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EXECUTIVE SUMMARY 
 

This report summarizes water quality and seagrass research and monitoring performed during 

the period July 2009 through December 2103 by SCCF Marine Lab within J.N. “Ding” Darling 

National Wildlife Refuge (Refuge), as part of a USFWS Cost Sharing Challenge Grant (#41540-1261-

CS19) with the SCCF Marine Lab. Included is a review of results from 54 months of directed research 

and monitoring and is distributed to the J.N. “Ding” Darling National Wildlife Refuge (JNDDNWR or 

Refuge) staff for their use. Raw data are also provided in an Excel (Microsoft, ver. 2007) workbook. 

Using an adaptive management approach, the SCCF Marine Lab and Refuge are characterizing 

the water quality within the refuge. This research in and around the Ding Darling Wildlife Refuge has 

revealed both local and regional influences on the water quality parameters, habitats, and indicators 

studied. Generally, management actions to improve water quality in the Refuge waters will require 

attention to both local conditions (e.g., impoundment water level, stormwater management, poll and 

troll zone enforcement) as well as to other regional factors such as timing, duration and intensity of 

water releases from the upper Caloosahatchee watershed and Lake Okeechobee.  

The SCCF Marine Lab personnel sampled 10 water quality sites within the Refuge monthly or 

bimonthly depending on the schedule and need.  In-situ water quality parameters were measured and 

discrete grab samples were analyzed for nitrogen, phosphorus, chlorophyll a and colored dissolved 

organic matter (CDOM). To supplement the discrete monthly sampling, SCCF maintains the Refuge’s 

YSI 6600 water quality datasonde on the estuary side of the western impoundment. Additionally, in 

December 2013 the Marine Lab installed a RECON water quality sensor platform at the mouth of 

McIntyre Creek to replace the discontinued USGS station originally deployed there in March 2010. 

This new RECON platform along with a previously installed unit at the mouth of Tarpon Bay delivers 

real time water quality data from the Refuge accessible through the RECON website, 

http://recon.sccf.org/. Seagrass surveys were conducted annually at 11 sites within the Refuge. Outside 

the Refuge boundaries, six seagrass sites were surveyed before and after large freshwater releases in 

2011, 2012 and 2013 to quantify downstream effects on seagrass density.  

Since initiating this research in 2009, discharges during the wet season from S79 were less than 

30,000 x10
6
 ft

3
. During 2013, the total volume discharged was nearly 3 times that at 85,000 x10

6
 ft

3
. 

This lowered salinities at all sites throughout the refuge and caused high phytoplankton abundance as 

indicated by chlorophyll a concentrations. While total nitrogen (TN) and inorganic nitrogen (IN) 

concentrations were typical in 2013, the load (concentrations x volume) was nearly 3 times higher and 

can explain higher than normal phytoplankton abundances. In August 2013, the chlorophyll a 

concentration exceeded FL impaired standards (mean annual chlorophyll of 11 ug/L) at all sites within 

the Refuge. 

The Marine Lab measured CDOM and salinity along transects from the mouth of the 

Caloosahatchee River to northern Pine Island Sound and from the river mouth into the Gulf of Mexico 

during the 2013 wet season freshwater releases from S79 water control structure on the Caloosahatchee 

River. These transects showed measurable effects of S79 discharges in northern Pine Island Sound and 

miles into the Gulf of Mexico. We again conclude that freshwater releases from the S79 structure 

directly influence salinity, CDOM and nutrient concentrations at Refuge water quality sites and will 

http://recon.sccf.org/
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indirectly affect chlorophyll a and dissolved oxygen through the encouragement of phytoplankton 

growth (chlorophyll a increases due to nutrient loadings).  

Nutrient concentrations within the Refuge are at or below the 50
th

 percentile of all Florida 

estuary values; however, they are at levels which have known negative effects on the ecosystem. 

Compared to mean concentrations from other long-term monitoring locations on Sanibel, the refuge 

sites have the lowest nutrient and chlorophyll levels. The other monitoring locations included the more 

developed watersheds of Sanibel Slough, the Sanibel Bayous, and The Sanctuary and The Dunes 

stormwater systems. The refuge water quality values can be thought of as water quality “controls” for 

these other more developed areas of Sanibel. 

GIS-based analysis of mean nutrient concentrations in the nearshore waters of Sanibel found 

gradients generally went from highest concentrations near the Caloosahatchee River and lower further 

from the River. In the dry season, a “shadow” of higher concentration IN was found from local sources 

surrounding Sanibel suggesting groundwater or stormwater runoff had measurable impacts on water 

quality. Nutrient loadings associated with groundwater discharge from Sanibel should be studied to 

promote development of accurate estimates.  

Hypoxic events occur in the shallow interior bays of the Refuge overnight and in the early 

morning. Results from the continuously recording YSI sensor combined with discrete samples, it is 

likely that these events are caused by excess oxygen demand in the water column and sediment 

because of a) input of humic and organic substances and bacterial productivity and/or b) high 

phytoplankton or macroalgae biomass. Bacterial productivity is not a parameter measured by the 

Marine Lab but the high colored dissolved organic matter (CDOM) concentrations in these samples 

suggest a possible link to the diurnal hypoxic events. Higher phytoplankton abundances occur during 

the warmer, wet season and are creating high oxygen demands at night.  

Annual surveys within the Refuge indicate seagrass density at the outer and inner estuary sites 

(NWR04, NWR05, NWR06out, NWR07out) as well as in Tarpon Bay (NWR01, NWR02, NWR03) 

was declining significantly. Seagrass density in Wulfert Flats and within the impoundments showed no 

significant trends. The steady seagrass health at Wulfert Flats sites could be partially due to the 

opening of Blind Pass (2009) and/or the implementation of a no-motor boat zone in Wulfert Flats. 

Sites within the impoundments showed little difference in seagrass density during the 54 month study 

period. The before and after surveys showed significant changes in seagrass community structure 

including the significant loss of Halodule wrightii at the upstream stations and Thalassia testudinum at 

the downstream stations after freshwater releases. The loss of seagrass density was more than an 

annual cycle, with significantly less pre-event seagrass density existing after the third year of the 

surveys than pre-event density in the first year and less post-event density in the third year than post-

event seagrass in the first year. 

CDOM is a concern for habitat management because it absorbs light needed by seagrass. When 

a large volume of freshwater is being released from the S79 structure, CDOM levels are elevated in 

Pine Island Sound and its sub-basins. The normal diluting effects of tides from the Gulf of Mexico are 

dampened and water clarity can be reduced for long periods, affecting seagrass. The maximum values 

of CDOM from the 54 month monitoring period for all 10 water quality stations occurred during the 

2013 freshwater releases from S79.  
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GIS-based analysis of mean nutrient concentrations in the nearshore waters of Sanibel found 

gradients generally went from highest concentrations near the Caloosahatchee River to lower further 

from the River. In the dry season, a “shadow” of higher concentration IN was found around Sanibel 

suggesting a local source such as groundwater or stormwater runoff had measurable impacts on water 

quality. Nutrient loadings associated with groundwater discharge from Sanibel should be studied to 

promote development of accurate estimates.  

A persistent red tide event (Karenia brevis) occurred within the Refuge (and Pine Island 

Sound) from October 2012 through March 2013 and could have caused the measured decreases in bay 

scallop recruitment in the area.  A red tide event in 2011-2012 was not as severe but also produced 

measurable decreases in recruitment. The bay scallop population in Pine Island Sound is now severely 

depleted and any additional stresses such as another red tide may be catastrophic for bay scallops in 

this area. Scallop population restoration efforts such as closure of harvest and volunteer scallop 

sanctuaries implemented by SCCF have had positive effects on bay scallop resilience in the past. 
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Background  

Ecosystems have only recently been valued for their non-consumptive services (Costanza et al. 

1997, Daily 1997, Peterson and Lubchenco 1997). Water quality is one of the most important factors 

affecting aquatic environments (e.g., EPA Condition Report III 2008). More than half of the 2,600 

hectare J.N. Ding Darling National Wildlife Refuge (JNDDNWR) is comprised of estuarine habitats, 

including mangroves, seagrasses, open-water areas, and tidal flats, making aquatic habitats one of the 

most prominent characteristics within the Refuge. In many areas of the country and Florida, the quality 

and quantity of estuarine habitats is decreasing, often due to poor water quality (Dennison et al. 1993, 

Kemp et al. 2004, Stutes et al. 2006). Healthy mangrove, seagrass, and other estuarine habitats are vital 

to the overall health and biological integrity of the Refuge, Sanibel Island, and the Caloosahatchee 

River and Estuary. 

Seagrass and mangrove communities are important economically and ecologically, serving as 

major structural elements in estuarine and coastal waters (e.g., Odum et al. 1982, Virnstein et al. 1983, 

Dennison et al. 1993, Sheridan 1992, 1997, and Valiela et al. 2001). They provide feeding, breeding, 

and nursery habitat and refugia to numerous invertebrates, migratory birds, sea turtles and other 

reptiles (e.g., green and loggerhead sea turtles, American crocodile, and American alligator), marine 

mammals (e.g., manatees and dolphins), and many other important recreational and commercial fish 

populations during some stage of their life cycle (Sheridan 1992, 1997, Halliday 1995, Beck et al. 

2001, 2003, Orth et al. 2006, Duarte et al. 2008). Seagrass and mangrove habitats also stabilize 

sediments and inhibit their re-suspension, sequester atmospheric carbon and export carbon to other 

systems, improve water transparency, trap and cycle nutrients, and protect shorelines through wave 

energy reduction (e.g., Dennison et al. 1993, Beck et al. 2001, 2003, Ellison and Farnsworth 2001, 



6 

 

Valiela et al. 2001). Seagrass distributions are controlled by four environmental factors: light, salinity, 

temperature, and nutrients. Nutrient loading rates have been shown to be negatively correlated with 

seagrass health and abundance (e.g., Dennison et al. 1993, Stutes et al. 2006, Morris et al. 2007). 

Concentrations of chromophoric dissolved organic material (CDOM) are high in the coastal waters of 

Southwest Florida. Humic substances, that are the basis for CDOM, are derived from decaying plant 

material (Coble 2007). Forests were found to be the main contributor of CDOM (Stedman et al. 2006). 

It was also found that the nutrients associated with CDOM from forested land are less bio-available 

than nutrients associated with agricultural CDOM. In the Charlotte Harbor estuary, CDOM can 

account for 13 – 66% of light attenuation in the water column (McPherson and Miller 1987; 

McPherson and Miller 1994; Dixon and Kirkpatrick 1999). Along with turbidity and chlorophyll a, 

CDOM is a major factor influencing the extent of seagrass coverage through control of light 

attenuation in the photic zone (CHNEP 2007). 

During late November 2005, a filamentous green algae (primarily Rhizoclonium spp., 

Chaetomorpha spp. and Cladophora spp.) bloom covered a large portion of the JNDDNWR, including 

tidal flats and seagrass beds (Bartleson et al. 2006, J. Palmer, unpublished data). This bloom occurred 

following prolonged freshwater flows (i.e., greater than 2,800 cubic feet per second) at the Franklin 

Lock and Dam (S79) on the Caloosahatchee Estuary and after red tides. Freshwater flows carry high 

nutrient loads that adversely impact the natural resources within the Caloosahatchee river estuarine 

system, including the JNDDNWR. Increased nutrient levels such as nitrogen and phosphorus stimulate 

phytoplankton and/or algal blooms and thus cause hypoxia and reduce light penetration which can lead 

to reduced seagrass abundance in the estuary. The loss of this feeding and nursery habitat can lead 

directly or indirectly to population declines in fish (i.e. anchovy, redfish, black drum, spotted seatrout, 

snook), shellfish (i.e. oysters, shrimp, crabs), marine mammals and reptiles (i.e. manatees and sea 

turtles) and numerous other invertebrates. Refuge data show that the abundance of foraging wading 
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birds declined during the algae blooms (J. Mazourek, unpublished data). Decomposition of algae 

blooms and dead fish from red tides can cause hypoxia and anoxia that affect prey items for waterfowl. 

