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Kings Bay Springs Group Discussion Points
· The Kings Bay Springs Group has been divided into various WBIDs that are all listed in the table above.  The SWFWMD staff expressed an interest in placing this entire bay area on the Verified List and addressing the nutrient problems in a comprehensive manner.  Gary Williams (SWFWMD) has an ongoing sampling project in Kings Bay and has provided numerous documents for Kings Bay special projects.  The SWFWMD has also been collecting water-quality data at spring vents on Kings Bay for the past 20 years.  
· Kings Bay is included in the area designated as an Outstanding Florida Water (OFW) for the Crystal River (FDER, 1982) effective Feb 1, 1983.
· Hunter Spring in WBID 1341C has 39 samples and 38 are over the 0.35 mg/L threshold while the geomean is 0.45 mg/L.  The photos show the extensive algal problems at this spring and continuing toward the bay.  Magnolia Circle Spring in WBID 1341 has 8 out of 8 samples over the 0.35 mg/L threshold with a 0.49 mg/L geomean.  Additional nitrate data is pending.  
· Abundant algae are photo-documented in the Bay near Hunter, Idiot’s Delight, Three Sisters and Tarpon Hole Springs.  
· IWR Activity in WBID:  
1341 - WBID Verified List for nutrients (historic chlorophyll-a); mercury/tissue; 
1341B - WBID on Verified List for mercury (tissue); 

1341C - WBID on Verified List for dissolved oxygen; mercury (tissue); 

1341D - WBID on Verified List for mercury (tissue); 

1341F - WBID on Verified List for mercury (tissue); 

1341G - WBID Verified List for conductance; dissolved oxygen; 
1341H - WBID on Verified List for mercury (tissue)
· Most of the WBIDs have not failed the Binomial Test but do have documented algae problems in at least one spring.  It is recommended that Kings Bay nutrient problems are comprehensively addressed for the Bay and the entire spring group and WBIDs are placed on the Verified List based on documented algal problems and biological imbalance. 
· In the SWFWMD 2009 SWIM report the reductions in water clarity and the proliferation of Lyngbya sp. were noted as the major management issues for the Crystal River/Kings Bay system.  
· Please see Kings Bay photos to document impairment below and other supporting documentation mentioned in this report after the photos.
Recognizing the need to provide some protection of the waters, the state designated Crystal River/Kings Bay as an Outstanding Florida Water in 1983.  In 1989, the Southwest Florida Water Management District (District) designated the area as a Surface Water Improvement and Management (SWIM) Priority Water Body. A SWIM Plan was developed to identify management issues and actions necessary to restore and protect Crystal River/Kings Bay. Kings Bay has 70 known spring vents that are tidally influenced and represent a first magnitude spring group.  Nearly all of the water discharging into Kings Bay and the Crystal River is ground water from springs. Gary E. Williams, Ph.D, Resource Projects Department, SWFWMD, stated “Although most of the springs within the bay fall below the 0.35 mg/L standard, it is my opinion that Kings Bay is the most highly impaired first magnitude spring system in our District.”  He has provided documents that support this statement.  
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Idiot’s Delight Spring (King’s Bay - WBID 1341F) 9/13/2010 - vents with waving algae, discharging along N-S fracture (with sampling tubing) – probably same GW conduit source as Three Sisters Springs 
(Gary Maddox photo)
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Hunter Spring (King’s Bay - WBID 1341C) 5/19/2004 – dark patches on bottom are algae 

(Gary Maddox photo)
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Hunter Spring (King’s Bay - WBID 1341C) –algae in shallows north of vent 
(11/4/2009 Laura Hester photo)
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Hunter Spring (King’s Bay - WBID 1341C) – algae at steps (11/4/2009 Laura Hester photo) 
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Hunter Spring (King’s Bay - WBID 1341C) 6/30/10 – aerial photo of algal coverage (Harley Means photo)
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King’s Bay near Hunter Spring (WBID 1341) 5/15/2010 – algae “towers” growing up from bottom

(Gary Maddox photo)
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King’s Bay near Hunter Spring (WBID 1341) 5/15/2010 – algae growing up from bottom

(Gary Maddox photo)
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Little Spring (Citrus) showing clumps of algae hanging (top) and on bottom of spring run.
(Sept 14, 2010 – Photo Credit Laura Hester)
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Three Sisters Spring Run (King’s Bay) (WBID 1341F) – algae (9/13/10 Laura Hester photo)
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Three Sisters Spring Run (King’s Bay) (WBID 1341F) 5/15/2010 – benthic algae (Gary Maddox photo)
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Tarpon Hole Spring Run (King’s Bay) (WBID 1341G) – algae (FGS photo)

