities persist further offshore in this area.   Salinity slowly increases with distance offshore and to the north and south.  In these areas SFWMD employees studying groundwater flux into the bay found extensive groundwater flow (Kruppa, pers. com., 2007).
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Figure 2-12: Numbered Sites for the Biscayne Bay Continuous Salinity Recorders 

Average dry season salinity for the 2005-2006 water year was 28 ppt.  Salinity ranged from a high of 36 ppt at Site 10 (Caesar’s Creek, and ocean outflow point) to a low of 22 ppt at Site 40 (benthic mangrove site).  Sites 22, 24, 28, 30, 40, and 42 had average dry season salinity below 25 ppt, but no sites exhibited mean salinity less than 20 ppt during the dry season.  Salinity was lowest in the area between Princeton and Military Canals (Figure 2-13).  
Site 40 maintained the lowest salinity in both the wet and dry season and is located far from any direct canal discharge (Figure 2-12)., The consistently lower salinity at this site reflects groundwater flow.  Past analyses have indicated that sites 62 and 64 showed lower salinity during dry conditions, an observation also indicative of significant groundwater inflow.  Histograms (Figure 2-14) show the wet and dry season distribution of salinity at sites from Manatee Bay to Black Point.  All sites show the late onset of wet season flows and their delayed effects on salinity. Site 44 at the mouth of Black Creek (C-1 canal) shows the effect of canal discharges on salinity.
A complete analysis of available data is contained in annual reports submitted by Biscayne National Park to the Army Corps of Engineers, Jacksonville, as part of their contractual agreement.
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Figure 2-13:  Examples of wet season (left pane, August 2005) and dry season (right pane, May 2006) salinity regimes in Biscayne Bay

[image: image4]
Figure 2-14:  Distribution of salinity patterns by site arranged south (top) to north (bottom), and by dry season (left side) versus wet season (right side)

Operational Effects on Salinity

Salinity in the SE will likely be significantly affected by any CERP activities that would alter the quantity or distribution of freshwater runoff. The large degree of natural variability, both spatially and temporally, in SE salinity amplifies the importance of developing a capability to adequately assess the impact of water management on salinity in the SE.  Current salinity monitoring activities appear sufficient to assess the effect of CERP on the SE in both Biscayne and Florida Bay; however, increased effort is necessary on the SWFS where there are only a few continuous salinity recorders and quarterly synoptic cruises (Tables 2-3 and 2-4).  High-resolution spatial variability is provided by the periodic synoptic underway water quality/salinity monitoring, whereas high-resolution temporal variability is provided by continuous monitoring at fixed stations.  These are supplemented and enhanced by other periodic monitoring.  The spatial resolution is greatly enhanced with the underway flow-through observations resulting in an increased ability to accurately measure the distribution of salinity in the SE (Fig. 2-15). Accurate measurement of spatial salinity distributiuons is required to quantify the effect of CERP on the salinity regime of the SE.  The spatial salinity distributions allow for quantification of the spatial extent of the mesohaline region before and after CERP projects, comparison of salinity distributions in nearshore areas where non-point source wetlands have replaced historical canal discharges, and determination of the extent to which operational activities (e.g. large scale water releases) may disrupt the natural salinity regime in downstream communities.  In Florida Bay there is a good understanding of salinity and the physical processes that affect it, including the relative contribution of runoff, precipitation, and evaporation to salinity (Nuttle et al. 2000, Lee et al. 2006 and 2007, Kelble et al. 2007, and Nuttle et al. 2007).  Thus, the effect of CERP activities on these relationships will be quantifiable.
The continuous-recording fixed-station array needed to better describe salinity patterns and salinity variability on the short time scales most relevant to the flora and fauna has only recently been established in the shallow nearshore waters of South Biscayne Bay, where CERP will have its greatest effects on salinity and the ecosystem.  This nearshore array is essential to connecting biological changes to salinity and salinity to CERP via freshwater inflow.  
For the next assessment methods will be employed to quantify the effect of operations on salinity.  This will include determining if management actions or precipitation changes have resulted in increased runoff, if the spatial extent of the mesohaline region has been extended, and/or if reductions in the extent, duration and magnitude of hypersalinity have occurred versus similar baseline periods.  A comparison can be made of observed salinity distributions versus modeled distributions whereby the model is run with the observed precipitation and evaporation, but based on the baseline hydrology. In Biscayne Bay it is unclear if there are adequate models to carry out a similar assessment; moreover, a detailed analysis of observed salinities has yet to be completed particularily with respect to partitioning the relative contribution of runoff, precipitation, and evaporation.  This effort is currently underway and should be completed by the next assessment. 
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Figure 2-15: Plots of Continuous Synoptic Underway Flow-Through Data Overlayed on Discrete Station Samples Illustrate that Discrete Sampling Alone Misses Significant Spatial Variation in Salinity and Chlorophyll a
The largest operational water management effect on salinity during the current assessment period was the opening of the C-111 canal prior to Hurricane Katrina’s landfall on August 25, 2005. The result was a large water release out of the C-111 canal (Fig. 2-16).  The time series of flow rates at S197 also illustrates the highly sporadic nature of freshwater runoff from the C-111 canal which undoubtedly increases stress to the organisms living downstream. This large release of freshwater destabilized the natural salinity regime in a large area of the adjacent coastal embayment (Fig. 2-18). The proof that this decrease was due to the increased runoff is that adjacent areas with similar depths, but no runoff source did not experience as dramatic a salinity decrease, which would be expected if the freshwater source was primarily precipitation.  The lack of a similar decrease indicates the decrease was largely a result of runoff.  The affected region included all of Manatee Bay and part of Barnes Sound, where the surface salinity dropped from over 30 to below 10 within one week of Hurricane Katrina making landfall. The bottom salinities from the conituous salinity recorders in this area did not display as dramatic a response to the freshwater pulse, but did have their largest decrease to date.  Although they were not as large as the surface salinity decreases, a decrease of 13 ppt in 4 days was observed at Station 00 followed by a quick recovery which returned bottom salinities to greater than the pre-hurricane condition before the synoptic sampling was conducted on August 31, 2005 (Fig. 2-17).  This dramatic change in salinity could have a large effect on the biota living in this region.  For example, seagrasses have shown large physiological responses to less drastic salinity variation (Lirman and Cropper 2003).  This type of operational activity may have in part contributed to the previously discussed extensive synechococcus bloom in this region that began shortly after the water release and still persists.
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Figure 2-16: Time Series of Daily Water Discharge Through the C-111 Canal at S197
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Figure 2-17: Time Series of Mean Daily Bottom Salinity
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Figure 2-18: Salinity Before and After Hurricane Katrina Depicts the Large Effect of the Managed Water Release Down the C-111 Canal
The current continuous salinity monitoring network clearly demonstrates the instability of the existing (pre-restoration) salinity regime along the western coastline in southern Biscayne Bay.  These conditions make it difficult for a variety of estuarine faunal communities to either colonize or optimally utilize these regions. Table 2-5 indicates seasonal differences in estimated benthic estuarine area (i.e., area < 20 ppt) relative to CERP-RECOVER performance targets.  The benthic estuarine area was calculated by ArcGIS interpolation of the monthly mean salinities from the continuous benthic salinity recorders.  ArcGIS interpolation creates data that is artificially smoothed and thus is likely to result in an overestimate of the estuarine salinity area, because the recorders are not randomly distributed, but rather are strategically located in areas with high salinity variability and thus a significant source of freshwater.  Only the months where there was at least one station with a monthly mean salinity less than 20 are listed.  During the wet season and the beginning of the dry season there is an extensive amount of freshwater available for restoration, yet rarely was the performance target met. The area of salinity that meets the performance level targets appears to be controlled by the practice of "seasonal drawdown" where groundwater levels are dropped .8 ft between October and November. This results in an increase in canal discharge and decrease in groundwater discharge. Therefore, it appears that if the practice of seasonal draw-downs was ceased, larger areas of estuarine salinity would persist well into the dry season.  Appropriate redistribution of available fresh water should lead to restoration of more biologically amenable salinity regimes, which in turn holds promise for dramatic improvement in biological diversity and productivity.  The current network appears adequate to detect and track CERP-induced changes in this area, although additional sites in key areas may be warranted.  An important revelation provided by these data is the documented importance of groundwater flow—under current conditions, which should be taken into consideration in the design of CERP features for the purpose of improving salinity regimes.  Raising the groundwater earlier in the wet season and holding it as high and as long as possible into the dry season could greatly benefit the Bay and its biological communities.
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2006