Other disturbance events such as dredging and boat propeller scars can significantly impact critical 

marine habitats (e.g., Bell et al. 2002, Thayer et al. 2003, 2005, Bishop 2005, Burfeind and Stunz 

2006, Martin et al. 2008). 

Wading bird surveys along Wildlife Drive are performed multiple times each month by Refuge 

staff. May through August is generally the time of lowest bird numbers in the Refuge while October 

through March has higher abundances (Figure 1). Large numbers of birds in the impoundments may 

have an effect on some water quality parameters such as nutrients in the local area. In previous reports, 

the Marine Lab disclosed that analyses of the relationship between bird abundance and nutrients in the 

water column showed no significant association between number of birds present and TN or TP at the 

impoundment sampling sites NWR06 and NWR07 (Figure 2) (Spearman’s, p > 0.15). 

In the Caloosahatchee Estuary, there are five domestic wastewater treatment plants which hold 

NPDES permits allowing them to discharge treated wastewater to the river (Figure 3; Table 1). The 

City of Cape Coral wastewater plant expanded their reuse system and since September 2008 recycles 

100% of their wastewater with no direct discharge to the Caloosahatchee. In addition, the Waterway 

Estates advanced waste water treatment facility (AWWTF) operated by Lee County was taken offline 

in November 2012. During the period January 2009 through September 2012, the total average daily 

wastewater flow into the Caloosahatchee Estuary was 12 million gallons per day (MGD). This 

comprises an average of 1.3% of the total river flow. Nearly 54% of the total wastewater effluent from 

these plants is recycled in some way. However, during dry season, when there is no discharge from 

S79, the Caloosahatchee may have a negative net flow (Figure 4).  

If operated properly, typical activated sludge wastewater treatment plants convert most of the 

ammonia nitrogen to nitrate and which becomes the predominant type of nitrogen (~85% NOx) in the 
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treated waste. The Florida Department of Environmental Protection provided data on the annual 

average TN concentrations for the effluent from each plant. From these concentrations and flow data 

the mean inorganic nitrogen load to the Caloosahatchee is presented in Table 1. The two City of Fort 

Myers wastewater plants account for a majority of inorganic nitrogen released to the Caloosahatchee 

Estuary from wastewater sources. Using mean daily loading rates estimated from plant discharges (87 

kg/day) and the mean daily flow rate of the Caloosahatchee River (923 MGD), a mean inorganic 

nitrogen concentration of 0.025 mg/l is attributable to wastewater inflow in the lower Caloosahatchee 

River. 

Results of these loading estimates were used by SCCF in conjunction with stable nitrogen 

isotope analysis of macroalgae (
15

N) in an attempt to determine the local nutrient sources for algae 

(Lapointe 1997). Algae blooms have historically been a problem in the region and a better 

understanding of the inputs which fuel algal blooms is needed. Findings from three years of stable 

isotope analyses of macroalgae in the area are the subject of a separate report that is in preparation.  

The Sanibel-Captiva Conservation Foundation (SCCF) uses a real-time, large-scale water 

quality observing system called ‘RECON’ or River Estuary Coastal Observing Network which is an 

array of seven state-of-the-art sensors (Figure 5). The data collected by this sensor network are 

available at http://recon.sccf.org/ to anyone with web access. The graphing capabilities of the website 

allow correlation, time series, and multiple parameter comparisons for any period of interest (days, 

weeks, months, years). A RECON unit was recently added in the refuge at the mouth of McIntyre 

Creek in December 2013. Together with the unit at the mouth of Tarpon Bay, there are now two 

stations located within the boundaries of J.N. “Ding” Darling Wildlife Refuge.  

As previously reported by SCCF Marine Lab (Thompson et al. 2013a), salinity and CDOM 

data from SCCF RECON and USGS continuous water quality monitoring stations located at Ft Myers 

(RECON), Shell Point (RECON), the mouth of Tarpon Bay (RECON), McIntyre Creek (USGS), Blind 

http://recon.sccf.org/
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Pass (RECON) and Redfish Pass (RECON) were analyzed for association with rainfall, tidal height 

and S79 discharge rates using non-parametric methods (Spearman’s test, Minitab13.2). Plots of salinity 

and CDOM at the Ft Myers (22.3 km downstream of S79), Shell Point (42.3 km downstream of S79), 

Tarpon Bay (50.6 km downstream of S79), Blind Pass (60 km downstream of S79) and Redfish Pass 

RECON stations (65 km downstream of S79), show that freshwater releases from S79 measurably 

changed the water quality conditions at all of these stations, although at different lag times.  

Correlation analyses used with cascading lag times (Spearman’s ranked test; Minitab® Ver. 13) 

revealed significant relationships between salinity and S79 discharge rate at all stations, with weaker 

but significant relationship between salinity and precipitation (Thompson et al. 2013a). Similar 

relationships between CDOM and S79 flows were found with a weaker relationship between CDOM 

and precipitation. In general, as the distance downstream of S79 increased, the correlation between S79 

flows and CDOM or salinity decreased and the lag time for the strongest relationship (largest 

correlation coefficient) increased from four days at the Shell Point RECON (42.3 km downstream) to 

17 days at the Redfish Pass RECON (65 km downstream). No significant relationship was found 

between tidal range (a measure of tidal exchange) and CDOM or salinity (Thompson et al. 2013a). 

Data evaluated by SCCF shows a strong inverse relationship between salinity and CDOM 

values at its RECON monitoring stations. This relationship has been observed globally in coastal 

regions (CHNEP 2007) and has been documented in southwest Florida by SCCF studies (Thompson et 

al. 2011, Milbrandt 2010). Increased stormwater runoff due to land use changes leads to increased 

amounts of CDOM transported into Pine Island Sound and its basins, with potential effects such as 

shading of estuarine seagrass and other effects related to habitat loss. 

Doering et al. (2005) found CDOM concentrations in the Caloosahatchee River were greater in 

1999-2003 compared to 1985-1989, suggesting that concentrations in the area may be increasing. 

Kendall season trend analysis on data collected at the Shell Point RECON station from 2008 through 
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2012 was unable to find a significant trend in CDOM values (p> 0.05, z = 1.29, slope = -2.07). 

Similarly, data collected during the same period at the RECON station near Blind Pass (in Pine Island 

Sound)  did not detect a significant trend in CDOM values (p> 0.05, z = 0.52, slope = 0.48).  Three 

years of data is insufficient to document any existing long-term trends which could be related to 

changes in surface/groundwater inflow ratios or long-term climate patterns, such as decadal 

oscillations and El Nino shifts. 

Continuous data from the Marine Lab’s RECON unit located at the mouth of Tarpon Bay are 

useful for determining conditions between monthly discrete water quality sampling events by SCCF 

Marine Lab and serve as accuracy checks for that monitoring. Monthly discrete samples are collected 

at a station (NWR01) within 150 meters of the Tarpon Bay RECON station. When comparing (Minitab 

V. 13.1) discrete sample results to the RECON data for a four year period (2009-2012), there were no 

statistical differences between mean values for CDOM, DO and salinity (Mann-Whitney, p ≥ 0.05) 

(Thompson et al. 2013a). However, temperature, turbidity and nitrate RECON data were found to be 

significantly greater than discrete sampling data while RECON chlorophyll a data was found be 

significantly lower (Mann-Whitney, p ≤ 0.05).  

The accuracy of the nitrate sensor on SCCF RECON units is known to be poor at nitrate levels 

near the detection limit. This is inherent in the current design of in situ nitrate detection (Johnson and 

Coletti 2002). All nitrate-nitrite results for discrete samples during this monitoring period were at or 

below detection limits and the imprecision of the in situ sensor explains the significant differences in 

nitrate. Working with the manufacturer of the RECON nitrate sensor, SCCF Marine Lab is developing 

new calibration and correction procedure (started in Sept. 2012) which may improve the comparability 

of in situ nitrate to discrete values. RECON sensor inaccuracy can also explain the significant 

difference between discrete sample chlorophyll a values. The in situ fluorometer used on the RECON 

unit is designed to show relative differences in chlorophyll a and not to accurately reflect values 
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obtained through traditional extraction methodology used for the discrete samples (Walsh, personal 

communication). These trade-offs favoring 1000-fold increases in sampling frequency are areas of 

active research and discussion in scientific journals and are likely to continue for the foreseeable 

future.  

Significant differences between RECON and discrete monitoring results for temperature and 

turbidity are a reflection of the much greater number of samples taken by RECON which give a more 

accurate description of true in-situ conditions. For these parameters, the RECON data will provide a 

better description of true in-situ conditions.  

The SCCF Marine Laboratory studied the effects of the Blind Pass opening on water quality 

and seagrass habitats, (Milbrandt et al. 2012) immediately before and after its re-opening in August 

2009. After the opening of the pass, significant decreases in chlorophyll a, nitrate and salinity were 

observed within 1 kilometer of the pass. Similarly, the Bayous Preservation Association (BPA), with 

the help from SCCF Marine Lab monitored water quality at four fixed stations near Blind Pass from 

the summer of 2006 until December 2012. These efforts have demonstrated water quality changes 

associated with the re-opening of the pass, closure of the Bayous package plant, and other events.  

The Captiva Water Quality Assessment project funded by Lee Tourism Development Council 

(TDC) through the Captiva Community Panel (CCP) was completed in February 2011. This study 

included data collected adjacent to and within the Wildlife Refuge and was used to evaluate the 

probable impact of septic systems on groundwater and near-shore estuarine waters. A copy of the final 

report for the Captiva Water Quality Assessment study was provided to the Refuge staff in February 

2011. A paper was also published in Marine Pollution Bulletin in July 2012 (Thompson et al. 2012). 

The key findings included high bacterial indicator abundance (Enterococcus) was attributable to rain 

and storm water events. Loadings of inorganic nitrogen were being transmitted through ground water 

and septic system infrastructure to the nearshore waters of the estuary and ocean.  
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The SCCF Marine Lab with funding from the City of Sanibel, The Dunes Golf and Tennis 

Club, and The Dunes HOA has been monitoring and evaluating the water quality characteristics of The 

Dunes lakes (stormwater treatment system) and associated nutrient loading to Ladyfinger Lakes and 

Tarpon Bay since April 2012. The Dunes Golf Club and HOA have begun implementing a number of 

best management practices aimed at reducing nitrogen and phosphorus runoff. The practices include: 

developing vegetated buffers along the lakes; discontinuing herbicide applications within the lakes; 

allowing submerged aquatic plants to re-establish; fertilizer application management; manual 

harvesting of aquatic macroalgae and vegetation; installation of floating island, exotic fish removal; 

and lawn irrigation with lake stormwater. Evaluation of monitoring results suggests that within the 

study period, the lake system has changed from being phosphorus-limited to being co-limited or 

nitrogen-limited. This change can be attributed to nitrogen loading reduction as a result of best 

management practices. At the same time, phosphorus loading from use of reclaimed water remained 

constant resulting in a shift from phosphorus-limited, to phosphorus-saturation in the lakes. Reduction 

in the amount of reclaimed water (high phosphorus concentrations) allowed to runoff directly into the 

stormwater system is the next step in further improving water quality of The Dunes lakes.   