[image: image17.jpg]sy

» “
g e
v





Kings Bay - Chaetomorpha  sp. seems to be especially common in winter/spring. Chaetomorpha sp., is a filamentous algae commonly known as green hair or horse hair algae. (SWFWMD photo)
KINGS BAY SPRING VENTS \1
[image: image18.jpg]Number Spring Name (number of vents) Number Spring Name (number of vents)

1 iller's Creek Spring 21 Kings Bay #1/ 1diots Delight #1
2 Fountain Spring/ City Hall Spring 22 Idiots Delight #2
3 Charlie’s Fish Houss Spring 23 1diots Delight #3/ Three Sisters
Run
4 irds Undarwater Spring 24 Parker Island North Spring
Complex (5)
5 Paol Spring 25 Parker Island Springs Little
Hidden Spring (3)
& Catfish Spring 26 Banans Island North Spring
Complex (4)
7 W 5th Avanus Springs (3) 27 FWS Spring Complex (2)
8 House Spring 28 Banans Island East Springs (6)
5 Jurassic Spring 29 Banans Island West Springs (2)
10 Hunters Spring/ American Legion Spring 30 Mullets Gullat Spring/ Tarpon
Hals #2
11 Magnolia Circle Spring 31 Tarpon Hole Big Hole/ Crystal
Spring
12 Pate's Pier Spring 32 King Spring/ Grand Canyon
Spring
13 Moray Springs (3) 33 Plantation Point Hole
14 Shark sink 34 Dave's Quest Springs (3)
15 Paradise Isles 35 Golfuien (3)
16 Manstee Sanctuary/ Gator Hole/ Magnolia 36 Lightbourn's Ledge
Spring/ Crystal Spring
17 Buzzard Island Spring 37 Wynn Court Springs (5)
18 Three Sisters #1/ Three Sisters Springs/ 38 Black Spring
Middle Springs # 1
19 Three Sisters #2/ Three Sisters Springs/ 39 sid's Springs
Middle Springs # 2
20 Three Sisters #3/ Three Sisters Springs/ 40 Gan's Grotto (2)

Middle Springs # 3
41 suamp Sink




\1 – Table contents taken from Serviss 2009 and Serviss 2010
VEGETATION

The Kings Bay SWIM plan identified problems in Kings Bay with aquatic nuisance plants and algae that include past problems with hydrilla, water hyacinth, and more recent problems with lyngbya and Eurasian milfoil.  Aquatic plant management includes mechanical harvesting of filamentous algae and chemical control.  There was an experimental replanting program but it was short-term and unsuccessful.  There have been various restoration plans over the years for Kings Bay that included suctioning sediment near the spring vents and removing detritus and sediment from portions of the spring runs.  The SWFWMD and IFAS jointly conducted the Kings Bay Vegetative Evaluation project.  The purpose was to map vegetation in Kings Bay and noted there were large areas where nuisance algae and nonnative invasive plants have replaced the native species (SWFWMD, 2007).  This study found that filamentous algae and hydrilla were more prevalent near springs, the plant community is more diverse away from springs, and there is an annual “manatee effect” on vegetation.  Other researchers have also noted problems with SAV in Kings Bay.  A description of the changes in SAV in Kings Bay was summarized in Frazer et al., 2006.  The vegetation in Kings Bay was once dominated by wild celery, Vallisneria americana, according to anecdotal accounts from local residents and long-time recreational users of the bay (Hauxwell et al., 2004a). Recent investigations indicate changes have occurred where nuisance algae and nonnative, invasive vascular plants have, for the most part, replaced this native species (Notestein et al. 2005, SWFWMD 2007). Non-native Myriophyllum spicatum (Eurasian water milfoil), Hydrilla verticillata and nuisance filamentous algae (including Lyngbya spp.) have expanded and are now more prominent than the native V. americana.  Several factors probably contributed to the initial displacement of V. americana in Kings Bay. Decreased water clarity and light availability, grazing by herbivores, and competitive exclusion by non-native macrophytes and macroalgae probably all played important roles (Hauxwell et al. 2004a).  Increased levels of Lyngbya wollei often were observed in Kings Bay/Crystal River subsequent to hydrilla herbicide treatments (Cowell and Botts 1994), which led Evans et al. (2007) to hypothesize that copper herbicide usage to control unwanted vegetation resulted in the toxicological suppression of grazer communities and may have contributed to subsequent algal overgrowth.
The SWFWMD conducted a surface water evaluation program in Kings Bay from 2003 to present to look at nutrients, chlorophyll, water clarity and conductance.  This project included twelve surface water sites that were sampled on a bi-monthly basis shown in the aerial map below.  The Kings Bay Vegetative Evaluation produced maps of algae cover in Kings Bay to illustrate the prevalence of algae that is not native.  In particular, filamentous algae and H. verticillata tended to dominate the vegetation near springs where conductivities were higher, concentrations of nitrate plus nitrite (NOx) were higher, concentrations of chlorophyll-a were lower, turbidities were lower, and horizontal Secchi distances were longer.
There are only small areas of the native vegetative cover Vallisneria Americana, as shown in Panel D below.  SWFWMD will be updating these vegetation maps using the same methodology as the previous study.  The areas with highest percent cover of filamentous algae in Panel A tend to be near spring vents.  Filamentous algae, Hydrilla verticillata and Myriophyllum spicatum cover increased in the springs fresh water areas and decreased in high salinity areas.  Myriophyllum is fairly widespread and seems to be as abundant away from spring vents as it is near them (Gary Williams, pers. comm.)  Vallisneria americana was less stressed in higher salinity areas, and able to increase competition.  Decreases in percentage cover and biomass in February of all years accompanied increases in adult manatees seen in the Bay and the likelihood of grazing. Furthermore, the filamentous algae mainly remained dominant at most stations and apparently, manatees grazed less on filamentous algae, especially where it was dominant.  
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WATER CLARITY

