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Executive Summary 

In recognition of the need to place additional emphasis on the restoration, protection and 
management of the surface water resources of Florida, the Florida Legislature, through the 
Surface Water Improvement and Management (SWIM) Act of 1987, directed the state's 
water management districts to "design and implement plans and programs for the 
improvement and management of surface water" (Section 373.451, F.S.). The SWIM 
legislation requires the water management districts to protect the ecological, aesthetic, 
recreational, and economic value of the state's surface water bodies, keeping in mind that 
water quality degradation is frequently caused by point and non-point source pollution, and 
that degraded water quality can cause both direct and indirect losses of habitats. 

In accordance with the law, in 1988 the Southwest Florida Water Management District 
(District) selected the Crystal RiverIKings Bay watershed to be included in its list of priority 
water bodies for the SWIM Program. The Crystal RiverIKings Bay watershed is classified 
by the state as Class Ill waters and as an Outstanding Florida Water (OFW). Twenty-one 
species of amphibians, 47 species of reptiles, 191 species of birds, and 22 species of 
mammals were documented from the Crystal RiverIKings Bay watershed including 26 state 
or federally listed species. The observations resulted in first time sightings in the county 
of Cope's gray treefrog (Hyla chrysoscelis), little grass frog (Pseudacris ocularis), and a 
non-native species, the brown anole (Anolis sagreia). 

The first management plan was prepared and approved in 1989. Many of the projects 
identified in the original plan were studies and data collection efforts - diagnostic tools for 
resource managers - designed to provide an insight into the intricacies of the system. An 
emphasis was placed on the documentation and understanding of the water chemistry of 
Kings Bay and Crystal River. The results of this diagnostic work provided the necessary 
technical information to develop the management strategies for this first update. 

Reductions in water clarity and the presence and spreading of Lyngbya sp., a nuisance 
aquatic cyanobacteria are the major management issues for the Crystal RiverIKings Bay 
system. Water clarity in Kings Bay is primarily affected by the concentration of suspended 
solids in the water column. The suspended solids are primarily the result of bottom 
sediments being resuspended by either wind action or physical disturbance. While aquatic 
vegetation is important to the water clarity of the system, undesirable aquatic vegetation 
has presented a problem for the residents of Crystal River since the introduction of Hydrilla 
in 1960. Most recently, Lyngbya sp., an undesirable filamentous cyanobacteria, has 
dominated areas of Kings Bay causing habitat destruction, navigation and recreational use 
impairment and odor problems. 
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The Crystal RiverJKings Bay SWIM Plan has established the following goals: 

Achieve and maintain water clarity that will provide an annual average bottom depth 
horizontal Secchi reading of 45 feet; 

Stabilize or remove the sediment from areas which have been demonstrated to 
contribute to reduced water clarity as a result of sediment resuspension; 

Revegetate denuded areas with desirable submerged aquatic vegetation; and 

Restore vital aquatic habitat. 

Studies completed under the original plan concluded that there was no direct relationship 
found between nutrient concentrations and aquatic plant biomass in Kings Bay (Bishop 
and Canfield 1995). Additional work performed under the original plan determined that 
chlorophyll concentrations are weakly related to nutrients in Kings Bay (Hoyer et al. 1997). 
Total phosphorus and total nitrogen accounted for only 8 percent and 4 percent of the 
variance in chlorophyll concentrations respectively. This weak relationship suggests that 
factors other than nutrients are accounting for the variance in chlorophyll and as such 
support a proposed Pollutant Load Reduction Goal (PLRG) of "zero" for nutrients. For the 
Crystal RiverIKings Bay system, suspended sediments are affecting water clarity and an 
interim goal for suspended solids, based on available data would be to reduce the 
suspended sediment component in the water column by 50 percent to allow for an annual 
average horizontal Secchi reading of 45 feet. 

Strategies to achieve the goals include: projects to improve water clarity primarily through 
sediment management efforts such as sediment removal, sediment stabilization through 
revegetation, stormwater retrofit projects and habitat restoration projects. This plan is a 
logical extension of the original plan and provides a clear strategy towards reaching the 
described goals. 
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Introduction 

The SWIM Act 

In recognition of the need to place additional emphasis on the restoration, protection and 
management of the surface water resources of Florida, the Florida Legislature, through the 
Surface Water Improvement and Management (SWIM) Act of 1987, directed the state's 
water management districts to "design and implement plans and programs for the 
improvement and management of surface water" (Section 373.451, Florida Statutes). The 
SWIM legislation requires the water management districts to protect the ecological, 
aesthetic, recreational, and economic value of the state's surface water bodies, keeping 
in mind that water quality degradation is frequently caused by point and non-point source 
pollution, and that degraded water quality can cause both direct and indirect losses of 
habitats. 

Under the Act, water management districts prioritize water bodies based on their need for 
protection andlor restoration. This prioritization process is carried out in cooperation with 
the Florida Department of Environmental Protection (FDEP), the Florida Fish & Wildlife 
Conservation Commission (FWC), the Department of Agriculture and Consumer Services 
(DACS), the Department of Community Affairs (DCA), and local governments. Crystal 
RiverIKings Bay was named as the Southwest Florida Water Management District's sixth 
ranked SWIM priority water body. 

Following the selection of the priority water bodies and in accordance with the law that 
created SWIM, a SWIM Plan must be developed and approved before state SWIM funds 
can be spent on restoration, protection or management activities. The purpose of the 
Crystal RiverIKings Bay SWIM Plan is to set forth a realistic course of action, with the 
number of projects, the size of the projects, and the effort needed to accomplish them 
consistent with levels and trends of SWIM funding. The law also stipulates that the plans 
must be updated at a minimum once every three years. A Crystal River SWIM Plan was 
originally prepared and approved in September 1989. Many of the projects identified in the 
1989 SWIM plan were studies and data collection efforts - diagnostic tools for resource 
managers - designed to provide an insight into the intricacies of the system. Emphasis 
was placed on the development of a comprehensive understanding of the water chemistry 
of Kings Bay and Crystal River. The results of this diagnostic work are now available to 
be used to develop an effective management strategy. 

The Surface Water Improvement and Management (SWIM) program is but one of the tools 
available to protect and manage Crystal RiverIKings Bay and its watershed. The District 
has several water resource management related responsibilities that can affect Crystal 
RiverIKings Bay which are detailed later in this document. 
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Crystal RiverIKings Bay Management Issues 
Crystal River and Kings Bay, located in Citrus County approximately 60 miles (97 km) north 
of Tampa, Florida, form a truly unique hydrologic system. The tidally influenced Kings Bay 

Location Map 

is the headwater of 
Crystal River which 
fo rms at  t he  
northwest corner of 
the bay. Six miles 
(10 km) west of 
Kings Bay the river 
ends at the Gulf of 
Mexico. The 
system is the fourth 
largest of the 27 
first magnitude 
springs (those 
s y s t e m s  
discharging 100 
cubic feet [2.8 
cubic meters] per 
second or greater) 
i n  t h e  s t a t e  
(Rosenau et al., 

1977). While other spring systems within the state are tidally influenced, the large 600 
acre (243 ha) Kings Bay embayment makes this system unique. 

Crystal River and Kings Bay are classified as Class Ill waters (Chapter 62-302 of the 
Florida Administrative Code). Mounting public concern about the environmental sensitivity 
of the Crystal RiverIKings Bay system prompted the Florida Department of Environmental 
Regulation (FDER, now the Florida Department of Environmental Protection or FDEP) to 
submit a petition to the Environmental Regulatory Commission (ERC) to make Crystal 
River an Outstanding Florida Water (OFW) (FDER, 1982). The intent of this designation 
is not to change the designated uses, but to prevent further degradation of ambient water 
quality using certain regulatory restrictions applied by FDER (Chpt. 62-4.242 FAC). 
Effective February 1,1983, the ERC approved the petition designating Crystal RiverIKings 
Bay as an OFW (Chapter 62-302.700(9) FAC). Ambient water quality, or baseline 
conditions against which the antidegradation policy is to be measured is defined in the rule 
as the water quality of the system as of March 1, 1979 (Chapter 62-302.700(8) FAC). 

Changes in water chemistry, particularly water clarity, and nuisance aquatic vegetation are 
the major management issues for the Crystal RiverIKings Bay system with the primary 
concern being a reduction in water clarity. Results from the diagnostic work completed as 
part of the 1989 SWIM plan have been used to develop management strategies for this 
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updated plan. The following management issues are the basis for the revision to the 
Crystal RiverIKings Bay SWIM Plan: 

Water Clarity: Wastewater treatment plants, on-site waste treatment systems (septic 
systems), sediment accumulation, and stormwater runoff were identified in the 1989 
Crystal RiverIKings Bay SWIM Plan as potential stressors to the system with nutrients 
being the suspected pollutant. Work that was performed under the original plan concluded 
that water clarity in Kings Bay is primarily affected by the concentration of suspended 
solids in the water column. Of the suspended solids, algal cells were determined to be the 
largest fraction (24 percent) and accounted for variance in light extinction coefficients and 
horizontal Secchi readings. Non-volatile and detrital solids were also concluded to 
moderately affect water clarity. Dissolved organic compounds which would tend to color 
the water do not appear to influence water clarity in Kings Bay (Hoyer et al. 1997). 

Direct relations between chlorophyll and total phosphorus and total nitrogen suggest that 
increases in nutrient concentrations of Crystal RiverIKings Bay potentially could lead to 
increases in algal populations and thus decreases in water clarity. Several investigations 
have been conducted in the Kings BayICrystal River watershed which have focused on 
nutrient concentrations in the system. The intent was to establish a relationship between 
changes in water clarity and nutrient concentrations. Total nitrogen and total phosphorus 
concentrations in the Crystal RiverIKings Bay system have not increased over the past 20 
years. In fact, long-term monitoring of water chemistry in Crystal RiverIKings Bay, 
performed as a result of the original plan, show that the nutrient concentrations have been 
steadily decreasing (Bishop and Canfield 1995). Our studies have determined that 
chlorophyll concentrations are weakly related to nutrients in Kings Bay. This weak 
relationship suggests that factors other than nutrients are affecting the chlorophyll 
concentrations and ultimately water clarity (Hoyer et al. 1997). 

Aquatic Vegetation: Aquatic plants appear to be a major factor affecting water clarity. 
Our studies have found a direct relationship between aquatic plant abundance and water 
clarity in Florida lakes (Canfield and Hoyer 1992). Other research efforts have 
demonstrated an inverse relationship between plant abundance and algal abundance 
(Hasler and Jones, 1949; Carter and Hestand, 1997). The Hoyer (1 997) study was able 
to demonstrate similar relationships in Kings Bay - the more aquatic plants in the system, 
the less chlorophyll will be in the water column in the form of clarity reducing algae. 