Scallop spat recruitment data are included in the results section of this report because scallops 

are sentinels of seagrass health and water quality (Arnold 2009). Bay scallop (Argopecten irradians) 

recruitment has been monitored by the SCCF Marine Laboratory and Florida FWC in the Refuge since 

2003. Scallops are filter feeders and are dependent on seagrass to complete their life history. Success 

or failure of local bay scallop populations can be an indicator that water quality or seagrass habitat is 

degraded. 
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The objectives of this joint cost-share project with USFWS include: 

1. Sample ten water quality sites throughout the Refuge on a monthly schedule. Expand the 

WQ monitoring program within JNDDNWR to include nutrients and other abiotic factors affecting 

seagrasses to quantify impacts of local and regional freshwater flows and complement existing 

regional water quality monitoring efforts;  

2. Establishment of ten seagrass monitoring transects to be assessed annually and act as an 

indicator of estuarine habitat condition in accordance with Refuge monitoring needs and habitat 

management goals;  

3. Determine the downstream effect of large freshwater releases (form S79) on seagrass 

habitats from Iona Cove to Tarpon Bay; 

4. Determine potential sources of nutrient enrichment through the collection and analysis of 

macroalgal tissue and subsequent stable isotope analysis along the estuarine gradient. 

5. Through periodic analysis and reporting, conduct short term research projects collecting new 

data or analyzing existing data to address timely management needs and concerns.  

A number of additional analyses were conducted for this report. Because of the intertwined 

nature of many of the data collected and the need for synthesis across objectives, the discussion section 

has been combined with the results for each topic in this report.  
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Methods 

Precipitation, discharges from S79 water control structure, and tidal range 

 Rainfall data from weather station TS755 located adjacent San-Cap Road in the refuge was 

downloaded from the Mesowest website and graphed.  Flow data from South Florida Water 

Management District’s (SFWMD) S79 water control structure located 49.5 kilometers upstream of the 

mouth of the Caloosahatchee River was downloaded from the on-line DBHYDRO database and 

graphed. Tidal range data was obtained from NobelTec Tides and Currents software for the St. James 

City station.  

Discrete water quality monitoring  

SCCF Marine Lab staff collected discrete water samples at 10 sites located within the 

JNDDNWR monthly (Figure 2). A schedule with the exact sampling dates and the reason for the 

sampling event are provided in Table 2. Analyses performed for this study included: nitrite plus nitrate, 

ammonia nitrogen, total Kjeldahl nitrogen, total nitrogen, total phosphorus, orthophosphate (started 

Aug. 2010), fecal coliforms (discontinued Aug. 2010), enterococci (discontinued), dissolved oxygen, 

salinity, temperature, pH, turbidity, colored dissolved organic matter, chlorophyll a, pheophytin, air 

temperature, wind speed, wind direction, and other general site-specific observations. Water samples 

for nutrient analyses are collected by SCCF and driven to the Lee County Environmental Lab (LCEL). 

Nutrient analyses are conducted at LCEL but SCCF is responsible for statistics and data interpretation. 

Analyses for all other reported parameters are performed at the SCCF Marine Lab or in the field 

following EPA-approved methodologies. Results from fieldwork and lab analyses are checked and 

entered into a dedicated SCCF Water Quality and Seagrass Access (Microsoft, ver. 2007) database. 

Summary graphs and tables showing data collected during this reporting period are included in 

the results and discussion section of this report. The water quality data at the ten Refuge monthly 

sampling sites were analyzed for trends using Seasonal Kendall test (WQ Stats Plus V1.5) and box and 
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whisker plots (WQ Stats Plus V1.5) were produced for each parameter by site and by month. For 

seasonal trend analyses wet season was designated as June 15 through October 15 and the remainder of 

the year dry season.  

Parameter values were also compared to Florida 50
th

 percentile values (Hand 2008) and water 

quality criteria where applicable. Estimates of nutrient limitation were made from ratios of inorganic 

nitrogen (IN) compared to inorganic phosphorus (IP). In this analysis we use the same criteria as 

Florida DEP for classifying nutrient limitation: N:P less than 10 molar is N-limited; N:P between 10 

and 30 molar is co-limited; and N:P greater than 30 molar is P-limited.  

Correlations between parameters were made using parametric and non-parametric tests 

(Pearson’s and Spearman’s; Minitab 13.2). An excel spreadsheet containing all data collected 

during discrete water quality monitoring; from the YSI datasonde; and all seagrass survey data 

is attached to this report (see file: SCCF_NWR_WaterQuality_Seagrass_Jul_2009_Dec_2013). 

 

Continuous water quality monitoring  

Two YSI 6600 continuously recording water quality datasondes were purchased by 

JNDDNWR and are calibrated, maintained, and deployed by SCCF Marine Lab staff at one station 

adjacent to the western impoundment (Figure 6; NWR07). The two instruments are swapped on a 

rotating schedule which began on April 27, 2010. The sondes have four optical sensors measuring in 

situ (1) dissolved oxygen; (2) turbidity; (3) chlorophyll a; and (4) a blue-green cyanobacteria pigment 

sensor (phycoerythrin, PE), as well as sensors that record (5) depth; (6) water temperature; (7) salinity; 

and (8) pH. The sensors are equipped with special anti-fouling measures including wiper blades for the 

optics and copper tape covering all of the sensors. The datalogger is exchanged with a newly calibrated 

and cleaned logger approximately every 30 to 40 days. Data from the retrieved logger is downloaded, 

plotted with YSI EcoWatch software and then transferred into a MS excel spreadsheet. Pre- and post-
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calibrations are performed for each deployment and sondes are calibrated following QA/QC protocols 

from YSI with some modifications. The following QA/QC guidelines are followed per an August 2011 

agreement between JNDDNWR and SCCF Marine Lab: 

1. All dataloggers will be properly calibrated using fresh standards before each deployment as 

recommended per YSI. The calibration data will be recorded on a calibration log and kept in an 

electronic calibration database.  

2. When a datalogger is retrieved for servicing, a post calibration check will be undertaken and 

values for each parameter recorded on calibration log. Any values outside of + 10% of standard 

values will be noted and downloaded data will be flagged with error code for post calibration 

failure, “PCF”. 

3. After data is downloaded from YSI, it will be graphed using YSI EcoWatch software. The pre- 

and post-deployment travel “air” time data will be identified and truncated (using sudden 

changes in salinity, temp, and depth as guidelines). 

4. All data (except for truncated “air” time) will be supplied to JNDDNWR every 6 months.  

5. Aquarius® software is used to analyze data quality, and re-adjust data based on calibrations and 

known errors. A separate PDF file (Ding_YSI_Graphs) and Excel spreadsheet 

(NWR07_YSI_Western_Impoundment_ 2010to2013_Data) containing the YSI data are 

attached to this update. 
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Seagrass habitat within JNDDNWR boundaries 

Seagrass habitat surveys were conducted along 100-meter transects at 11 sites within the 

Refuge (Figure 6) in August 2010, May 2011, May 2012 and May 2013. Transects within the Refuge 

were established perpendicular to the shoreline using PVC stakes to mark deep and shallow ends of 

transect. A 100 m measuring tape (Forestry Suppliers, Inc.) was extended from the deep edge towards 

the shoreline. The total transect length was sometimes less than 100 meters. A one square meter 

quadrat divided into 100 sub-squares, 0.1m by 0.1m, was placed at 5 sampling points within the 100 

meter transect; the deep edge, the shallow edge, and at three additional randomly assigned positions.  

Time and depth was recorded along with the percent presence (called “% cover” in document - 

if a shoot was in a 0.1 x 0.1 m subunit, it was counted) for each seagrass species and macroalgae. 

Shoot density was determined by counting the number of shoots within a representative subsample of 

the quadrat and multiplying to obtain total shoot density per square meter for each species (FDEP 

2007). Canopy height was estimated in the field following Short et al. (2005). A 7.5 cm diameter PVC 

corer was used to collect above and below ground biomass samples adjacent to each of the three 

randomly assigned transect positions. Biomass samples were placed on ice in Ziploc bags and 

transported to the Lab for separating roots and shoots and subsequent drying and weighing. Data for 

seagrass metrics were entered into the SCCF database and are also provided in a Microsoft Excel 

spreadsheet (SCCF_NWR_WaterQuality_Seagrass_Jul-Dec_2013).  

The 11 seagrass sites were analyzed as 5 groups: Tarpon Bay with 3 sites (NWR01, NWR02 

and NWR03); outer estuary with two sites (NWR04 and NWR05); Wulfert Flats with two sites 

(NWR09 and NWR10); inner estuary with two sites (NWR06out and NWR07out); and 2 

impoundment sites (NWR06in and NWR07in). Sample sizes for the groups with 2 sites were 20 while 

Tarpon Bay has an “n” of 30 for each year of surveys. Plots of seagrass density were produced for each 



18 

 

grouping. Trend analyses were performed in Minitab® 13 using Spearman’s correlation methods. 

Inferences were made based upon graphical results and descriptive statistics. 

Seagrass habitat monitoring associated with freshwater releases from S79 

In addition to the annual surveys of seagrass habitats within the JNDDNWR, surveys are 

conducted in an area believed to be adversely affected by large manipulated freshwater releases from 

Lake Okeechobee, per an August 2011 agreement between JNDDNWR and SCCF Marine Lab 

(attached as Appendix 1). Six sites were established in the Caloosahatchee estuary from Iona to the 

mouth of Tarpon Bay (Figure 6). In addition, two “control” sites were added in 2013 to allow before-

after, control-intervention (BACI) analyses which “controls” seasonal affects not related to the 

freshwater release. The “control” sites are both located near Demere Key, more than 70 kilometers 

from the S-79 water control structure and believed to be beyond major influence from those freshwater 

releases. 

Sampling events were conducted late in the wet season when large freshwater discharges from 

the S79 structure were underway.  To date, three years of data (2011-2013) has been collected with 

pre-impact (freshwater release) sampling taking place in September 2011 and 2012 and June 2013, and  

post-impact sampling taking place in December of those years. Surveys were also conducted mid-event 

in October 2012 and August 2013. Methods for surveying these sites were similar to those used at the 

11 survey sites located within the Refuge, except that an additional 100 meter transect was established 

at each site parallel to shore at the midpoint (50 meters) of the transect perpendicular to shore.  

Depth data were standardized to mean lower low water (MLLW) using estimates from 

Nobeltec Tides and Current Pro
®
 software. Results of seagrass metrics were summarized and presented 

in tabular form. Water quality data from the RECON station located at Shell Point was summarized for 

the 60 day period preceding each survey date and presented in tabular form. Seagrass density was 

graphed for each species by site. Seagrass shoot density data were analyzed using BACI intervention 
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analysis (Hewitt et al. 2001). This analysis simplifies the assessment by removing the control/impact 

comparison and using the difference between impact (lower Caloosahatchee sites) and control sites 

(upper Pine Island Sound sites). Thus, if the before/after factor is significant, then the freshwater 

releases have an effect on seagrass density. Density data from experimental sites (lower 

Caloosahatchee) was paired with density data from control sites matching perpendicular transect 

samples and parallel transect samples. The difference between pairs of density data was calculated 

giving 10 replicates (5 parallel transect quadrat and 5 perpendicular transect quadrat samples) for each 

intervention-control site pairing. A constant was added to the differences so that the minimum value 

was 1. The adjusted density difference was then cube root transformed to satisfy the assumption of 

homogeneity of variance and the  general linear model (GLM) ANOVA used to test for significant 

differences.  