Water clarity (measured as Secchi depth) is a known problem in Kings Bay and has been declining (2003-2008).  Water clarity has decreased by nearly 50 percent over the last five years and is strongly associated with chlorophyll-a (Gary Williams, Kings Bay Overview Presentation).  Phytoplankton accounts for most of the suspended matter and chlorophyll-a was shown to increase by water year during 2003-2008.   Due to the large surface water area of Kings Bay, water discharging from its springs moves slower than water discharged from most other large spring systems, which tend to have narrow, relatively fast-flowing spring runs. Since the water moves slower, it gives free-floating algae more time to take up nutrients and multiply before the water exits the bay, leading to lower water clarity.  Graphs below are from the presentation named Kings Bay Overview by Gary Williams, SWFWMD.
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SOURCES OF SPRING WATER

The Kings Bay Springshed for Kings Bay Springs Group is shown in the map below and encompasses approximately 671 square kilometers.  Some more recent springshed boundaries do not include the area above the Withlachoochee River on the northern boundary.  The Crystal River/Kings Bay is the largest estuarine water body in the United States and perhaps the world having its water sources entirely from springs. The ground water flowing from the springs is largely derived from the drainage basin bounded north and east by the Withlacoochee River and a ground water divide in south-central Citrus County – shown with a green line in the map below (Jones et al., 1998).  Ground water discharging from King’s Bay springs comes from shallow flow lines associated with the Floridan Aquifer (Jones et al., 1994).  The ground water flow paths are superimposed on the second regional map below from the USGS that also shows the ground water divides between springsheds.  Ground water in south Citrus County below the ground water divide flows toward the Homosassa Springs Group.  In general, the Floridan aquifer is unconfined in the springshed, however there are small local areas where it is semi-confined.
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NITRATE

The District has investigated the increased nutrient concentrations (e.g. nitrate-nitrite) and has identified the sources as originating within 5 to 10 miles from the Crystal River/Kings Bay system, traveling through the groundwater system and entering Kings Bay through the springs system. The SWFWMD have noted that levels of nitrate in ground water discharging from Kings Bay springs have been trending slightly upward over time with an average of 0.29 mg/L and are roughly equivalent to levels in springshed monitoring wells with an average of 0.32 mg/L (SWFWMD Fact Sheet/Brochure - Crystal River/Kings Bay Spring System Summary).  The historic nitrate level in the 1960’s averaged 0.05 mg/L, and that value is equal to the numeric upper threshold used to identify background springs today (Harrington el al., 2010).  