Our past work concluded that there was no direct relationship found between nutrient 
concentrations and aquatic plant biomass in Kings Bay (Bishop and Canfield 1995). 
Aquatic vegetation in the Crystal RiverIKings Bay system appears to be controlled by 
salinity, particularly as a result of storm surges and the associated short-term increases in 
salinity. Plants normally found in fresh water or brackish water systems such as Kings Bay 
are not capable of withstanding contact with salt water and will die following a major storm 
surge. Increased chlorophyll concentrations and reduced water clarity have been 
measured following major storm surge events and reductions of submerged aquatic 
vegetation has been observed. 
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While aquatic vegetation is important to the water clarity of the system, undesirable aquatic 
vegetation has presented a problem for the residents of Crystal River since the introduction 
of Hydrilla in 1960. Most recently, Lyngbya sp., an undesirable cyanobacteria, has 
dominated areas of Kings Bay causing habitat destruction, navigational and recreational 
use impairment odor and aesthetic problems. 

Sediment Accumulation and Resuspension: Sediment concerns centered on sediment 
resuspension and the resulting decrease in water clarity. Our studies found that 
suspended solids, including chlorophyll, significantly affected the turbidity of Kings Bay 
(Hoyer 1997). Resuspension of the sediments occurs when the material is physically 
disturbed through direct contact (prop dredging for example) or by water action (currents, 
waves, boat wake, etc.). While wave data does not exist for Kings Bay, the Hoyer (1 997) 
study was able to relate average daily wind speed collected at the mouth of Crystal River 
to light extinction coefficients and horizontal Secchi readings in the open water portion of 
the bay. As wind speed increased, total suspended solids significantly increased. This 
finding supports the conclusion of additional work performed as a result of the original plan 
that the sediments are well mixed as a result of resuspension (Belanger et at. 1993). Other 
potential causes of sediment resuspension include boat traffic, recreational activities such 
as SCUBA diving, and even manatee feeding. Sediment resuspension, a component of 
the turbidity problem in Kings Bay, is of particular concern to the dive industry due to the 
reduction of water clarity. 

Crystal RiverIKings Bay SWIM Plan Goals 

Achieve and maintain water clarity that will provide an annual average horizontal Secchi 
reading of 45 feet; 

Stabilize or remove the sediment from areas which have been demonstrated to 
contribute to reduced water clarity as a result of sediment resuspension; 

Revegetate denuded areas with desirable submerged aquatic vegetation; and 

Restore vital aquatic habitat. 

Pollutant Load Reduction Goal 
Chapter 62-40.432(3)(b), Laws of Florida, requires that a Pollutant Load Reduction Goal 
(PLRG) be developed for each SWIM water body. To develop a PLRG it is first necessary 
to develop goals for the waterbody. With respect to water quality, for example, one method 
for setting a PLRG is by referencing historic water quality and framing the goal in terms of 
returning water quality to a more pristine or undisturbed condition. A problem with this 
approach is that reliable historical water quality data are often lacking, as is the case for 
the Crystal RiverIKings Bay watershed. 

From our 1995 study, Bishop and Canfield concluded that no direct relationship was found 
between nutrient concentrations and aquatic plant biomass in Kings Bay. This conclusion 
was further supported by our 1997 study by Hoyer et al. which determined that chlorophyll 
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concentrations are weakly related to nutrients in Kings Bay. Total phosphorus and total 
nitrogen accounted for only 8 percent and 4 percent of the variance in chlorophyll 
concentrations respectively. This weak relationship suggests that factors other than 
nutrients are accounting for the variance in chlorophyll and as such, support a proposed 
PLRG of "zero" for nutrients. 

It should be noted that a PLRG is an overall system target and does not preclude the 
implementation of management strategies to maintain andlor improve existing water 
quality. On the contrary, where opportunities exist to enhance or protect existing water 
quality they will be implemented. 

As such, for the Crystal RiverIKings Bay system, suspended sediments are affecting water 
clarity. An interim goal for suspended solids, based on available data, would be to reduce 
the suspended sediment component in the water column by 50 percent to allow for an 
annual average horizontal Secchi reading of 45 feet. The interim goal is based on 
Lakewatch Secchi data. Horizontal Secchi measurements were taken as a result of the 
majority of the Secchi depths being reported as on the bottom. The goal was based on the 
limited horizontal Secchi data and is at the upper end of the range of the horizontal Secchi 
measurements (minimum - 10 ft. and maximum - 58 ft.). The interim goal was chosen as 
one that is aggressive, yet achievable, and the 50 percent reduction is not based on 
rigorous modeling or statistical approach but rather proposed as a starting point until 
additional data or information can be provided during the implementation of this revised 
SWIM Plan. 

Management Strategies 

Management actions, such as municipal waste water treatment plants (WWTP) upgrades 
and stormwater retrofit and improvement projects which were initiated as a result of the 
original plan have been implemented by the community and the agencies to control nutrient 
inputs to the system. While these actions are notable and significant and should be 
continued, actions proposed to improve water clarity must look beyond managing for 
excessive nutrients. Management actions proposed in this plan for the Crystal RiverIKings 
Bay system will be related to improving water clarity primarily through managing the 
resuspension of sediments and desirable aquatic vegetation for which strong relationships 
exist. 

Management Actions for Nutrients 
The average nitrate concentration of ground water discharging from the 11 largest springs 
in King's Bay is low relative to many springs in developed areas, although it is considerably 
elevated over nitrate concentrations in ground water in the undeveloped portions of the 
recharge area (Jones and Upchurch 1994). The springs account for 99.9 percent of the 
annual volume of water entering Kings Bay. 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 RiverIKings Bay system, traveling through the 
groundwater system and entering Kings Bay through the springs system. Although the 
control of nutrients entering the groundwater from distant sources may be an appropriate 
management action for many of the coastal spring systems, it may not result in an 
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improvement in water clarity since, as state previously, chlorophyll concentrations are 
weakly related to nutrients in the Kings BayICrystal River system. 

Unfortunately, there is little historical data for most coastal systems along the Gulf Coast 
and without a benchmark, changes cannot be quantified. The District has contracted with 
the University of Florida to: address the current nutrient concentrations in five Gulf Coast 
rivers including Crystal RiverIKings Bay; determine the fate of these nutrients - are the 
nutrients assimilated primarily by free-floating algae, submerged aquaticvegetation, andlor 
attached microalgae (periphyton); the use of these organic sources by higher trophic 
levels; and to determine the likely ecological consequences assuming nutrient loading 
trends continue. The results from this work may lead to future nutrient management 
actions for the Crystal RiverIKings Bay system. 

Since surface water sources such as stormwater runoff and septic systems represent a 
small fraction of nutrients in the system, managing for nutrient reduction in the bay from 
surface water sources would not be an effective means of addressing water clarity issues 
in Crystal RiverlKings Bay. Improvements to stormwater treatment systems can provide 
for sediment control and this is addressed under the Management Actions for Sediment 
and Sediment Resuspension section of the plan. 

Although relationships between nutrient concentrations and undesirable aquatic vegetation 
such as Lyngbya sp. have not been established, our studies have concluded that nutrient 
concentrations in the springs will have to be reduced well below existing concentrations if 
nuisance growths of submerged aquatic plants are to be eliminated (Bishop and Canfield 
1995). Management actions for Lyngbya sp. are addressed under the Managing for 
Desirable Submerged Aquatic Vegetation (SAV) section of the plan. 

Management Actions for Sediment and Sediment Resuspension 
Winds generate surface waves that create water movement extending to depths below the 
surface. These movements can erode bottom sediments and resuspend particles into the 
water column and reduce water clarity. 

The District presently has a contract with the University of Florida for a Sediment 
Distribution in Kings Bay project to determine areas in Crystal RiverIKings Bay that are 
most susceptible to wind-driven sediment resuspension. By determining those areas most 
susceptible to wave disturbance, revegetation efforts may be directed to the most critical 
areas in the bay to derive the maximum benefit from the effort. 

Sediment and sediment resuspension will be addressed through a combination of removal 
and stabilization methods. The resuspension of fine grained sediments will be prevented 
by two methods: reduce the amount of fine grained material through physical removal (i.e 
dredging); and using rooted desirable aquatic vegetation to stabilize sediments and limit 
resuspension. The rooted vegetation can stabilize the water column allowing suspended 
material to settle out. 

Improvements to stormwater systems will be made to facilitate the removal of sediment 
and debris associated with the runoff following rainfall events. Capturing the runoff and 
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allowing the sediment to settle into containment areas and the physical removal of trash 
and debris is a very effective and efficient way to reduce the sediment load to the Crystal 
RiverIKings Bay system. Drainage basins that provide the best opportunity for these 
improvements are presently being evaluated by the City of Crystal River staff. 

Managing for Desirable Submerged Aquatic Vegetation (SAV) 
The presence or absence of aquatic plants appear to be a major factor affecting water 
clarity. A 1992 SWIM study by Canfield and Hoyer found a direct relationship between 
aquatic plant abundance and water clarity in Florida lakes. Additional SWIM studies were 
able to demonstrate similar relationships in Kings Bay -- the more aquatic plants that are 
in the system, the less chlorophyll will be in the water column in the form of clarity reducing 
algae Hoyer (1 997). 

Recent data suggest that acute variations in salinity resulting from storm surges may affect 
aquatic plant biomass in Kings Bay. In addition, chronic changes in salinity may also be 
related to shifts in the aquatic vegetation community both in Crystal River and Kings Bay. 
Prior to 1960, County Road 44 West did not exist. The road is elevated above the coastal 
marsh system and may prevent periodic high saline water from entering the bay creating 
conditions for plants with a lower tolerance of salinity to become established and increasing 
the likelihood of vegetation changes following storm surges. 

To evaluate the effects of changes in salinity on Kings Bay and the potential affects on 
aquatic vegetation, the District presently has a contract with the University of Florida for a 
Tidal Flux in Crystal River project. Tide elevation and salinity measurements will be taken 
along Crystal River and in Kings Bay to determine temporal (daily, seasonal, stochastic) 
trends in salinity. Additionally, intense field sampling shall occur after major storm events 
to determine the extent of salinity migration into Kings Bay. Understanding the relationship 
between salinity and changes in submerged aquatic vegetation will allow for a more 
appropriate selection of plant materials for revegetation projects which will ensure survival 
over a wider salinity range. Maintaining the plant cover to stabilize the sediments will 
reduce the resuspension of sediments and the associated reduction in water clarity. 