Month

Est. Area of Salinity <20 

ppt (acres)

Difference  Between 

Observed Area and 

Performance Target

Location of Area with Salinity <20

2004

2005

* dry season Performance Measure = 2017 acres; + wet season = 3772 acres

Table 2-5:  Estuarine Areas by Month for the Period of Record. Area Expressed in Acres Was Derived from ArcGIS Interpolation (only months and locations with salinity<20 ppt are included).
Salinity Conclusions

Salinity will be the primary parameter in the SE directly altered by CERP and changes to salinity regimes in the SE will have significant effects on water quality and biota in the SE.  Given this, in future SSRs there will be a separate salinity section with distinct, testable hypotheses.  The primary goal of this section will be to quantify how operational activities (and eventually newly constructed system features) have altered the salinity regime of the SE.  The desired condition is to reduce the intensity, frequency, duration, and spatial extent of high salinity events, reestablish common mesohaline to oligohaline conditions in mainland nearshore zones, and reduce the frequency and rapidity of salinity fluctuations resulting from pulse releases of fresh water from canals.  By altering freshwater flow, CERP will almost certainly affect salinity distributions in the southern estuaries, which will in turn result in changes to water quality and all other performance measures.  Thus, it is logical and necessary to have a separate salinity hypothesis cluster and performance measures that can be rigorously assessed to ensure we are capable of detecting any changes that may occur as a result of CERP.
Conclusions

This approach to assessing water quality has proven to be quite capable of detecting changes as it did in the BMB sub-region for 2006.  There is precedence for the criteria development, and the graphical representations can be easily understood by all audiences.  The one weakness is with respect to sampling frequency.  It has been recommended by the Advisory Committee on Water Information and the National Water Quality Monitoring Council that water quality be measured monthly to assess the condition of specific estuaries (ACWI and NWQMC 2006) and this is equally true on the SW Florida Shelf given the intermittency of freshwater inflows.  The current sampling frequency is simply not sufficient on the southwest Florida shelf; moreover, FIU is now scheduled to discontinue its SFWMD supported shelf monitoring.  Maintaining, indeed increasing, the sampling frequency in this sub-region is of particular importance, because CERP is likely to significantly increase freshwater discharge in this sub-region.
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