 

Scallop (Argopecten irrandians) recruitment monitoring 

Since 2003 the Marine Lab has monitored scallop spat recruitment in cooperation with Florida 

Fish and Wildlife Research Institution (FWRI) at sites in Pine Island Sound. The number of monitoring 

locations has fluctuated between 18 and 6 sites and is currently at 9 sites (Figure 7). The monitoring 

units consist of a citrus bag with float attached to a concrete anchor. The units are placed within an 

area with abundant seagrass. The bags mimic seagrass and provide a surface for settlement of scallop 

larvae. Two units are deployed at each site, with one unit being picked up and another deployed each 

month, resulting in a total two-month soak time per unit. After deployment, bags are shipped to the 

FWC shellfish lab in St. Petersburg Florida for spat identification and enumeration. Overall 

recruitment rates for southern Pine Island Sound were calculated based upon number of spat found on 

each monitoring unit and graphed. 

All data collected from these efforts were entered into a relational database maintained at SCCF 

and then downloaded into a Microsoft Excel file for distribution with this report. 
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Results and Discussion 

Precipitation  

Total rainfall on Sanibel during the 54 month period from July 2009 through December 2013 

was 185.8 inches compared to the mean of 199 inches (42.3 inches/yr.) for 54 months (Figure 8). 

During this period, the dry season of 2009-2010 was relatively wet (20 inches, mean = 12.7 inches), 

while the 2011 wet season was dry until record rainfall in October. The 2011-2012 dry season was 

very dry with only 6 inches of rain. The 2012-2013 dry season was near normal with 13 inches of 

precipitation. The 2013 wet season was also near normal with 31.7 inches of precipitation compared to 

mean values of 29.6 inches (City of Sanibel 2010, Missimer 1976) for Sanibel. During this 4.5 year 

period, overall precipitation was not significantly different than the normal expected for Sanibel.  

Precipitation volumes can vary greatly in Florida, and a “normal” precipitation year on Sanibel 

Island may not reflect precipitation values in the Caloosahatchee River watershed. Since discharges 

from the river can significantly effect water quality within the refuge and surrounding Sanibel Island, 

precipitation volumes near Orlando can influence water quality here. The 2013 wet season on Sanibel 

Island had near normal precipitation while the watershed of the Caloosahatchee River was receiving 

above normal precipitation. This resulted in large freshwater releases from the river (through S79) into 

Pine Island Sound and the JNDDNWR.   

S79 freshwater discharges 

The S79 water control structure is located on the Caloosahatchee River at Olga and is operated 

by the U.S. Army Corps of Engineers (USACOE). The S79 watershed includes Lake Okeechobee, an 

area north of the Lake to Orlando, and the Everglades Agricultural Area. These waters contain high 

levels of nutrients and dissolved organic matter (SWMD 2009). Freshwater discharge from the 

structure has typically been very low to zero during the late dry season (Figure 9) resulting in high 

salinity levels (saltwater intrusion) reaching far up into the upper Caloosahatchee Estuary. This also 
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results in greater water transparency in Pine Island Sound during the dry season. Wet season 

discharges can have a wide-ranging opposite effect, lowering salinities throughout Pine Island Sound 

and decreasing water clarity due to increased CDOM and chlorophyll. While many North American 

river discharges are associated with high turbidity and sedimentation, the turbidity levels in the lower 

estuary are low.  

In contrast, average dry season releases through S79 since 2007 have been considerably less 

than the minimum 650 cfs flow rate suggested by the Caloosahatchee Watershed Protection Plan 

(SFWMD 2009) to prevent habitat loss in the estuary (Figure 9).  Some losses of seagrass habitat 

caused by saltwater intrusion were documented at sites within the Caloosahatchee estuary (R. 

Bartleson, unpublished). 

Total annual discharge from S79 since 2000 indicate that 2005 was the greatest with 2013 

being the 3
rd

 greatest (Figure 10).  Freshwater releases from S79 during the wet season of 2013 (Figure 

11) caused considerable concern that the Caloosahatchee Estuary and Pine Island Sound were being 

adversely affected by low salinities, and high concentrations of nutrients and CDOM (Figure 12). Even 

though precipitation during the wet season of 2013 was near normal for Sanibel, the volume of 

freshwater released was nearly 3 times the volume released in the wet season of 2012 and 6 times that 

released in 2011 (Figure 10). This disconnect between local precipitation and S79 flow rates reflects 

the artificially large watershed drained through the Caloosahatchee River. Seagrass monitoring has 

detected impacts which can be associated with these historically large releases (see seagrass 

monitoring sections of this report).  

Discrete water quality sampling 

The water quality dataset contains multiple parameters, and for ease of evaluation, the most 

important data are shown in tabular form, graphical form, and with descriptive statistics. The most 

interesting and/or noteworthy samples and trends are highlighted in bold text in the corresponding 
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summary tables. The discussion within each section will address noteworthy findings in the context of 

the resources of J.N. “Ding” Darling National Wildlife Refuge. 

Dissolved Oxygen 

During mid-morning sampling events, dissolved oxygen (DO) concentrations at the shallower 

interior stations near the impoundments (NWR06, NWR07, and NWR08) were lower than the other 

stations sampled (Table 3; Table 4). The mean DO concentration at these three sites was below state 

water quality criteria for Class III waters (FLDEP 2012; Table 3, Figure 13, and Table 14). Mean DO 

at all other sites were above minimum water quality criteria (Table 3, Figure 13, and Table 14). There 

is likely a high oxygen demand within the impoundments due to their management history as duck 

ponds and because of limited tidal flushing.  

About 9% of samples taken at the three interior sites were below 2 mg/l while none of the 

samples taken at other discrete monitoring sites were below this value. For pooled data from all sites, 

wet season mean DO of 3.8 mg/l was significantly lower than the dry season mean DO of 5.0 mg/l 

(Kruskal Wallis, h = 31.8, p < 0.01), and corresponded to seasonal differences in water temperature, 

salinity and productivity. The seasonal trend to higher DO in the dry season (Figure 13 and Table 14) 

was also evident in the YSI data from the unit mounted near the western impoundment (NWR07; see 

section on YSI datalogger results).  Hypoxic events were also recorded in the YSI data, especially 

during the wet season. Hypoxia is defined as the threshold level of oxygen at which lethal or sub-lethal 

effects occur and has been commonly assigned a value of 2 mg/l (Vaquer-Sunyer and Duarte 2008), 

although a growing amount of evidence suggests detrimental effects occur to various organisms at 

concentrations higher than 2.0 mg/l (Vaquer-Sunyer and Duarte 2008). 

With 4 complete years of discrete sample data available, trend analyses were performed using 

the Seasonal Kendall test (WQStats® v1.5). Significant increasing trends in DO were detected at two 

sites, NWR06 and NWR01.  These trends may reflect short term conditions or reflect change due to 
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local or regional water management. For comparison purposes, a trend analysis was performed on the 

continuously recording SCCF RECON water quality station at the mouth of Tarpon Bay. This station 

is located within 300 meters of discrete monitoring station NWR01.  In contrast to the analysis results 

of the discrete monitoring data, no significant trend in DO was detected at the RECON site.  This is not 

surprising given the RECON station was installed more recently in March 2011 while discrete 

monitoring began in July 2009.  

Site NWR06 is located at the eastern impoundment discharge structure and is greatly 

influenced by management of that impoundment. In contrast, NWR01 is located nearest to discharges 

from the Caloosahatchee River and nearest to flushing by the Gulf of Mexico. Since the DO samples 

are generally taken during daylight hours, they can be greatly influenced by phytoplankton and 

macrophyte photosynthesis.  

Dissolved oxygen and chlorophyll a data from the YSI datalogger were compared. Results 

indicate a significant, inverse relation between water column chlorophyll a and dissolved oxygen in the 

water column (Spearman’s, r = -0.438, p < 0.01).  A similar inverse relationship was found in the 

pooled, discrete samples between chlorophyll a and DO (Spearman’s, r = -0.4, p < 0.01).  

Greater water column phytoplankton abundance (as indicated by chlorophyll a) can explain the 

lower dissolved oxygen values during early morning hours (when samples are normally taken). Diel 

DO cycling is caused by photosynthesis producing oxygen during the day and respiration consuming 

oxygen at night. Greater phytoplankton abundances lead to greater respiratory demand at night and 

lower DO. The sampling sites just outside the impoundments (NWR06 and NWR07) and near alligator 

curve on Kesson Bayou (NWR08) had the lowest mean DO and the highest tannin concentrations 

(CDOM). The decomposition of detrital matter uses oxygen and produces CDOM. High CDOM levels 

are likely derived from large amounts of organic material (detritus) present in this area and limited 

tidal flushing. The interior Refuge sites are characteristically very shallow and high in natural humic 
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and organic inputs which stimulates bacterial production. Depressed oxygen levels at these sites can be 

attributed to high bacterial oxygen demand and poor tidal exchange.  

The freshwater influx in the project area during the wet season is strongly influenced by S79 

discharges (see RECON data analysis section). Taken together, these analyses suggest decreased DO 

within the Refuge during wet season and co-occurring higher phytoplankton concentrations 

(chlorophyll a). It is likely that the phytoplankton in the Refuge derive a significant portion of their 

nutrient needs from S79 discharges. Other evidence supporting this conclusion is a negative correlation 

found between chlorophyll a and DO in the lower Caloosahatchee Estuary (Doering et al. 2006). In the 

same study, there was a positive correlation between nutrient loading from the upper Caloosahatchee 

River and chlorophyll a in the lower Caloosahatchee.  

 

Turbidity 

Several of the sites (Table 5) have notably higher mean turbidity levels (NWR02, NWR08, 

NWR10) and two sites (NWR04, NWR05) were found to have significantly increasing trends in 

turbidity over the 54 month monitoring period (Table 6, Figure 15). The 48 month analysis also found 

significant increasing turbidity at site NWR01; however, no significant trend was detected after 54 

months. This may be taken as an improvement in water quality conditions or just a short term trend 

that may be influenced by conditions at the site. The site near alligator curve in Kesson Bayou 

(NWR08) also had a higher mean chlorophyll a concentration which likely explains its higher mean 

turbidity as chlorophyll a and turbidity are often positively correlated. Sites in mid-Tarpon Bay 

(NWR02) and Wulfert Keys (NWR10) have lower chlorophyll and therefore higher mean turbidity is 

likely the result of wind driven resuspension of bottom sediments. NWR10 is nearest Blind Pass and 

currents carry sediments from the pass area into the northern study area and Wulfert Keys. Milbrandt 
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et al. (2010) found higher turbidity within 1 km of Blind Pass thought to be caused by resuspension of 

fine sediments associated with the relatively recent (2009) opening of the Blind Pass tidal inlet.  

There was no significant seasonal variation in turbidity at the monitored sites (Figure 16 b). 

Comparison of wet versus dry season for pooled data found no significant differences in mean 

turbidity (Mann-Whitney, p> 0.05), further suggesting that wind driven resuspension events are 

episodic and not captured in monthly sampling efforts. The four sites located in the tidal creek 

watersheds (NWR04, NWR05, NWR06, NWR07) had mean turbidity values lower or equal to the 

state 50
th

 percentile for estuaries (Hand, 2008), while all other sites exceeded that level (Table 6). The 

conclusion is that tidal creek sites are more protected from wind and wave action than the other sites 

and therefore have fewer resuspension events. 