Variations in aquatic plant biomass in Kings BayICrystal River could be responsible, in part, 
for reported fluctuations in water clarity. When aquatic plant abundance is high in Kings 
BayICrystal River then water clarity is high and when aquatic plant abundance is low so is 
water clarity. To confirm these findings the District currently has a contract with the 
University of Florida for a Vegetation Evaluation in Crystal RiverKings Bay project to 
continue monitoring water chemistry, water clarity, and aquatic macrophyte abundance in 
Kings BayICrystal River concurrently and will conduct vegetation mapping. The primary 
objective of the project is to examine the factors that affect water clarity in Kings 
BayICrystal River including role of aquatic macrophytes. The project will be designed to 
allow for an evaluation of the potential impact of storm surges and increased salinities on 
aquatic macrophyte abundance in Kings BayICrystal River. 

To improve water clarity, desirable submerged aquatic vegetation will be placed in areas 
that are prone to sediment resuspension. In addition to the revegetation of desirable 
submerged aquatic vegetation, the City of Crystal River is considering a project to 
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physically remove Lyngbya sp. (both floating and benthic mats) from the Crystal 
RiverIKings Bay system. A local citizens group has recently devised a technique to 
successfully remove Lyngbya sp. from the bottom of their residential canals. 

Linkage to Other Water Resource Management Activities 

In addition to the projects that are initiated by SWIM, the SWIM Program is able to 
accomplish its objectives more effectively and efficiently by coordinating internally with 
other District programs and externally through partnerships with local governments and 
other state and federal agencies. 

Internal Linkages 
The District has many tools available to implement the legislative intent of the SWIM 
program, including but not limited to, integrated planning and coordination, regulatory 
authority, land acquisition programs and the SWIM program itself. Each of these areas 
provide opportunities to assist in the management of Crystal RiverIKings Bay, one of the 
prominent natural systems within the District. 

Southwest Florida Water Manaqement District's Water Manaqement Plan -As required in 
Chapter 373 of the Florida Statutes, the District prepared its Water Management Plan 
(DWMP). Within this plan, the District delineated its mission into four areas of 
responsibility; water supply, flood protection, water quality and natural systems. The 
DWMP recognizes that the integration of all these areas is essential to effective planning 
and management of the resource. The District Water Management Plan has listed policies 
that relate to the restoration, protection and management of Crystal RiverIKings Bay. 

Comprehensive Watershed Manaqement - The District has recognized a need to take a 
more aggressive and unified approach to water management and has created an initiative 
which would prioritize resource management needs in each of 11 watersheds identified 
throughout the District. It is intended to combine water quantity (i.e., flood) management 
with water quality and natural systems objectives, as well as water supply when applicable. 
Ultimately regulation, land acquisition, facilities and land use controls would be combined 
into a comprehensive surface water management strategy including appropriate policies, 
on a watershed specific basis. This effort is the District's embodiment of the EPA's 
watershed planning approach and the FDEP's Ecosystem Management initiative. 

Local governments, as the parties responsible for land planningldevelopment and service 
provision, will be key players in this integrated management approach. Similarly, the 
State's Ecosystem Management initiative will provide an impetus to collective efforts as it 
implements an environmental strategy that encourages innovation, pollution prevention, 
incentive-based regulatory alternatives, public education and individual stewardship. 

Wetlands Protection Through Regulatory Programs - One way that the District 
achieves wetlands protection is through regulatory programs. Wetlands protection is 
addressed under Chapters 40D-2, 40D-3, 40D-4, 40D-40 and 40D-45, F.A.C. The 
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District's surface water permitting rules (40D-4, 40 and 45, F.A.C.) require that any 
impact to wetlands not specifically exempted must either be avoided or compensated. 
Compensation for impacts include as a minimum, type-for-type mitigation at a one-to- 
one ratio. Other types of compensation may be required, including preservation of 
associated upland areas, alternate types of wetland creation, protection of exempt 
wetlands, and restoration for previously impacted wetlands. The intent is to ensure 
that the habitat necessary for the survival of fish and wildlife is maintained. 

Minimum Flows and Levels -Another management tool available for water and related 
natural resource protection is through the District's minimum flows and levels program 
(MFL). Maintaining minimum flows and levels is a significant statutory charge for 
Florida's water management districts. District programs for minimum flows and levels 
originate in Chapter 373.042, F.S., as well as from the District's desire to treat the 
environment as a rightful "user" of water. If water resources and associated natural 
systems are to be protected and maintained, the identification and establishment of 
water levels and flows is essential. Such activities will also serve to balance water 
withdrawals for human needs with protection of surface water levels for navigation, 
recreation and related functions. 

Once established, MFLs are implemented through a variety of means. Most prevalent 
is the application of these flows and levels to the District's water use permitting 
program. As directed by Chapter 373.042, F.S., the District may restrict withdrawals 
of water which would cause flows and levels to drop below their established minimums 
and which would be significantly harmful to the water resources or ecology of an area. 
The District's water use permitting rules, which include criteria to prevent adverse 
impacts from occurring as a result of withdrawals, effectively establish MFLs for 
specific sources throughout the District. 

Mitiqation Bankinq - Mitigation banking allows developers to compensate for wetland 
losses in one place by preserving, restoring or creating wetlands in another to achieve 
a no-net loss of wetlands. Mitigation banking in some instances remains a 
controversial issue. 

Land Acquisition - Land acquisition at the District is currently guided and funded by two 
major statewide initiatives: The Water Management Lands Trust Fund (also known as the 
Save our Rivers Program or SOR), and Preservation 2000 (P2000). The Florida Forever 
Act, passed by the Florida Legislature in 1999, will make funds available, beginning in 
fiscal year 2001, to the water management districts for both land acquisition and 
restoration, including funding for SWIM projects. 

The District's land acquisition programs target the protection of natural resources at the 
regional level. Lands of importance to water resources and water management are 
acquired along with lands of unique environmental values endangered by development 
activities. The District owns more than 200,000 acres, the majority of which were 
purchased through the SOR and P2000 programs. Many recent purchases have been a 
joint acquisition between the District and a local government or with other state agencies. 
Leveraging District land acquisition funds with those of local governments and other 

9 Crystal River SWIM Plan - July 10, 2000 



agencies has resulted in significant acquisitions that might otherwise not be made. These 
programs will be coordinated with SWIM Plans by focusing on critical habitats, such as 
wetlands and their interconnected upland communities that are part of the Crystal 
RiverIKings Bay ecosystem that should be acquired for preservation or for restoration. 

Basin Board Activities - The District's eight Basin Boards have specific functions and duties 
that are consistent with Chapter 373, F.S., and the programs of the Governing Board. 
Their purpose is to identify and evaluate key water resource management issues in order 
to develop and fund management strategies to address them. The Basin boards are 
facilitators in the resolution of non-regulatory water management issues for a number of 
other governments. It is at the Basin level that intergovernmental water resource programs 
are implemented, monitored and evaluated for improvement: The Basins are a sounding 
board for the District, a means of obtaining feedback from local governments and citizens. 
Basin boards also serve as funding partners with local governments and others in 
addressing mutually beneficial water resource solutions. 

The District, through the eight basin boards, has an established Cooperative Funding 
Program which provides financial assistance on a cost-share basis primarily to local 
governments for regional water resource projects. Projects can also be funded through 
Basin initiatives" where a Basin decides to provide the impetus for a water management 
solution, with or without a local partner. Many of the Basins presently have in place a five- 
year plan which outlines the types of activities it expects to undertake in the next five years 
and provides an estimate of the funding required to support these projects. The Basin 
plans were prepared in close coordination with local governments demonstrating another 
opportunity for integration with local governments and ensuring the most efficient and cost- 
effective approach to addressing the mutual water resource management goals and 
objectives. 

External Linkages 
FDEP - Ecosvstem Manaaement Initiative - Ecosystem Management is a process for 
managing environmental resources that originated at the State level. The Florida 
Department of Environmental Protection is required by the Florida Environmental 
Protection Act of 1993 to develop and implement measures to "protect the functions of 
entire ecological systems through enhanced coordination or public land acquisition, 
regulatory and planning programs." 

FDEP has defined ecosystem management as an integrated, flexible approach to 
management of Florida's biological and physical environments - conducted through the use 
of tools such as planning, land acquisition, environmental education, regulation and 
pollution prevention - designed to maintain, protect and improve the State's natural, 
managed and human communities. The primary goal of this effort is to provide for the 
maintenance of a healthy, sustainable environment for the benefit of present and future 
generations. 

The District has been an active participant in this evolving process, both in terms of 
statewide program development, and support for the Hillsborough River Basin Pilot Project. 
The Pilot is one of six throughout the State intended to illustrate how this concept can 
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provide for a comprehensive, holistic linking of environmental protection at many 
governmental (and private) levels. A strong correlation is apparent between District's 
Comprehensive Watershed Management Initiative (CWM) and Surface Water 
Improvement and Management (SWIM) program and FDEP1s Springs Coast Ecosystem 
Management Area (SCEMA) through which FDEP seeks to provide leadership and 
guidance toward wise management of resources in the Springs Coast Ecosystem 
Management Area (SCEMA), by evaluating impacts on the environment from a long-term, 
comprehensive perspective. 

Local Government Coordination and Partnering - Building on the relationships and 
partnerships that have been developed over the past decade of management activities in 
Crystal RiverIKings Bay is central to the future of managing the system and are core to this 
update of the Crystal RiverIKings Bay SWIM Plan. Local governments are key to the 
implementation of any management activity that is proposed for the system. 

The District has prepared county level Integrated Plans for the local governments within 
its jurisdiction as part of the District's Water Management Plan. The purpose of these 
Integrated Plans are to identify and evaluate key water resource management issues within 
the local government's jurisdiction and to develop common District and local government 
strategies to address these issues. The Integrated Plans is also intended to serve as a tool 
to foster the integration of land use planning and growth management activities of local 
governments with the water use planning and management activities of the District. This 
effort will strengthen the local government's comprehensive plan by linking local water 
resources planning to the best available data and other resources of the District. The 
development of the Integrated Plans is a cooperative effort of the District, local 
governments and citizens. This endeavor is best viewed as a process, however: since it 
is intended to promote continuing relations and mutual planning in the best interest of the 
resource. It is hoped the action strategies identified will be added to the local government 
plan where local and District energies, and funding, can be directed toward them. 

Local governments and other state and regional agencies offer not only a funding partner 
but a wide range of services -- from land acquisition and technical assistance to providing 
equipment and personnel -- all of which when combined with District and State resources 
can make for a substantial effort. The synergy between the District and local governments 
is obvious. Close partnerships have developed because of the need for restoration and 
management of activities in Crystal RiverIKings Bay and the limitations of any one agency 
or organization to address those needs. 