The most prevalent land use in the springshed is urban and agriculture, which together cover approximately 56% of the area and both contribute to nitrates.  The nitrate levels in ground water were higher in the area from central to western Citrus County.  Travel times in the aquifer are short so the nitrate sources within several miles of the springs are the most important (Jones et al., 1994).  The nitrates coming from springs discharge contribute to the eutrophication of the Crystal River system and will not only further harm the ecology of the river, but will in time degrade offshore sea grass meadows (Frazer et al., 2001).  There is approximately 335 tons per year of nitrogen (ammonium+nitrite+nitrate+organic nitrogen) in the ground water that discharges from the Kings Bay Springs Group (Jones et al., 1998).  Approximately 205 tons per year of this nitrogen is measured as nitrate (as N).  There are also approximately 38 tons per year of phosphorus in the ground water that discharges from Kings Bay Springs Group.
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Spring discharge, wastewater effluent, septic tank leaching, and stormwater runoff were identified in 1990 as major sources of nutrients by the Florida Department of Environmental Regulation and the District.  The Treatment Plant was discharging into Cedar Cove, a small area (approximately 40 acres) of King’s Bay where large benthic mats and surface mats of Lyngbya were observed.   Cedar Cove had a higher concentration of nitrate and phosphorus compared to other stations in Kings Bay.  In 1992, the City of Crystal River (City) stopped discharging effluent from the wastewater treatment plant into Cedar Cove/Kings Bay, which removed the second largest contributor of nutrients to the bay.  Subsequent studies identified the largest contributor of nutrients to the bay as spring discharge, containing residential and golf course turf fertilizers and septic tank leachate. These nutrient sources continue to be addressed through stormwater improvement projects and connection of residences to the City’s sanitary sewer system. 
A chart showing the Springs Initiative Monitoring Network nitrate data for Hunter and Tarpon Hole Springs is shown below.  Hunter spring not only has ample documentation of biological impairment but also has a sharply increasing nitrate trend with nitrate over 0.50 mg/L.  Photographs taken from an aircraft in the summer of 2010 clearly shows the extensive biological impairment from the Hunter Spring vent continues into the bay.  Hunter has a nitrate median of 0.39 mg/L and Tarpon Hole has a nitrate median of 0.19 mg/L.  
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OTHER CONTAMINANTS

Sediment metals concentrations are probably the most striking finding from a sediment study (Belanger et al., 1993).  Data indicate that Kings Bay sediments are enriched with arsenic, iron, and zinc at some of the sampling sites. Of particular interest is the enrichment of copper at all Kings Bay sampling sites.  Copper based herbicides, although no longer in use, were extensively used for the control of aquatic vegetation.  Concentrations of contaminants such as pesticides, mercury, lead, and cadmium, measured in tissue samples of dead manatees, are reported to be within safe levels; however, concentrations of copper found in tissue samples of manatees recovered in northwest Florida were significantly higher than samples taken from recovered manatees from other parts of the state (Packard, 1983).

GROUND WATER RECHARGE AREAS

Protecting the ground water in recharge areas is very important for reducing nitrates in the springs.  The Kings Bay Springshed has little topographic relief, a large area of Karst topography and few defined streams of any significant length.  The most important recharge areas for the Kings Bay Springs Group are shown in the map below with their infiltration rates (SWFWMD 2000).  These main recharge areas have significant influence on the ground water flowing from the Kings Bay Springs Group.  The City of Crystal River treatment plant was discharging into Kings Bay in the past but that has been changed.  However, there were 42 package wastewater treatment plants within the Kings Bay recharge area in 1994 (Jones and Upchurch, 1994).
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DISCHARGE
The discharge from Kings Bay Springs Group accounts for 99 percent of the fresh water entering the 600-acre Kings Bay. Crystal River/Kings Bay is Florida's second largest springs system, discharging more than 975 cubic feet of water per second (first magnitude).  The USGS has two continuous gaging stations that monitor discharge with one at the mouth of Kings Bay.  A trend analysis for discharge shown below shows that there is no problem with decreasing flow for this springs group.  The location of the USGS gaging stations and Springs Initiative water quality stations are shown in the map below.  Daily discharge estimates for Kings Bay between 2002 and 2008, were variable but range from a high of 835 million gallons of water per day (mgd) in December 2004 to a low of 139 mgd in July 2003 (SRWMD Crystal River/King’s Bay Fact Sheet).  Seasonal patterns are apparent, with peak discharges generally occurring in December and January (following the end of the wet season) and minimum discharges in April and May (at the end of the dry season).  

There have been increasing salinities recently in some of the Kings Bay spring vents, but it is unclear whether this is due to an extended period of low rainfall or other factors. The SWFWMD regional simulation modeling efforts have estimated that there has been very little impact in Kings Bay spring flow that is attributable to groundwater withdrawals (Gary Williams, pers. comm.).
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