Phytoplankton blooms which can increase turbidity may be light limited by higher CDOM in 

the interior areas of the Refuge. Interior sites (NWR06, NWR07, NWR08) had significantly higher 

CDOM levels. The CDOM absorbs light, decreasing its availability for photosynthesis and restricting 

phytoplankton abundance in the water column. Lower chlorophyll a was characteristic of two of these 

sites (NWR06 and NWR07). 

Increasing turbidity trends at the two sites located at the mouth of bays and bayous may be 

associated with changes in tidal exchange. If more water is exchanged through those constricted areas 

by increased tidal exchange, a higher velocity will be imparted capable of re-suspending sediments 

from the bays. Changes in flushing associated with geomorphology and water levels may be indicative 

of larger scale responses of the land/seascape to sea-level rise or other climatological patterns (Craft et 

al. 2009, Stevenson and Kearny 2009). Increases in turbidity may also be caused by increased 

phytoplankton abundance related to discharges from S79.  

Turbidity is influenced by many factors including phytoplankton, wind and waves, currents, 

bioturbation (fish activity) and stormwater runoff.  During the wet season, turbidity may peak due to 
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stormwater runoff and phytoplankton blooms while during the dry season strong cold fronts produce 

wave action and turbidity spikes (Figure 15). Turbidity may also have daily cycles related to the 

feeding habits of diurnal fishes (e.g. striped mullet, Mugil cephalus) especially near the impoundment 

stations (NWR06, NWR07). September is a month which has both high chlorophyll a and wind events, 

and turbidity is more variable than any other month. The interior sites located at the two 

impoundments had relatively low turbidity levels but analyses found significant increasing trends. This 

may be partly due to the historical management of the impoundments. If the structures remain open 

more often, turbidity in the sampling area may increase due to increased scouring and re-suspension of 

sediments associated with greater tidal exchange.  

 

Salinity 

Salinity ranges during the study period were 14.5 to 39 (Table 7). The lowest salinities during 

the entire 54 month study period occurred during the 2013 freshwater discharges (Figure 17). Mean 

salinity was similar for all sites ranging from 30.3 to 32.2 (Figure 18a, Table 8). Sites in Wulfert Flats 

(NWR09 and NWR10) had the highest mean salinities and are also near Blind Pass. A general seasonal 

trend is for maximum salinities to occur in May and minimum salinities in September (Figure 17). As 

expected, mean wet season salinity was less than mean dry season salinity using pooled data (Mann-

Whitney, w = 35576, p <0.01; Figure 18b). The lowest salinities occurred at sites near the 

Caloosahatchee where high volume releases from S79 basin affects Pine Island Sound.   

In general, the sites nearest the impoundments (NWR06, NWR07) had higher mean and 

maximum salinities, due to evaporation in shallow waters (a smaller volume with relatively larger 

surface area). Kendall analyses found no significant trends (Table 8) in salinity at the 10 refuge sites, 

in contrast to several trends found when evaluating data after 48 months. Again, short term fluctuations 

and localized effects will eventually become less influential as the dataset grows.  
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Correlation analyses of continuously-recorded salinity and CDOM data (Thompson et al 2013) 

found discharges from the S79 structure significantly and strongly influence the parameters at Tarpon 

Bay (NWR01) and at McIntyre Creek (NWR04). Salinity at all sites was influenced to some degree by 

S79 discharges. The optimal salinity ranges for each species of seagrass that occur in the Refuge differ 

slightly (Irlandi 2006; Greenawalt-Boswell et al. 2006). Syringodium filiforme, found in Tarpon Bay 

and Wulfert Flats, is known to be less tolerant of salinity fluctuations and may be affected when 

salinity increases or decreases for significant periods of time (Lirman and Cropper 2003). Halodule 

wrightii is more tolerant of lower salinity episodes than Thalassia testudinum. At sites where both are 

present, H. wrightii may become more dominant if mean salinity drops. This was observed at seagrass 

survey sites in the Caloosahatchee after freshwater release events in 2011. Oysters are also sensitive to 

salinity; periodic drops in salinity may lower the prevalence of oyster disease while not causing oyster 

mortality (Volety et al. 2008). Oysters can survive and reproduce effectively at salinities between 12.5 

and 35 PSUs (Funderbunk et al. 1991). Salinities within the Refuge are within this range but can 

experience extended periods above this range, possibly harming oysters. Maximum salinities are 

generally seen in May just before the wet season begins.  

 

Chlorophyll a 

Water column chlorophyll a ranged between 0.6 and 84 µg/l over all sites and all dates in the 

54 month reporting period (Table 9 and Table 10; Figure 19). Mean chlorophyll a ranged from 5.6 µg/l 

at the mouth of McIntyre Creek (NWR04) to 15.7 µg/l at Kesson Bayou near Alligator Curve 

(NWR08) (Table 10; Figure 20a). Additionally, the Kesson Bayou site at alligator curve exceeded 

criteria used in determining Florida impaired waters status (annual mean above 11µg/l). This site also 

had the highest mean IN, TN and OP concentrations of all Refuge sites. The mean values for all 

Refuge sites were above the 50
th

 percentile value of 4.6µg/l for all Florida estuary samples (Table 10). 

Significantly higher chlorophyll a concentrations were found for the wet season compared to the dry 
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season for pooled data (Figure 20b; Kruskal-Wallis, h = 56.7, p<0.01). A clear seasonal trend is 

evident with the highest concentrations occurring from August through October and the lowest 

concentrations from December through February (Figure 19). 

Significantly greater chlorophyll a concentrations during the wet season can be caused by 

higher nutrient concentrations, longer day length, and higher sun angle. Other studies of the lower 

Caloosahatchee Estuary by Doering et al. (2006) found significant positive associations between 

chlorophyll and nutrient loading. Analyses of the discrete sample data taken in this project also showed 

a significant but weak positive correlation between chlorophyll a and total nitrogen (TN; Spearman’s, r 

= 0.224, p < 0.01) and total phosphorus (TP; Spearman’s, r = 0.222, p < 0.01). A stronger association 

is likely if more frequent sampling could be used to explore different lag times between nutrient peaks 

and chlorophyll peaks. Given the monthly sampling frequency, this type of analysis is not possible. 

This type of analysis may be possible with RECON data which measures nitrate and chlorophyll in 

situ, 

Increased nutrient loading during the wet season causes increased phytoplankton abundance. 

Lower dissolved oxygen concentrations in the morning hours are related to increases in chlorophyll a 

and suggest the phytoplankton community is a primary factor linking nutrient uptake and oxygen 

demand. The other factor is bacterial productivity which is stimulated by organic detritus loading from 

runoff and tidal exchange. Plots of mean chlorophyll concentration gradients in the nearshore waters of 

Sanibel show higher concentrations exist in wet season with “hotspots” near the bayous of Blind Pass, 

in eastern Tarpon Bay and in the interior estuary sites of the Refuge (Figure 21a, 21b). The sluggish, 

back bay areas of Sanibel are more likely to favor higher phytoplankton concentrations due to shallow 

depths, longer residence time ample nutrient loading from local sources and the Caloosahatchee. 

During the dry season (Figure 21a), these “hotspot” areas disappear and there is a more consistent 

mean chlorophyll concentration in the bay-side waters of Sanibel.  
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Mean chlorophyll concentrations in the Sanibel Slough, Sanibel Bayous and at other 

monitoring sites on Sanibel were plotted along with mean concentrations at refuge monitoring sites 

(Figure 22) to compare developed areas to the less developed refuge areas. Mean chlorophyll a was 

considerably less at the refuge sites than sites in Sanibel Slough, Clam Bayou, Dinkin’s Bayou, The 

Dunes’ stormwater system, or The Sanctuary stormwater system (Figure 22). The watershed of the 

Refuge can be thought of as a “natural” watershed in comparison to other watersheds draining 

developed parts of Sanibel (Thompson and Milbrandt 2013b). 

 

Nitrogen (N) and Phosphorus (P) 
 

Total nitrogen (TN) ranged from 0.05 to 1.80 mg/l over all sites and dates during the 54 month 

study period (Table 11 and Table 12). Mean TN ranged from 0.53 mg/l in Wulfert Flats (NWR09) to 

0.81 mg/l at Kesson Bayou near Alligator Curve (NWR08) (Table 11, Figure 23; Figure 24a). Mean 

wet season TN values were significantly greater than mean dry season values (Mann-Whitney, w = 

22861, p = 0.03). The mean values for most Refuge sites were below the 50
th

 percentile value of 

0.7mg/l for all Florida estuary samples. However, the interior estuary sites (NWR06, NWR07 and 

NWR08) were at or above the 50
th

 percentile value. The Kesson Bayou site also had the highest mean 

chlorophyll a concentration of all Refuge sites. Kendall seasonal tests found significant increasing 

trends in TN at all sites except NWR01, NWR02, and NWR10 (Table 11). The 48 month analysis 

found an increasing trend at only one site. The trend found with the addition of 6 months of data 

suggests that high discharges from the Caloosahatchee River in 2013 are driving the results. No clear 

seasonal cycle was observable in plotted data (Figure 24b). Total nitrogen concentrations can respond 

to a number of potential biological and physical factors such as S79 discharges, precipitation, 

phytoplankton uptake rates and abundance, tidal exchange, wastewater treatment inputs, fertilizer 

application schedules and others. 
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Total nitrogen at the mouth of McIntyre Creek and near the eastern impoundment showed 

patterns that generally mirrored discharges from S79 (Thompson et al. 2013a). The concentration of 

TN at the mouth of McIntyre and Duffy Creek (NWR04 and NWR05) occasionally exceeded the TN 

concentration in the impoundment areas (NWR06 and NWR07). Similar observations were noted for 

TP at these sites. These findings indicate that at certain times nutrient loading from the S79 structure 

has a significant effect on concentrations of TN and TP within the Refuge. Based on previous results, 

the sample sites adjacent to the Refuge impoundments (NWR06 and 07) are expected to have higher 

concentrations of TN and TP associated with higher amounts of decaying plant material and higher 

usage by wildlife. Dilution from tidal exchange with low-nutrient Gulf of Mexico water around the 

tidal passes would be expected to decrease nutrient concentrations at the mouths of McIntyre and 

Duffy Creeks. However, there were periods when the concentrations of nutrients at the downstream 

stations (NWR04 and NWR05) were actually greater than the concentrations upstream near the 

impoundments (the hypothesized sources of decaying plant material). Due to the influence of S-79 

discharges, the waters of Pine Island Sound have elevated nutrient levels which significantly decrease 

the dilution potential of tidal flushing in the Refuge. 

Chlorophyll a (phytoplankton biomass) in the estuary is positively related to the concentration 

of nutrients (especially N) in the Lower Caloosahatchee; however, no long-term trend in 

concentrations was found (Doering et al. 2006). Due to the effects that N loading may have on 

nearshore estuarine and gulf waters (phytoplankton blooms, algae blooms, red tide events, low DO, 

etc.), it is essential that the sources, effects, and management options for nitrogen are known in our 

area waters. 

Inorganic nitrogen (IN) ranged from 0.02 to 0.81 mg/l over all sites and dates during the 54 

month study period (Table 13 and Table 14). Mean IN ranged from 0.03 mg/l in Wulfert Flats 

(NWR10) to 0.07 mg/l at in Tarpon Bay (NWR08) near the Sanibel Slough discharge weir (Table 13, 
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Figure 28a). Mean wet season IN values were not significantly different than mean dry season values 

(Figure 28b). The mean values for all Refuge sites were below the 50
th

 percentile value of 0.12mg/l for 

all Florida estuary samples (Table 13). Kendall seasonal tests were unable to find significant trends in 

IN at any sites (Table 13). For comparison, the 48 month analysis found increasing trends at one site. 