Priority Projects 

The projects as described in this plan are consistent with the District's Water Management 
Plan and the Coastal Rivers Basin Board Five Year Plans. The projects are focused on 
those action plans that can be accomplished within the legislative charge of SWIM, 
specifically improving or protecting water quality and natural systems. The following project 
summary sheets include the description and projected cost for the projects: 
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Project Title: 

Summary: 

Removal of Accumulated Sediment From Targeted Areas of Kings 
Bay 

The District has been working with the City of Crystal River, Citrus County 
and the Florida Department of Community Affairs to implement a program 
to remove accumulated silt and detritus from the springs in the Crystal 
RiverIKings Bay system. This program will be based on the results of the 
on-going Sediment Distribution in Kings Bay project with the University of 
Florida. Priority areas will be established that are most susceptible to 
wave disturbance and that will derive the maximum benefit from the effort. 

Annual Budget Estimates: 

1 Salaries: 1 $ 2,000 1 $ 2,000 1 $ 2,500 1 
1 Contracts: 1 $ 200,000 1 $ 250,000 1 $ 200,000 1 
1 Expenses: 1 $ 1,000 1 $ 1,000 1 $ 1,000 1 
1 Equipment: 1 $ 500 1 $ 500 1 
1 Total: I $ 203500 I $ 253,500 I $ 204,000 I 

Aqency or Local Government Coordination and Partnering: 

The District will continue to work with the City of Crystal River and Citrus County, through 
the Coastal Rivers Basin Board Cooperative Funding program to implement these projects. 
Through this program, the District, the city and/or the county can share the cost and 
responsibility for the program enhancing the ability of both organizations to complete the 
project. 
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Project Title: Revegetation Following Sediment Removal 

Summary: An important link in the management for water clarity in Kings Bay is to re- 
establish beds of desirable submerged aquatic vegetation in areas where 
sediment is removed or to stabilize the existing sediment. This project will 
be guided by the results of the ongoing Vegetation Evaluation in Crystal 
River/Kings Bay with the University of Florida which will continue to 
monitoring water chemistry, water clarity, and aquatic macrophyte 
abundance in Kings BayICrystal River, conduct vegetation mapping, and 
allow for an evaluation of the potential impact of storm surges and 
increased salinities on aquatic macrophyte abundance in Kings BayICrystal 
River. The results will assist in the selection of plant species that may be 
more tolerant of salinity variance. 

Annual Budqet Estimates: 

FY 01 FY 02 FY 03 

Salaries: $ 2,000 $ 2,000 $ 2,500 

Contracts: $ 50,000 $ 50,000 $ 50,000 

Expenses: $ 1,000 $ 1,000 $ 1,000 

Equipment: $ 500 $ 500 $ 500 

Total: $ 53,500 $ 53,500 $ 54,000 

Agency or Local Government Coordination and Partnering: 

The District will continue to work with the City of Crystal River and Citrus County, through 
the Coastal Rivers Basin Board Cooperative Funding program to implement these projects. 
Through this program, the District and the city share the cost and responsibility for the 
program enhancing the ability of both organizations to complete the project. 
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Project Title: Improvement of Stormwater Management Systems for Sediment and 
Debris Control 

Summary: The primary management issues for Crystal RiverIKings Bay are the 
reduction of water clarity and the alteration of submerged aquatic 
vegetation populations in the area. The proposed project would use 
specific, recognized, stormwater management techniques to better control 
the amount of pollutants entering directly into Kings Bay from eight 
locations in the watershed. This would be done by installing swales, weirs, 
catch basins, drain pipes and headwalls in strategic areas to filter out the 
pollutants. The controlled run-off would be managed to minimize flooding 
and assist in quicker recovery after storms. The project would help meet 
the goal of increasing water clarity. 

There are eight recognized areas that have stormwater management 
problems in the watershed. This set of projects would try to control the 
stormwater runoff by filtering the water through accepted Best 
Management Practices (BMP's) such as swales and catch basin weirs. In 
some cases the projects would allow proper drainage by providing directed 
paths for the stormwater to flow. The overall benefits would be to filter the 
stormwater runoff as thoroughly as possible prior to its entrance into Kings 
Bay which will contribute to improved water clarity. 

Annual Budaet Estimates: 

1 Salaries: 1 $ 2,000 1 $ 2,000 1 $ 2,500 1 

Expenses: 1 $ 1,000 1 $ 1,000 1 $ 1,000 
I I I 

Contracts: 

Equipment: 1 $ 500 1 $ 500 1 $ 500 

T o :  1 $ 48,000 1 $ 48,000 1 $ 48,500 

$ 44,500 

Agency - or Local Government Coordination and Partnering: 

The District will continue to work with the City of Crystal River, through the Coastal Rivers 
Basin Board Cooperative Funding program to implement these projects. Through this 
program, the District and the City share the cost and responsibility for the program 
enhancing the ability of both organizations to complete the project. 

$ 44,500 
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Project Title: 

Summary: 

Water Quality Monitoring 

It is essential that a water quality monitoring program be continued as 
management actions are taken to address the water clarity issues. The 
monitoring will allow managers to document the success of any 
management action taken and to establish water quality trends over time 
to assess determine any management strategies for the future 

Annual Budaet Estimates: 

Salaries: 

Contracts: 

Expenses: 

Equipment: 

Total: 

Aqencv or Local Government Coordination and Partnering: 

The District will continue to work with the City of Crystal River, through the Coastal Rivers 
Basin Board Cooperative Funding program to implement these projects. Through this 
program, the District and the City share the cost and responsibility for the program 
enhancing the ability of both organizations to complete the project. 
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Project Title: Removal of Accumulated Lyngbya sp. From Targeted Areas of Kings 
Bay 

Summary: The primary management issues for Crystal RiverIKings Bay are the 
reduction of water clarity and the alteration of submerged aquatic 
vegetation populations in the area. The proposed project would involve the 
removal of bottom mats of the undesirable Lyngbya sp. around the 
perimeter of the residential areas, Cedar Cove and Magnolia Creek in 
Kings Bay and revegetate with desirable native vegetation. The project 
would help meet the goals of re-establishing the desirable submerged 
aquatic vegetation and to increase water clarity. The project is consistent 
with the approved SWIM Management Plan for Crystal RiverIKings Bay. 

Annual Budaet Estimates: 

1 Salaries: 1 $ 2,000 1 $ 2,000 1 $ 2,500 1 
1 Contracts: 1 $ 50,000 1 $ 75,000 1 $ 75,000 1 
1 Expenses: 1 $ 1,000 1 $ 1,000 1 $ 1,000 1 
I Equipment: 1 $ 500 1 $ 500 1 $ 500 I 
I Total: 1 $ 53,500 1 $ 78,500 1 $ 79,000 1 

Agency or Local Government Coordination and Partnering: 

The District will continue to work with the City of Crystal River, through the Coastal Rivers 
Basin Board Cooperative Funding program to implement these projects. Through this 
program, the District and the City share the cost and responsibility for the program 
enhancing the ability of both organizations to complete the project. 
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APPENDIXA 

Issue Analysis and Technical Assessments 

The management issues for the Kings BayICrystal River system are interrelated and these 
relationships tend to complicate the diagnostic efforts when no single cause is attributable 
to the apparent decline in the system. To facilitate a clear understanding of the resource, 

a model of the system is 
being proposed (Figure 1). Conceptual Model of the  

Crystal RivedKings Bay System 
Relationship; 

<Ã‘Ã Strong 
4 - -  Weak - Insignificant o t i c f l ~ f i / ~ b ~ ~  
................... Unknown (A-y-\ ^ 

,vim 0 
Figure 1 

This model graphically 
depicts the relationships 
b e t w e e n  s y s t e m  
components, or "issues," 
and the various factors 
which may affect each 
component. It was prepared 
to  ass is t  w i th  the  
u n d e r s t a n d i n g  a n d  
interpretation of the results 
of various studies as well as 
providing a framework for 
f u t u r e  m a n a g e m e n t  
activities. 

Issue Analysis: Water 
Clarity 

Crystal River has historically 
enjoyed a renowned 
reputation as a premier 
freshwater SCUBA diving 
destination. The clear water 
of Kings Bay would bring 
SCUBA divers from across 
the country to enjoy the 
springs. Over time water 
clarity has become highly 
variable. 

Figure 1. depicts water 
clarity being affected by 
chlorophyll, total suspended 
solids (TSS), and color. To 
test the bay's clarity, a 
sampling program was 
initiated by the District 

through the University of Florida's LakeWatch program. This provided data from August 
1992 through August 1995 (Bishop and Canfield, 1995). LakeWatch volunteers recorded 
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vertical and horizontal Secchi disk readings (a measurement of water clarity) and collected 
samples for chlorophyll analysis. The first documentation of an "algae bloom" in Kings Bay 

concentrations reached 43 ugll which 
was over 300 percent greater than 
previously measured levels. For the 
period of August 1992 to December 
1 9 9 4 ,  ave rage  ch lo rophy l l  
concentrations ranged from about 2.7 
ugll to 14 ugll. Previous studies on 
water bodies throughout the State have 
demonstrated that a direct relationship 
exists between concentrations of 
chlorophyll and water clarity. Huber et 
a l .  (1982)  deve loped  a 
chlorophyll-Secchi relationship for 
Florida lakes (Figure 2). This 

Chlorophyll v5. irtechi Depth 

Chlorophyll (q/0 
Figure 2 

relationship shows that at low concentrations, small changes in chlorophyll result in a large 
change in Secchi readings. The low chlorophyll concentrations in Kings Bay correspond 
to this range where wide variations in Secchi depth readings can be measured. 

Secchi disc readings during the Lakewatch study in Kings Bay ranged from a low of only 
2 feet to a high of 22 feet. Of the 20 stations sampled, most reported only bottom 
observations. To overcome the bottom readings, divers were recruited to take horizontal 
Secchi readings. The maximum horizontal reading was 58 feet on July 13, 1994. The 
minimum reading occurred one month later with a reported value of only 10 feet. Water 
collected at the time of the 58 foot reading had a chlorophyll concentration of 1.7 ugll 
versus 20.0 ugll at the time of the 10 foot reading. These data support the idea that water 
clarity is, at least in part, associated with chlorophyll. A logical next step was to determine 
the source of the chlorophyll. The USGS (Hammett et al., 1996) reported that retention 
times in Kings Bay are relatively short ranging from 2 to 4 days. This short retention time 
would suggest that the open portions of the bay may not be a source of algae. Bishop and 
Canfield (1995) hypothesized that the residential canals in the southern portion of the bay 
may provide an appropriate environment to produce the algae. 

To test this hypothesis, the District initiated an expanded investigation of the residential 
canals in southern Kings Bay. From August 1996 to October 1997, the University of 
Florida conducted an investigation of water clarity of Kings Bay (Hoyer et al., 1997). Eight 
open bay water quality stations and 1 1 canal water quality stations were established in the 
southern portion of the bay. Canal water was sampled for temperature, dissolved oxygen, 
conductivity, chlorophyll, nitrogen, phosphorus, percent light transmittance, and water 
clarity. Additionally, the main spring was tested for suspended solids, chlorophyll, and 
color. Hoyer concluded that water clarity in Kings Bay is primarily affected by the 
concentration of suspended solids in the water column. Of the suspended solids, algal 
cells were determined to be the largest fraction (24 percent) and accounted for variance 
in light extinction coefficients and horizontal Secchi readings. Non-volatile and detrital 
solids were also concluded to moderately affect water clarity. Dissolved organics which 
would tend to color the water does not appear to influence water clarity in Kings Bay. 
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While Hoyer's findings supported Bishop and Canfield's (1 995) earlier work regarding algal 
cells, the hypothesis that the canals may be the source proved to be false. Average 
suspended solids, chlorophyll and nutrient concentrations in the canals, while slightly 
elevated, are not significantly different than those found in the open portions of the bay. 

Issue Analysis: Water Chemistry Changes 
From the conceptual model (Figure I ) ,  water chemistry of the system is divided into 
components which include nutrients, chlorophyll and suspended solids, salinity, and 
organics. The factors which affect water chemistry include spring chemistry, wastewater 
treatment discharge, tidal and storm action, nonpoint source pollution, and aquatic plant 
biomass. Each component is discussed below: 

Nutrients - Increasing nutrients resulting from wastewater treatment, septic systems and 
stormwater runoff had been the focus of several studies in Kings Bay. In looking at the 
various factors which would affect nutrient concentrations, spring discharge has been 
shown to be the most influential. 

Jones and Upchurch (1994) found that approximately 205 tons of nitrate as N are 
contained in ground water discharging from the bay's springs every year. Average nitrate 
concentration of ground water discharging from the 11 largest springs in King's Bay is 
approximately 0.2 mgll No3 as N. Although this level is low relative to many springs in 
developed areas, it is considerably elevated over nitrate concentrations in ground water 
in the undeveloped portions of the recharge area. The chemistry of water discharged from 
the springs into Kings Bay is by far the single greatest factor affecting the chemistry of the 
bay. Springs account for over 99.9 percent of the annual average volume of water entering 
Kings Bay. 

Second to spring discharge, wastewater facilities have been shown to affect the nutrient 
concentrations in the bay. Inventories of wastewater treatment facilities in the Crystal 
RiverIKings Bay vicinity have been conducted by Romie (1 990) and Ayres Associates 
(1991). More recently, a county-wide inventory by Jones and Upchurch (1994) revealed 
42 package wastewater treatment plants within the Kings Bay recharge area. None of the 
facilities are currently permitted for a direct discharge to Crystal River. 

Historically, the only waste water treatment plant (WWTP) permitted to discharge into the 
bay was the City of Crystal River's treatment plant. The Florida Department of 
Environmental Regulation conducted a Level I Water Quality Based Effluent Limitation 
(WQBEL) Study in 1985 and a Level II WQBEL in 1989. The findings of the WQBELs 
were that "nutrients being discharged to Kings Bay were not being totally assimilated in the 
canal system and were entering Kings Bay" (Nearhoof, 1989). The 1989 study concluded 
that upgrading the treatment process to Advanced Waste Treatment (AWT) would 
significantly reduce nitrogen and phosphorus loadings to Kings Bay. The reductions "could 
permit a return to a more natural vegetative patterns in Kings Bay." The City of Crystal 
River elected to remove the discharge from the bay and in March 1992, the discharge to 
Kings Bay from the City's WWTP ceased. Wastewater treatment plants are no longer 
viewed as a significant threat to nutrient levels in the bay. 

In May 1991, Owen Ayres Associates, Inc., under contract to the District, completed an 
analysis of sanitary facilities (septic tanks and drain fields, wastewater treatment plants and 
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sanitary sewers) in the Crystal RiverIKings Bay area (Ayres Associates, 1991). The 
purpose of this project was to determine the magnitude of nutrient loading from these 
facilities to Crystal RiverIKings Bay. The analysis resulted in rough, best caselworst case 
estimates. Eight hundred and ninety five onsite wastewater treatment systems (OWTS or 
septic tanks and drain fields), most of which serve older residential developments along 
the southern shoreline of Crystal River and Kings Bay are identified. A potential exists for 
this number to approach 1,750 if existing platted lots served by septic systems are 
built-out. 

On-site waste treatment systems (septic systems or OWTS) represent a large potential 
nutrient load to the system. Most of the onsite waste treatment systems are located 
adjacent to canals and therefore, could have a significant effect on the nutrient levels in the 
canals (and subsequently on chlorophyll levels). Hoyer et al. (1997) found that while canal 
nutrient concentrations were slightly higher, there is no significant difference between TN 
and TP concentrations in the open bay and the southern canals. This implies that OWTS 
are not a significant factor in nutrient loads to the bay. 

The conclusion reached in looking at nutrient sources to the bay is that only spring 
discharge significantly affects nutrient concentrations. The main question to be answered 
is what affect the nutrients have on the system. Bishop and Canfield (1995) concluded that 
there was no direct relationship found between nutrient concentrations and aquatic plant 
biomass in Kings Bay. Nutrient concentrations can be shown to be related to the 
abundance of algal cells in the bay. Hoyer et al. (1997) determined that chlorophyll 
concentrations are weakly related to nutrients in Kings Bay. Total phosphorus and total 
nitrogen accounted for only 8 percent and 4 percent of the variance in chlorophyll 
concentrations respectively. This is shown as a weak relationship in the proposed model 
suggests that factors other than nutrients are accounting for the variance in chlorophyll. 

Total Suspended Solids and Chlorophyll - As referenced earlier, Bishop and Canfield 
(1995), and Hoyer et al. (1997), collected chlorophyll data in Kings Bay. For the period 
of August 1992 to October 1997, chlorophyll concentrations ranged from less than 1 ugll 
to 43 ugll with an average concentration of 6.2 ugll. Hoyer also sampled for total 
suspended solids concluding that water clarity in Kings Bay is primarily affected by the 
concentration of suspended solids in the water column. Of the suspended solids, algal 
cells were determined to be the largest fraction (24 percent) and accounted for variance 
in light extinction coefficients and horizontal Secchi readings. Non-volatile and detrital 
solids were also concluded to moderately affect water clarity. Dissolved organics which 
would tend to color the water does not appear to influence water clarity in Kings Bay. 

Four factors are identified which affect chlorophyll and TSS concentrations. These include 
nutrients stormwater runoff, macrophytes, and sediments. Hoyer et al. (1 998) determined 
that chlorophyll concentrations in Kings Bay are weakly related to nutrients in Kings Bay. 
Total phosphorus and total nitrogen accounted for only 8 percent and 4 percent of the 
variance in chlorophyll concentrations respectively. This is shown as a weak relationship 
in the proposed model and suggests that factors other than nutrients are accounting for the 
variance in chlorophyll. 

Likewise, stormwater runoff is felt to be an insignificant factor in bay-wide TSS. This 
distinction is important to recognize in that stormwater runoff does contribute to sediment 
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loads on a localized basis. However, stormwater has not been demonstrated to be a factor 
for chlorophyll or TSS loading bay-wide. 

Aquatic plants appear to be a major factor affecting water clarity. Canfield and Hoyer 
(1 992) found a direct relationship between aquatic plant abundance and water clarity in 
Florida lakes. Other research efforts have demonstrated an inverse relationship between 
plant abundance and algal abundance (Hasler and Jones, 1949; Carter and Hestand, 
1997). Hoyer (1997) was able to demonstrate similar relationships in Kings Bay. From 
October 1993 through August 1994, aquatic plant biomass averaged 9 kg/m2. During this 
time, chlorophyll averaged 4.2 ugll. This contrasts with the period of October 1996 through 
August 1997 where biomass was low averaging only 1.9 kg/m2 with chlorophyll ranging 
from 2.3 to 14.7 ug/l and an averages of 6.8 ugll 

Water Quality and Salinity - The relationship proposed in the conceptual model is the result 
of the conclusions of Bishop and Canfield (1995) and Hoyer et al. (1997). Bishop and 
Canfield (1 995) analyzed frequency of occurrence data for submersed aquatic vegetation 
from data collected by the National Biological Service. The conclusion reached is that the 
March, 1993 "Storm of the Century" and the October 1996 Tropical Storm Josephine had 
significant impact of the vegetation of Kings Bay. It is speculated that this is due to the 
large increase in salinity during the storm surge. For this reason, the relationship between 
salinity and aquatic plants is considered strong. 

Salinity changes from storm surges represent acute events. Long term, or chronic salinity 
changes do not appear to have occurred (Dixon, 1997). The relationship between acute 
salinity changes and aquatic vegetation is an area which will require further investigation. 

Overall Water Chemistry Trend 
As part of the District's ongoing work on the near shore coastal estuaries, Mote Marine 
Laboratory, Inc. prepared the report Data Inventory, Trend Analysis and Recommended 
Monitoring: Florida Springs Coast (Dixon, 1997). The intent of this project was to inventory, 
retrieve and analyze existing water chemistry and biological data associated with 
west-central Florida spring systems including Crystal RiverIKings Bay. 

Data sources for the project included federal, state and local governments, previous 
literature reviews, universities, industries, and grey literature. For each reference found, 
a brief summary or pertinent information was provided including a citation, study region, 
period of record, frequency, etc. These data summaries were used to select data sets for 
further analysis. For the Crystal RiverIKings Bay region, 60 references were found. Of 
these, 20 were specific to the Crystal River and Kings Bay, 16 were general Crystal River 
estuary references, and 24 were related to the general Crystal River estuary associated 
with Florida Power's power plant. 

Trend analysis was performed only on data sets where certain criteria were met. To be 
sufficient for trend analysis, the data set must contain at least a 3-year period of record 
with at least 10 observations. In addition, station location and sampling methods must be 
comparable and the data must be available magnetically. Statistical analyses used 
LOWESS (Locally Weighted Scatterplot Smooth; Cleveland, 1979) to smooth parameters 
against a variety of independent variables, such as season, temperature, rainfall, well 
levels, conductivity, and pH. For the Springs Coast region, more than 5,900 
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parameter-variable combinations were assessed with approximately 1,000 found to exhibit 
significant trends. More than half of these were significant for nitrogen or phosphorus. 