No clear seasonal cycle was observable in plotted data (Figure 27; Figure 28b). .A plot of mean IN in 

the nearshore waters of Sanibel (Figure 29a,29b) show a concentration “shadow” around the island 

during the dry season transforming into an upstream-downstream gradient of inorganic nitrogen from 

the Caloosahatchee River in the wet season (Thompson and Milbrandt 2013b). This graphic suggests 

that local sources of IN do significantly affect the nearshore waters of Sanibel especially in the dry 

season when local water quality isn’t masked by the influence of Caloosahatchee River flows. Since 

precipitation is greatly reduced in the dry season, the steady IN loading suggested by the figures may 

have groundwater origins rather than surface water runoff. The SCCF Marine Lab will be studying 

Sanibel’s groundwater loading potential in 2015 with the City of Sanibel. Plots of mean TN 

concentrations (Figure 25) do not show this dry season shadow, but rather a more seasonally consistent 

distribution of TN. However higher TN concentrations are noted during the wet season in the 

Ladyfinger Lakes area suggesting runoff from that basin may affect TN in eastern Tarpon Bay and the 

local waters (Figure 25b).  

Total phosphorus (TP) values remained low at all stations relative to 50
th

 percentile values for 

all Florida estuaries throughout this reporting period (Table 15 and Table 16). No significant trends 

were detected in the 54 month study period except at alligator curve (NWR08) (Table 15). This site 

had significantly greater TP than the other 9 sites in the study area (Figure 32a, Table 15). The 

installation of a culvert near the alligator curve site in September 2013 allows tidal flushing of a 

previously isolated mangrove wetland habitat. The flushing action associated with the culvert 
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installation may have contributed to an increase in phosphorus concentrations at this site.  Comparison 

of wet season TP versus dry season found no significant differences (Figure 32b).  

Plots of TP concentrations at the mouth of McIntyre Creek and upstream near the eastern 

impoundment showed values generally followed (with lag time) the trend in discharge rate from S79 

(Thompson et al. 2013a). The TP concentrations at the mouth of McIntyre often exceeded the 

concentrations in the impoundment areas. TP concentrations increased significantly along a gradient 

from downstream to upstream in the lower Caloosahatchee (Thompson et al. 2013a). These 

observations indicate that water from the S79 structure is a source of nutrients that is penetrating 

within Refuge boundary. The RECON nitrate sensors have also documented dissolved nitrogen (NO3
-
) 

spiking to a level that is 10 times the half saturation coefficient for phytoplankton on outgoing tide at 

the Gulf of Mexico (Thompson et al. 2013a). In addition, significant amounts of P may be tied up in 

sediments in Pine Island Sound and barrier island shorelines. Sampling along a transect downstream 

through the lower Caloosahatchee estuary (Thompson et al. 2013a) showed a peak in TP at the Gulf 

sites presumably associated with sediments suspended by wind-driven waves. The high P loading rate 

of the Caloosahatchee (236 metric tons/yr, Knight and Steele 2005) is probably the primary source for 

high P concentrations in the sediments. For Florida, this loading rate is only surpassed by the Peace 

River and is one of the highest in the country based on the surface area of the estuary. Natural 

phosphate deposits are the main source of P in the region. However, the watershed of the 

Caloosahatchee consists of predominantly low density cattle ranches with potentially high particulate P 

runoff. Anoxic episodes documented in the lower Caloosahatchee River (SCCF 2012) may also 

increase the release of phosphorus from river sediments into the water column. Previous studies have 

shown that phosphorus normally associated with sediments will more easily dissociate and transfer 

into the water column under anoxic conditions (Nurnberg 2009). 
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Inorganic phosphorus (OP) values remained low at all stations relative to 50
th

 percentile values 

for all Florida estuaries (0.036 mg/l) throughout this reporting period (Table 17 and Table 18; Figure 

35; Figure 36a ). No significant trends were detected in the 54 month study period (Table 17). 

Comparison of wet season OP versus dry season found no significant differences (Figure 36b).  

Nearshore concentrations of OP and TP in both wet and dry season support the conclusion that 

the Caloosahatchee flows are the main source of P to the nearshore waters of Sanibel. Concentrations 

increase traveling toward the mouth of the Caloosahatchee in both seasons with few localized 

influences from Sanibel detected (Figures 33a, 33b, 37a, 37b). Wet season OP and TP are especially 

low in Tarpon Bay and other inner estuary areas of the Refuge. The availability of excess IN in these 

areas may result in a P-limited environment increasing the importance of controlling the runoff of P 

sources such as reclaimed wastewater used as irrigation on Sanibel’s three golf courses. An analysis of 

existing water quality data concluded that reclaimed water usage for irrigation is one of the most 

significant sources of P to nearshore waters (Thompson and Milbrandt 2013b). It was recommended 

that the City develop a program to effectively decrease the direct runoff of reclaimed water, and assure 

all irrigation water filters through vegetation and soil before entering waterbodies.  

Most of the nitrogen and phosphorus in the nearshore waters of the Refuge is in the organic 

form. Only 56% of samples taken during the 54 months of this project showed measurable amounts of 

inorganic phosphorus (OP), and 47% of samples had measurable amounts of inorganic nitrogen (IN). 

Inorganic nutrients in the water column are available for uptake and used very quickly by 

phytoplankton, bacteria or other plants. With low amounts of IN and OP available in the near-shore 

waters of the Refuge, any addition of either has the potential to increase algae growth and cause a 

bloom. Even though dissolved nutrient levels are low in Refuge waters relative to the Caloosahatchee 

and other Florida waterways, nitrogen concentrations are near or above the half saturation coefficient 

for phytoplankton growth (  of 0.025 vs. 0.014 mg/L, Eppley et al. 1969). At these levels, 
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phytoplankton can grow at least half their maximum rate. A high rate of nutrient supply also supports 

fast algal growth and since this rate increases with temperature, the rate is generally high in southwest 

Florida. Large concentrations of phosphorus in the sediments and high loading rates to the 

Caloosahatchee increase macroalgal biomass and phytoplankton blooms. 

Mean nutrient concentrations in the Sanibel Slough, Sanibel Bayous and at other monitoring 

sites on Sanibel were plotted along with mean concentrations at refuge monitoring sites (Figures 26, 

30, 34, 38) to compare more developed areas to the less developed refuge areas. Mean inorganic and 

organic nitrogen and phosphorus were considerably less at the refuge sites than sites in Sanibel Slough, 

Clam Bayou, Dinkin’s Bayou, The Dunes’ stormwater system, or The Sanctuary stormwater system. 

The watershed of the Refuge can therefore be thought of as a “natural” watershed in comparison to 

other watersheds draining developed parts of Sanibel. 

 

Enterococci indicator bacteria 

Monitoring of Enterococci indicator bacteria was discontinued after July 2011. Monitoring 

these indicator bacteria levels for two years found very few “hits” and studies in the area have shown 

that elevated concentrations are directly related to rainfall events and can occur in any environment or 

coastal water (Thompson et al 2011; Source Molecular 2012). Originally this test was developed as an 

indicator of human fecal contamination from man-made sources. However recent studies have 

confirmed that many animals including raccoons, bobcats, pelicans and other shorebirds can host these 

bacteria. The indicator bacteria can exist as biofilms and colonies residing in natural and urban 

environments long after the “source” has moved on (Rivera-Torres 2008; Griffith et al. 2010; Bonilla 

2006). During periods of significant precipitation, stormwater runoff flushes these bacteria into near-

shore waters from abundant terrestrial sources nearly assuring elevated levels in local waters even 

where human influences are few, such as the Refuge.  
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Colored dissolved organic matter (CDOM) 

Colored dissolved organic matter ranged between 9.7 QSE and 578.1 QSE over all sites and 

dates during the 54 month monitoring period (Table 19 and Table 20; Figure 39). Mean CDOM values 

ranged from 33.5 QSE at the northern Wulfert Flats site (NWR10) to 67.1 at the alligator curve site 

(NWR08) (Table 20, Figure 40a). In general the more interior sites had higher mean CDOM levels due 

to the production and export of organic rich humic acids (Table 20, Figure 40a). The export from 

Tarpon Bay was described in Milbrandt et al. 2010. The site at northern Wulfert Flats (NWR10) had 

relatively lower mean CDOM levels due to its close proximity to the diluting effects of Gulf of Mexico 

through Blind Pass. All mean values in this 54 month report were greater than the values seen in the 48 

month analysis, and all maximum values occurred during the wet season of 2013 during freshwater 

releases from S79.  

Seasonal fluctuations of CDOM levels are attributed to increased flushing of organic-rich 

waters into the estuarine system during wet season (Figure 39; Figure 40b). A strong inverse 

relationship was found between CDOM and salinity in previous analyses of refuge monitoring data 

(Thompson et al. 2013a). Seasonal Kendall trend analyses found no significant trends over the period 

of this project (Table 19).  

Mean wet season CDOM values (49.5 QSE) were significantly greater than the dry season (28 

QSE) for pooled data (Mann-Whitney, w = 22327, p < 0.01). The wet season can be characterized by 

significantly lower salinity and higher CDOM due to local stormwater runoff and increased discharge 

from the S79 structure (see section on analyses of RECON data). A stronger correlation was found 

between S79 discharges and Pine Island Sound RECON site CDOM values than with precipitation or 

tidal range. Salinity data from the USGS station at the mouth of McIntyre Creek was also more 

strongly correlated to S79 discharge rate than to precipitation (see RECON data section). 
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CDOM is one of the factors (along with turbidity and chlorophyll a) affecting water clarity. 

CDOM absorbs blue light and can affect phytoplankton and seagrass distributions in this area. As wet 

season precipitation increases CDOM levels, water column light availability decreases and seagrasses 

can become light limited (Zimmerman 2006). During large freshwater releases from the S79 structure, 

CDOM levels throughout the project region increase greatly.  Declines in seagrass density observed 

during the lower Caloosahatchee seagrass study (below) are partly attributable to the decrease in light 

availability caused by the high CDOM concentrations from S79 discharges. 

 

Temperature 
Measured water temperature ranged from 9.5 to 33.6 degrees centigrade over all sites and dates 

during the 54 month monitoring period (Table 21; Table 22; Figure 40). Mean water temperatures at 

monitoring sites ranged from 24.7 °C at the mouth of Tarpon Bay (NWR01) to 26.1 °C at the alligator 

curve site (NWR08) (Table 21). A seasonal water temperature cycle follows the natural seasonal cycle 

of air temperature and is observed at all sites (Figures 40). Seasonal Kendall tests found no significant 

trends at any sites over the period of monitoring (Table 21). 

The amount of DO held in solution is inversely related to water temperature. Higher 

temperatures naturally depress DO in a water body. The more poorly flushed, interior monitoring sites 

near the impoundments (NWR06, NWR07) and at alligator curve (NWR08) experience higher 

temperatures during the summer months due to shallow water and poorer flushing. This contributes to 

the lower DO conditions found at these sites especially during the wet season. An excess of dead 

organic matter in relation to benthic algae will result in increased sediment oxygen demand. In 

addition, respiration rates (and hence oxygen demand) also increases with temperature. Water 

temperature can also have lasting impacts to warm-water adapted organisms which inhabit this area. 

The extended cold period experienced in 2010 resulted in record numbers of cold-stunned sea turtles, 

manatees and large fish die-offs, closing the snook recreational fishery in Florida due to population 
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declines (Adams et al. 2011). The high summer water temperatures will also affect many estuarine 

organisms that are at the southern edge of their range. 