In the Crystal RiverIKings Bay system, two STORET and seven LakeWatch stations met 
the criteria for trend analysis. It should be noted that the data for this analysis was only 
surface water data and did not include spring discharge water quality data from the 
District's Ambient Sampling program. The two STORET stations are actually the same site 
but cover different periods of record. Data collected at site "Crystal River near Crystal 
River" covers the period 1966 through 1978. These data exhibit trends of increasing 
nitrate-nitrite nitrogen, increasing nitrite nitrogen and decreasing organic nitrogen. No 
significant trend in total nitrogen was detected. There is some indication of increasing total 
and ortho-phosphorus. The site "A01 Crystal River Station No. 1" covers the period of 
record of 1989 through 1996. There were no observed trends in organic nitrogen, 
ammonium nitrogen, ortho- or total phosphorus, or major ions. There were insufficient 
nitrate nitrogen data to evaluate for this period of record. 

Although not used in the trend analysis by Dixon (1997), several other efforts have been 
undertaken to document water quality within Kings Bay. Early data collection efforts by the 
Florida Department of Environmental Regulation centered on the WWTP discharge canals 
(Nearhoof, 1989). The result of the Water Quality Based Effluent Limitation (WQBEL) 
study (Nearhoof, 1989) was the ordered reduction in discharge of nutrients to Kings Bay. 
In March 1992, the City of Crystal River eliminated the WWTP discharge from Kings Bay. 

Romie (1990) began what is considered the first comprehensive base-line data set for 
water quality in the Kings Bay system. Data was collected from May 1989 to February 
1991. Four main sources of nutrients were investigated including: spring discharge; the 
City of Crystal River's wastewater treatment plant; stormwater runoff; and septic tank 
leachate. The results of this study indicated that the springs contributed the largest portion 
of the total nutrient load to Kings Bay. In addition, other factors such as tide stage and 
spring discharge rates greatly influenced the concentrations of nutrients. 

The Crystal River LakeWatch stations were sampled as part of the University of Florida's 
LakeWatch program from August 1992 through August 1995 (Bishop and Canfield, 1995) 
with a subset of these stations sampled by Hoyer (1997). While there are differences 
between stations, regionally stations exhibit decreasing trends in total nitrogen and total 
phosphorus. Total phosphorus has decreased against all independent variables at all 
stations. Total nitrogen decreases are noted at Three Sisters Springs, SE Kings Bay, 
Cedar Cove and north of Buzzard Island. 

Romie's (1990) data set was not used in the trend analysis prepared by Dixon (1997), 
although it can be used to compare water quality data between areas of Kings Bay and 
provide insight into the conditions of the system immediately prior to the removal of the 
WWTP discharge. The Cedar Cove area, which is near the historic point of discharge of 
the wastewater treatment plant, had nitrogen concentrations 3 to 5 times greater than other 
stations in Kings Bay. Bishop and Canfield (1 995) found that significant reductions in TN 
and TP occurred in Cedar Cove after the removal of the City's WWTP discharge. TN and 
TP concentrations prior to wastewater removal averaged 620ugIl and 105 ugll, 
respectively. After wastewater removal, TN and TP averaged 220 ugll and 27 ugll. It 
appears that the nutrient concentrations have returned to levels consistent with spring 
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discharge nutrient concentrations reported by Romie (1990) and Jones and Upchurch 
(1994) and consistent with the historic water quality conditions in Crystal River (FDEP, 
1982). Because of the circulation patterns in the bay, the City's wastewater treatment plant 
discharge did not have a great affect (if any) on the southern portion of the bay. This is 
also confirmed by an analysis on the LakeWatch data. 

The water quality trends described above are based on relatively short periods of records. 
In Kings Bay, LakeWatch collected data for 3 years. The historic data retrieved from 
STORET by Dixon (1 997) covers a period of 12 years. There is however, a gap of 10 
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years between the two collection efforts. 
Unfortunately, sampling locations, 
methods and sampled parameters have 
changed over the years making a 
thorough analysis impossible. Only one 
location, Crystal River at Salt River, has 
total nitrogen and total phosphorus data 
covering the entire period. 

The confluence of the Crystal River and 
Salt River has historically been the site of 
three water quality sampling stations: 
STORET Nos. 0231 0750 (Crystal River 
near Crystal River) and FL00190 (A01 
Crystal River Station No. I ) ,  and 
LakeWatch No. LW-CRYSTALI. In 1982, 
the FDEP used data from this area in 

determining the status of Crystal River for OFW designation (FDEP 1982). Total nitrogen 
and total phosphorus data for the entire period of record is shown in Figures 3 and 4. A 
statistical analysis of the period of record is not recommended due to differences in 
sampling methods, analytical techniques, 
etc. Additionally, the confluence is an 
estuarine environment which is 
significantly downstream from Kings Bay 
and therefore, less sensitive to changes in 
water quality. It is discussed here only 
because it was data from this confluence 
which was used by the FDEP for the OFW 
designation and to establish "benchmark" 
conditions for Crystal River. Visually, a 
trend is not evident. Where statistics 
have been utilized by LakeWatch, water 
quality trends exhibit an improvement. A 
conclusion is that total nitrogen and total 
phosphorus concentrations in the Crystal 
RiverIKings Bay system have not changed 
over the past twenty years. With the 
exception of nitrate-nitrite, where trends 
are evident, the trend is toward a 
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reduction in nutrient concentrations. It is important to note that while TN is decreasing in 
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the Crystal RiverIKings bay system, nitrates as a component of TN are increasing in the 
groundwater of the region. 

Issue Analysis: Sediment Accumulation and Resuspension 
In lakes, streams and estuaries, sediments can have a significant influence on the health 
of the ecosystem. Dependent on ambient conditions, sediments may be a source or sink 
for nutrients and other pollutants such as pesticides and heavy metals. In general, 
organics and nutrients are most often associated with fine grained sediments (i.e., muck). 
Spring dominated systems such as Kings Bay present a challenge in analyzing sediment 
influences on the systems due to a naturally low sediment loading rate. In an effort to 
better define the role of sediments in Kings Bay, sediment composition, distribution and 
chemistry were evaluated as part of the Sediment Mapping and Analysis for Crystal 
RiverIKings Bay and Lake Panasoffkee project (Belanger et al., 1993). Specific to Kings 
Bay, sediment concerns have focused on sediment resuspension and the origin of the 
sediment build-up. 

The objective of the project was to map and evaluate sediments and to assess the extent 
of anthropogenic (man-made) sedimentalogical degradation. The project consisted of 
several tasks including a preliminary screening and mapping of the sediment and 
determination of the concentrations of fourteen different metals. Other parameters 
included nutrients, herbicides and pesticides. Bio-markers were used to determine where 
the organic portion of the sediments came from: aquatic vegetation, or washed into the bay 
from the land. Additionally, the project team looked at the age of sediments by looking at 
the microscopic organism skeletons as well as radioactive isotopes naturally found in 
sediments. 

Results of the project indicated that Kings Bay sediment depths are shallow ranging from 
0 feet (exposed rock) to 3.4 feet. The northern portion of Kings Bay had the greatest 
sediment depths while the southern portion tended to be the least. Organic matter in the 
sediments appears to come from several sources although the primary source is the bay 
itself. In the northern region of Kings Bay, Lyngbya sp. appears to be the major 
contributor to the organic fraction of the sediment. In the southern portion of the bay, 
cattails (Typha sp.) was the dominate source. This is in sharp contrast to the sediment 
samples taken from residential canals where the major source of sediments were terrestrial 
(from the land). In general, terrestrial inputs were greater in the southern and eastern 
portions of the bay. 

The attempt to document the changes in sediment composition by reconstructing the 
sediment history of Kings Bay proved to be inconclusive. A combination of Lead-210 
radioactive isotope analysis and paleolimnological analysis was performed on sediment 
from the central portion of Kings Bay. Unfortunately, a sediment core revealed that the top 
15 cm of sediment was disturbed as a result of resuspension and deposition and therefore, 
the data were of little value (Belanger et al., 1993). 

Sediment metals concentrations are probably the most striking finding from the study. 
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. Over 6 metric tons of elemental copper was 
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introduced to the Crystal RiverIKings Bay system in the one year period of November 1978 
to October 1979 (Belanger et al., 1993). 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). 
The source of the copper is suspected to be related to the use of copper-based herbicides. 

Stormwater runoff can also contribute to sediment buildup. Since the State's first rule on 
stormwater quality (Chapter 17-25, FAC, 1982), treatment of runoff has been mandatory 
for new development. Stormwater runoff caries sediment, oxygen demanding substances, 
nutrients, heavy metals, petroleum hydrocarbons, and other pollutants. The Florida 
Department of Environmental Protection has stated that stormwater is the major source 
of pollutants to the states waters. Most of the immediate watershed of Kings Bay was 
developed prior to 1982 and does not have stormwater best management practices 
(BMPs) in place. The effect of the runoff appears to be localized and there is no indication 
of nutrient problem associated with the runoff to Kings Bay. Sediment deposition has been 
identified in the vicinity of major stormwater discharge points. 

Sediment Removal - In 1992, the City of Crystal River and the Citrus County Tourist 
Development Council (TDC) undertook a project to remove silt from portions of Kings Bay. 
Specifically, the areas targeted for silt removal were Kings Spring and Hunters Spring. 
Permits were secured from the Florida Department of Environmental Protection (FDEP), 
Army Corps of Engineers (ACOE), and the U.S. Fish and Wildlife Service (USFWS) in 
1994. 

High construction costs and disposal site concerns prevented the project from continuing 
until early 1996 when the Florida Department of Community Affairs provided additional 
funding. Additionally, a new disposal site was proposed which significantly reduced the 
overall costs. Along with the silt removal in the springs, the removal of benthic (bottom) 
mats of Lyngbya sp. algae was added to the project. While floating mats can be harvested 
using conventional harvesters, benthic mats pose additional problems. The intent of this 
portion of the project is to investigate alternative methods of harvesting (e.g., hydraulic 
vacuuming) the algae. Agreements between the District and the City of Crystal River, and 
Citrus County and the City of Crystal River formalized funding of the project. An invitation 
to Bid package was prepared and advertised in December 1996. Bids were opened in 
January 1997 and by April 1997, initial work had begun. 

The initial work involved volunteer divers from the local dive shops. The divers used hand 
held vacuum tubes attached to the dredge head to vacuum deep within the spring vents 
and the many crevices and holes present in the main and auxiliary springs. This detailed 
work proved so successful, that the planned two day period was expanded to more than 
seven (7) days. Reports from divers assisting in the hand vacuuming stated that detritus 
was up to 5 feet deep in the area surrounding the main spring. Since the vacuuming has 
been complete, reports have been made that discharge from the springs has increased 
due to the vacuuming efforts (Russ Kreager, pers. comm.). 

Sediment Resuspension - Hoyer (1 997) found that suspended solids, including chlorophyll, 
significantly affected the turbidity of Kings Bay. Resuspension of the sediments occurs 
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when the material is physically disturbed through direct contact (prop dredging for example) 
or by water action (currents, waves, boat wake, etc.). While wave data does not exist for 
Kings Bay, Hoyer was able to relate average daily wind speed collected at the mouth of 
Crystal River to light extinction coefficients and horizontal Secchi readings in the open 
water portion of the bay. As wind speed increased, total suspended solids significantly 
increased. This finding supports the conclusion of Belanger et al. (1993) that the 
sediments are well mixed as a result of sediment resuspension. It should be pointed out 
that there is no data on the effect of sediment resuspension on metals concentrations in 
the water column. Other potential causes of sediment resuspension include boat traffic, 
recreational activities such as SCUBA diving, and even manatee feeding. These 
mechanisms would tend to be of relatively short duration. Mumma (1996) found that 
recreational activities on the Rainbow River in Marion County, Florida caused an increase 
in suspended solids. 

The resuspension of fine grained sediments can be prevented by two methods. The first 
method would be to reduce the amount of fine grained material through physical removal 
(i.e dredging). A second option is in-place sediment stabilization. Rooted aquatic 
vegetation can stabilize sediments preventing resuspension. In addition, the vegetation 
can stabilize the water column allowing suspended material to settle. It is probable that a 
combination of methods will be required in Kings Bay. 

Issue Analysis: Aquatic Vegetation 
To date, State-wide SWIM efforts have largely been directed at evaluating and establishing 
strategies for dealing with or preventing water quality problems. District and FDEP staff 
have generally felt that non-native aquatic plant control should not be directly dealt with 
using SWIM funds (because funds are provided through state and federal sources for 
control of non-natives inclusive of hydrilla). However, an inescapable conclusion is that 
aquatic plants are, or have the potential to become, a significant problem on a number of 
ranked SWIM priority water bodies within the Southwest Florida Water Management 
District including Crystal River. Aquatic vegetation has presented a problem for the 
residents of Crystal River since the introduction of Hydrilla in 1960. Most recently, Lyngbya 
sp. has dominated areas of Kings Bay causing habitat destruction, use impairment, and 
odor problems. Aquatic vegetation is also linked to water chemistry and water clarity. 
Canfield and Hoyer (1 992) found a direct relationship between aquatic plant abundance 
and water clarity supporting the inverse relationship between plant abundance and algal 
abundance (chlorophyll concentration). 

Many varieties of aquatic vegetation occur in Crystal RiverIKings Bay. These include 
species considered to be beneficial, such as eelgrass (Vallisnetia ameticana), and 
nuisance species such as the filamentous blue-green algae, Lyngbya sp. Hydrilla (Hydtilla 
verticillata) is a species which has both beneficial and nuisance characteristics, depending 
upon whom one talks to; An impedance to boaters, a food source for manatee. Control 
of the nuisance species of aquatic vegetation in Crystal River and Kings Bay, including 
areas within the City of Crystal River, has been performed by Citrus County Division of 
Aquatic Services since 1978. Prior to this, control was by the Southwest Florida Water 
Management District, the Florida Department of Natural Resources, or the U.S. Army 
Corps of Engineers. 
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The National Biological Service collected species composition of submersed vegetation 
bimonthly from April 1979 to May 1983 and from December 1985 to present. Bishop and 
Canfield (1995) calculated frequency of occurrence values for all species, non-natives 
(Hydrilla verticillata and Myriophyllum spicatum) native species ( Vallisneria americana) and 
filamentous algae from NBS's presencelabsence data. Additionally, 30 stations in Kings 
Bay were sampled for biomass April 1993 through August 1994. Hoyer et al. (1 997) 
continued biomass sampling from August 1996 to October 1997. 

Lyngbya 
Lyngbya sp. has become a major nuisance in Kings Bay. Developed as mats on the bay's 
bottom, trapped gases often form in and beneath these algal mats causing them to break 
free of the substrate and float to the surface. Once floating, these mats can move to other 
areas of Kings Bay by wind and water currents impeding navigation and impairing the 
recreational use of the water body. Upon decomposition the algae cells release a 
compound (geosmin) that has a strong musty odor which further impairs the aesthetic 
value of the water body (Romie 1990). Biomass of Lyngbya sp. in Crystal River was 
perceived to be especially high in the Cedar Cove area. A relationship was suggested 
between the sewage plant effluent and biomass of Lyngbya sp. because the effluent from 
the City's wastewater treatment plant historically discharged into Cedar Cove. 

In October 1996, the District sponsored a workshop to specifically discuss Lyngbya sp. in 
the Rainbow River in Marion County, Florida. The result of the workshop was the 
production of a summary report by the University of Florida (Hoyer and Canfield, 1997). 
The purpose of the two-day meeting was to bring state and national experts on Lyngbya 
sp. together to discuss issues related to it's growth and management. While the workshop 
was intended to be specific to Rainbow River, many of the questions raised were pertinent 
to other coastal spring systems, including Crystal River. The following questions discussed 
at the workshop can be extrapolated to the Crystal River system: 

1) Is Lyngbya ubiquitous? Has it been in coastal springs system for thousands of years, 
or is it a new arrival? 

In the Northeast United States, Lyngbya sp. was identified as far back as the 1870s. 
It is now distributed throughout the Southeast. The workshop participants concluded 
in the case of Rainbow River that there was insufficient data to determine whether 
Lyngbya sp. is native or not. The same lack of data would apply to Crystal River. 

2) Has there been a real expansion of Lyngbya? 

The workshop participants concluded that for Rainbow River there was insufficient data 
to determine if Lyngbya sp. has expanded or not over that past 10 years. A similar 
problem exists in Crystal River. Bishop and Canfield (1995) evaluated the National 
Biological Service's Sirenia Project's frequency of occurrence data for different aquatic 
plants in Kings Bay. Submerged vegetation data has been recorded bimonthly at 15 
stations in Kings Bay by the National Biological Service from April 1979 to May 1983, 
and December 1985 to present. One category of the vegetation data is "filamentous 
algae" which includes Lyngbya sp. and other algal types. 
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Bishop and Canfield's (1995) evaluation was focused on pre and post wastewater 
treatment plant removal (after March 1992). Their analysis indicate that no major 
changes in submersed plant communities occurred in Cedar Cove or southern Kings 
Bay following wastewater removal even though a change in water chemistry did occur. 
Hydrilla and filamentous algae were not found in either Cedar Cove or southern Kings 
Bay one month after the "Storm of the Century" (March 1993). Changes in the aquatic 
plant communities appears to be closely related to storm surge and not to the removal 
of the wastewater treatment 'plant (Bishop and Canfield, 1995, Terrell and Canfield, 
1996). This theory was further supported by comparing changes in Cedar Cover, 
where the treatment plant did influence water chemistry, versus southern Kings Bay 
where the treatment could not have effected water chemistry. Both areas experienced 
similar changes in aquatic plants following the storms even though the wastewater 
treatment plant's effect was only in Cedar Cove. 

3) What factors encourage the growth of Lyngbya? 

In the field investigations, Cowell (Romie 1990) found specific conductivity and the 
abundance of hydrilla accounted for almost 62 percent of the variability in Lyngbya sp. 
biomass; no nutrientILyngbya sp. relationships were revealed by multiple regression 
analysis. In contrast to field investigation which did not establish a nutrientILyngbya sp. 
relationship, follow up laboratory studies by Cowell (1991) suggested that Lyngbya sp. 
growth may increase with increasing nitrate and calcium concentrations. Studies with 
salinity indicated that Lyngbya sp. growth was negatively affected by increases in 
salinity (and conductivity). 

In addition to water chemistry, water movement was viewed by the workshop 
participants as a major mechanical factor affecting the distribution of Lyngbya sp. in the 
Rainbow River. Cowell (Romie 1990) suggested that wind action would transport 
floating mats of algae to various areas of Kings Bay. These transported mats may then 
sink to the bottom forming a new monoculture of Lyngbya sp. This mechanism does 
not encourage the growth of Lyngbya sp. but does affect it's distribution. 

Researchers at Clemson University have suggested that Lyngbya sp. may be a "stress 
tolerator" (Larry Dyck, Clemson University, pers. comm.). In severely stressed 
systems, Lyngbya sp. has apparently expand. It should be noted that natural and 
anthropogenic forces can stress the systems. An example of an anthropogenic stress 
is a severe pollutant loading causing a major change to the system - this does not 
appear to have occurred in Crystal River. A natural stress could include drought, or in 
the case on Kings Bay, storm surge. 

4) Is Lyngbya a real problem in the Rainbow River system? What strategies could be 
used to manage Lyngbya short-term and long term? 

The workshop participants agreed that Lyngbya sp. is a problem in the Rainbow River 
for two main reasons. First, the residents believed the Lyngbya sp. is aesthetically 
displeasing. The second reason is the Lyngbya sp. has the potential to cause 
additional problems such as trapping sediments. These same two conclusions can be 
said for the Crystal River Lyngbya sp. problem. 
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Cowell (Romie, 1990) made several recommendations regarding the management and 
restoration of Lyngbya sp. infested areas. These included the removal of bottom mats 
of Lyngbya sp. the prevention of movement of floating Lyngbya sp. mats, and the 
hydraulic dredging of sediments, and planting of new macrophytes. The workshop 
recommendations included the establishment of long-term quantitative monitoring, a 
limited number of laboratory and in situ bioassays, and the continuation of mechanical 
harvesting and herbicide (in Rainbow River). 

Lyngbya harvesting in Kings Bay resulted in a 70 percent removal during the pilot 
removal project. The method utilized demonstrated that alternative methods must be 
employed to achieve complete removal. 

- 

Hydrilla sp. 

Hydrilla 
The growth of hydrilla poses several challenges for the management of Kings Bay. Hydrilla 
was first introduced in Florida waters in 1960 at Crystal River and at a canal near Miami. 
Since that time it has spread throughout the state clogging drainage and residential canals, 

precluding boating access for fishing and other water-related 

vegetation, and degrading water quality (Langeland 1990). While 
hydrilla can impair recreational uses of the waters, it also supplies 
food for the endangered manatee. 

- 

In 1982, agencies responsible for aquatic plant control and manatee 
protection in the Crystal and Homosassa Rivers formed an 
interagency working group. These agencies, including the U.S. Fish 
and Wildlife Service, the U.S. Army Corps of Engineers, the Florida 
Department of Environmental Protection, and the Citrus County 
Department of Aquatic Services, meet on an annual basis to revise 
an aquatic plant control plan. The dominant method of control in 
Kings Bay is mechanical harvesting. 

recreation, impeding navigation, crowding out desirable native 

In 1993, the District, in cooperation with the U.S. Department of 
Agriculture, Agricultural Research Station (USDA-ARS) Aquatic 
Weed Research unit in Fort Lauderdale initiated a project for the 
establishment of a biological control mechanism for hydrilla. Three 
waterbodies were targeted for this effort including the Crystal River 
watershed. Although not listed as a specific project in the 1989 
SWIM Plan for Crystal RiverIKings Bay, biological control of aquatic 

vegetation was listed as a specific strategy and funding for the project was provided by the 
District's Coastal Rivers Basin Board. 