Bailey Tract lakes 

Analysis of chlorophyll a, turbidity and CDOM data from four Bailey tract lakes showed that 

Lake RMP continues to have significantly higher levels of all three parameters (Table 6; Table 10; 

Table 19). Chlorophyll a at the RMP lake site exceeded impaired waters chlorophyll a criteria for lakes 

(annual mean = 20 µg/l). However Kendall seasonal trend analysis found chlorophyll a to be 

decreasing at RMP and at the Smith Lake site (Table 10).  

High mean turbidity values observed in RMP (Table 6) are likely a result of the high 

chlorophyll a concentrations. A correlation analysis between chlorophyll a and turbidity using data 

collected from all four Bailey Tract Lakes found a significant (but weak) positive relationship between 

the two parameters (Figure 42). Trend analyses showed a decreasing trend in turbidity at RMP to go 

along with the decrease in chlorophyll a, reflecting the relationship between chlorophyll a and 

turbidity. The airplane canal sampling station also has high levels of CDOM. The reason for this is not 

known, however it may be related to a possible connection or periodic inflow from the adjacent 

Sanibel River.  

 

YSI 6600 datalogger: Wildlife Drive near western impoundment 

A YSI datalogger has been continuously deployed near the western impoundment since April 

2010. The value of this supplementary data to the discrete samples is to more clearly validate the 

conclusions drawn from the analysis of discrete samples. New hypotheses about patterns in the discrete 

data can be formed with the continuous data. Descriptive statistics for all parameters measured during 

the deployment period (April 2010 through December 2013) can be found in Table 23. Seasonal 

fluctuations in water temperature, DO, and salinity can be noted in the long-term dataset (See attached 

Chlorophyll aμg/l 
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DING_YSI_Graphs_2013.pdf  ). Dissolved oxygen fluctuation follows the 14-day tidal cycle and the 

diel cycle. The effect of precipitation on salinity is also visible. 

A Spearman’s correlation analysis for DO versus chlorophyll a showed a significant and 

inverse relationship between chlorophyll a and dissolved oxygen in the water column (Spearman’s, r = 

-0.438, p < 0.01). An inverse relationship between salinity at the western impoundment and S79 

discharges (Spearman’s, r = -0.632, p < 0.01) was also statistically significant. A 19-day lag time was 

found to produce the best correlations to S79 flow (Thompson et al. 2013a). This is longer than the 11-

day lag time found to be the highest correlation between salinity and S79 flow at the USGS/RECON 

station at the mouth of McIntyre Creek. A weak but significant correlation was found between 

precipitation using a two day lag and salinity (Spearman’s, r = -0.188, p < 0.01) while no significant 

relation could be found between salinity and tidal range (Spearman’s, r = -0.012, p = 0.726). 

 

Special sampling during Sanibel Slough discharge  

 On September 25, 2013, the City of Sanibel opened gates at the Sanibel Slough control 

structure and released a significant amount of water into Tarpon Bay. The SCCF Marine Lab took grab 

samples immediately downstream of the structure during the 1 day event. Monitoring by the City has 

characterized the Sanibel Slough as having moderate to high concentrations of nitrogen and 

phosphorus (Thompson and Milbrandt 2013). Grab samples taken 300 and 500 meters downstream of 

the control structure showed high levels of ammonia and inorganic phosphorus (Table 24). A similar 

release was documented in November 2011 with similar results (Table 24). Currently the City does not 

monitor discharge volume from its control structures. This prevents estimation of nutrient loadings into 

near shore waters. SCCF Marine Lab has recommended the inclusion of this in a nutrient management 

plan currently under development with the City (Thompson and Milbrandt 2013b).  
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Refuge seagrass habitat monitoring 

Five species of seagrass were found in the Refuge including Halodule wrightii (HW), Thalassia 

testudinum (TT), Syringodium filiforme (SF), Ruppia maritima (RM) and Halophila engelmannii (HE) 

(Table 25). The Tarpon Bay monitoring sites (NWR01, NWR02, NWR03; Figure 6) contained four 

seagrass species including HW, TT, SF and HE. Due to the shallow depths, HW and RM (intermixed 

with HW) were the only seagrasses found at the sites near the impoundments (NWR06 and NWR07). 

HW and TT were found at the McIntyre and Duffy Creek sites while HW, TT and SF were found at 

the Wulfert Flats sites (NWR09 and NWR10) (Table 25). 

Tarpon Bay sites (NWR01, NWR02, NWR03) showed a reduction in HW shoot density over 

the four year monitoring period (Figure 43a). Pearson’s correlation analyses found a significant 

decrease in HW over the monitoring period in Tarpon Bay (p = 0.019, r = -0.309). Analyses were 

unable to detect any trend in Syringodium or Thalassia at the Tarpon Bay sites although Syringodium 

density appeared to decrease from 2010 to 2013 (Figure 43a, Table 26). A significant increase in 

macroalgae occurred within Tarpon Bay during the 4 year period (Figure 43b; p < 0.01, r = 0.50). 

The outer estuary sites in McIntyre (NWR04) and Duffy Creeks (NWR05) also showed a 

significant decrease in HW (p < 0.01, r = -0.49), an increase in macroalgae (p = 0.02, r = 0.364), and 

little change in TT (Figure 44a, Table 26). In addition, the inner estuary sites (NWR06out and 

NWR07out), displayed decreases in HW (Figure 45a) (p = 0.01, r = -0.41) but no trends in TT or 

macroalgae (Figure 45b, Table 26).  

In contrast to the results for Tarpon Bay and the creek sites, no significant trends in seagrass 

density were found at the Wulfert Flats (Figure 46a; NWR09 and NWR10) and impoundment sites 

(Figure 47a; NWR06in and NWR07in; Table 26), although an increase in macroalgae was seen in 

Wulfert Flats (Figure 46b; p = 0.02, r = 0.364; Table 26).  
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With only four years of seagrass survey results, any meaningful statement on long-term 

seagrass trends is impossible, however, these results coupled with water quality data and S-79 

discharge data can lead to strong inferences. During the period evaluated, wet season mean salinity 

steadily decreased (Figure 48), mean CDOM steadily increased (Figure 49), and inorganic nitrogen 

and phosphorus increased (Figure 50: Figure 51) at the mouth of Tarpon Bay, McIntyre Creek and 

Duffy’s Creek.  Chlorophyll a also responded to changes in S-79 discharges (Figure 52). From 2011 

through 2013, S-79 discharge volume increased and CDOM and salinity changed along with the 

discharges (Figure 11). 

Increased CDOM and chlorophyll associated with large freshwater discharges from S-79 are 

known to decrease availability of light to seagrass communities (Chamberlain and Doering 1998; 

Milbrandt 2008) producing stresses not seen during “natural” wet season changes. In addition, the 

dramatic shift in salinity regimes produced by large S79 discharges provides additional stressors to 

seagrass habitat (Irlandi 2006). Nutrients delivered through freshwater releases can contribute to 

increased epiphytic load and macroalgae blooms which directly compete for light with seagrass (Hale 

et al. 2004). The increasing trend in macroalgae seen in 3 of the 5 annually monitored seagrass areas 

within the refuge occurred as seagrass density decreased at these sites. A sound inference is that these 

changes may be associated with the increased discharges from S79 along with increased CDOM and 

nutrients and decreased salinity.   

The Wulfert Flats seagrass survey sites showed no statistically significant decrease in seagrass 

density even though macroalgae increased significantly. Water quality changes due to S79 discharges 

were documented for that area (Thompson et al. 2012; Thompson et al. 2013a). Wulfert Flats was 

closed to motorized boat traffic in 2009 as part of remediation associated with the re-opening of Blind 

Pass. The Wulfert Flats area was known to have an abundance of propeller scars in the seagrass beds 

(Madley et al. 2004). Closure of this area to motorized boat traffic can improve seagrass community 
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health by reducing prop scars and boat traffic impacts. Prop scars were not observed within our two 

transect sites (either in the field or after review of aerial images), however, collecting data on boat 

traffic and the associated effects were not the primary goal of the study. The closure of this area to 

motorized boat traffic may be directly benefiting our seagrass survey areas by reducing prop-induced 

damage. Indirect effects of restricted boat traffic may include improved water clarity, reduced 

resuspension of sediments and phosphorus, reduced chlorophyll a concentrations or changes in 

seagrass-grazer population dynamics.  

 

Before/After Control Impact (BACI) Study Design to determine Seagrass responses to 

periods of high flow from S79 (2011-2013) 

To characterize environmental conditions experienced by seagrasses in this study, mean daily 

water quality data from the Shell Point and Tarpon Bay RECON stations are reported in Table 27. At 

the Shell Point station the lowest salinities and greatest CDOM and Kd values occurred during the 

mid-event surveys which corresponded to the greatest mean S79 discharges (Table 27, Figure 53 and 

Figure 54).  At Tarpon Bay, the diluting effects of the nearby Gulf of Mexico weakened the 

relationships between mean water quality values and S79 discharges (Table 27, Figure 54). In the first 

year of the study, a mid-discharge event survey was not completed.  Mean chlorophyll values were 

generally greater at the Tarpon Bay station (Table 27), probably due to more quiescent flow 

conditions, a greater water residence time, and lower CDOM concentrations. During the freshwater 

releases of 2013, water quality changes in Pine Island Sound and the Gulf of Mexico were documented 

with transects and photographs (Figures 55 through 58).   

Seagrass habitat responses to these periods of high flow (from S79) and changing water quality 

are provided in Tables 28 through 30 and Figures 59 through 63. Halodule wrightii was the most 

prevalent seagrass overall occurring at all survey sites. Thalassia testudinum was present at all sites 
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except two (LC 5 and 6) furthest upstream in the Caloosahatchee. Syringodium filiforme was present at 

only one study site (LC9) and one control site.   

BACI analyses using GLM ANOVA was unable to find significant difference in mean 

Halodule shoot density comparing pre, mid and post event survey results in 2013. However, further 

statistical analyses on the pooled data for the three study years found pre event Halodule density was 

greater than post event density (p < 0.01, T = 3.9, GLM ANOVA), pre event density was greater than 

mid-event density (p < 0.01, T = 3.8, GLM ANOVA), pre-event density year in 2011 was greater than 

pre event density in 2012 (p = 0.01, T = 2.6, paired t-test) or 2013 (p = 0.02, T = 2.5, paired t-test), and 

post event density in 2011 was greater than post event density in 2013 (Table 28).  

Because the controls sites were not added until year 3 of the study, the power of the analyses 

was less than having three years of data. For this reason even though BACI analysis was unable to find 

significant differences in Halodule density after S79 discharge events, inferential analyses and more 

conventional statistical comparisons suggested a difference related to discharge flows exists.  There is 

also evidence of longer term declines in Halodule density, with post event density in year 1 being 

greater than post event density in year 3 and pre-event density in year 1 being greater than pre-event 

density in each of the following years.  

BACI analysis of Thalassia density found greater shoot density before discharge events than 

after (p = 0.05, T = 1.9, ANOVA). In addition, pre event density was found to be greater than mid 

event density (p < 0.01, T = 3.1, GLM ANOVA). Post event density in 2011 was greater than post 

event density in 2012 (p = 0.02, T= 2.4, paired t-test) and 2013 (p < 0.01, T = 3.4, paired t-test). These 

results strengthen the case that large CDOM and nutrient-laden discharges from the S79 are eroding 

seagrass community health within the study area. The pre and post event Thalassia density differences 

show the short term impacts while the declining trend in post event density over the three years of 

study shows longer-term influences. 
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Plots of Syringodium density at study sites (Figure 63) suggest a decline after discharge events, 

however similar declines at the control sites resulted in BACI analyses unable to find any significant 

decrease in density. Conventional statistical before/after comparison found pre event density to be 

greater than mid event (p< 0.01, T = 5, GLM ANOVA) or post event density (p = 0.03, T = 2.8, GLM 

ANOVA).   

Combined, these findings suggest wet season discharges have effects on the downstream 

seagrass communities which extend beyond the discharge events themselves. The CDOM and nutrient 

load carried by releases from S79 combine to reduce light penetration within a large area of the Pine 

Island Sound. The concentrated dark coloration directly blocks sunlight while nutrient enrichment 

encourages phytoplankton, macroalgae, and epiphyton growth which compete with seagrass for light. 

Drops in salinity can weaken the health of seagrass such as Syringodium which has a lower tolerance 

for salinity fluctuation than other seagrass (Irlandi 2006).   

These findings may be partially influenced by seasonal trends resulting from changes in light 

availability and temperature. However, the results are indicative of the influence of large freshwater 

releases on seagrass habitat metrics. Lirman and Cropper (2003) found that although growth rates of T. 

testudinum decrease when salinity is lowered, the species can still be dominant (highest density) 

nearshore. When mean salinity values are drastically lowered (25 and below, Greenawalt et al. 2005) is 

H. wrightii able to outcompete T. testudinum. In 2011, the increase in HW at sites where TT declined 

is another indication of prolonged salinity reduction resulting in a shift in species composition. During 

the release events of 2012 and 2013, salinities at the upstream sites (LC 5 and 6) were below the lethal 

tolerance (3.5 psu, McMahan 1968) for Halodule during extended periods (Figure 53). Preliminary 

evidence suggests that water management decisions and flow from S79 are impacting seagrass habitats 

in the lower estuary and San Carlos Bay, as previous monitoring efforts from 2004-2008 have shown 

(Bartleson and Guinn unpublished data).  
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Bay scallop (Argopecten irrandians) recruitment  

Bay scallops in southern Florida have characteristically large population fluctuations (FWC 

2012). Local populations can be completely eliminated due to changes in water quality, increased 

harvesting pressure, habitat loss and long-term climatological change (e.g., El Nino, Atlantic Decadal 

Oscillation). December through May are the months in which most of the recruitment occurs in lower 

Pine Island Sound (Figure 64). Recruitment monitoring began in 2003, and rates peaked in in 2010-

2011 but have declined significantly over the past two years (Figure 64).  Similarly, the volunteer-

based adult scallop survey conducted by volunteers in upper Pine Island Sound since 2010 showed 

peak numbers in 2011 followed by a slight decline in 2012 and a drastic reduction in estimated density 

by the summer of 2013 (Figure 65; Florida Sea Grant/SCCF 2013). A moderate red tide (Karenia 

brevis) event was documented in Pine Island Sound and Tarpon Bay during the period of October 2011 

through December 2012, followed by a more significant event from October 2012 through March 2013 

(R. Bartleson unpublished data). The reduced adult survey numbers and poor recruitment are a likely 

result of the red tide. Following the red tide events of 2005-2007, very low to zero recruitment of 

scallops was detected by monitoring units for several years (Figure 64).  

During the spring of 2009-2012 scallop sanctuaries were established by volunteers in Pine 

Island Sound with 1000’s of juvenile bay scallops hung in cages from docks. These “spawner 

sanctuaries” were designed to assist in restoration of bay scallops. The effort was planned to continue 

in February 2013, but the presence of red tide in Pine Island Sound caused the program to be 

discontinued until sufficient juvenile recruits can again be found and red tide is not prevalent.  

 

Conclusions  

This year’s analysis of water quality data associated with monitoring in the JNDDNWR 

produced similar conclusions as previous reports. The influence of S79 fresh water discharges on 

Refuge water quality continues to be a central issue along with the comparative magnitude of local 
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influences. Statistical and graphical analyses of aggregated regional and local data suggest a strong 

influence of freshwater discharges from the S79 water control structure on refuge water quality and 

seagrass habitat health. There is also evidence that local sources of nutrients on Sanibel have impacts 

on nearshore water quality (Thompson 2013a) such as direct runoff of reclaimed wastewater used for 

irrigations.  

Our lower Caloosahatchee seagrass surveys showed releases of water from the S79 structure 

June through October 2013 had a measurable adverse impact on seagrass habitats in the lower 

Caloosahatchee Estuary and may have also contributed to declining seagrass health indices within the 

Refuge. During the 2013 wet season, discharges from S79 averaged nearly 3 times the maximum rate 

of 2800 cfs recommended in the Caloosahatchee Watershed Protection Plan (SFWMD 2009).  Water 

quality transects showed CDOM and salinity gradients reaching from the mouth of the Caloosahatchee 

River northward beyond Redfish Pass in Pine Island Sound (Figures 55 and 56).  

Water quality monitoring at 10 stations within the JNDDNWR showed maximum CDOM 

values for the 4.5 year monitoring period occurred at all stations during the wet season of 2013. In 

addition, minimum values of salinity were recorded at all stations during this period. Lower light 

availability and extreme fluctuations in salinity can contribute to declining seagrass health.  

S79 discharges also provide nutrients to the Caloosahatchee Estuary and Refuge. Any inorganic 

nitrogen or phosphorus which makes it to the lower estuary can be readily utilized by benthic and 

epiphytic algae. These macroalgal overgrowths contribute to reduced seagrass density and to hypoxia 

in shallow waters of the refuge. Hypoxia and anoxia kill invertebrates, some of which could be feeding 

on macroalgae. Nutrient loadings need to be decreased through reduced surface water runoff and 

implementation of best management processes.  

GIS-based mean nutrient gradient maps derived from aggregated local and regional data, show 

a prevalent increasing gradient for all nutrients toward the mouth of the Caloosahatchee River. 
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However, a higher concentration “shadow” of IN was apparent around Sanibel and Captiva Islands 

suggesting local sources such as groundwater containing IN have a measurable impact on near shore 

water quality.    

Bay scallop recruitment declined in 2012 and was nearly non-existent in 2013. These results 

are likely due to two consecutive years of significant red tide with a longer-lasting event prevalent 

from November 2012 through March 2013. Adult surveys in northern Pine Island Sound also showed 

greatly reduced densities in 2013.  
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Appendix 1. 

Proposal to Monitor Seagrass along a Gradient from mouth of Caloosahatchee to Tarpon Bay: 

Modifying USFWS Cost Share Grant 401819G571 Awarded to SCCF Marine Lab and Ding Darling 

National Wildlife Refuge 

Background:  The US Army Corps of Engineers and South Florida Water Management District regulate 

the flow of freshwater from the S79 structure on the Caloosahatchee River. Freshwater released from 

this structure discharges into San Carlos Bay and Pine Island Sound through the Caloosahatchee River. 

Currently there is a need for quantifiable documentation of changes in critical estuarine habitat which 

may be attributed to prolonged low and elevated flows caused by water management decisions at 

S79 (and other structures). This proposed modification of Cost Share Grant 401819G571 is part of an 

adaptive monitoring strategy meant to provide more relevant information to Ding Darling National 

Wildlife Refuge Managers and local scientists.  

Original Project Scope of Work:  Water quality will be monitored monthly at 5 sites and bimonthly at 

an additional 5 stations within Ding Darling NWR as described in Challenge Cost Share Agreement 

between US Fish and Wildlife Service and Sanibel Captiva Conservation Foundation (Figure 1). SCCF 

will also maintain, deploy and retrieve (about every 3 weeks) a YSI multiparameter water quality 

datasonde located near the western impoundment within the Ding Darling NWR. Seagrass will be 

monitored once during wet season and once during dry season at 11 stations (Figure 1) designated 

and agreed upon by Ding Darling NWR. All data will be managed, summarized and transferred by 

SCCF Marine Lab to the Refuge managers every 6 months and an end of the project report will be 

produced.  

Proposed modification to original project scope of work:   

To support the additional seagrass monitoring described below, we propose to reduce the 

frequency of monitoring at the 11 original seagrass stations to once per year. Seagrass surveys 

performed one time each year (wet season) at these sites will provide us the ability to monitor long 

term trends in seagrass metrics within the Refuge (if continued annually). With the addition of the 

proposed work we will gain valuable information concerning impacts of large freshwater releases 

from S79 on local seagrass communities.  

An additional 6 seagrass stations will be established to form a transect from the lower 

Caloosahatchee River to the mouth of Tarpon Bay (Figure 2). These six stations will be monitored 3 

times during extended large freshwater releases from the  S79 structure: 1.) Immediately prior to 

predicted large freshwater releases from the S79 structure on the Caloosahatchee River;  2.) At a 

predicted midpoint in time during the releases from S79 and; 3.) One month after the releases from 

S79. A large release will be defined as averaging greater than 2500 cfs for at least one month. 
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At each site, there will be two (2) transects (one parallel and one perpendicular to shore). The 

parallel transect will be 100 m long. This transect will be located approximately 50 m from shore at 

the depth of greatest historical shoot densities. Along each transect one (1) sample will be taken from 

each of five (5) distance intervals: 1-20 m, 21-40 m, 41-60 m, 61-80 m, 81-100 m. The perpendicular 

transect will extend 50 m to shore and 50 m offshore. In addition, the depth and coordinates of the 

deepest extent of occurrence will be determined. This will be done along the perpendicular transect 

by finding the point where the coverage drops to less than 5 %, swimming into deeper water 20 m 

farther out to verify. Depths will be corrected to Nobeltec Tides and Current Predicted Mean Low Low 

Water for nearest station. 

 A total of 10 discrete subsamples will be taken at each location:  5 intervals X 2 transects. At 

each sampling, a different specific distance within each interval will be selected using a random 

number generator without replacement. A 1 m2 quadrat will be placed on the river bottom at the 

randomly selected locations within each of the five (5) interval increments and the following 

measurements will be made:  

1. Percent cover of each seagrass species  will be estimated by enumerating the number 

of 10 X 10 cm equilateral quadrants within each 1 m2 quadrat that house either SAV by 

species, regardless of its density within the quadrant.  

2. Shoot density will be determined for each species within the 1 m2 quadrat. When 

densities are low, all shoots will be enumerated within the quadrat. When densities 

are high, we will count shoots within 8 cells marked with an x (Figure 7) that contain 

shoots, and then multiply by 12.5 and divide by the percent cover to obtain an 

estimate of shoots/m2. Number of blades per shoot will be enumerated for each of 10 

haphazardly chosen shoots of each species within each quadrat.  

 

 

 

Figure 7. One meter 

squared quadrat with 100 

10x10cm cells marked for 

SAV shoot density counts. 
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3. Seagrass canopy height will be measured and reported to the nearest millimeter (mm) 

using the following method. A handful of blades will be gathered, extended to their 

maximum length, and measured. Turtle grass blade length and widths will be 

measured (mm) on no more than 10 haphazardly selected blades within the quadrat or 

core. Deep edge depth, distance from shore and coordinates will be determined at the 

deep extent of seagrass where densities drop below 5% cover. 

The data collected from monitoring these sites will be compared to water quality data at fixed 

RECON stations located at Shell Point and Tarpon Bay combined with other water quality data 

collected (Lee County, SCCF, etc.) in this area to develop associations between changes in seagrass 

metrics and changes in water quality (primarily salinity). This is accomplished in a dedicated relational 

Access database at SCCF.  