Vegetation Control 
From the proposed model at the beginning of this appendix (Figure I ) ,  it is inferred that 
aquatic plant biomass can be influenced by vegetation control or harvesting, water 
chemistry (salinity), non-native competition, light restrictions, and consumption by 
manatees. Four techniques are available for control of undesirable aquatic plants: 
herbicide treatment, biocontrol using insects which attack only the target plant, biocontrol 
using triploid grass carp, and physical removal or harvesting. 
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The use of biological control agents for hydrilla was initiated by federal agencies in 1981 
and resulted in the selection of several candidate hydrilla biological control agents from 
tropical and subtropical regions worldwide. Two insects were tested in their native ranges 
and were found to feed and thrive solely on hydrilla. Following extensive testing in U.S. 
quarantine facilities, these insects, the tu ber-feeding weevil Bagous affinis and the 
leaf-mining fly Hydrellia pakistanae from India, were released at field sites in Florida during 
1987. These worldwide surveys were followed by more detailed studies in Australia and 
China and as a result, four species of insects have been approved for release in the United 
States. Efforts to establish populations of the four hydrilla biocontrol agents already 
approved for release in Florida are at various stages. Hydrellia pakistanae populations 
have become established at 34 sites in southern and central Florida. Many of these have 
become breeding grounds from which the flies can be collected for release at other 
locations. In addition, surveys indicate that this fly continues to disperse on its own. 

The intent of the District's project was for the USDA-ARS to establish populations of 
Bagous hydrillae on hydrilla infestations in the Crystal River. From USDA-ARS research, 
B. hydnllae adults feed on the leaves and stems of the hydrilla plant. Eggs are laid in the 
stem of the hydrilla plant and the resulting larvae burrow through the stem effectively 
''mowing" the hydrilla. In Australia, the insect has been reported to "mow" all of the hydrilla 
from the surface to a depth of 1 m (39 inches). 

In February 1994, District staff, along with staff from the U.S. Fish and Wildlife Service 
(FWS), Florida Department of Environmental Protection (FDEP), University of Florida (UF) 
and the U.S. Department of Agriculture (USDA) met to discuss the proposed release of the 
hydrilla stem weevil. It was apparent that Crystal River was, at that time, not an 
appropriate site for the release due to the lack of hydrilla. FWS attributed the lack of 
hydrilla to heavy foraging activities of manatee during the 1993-94 winter. Because of the 
greatly reduced stands of hydrilla and the potential need for manatee forage, FWS and 
FDEP requested that the District not proceed with the release at Crystal River. In order to 
continue with this project, District, FDEP, UF, and USDA staff agreed that the Weeki 
Wachee River would be an acceptable alternative site. 

Salinity 
Bishop and Canfield (1995) and Hoyer et al. (1997) determined that acute variations in 
salinity resulting from storm surges is one of the major factors affecting aquatic plant 
biomass in Kings Bay. While the relationship between salinity and vegetation is clear, the 
relationship between storms and salinity is very logical, but assumed. Salinity data has not 
been collected during storm surges. 

Chronic variations in salinity are another potential cause of long term variations in 
vegetation speciation within the bay. Prior to 1960, County Road 44 West did not exist. 
Visually, the road is now elevated above the coastal marsh system. Could this road 
prevent periodic high saline water from entering the bay? If it does, how would vegetation 
patterns in the bay changes? How often would high salinity waters enter the bay? 
Additionally, reports of occurrences of barnacles in Kings Bay are not uncommon. Has 
salinity changes allowed barnacles to grow? At this point in time, there are insufficient data 
to answer these questions. 
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Non-native competition and vegetation control 
Non-native competition and vegetation control have probably impacted the Kings Bay 
system, but the magnitude of the impacts is unknown. "Non-native competition" should be 
described as variability in vegetation composition. Lyngbya sp. has displaced vegetation 
in areas of the bay but the cause for this replacement is not known. It may be the result 
of salinity changes, competition (Lyngbya is not determined to be an non-native), or other 
factors. 

Light 
Although water clarity has been reduced over time, light limitation is not a problem in Kings 
Bay. Bishop and Canfield (1 995) and Hoyer et al. (1 997) reported Secchi readings were 
often the bottom of the bay. 

Manatee grazing 
Seasonal consumption of vegetation by manatees is potentially a major factor affecting 
vegetation biomass. Aerial manatee surveys are conducted weekly from November 15 to 

Crystal River / Kings Bay 
Vegetation Trends 

- Kings Bay  Manatee Population 

Figure 5 

March 1, twice a 
month in March, 
September and 
October, and once 
during the summer 
(Joyce M. Kleen, 
U.S. Fish and 
Wildlife Service, 
pers. comm.). A 
plot of these counts 
from December 
1 9 8 8  t h r o u g h  
December 1997 is 
shown in Figure 5. 
This plot shows a 
clear, seasonal 
t r e n d  i n  t h e  
manatee population 
as they seek a 
warm water refuge 
in the waters of 
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Kings Bay. Average bay-wide biomass data are also shown in Figure 5. Although the data 
are limited, the plot suggests that a relationship between manatee and vegetation biomass 
exists. Additional work effort is needed to look at the potential relationships between 
aquatic plant biomass, numbers of manatee, manatee food preferences, and acute and 
chronic salinity changes before a conclusion can be reached. 
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APPENDIX B 

Physical Characteristics 

Crystal River and Kings Bay, located in Citrus County approximately 60 miles (97 km) north 
of Tampa, Florida, form a truly unique hydrologic system. The tidally influenced Kings Bay 
is the headwater of Crystal River which forms at the northwest corner of the bay. Six miles 
(10 km) west of Kings Bay the river ends at the Gulf of Mexico. The system is the fourth 
largest of the 27 first magnitude springs (those systems discharging 100 cubic feet (2.8 
cubic meters) per second or greater) in the state (Rosenau et al., 1977). While other 
spring systems within the state are tidally influenced, the large 600 acre (243 ha) Kings 
Bay embayment makes this system unique. 

Definition of the Management Boundaries 

1 Management Boundary The initial focus of the SWIM management effort 
was Kings Bay and the immediate watershed 
(primarily within the City of Crystal River). This 
approach was typical of other management 
efforts where the geographic area for 
management is limited to the watershed directly 
discharging to the system. The management 
boundary for the purposes of this plan is shown in 
Figure 6. This area is the combination of the 
watershed, the recharge area, river and bay and 
covers an area of approximately240 square miles 

I 
Figure 6 

1 (622 square kilometers). 

The Crystal River watershed as defined by the 
USGS is shown in Figure 7. A review of the 
topography of the watershed indicates that the 
eastern portion of the watershed is internally 
drained due to many depressions and the lack 
of surface drainage features. This effectively 
removes direct surface water discharge to 
Crystal River from a substantial portion of the 
watershed. The remaining western portion of 
the watershed is the area which potentially 
discharges to the Crystal River. Groundwater 
discharged from the Kings Bay springs 
originates within the recharge area. As shown 
in Figure 8, this area covers almost one-third of 
Citrus County and extends as far east as Lake 
Tsala Apopka. 

1 USGS Watershed 

- 
Figure 7 
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1 Groundwater Recharge Area 

Figure 8 

Designated Use of the Waterbody 
Crystal River and Kings Bay are classified as 
Class Ill waters (Chapter 62-302 of the Florida 
Administrative Code). This classification 
designates that the bay and river are to be 
suitable for recreation, propagation and the 
maintenance of a healthy, well-balanced 
population of fish and wildlife. The coastal 
waters of Citrus County, including the area 
around Crystal River, have been classified as 
Class II waters which are designated for 
shellfish propagation or harvesting. 

Mounting public concern about the 
environmental sensitivity of the Crystal 
RiverIKings Bay system prompted the Florida 

Department of Environmental Regulation (FDER, now the Florida Department of 
Environmental Protection or FDEP) to submit a petition to the Environmental Regulatory 
Commission (ERC) to make Crystal River an Outstanding Florida Water (OFW) (FDER, 
1982). The intent of this designation is not to change the designated uses, but is to 
prevent further degradation of ambient water quality using certain regulatory restrictions 
applied by FDER (Chpt. 62-4.242 FAC). Effective Feb. 1, 1983, the ERC approved the 
petition designating Crystal RiverIKings Bay as an OFW (Chapter 62-302.700(9) FAC). 
Ambient water quality, or baseline conditions against which the antidegradation policy is 
to be measured is defined in the rule as the water quality of the system as of March 1, 
1 979 (Chapter 62-302.700(8) FAC). 

Historical Uses 
The following historical information has been adapted from Back Home: A History of Citrus 
County, Florida by Hampton Dunn (1976) and the Citrus County Comprehensive Plan, 
Ordinance No. 94-A24: 

The Crystal River area has been inhabited by man since about 500 BC. Pre-Columbian 
Indians used the Crystal RiverIKings Bay area as an important ceremonial center for 
almost 1,600 years, until about 1400 AD. In the 1500s, the Spanish came to the area of 
what is now Citrus County and found the Timucuan Indians. Ponce de Leon in 1513, 
Panfilo de Narvaez in 1528, and Hernando de Soto in 1539, explored parts of west central 
Florida including the Crystal River area. By 1710, the Timucuans and other Indians had 
been virtually removed from Florida by diseases. Seminoles began to come into Florida 
from the north about 1750 and by 1800 were well established in the region. 

European settlement of the Crystal River area started before Florida was purchased from 
Spain in 1821. Scottish immigrants settled in Citrus County during the British Occupation 
of Florida which lasted from 1763 to 1783. From 1783 to 1819, Spain once again 
dominated Florida until the signing of the Adams-Onis Treaty in 181 9. William Turner, a 
Pennsylvanian, reportedly had a Spanish grant and established a homestead in I820 just 
north of Crystal River. By 1830, the population of settlers in Florida had reached 35,000. 
Farming was the main occupation with cotton, citrus, grain and peanuts the major crops. 
Sugar production was also an important part of the area economic base, as were tobacco, 
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horse and cattle ranching, and timber. As a result of the severe winter of 1894 and 1895, 
a large number of citrus groves in the Citrus County area were destroyed forcing many 
farmers to sell their land to phosphate companies. Timber and the subsequent distillation 
of turpentine were significant industries that directly affected Kings Bay. The foundation 
of an old Cedar mill is still evident in the Cedar Cove portion of Kings Bay. During the late 
1800s, mining was also an important part of the region. Dolomite, limestone and 
phosphates were, and still are mined in open pit mines regionally. 

Since 1960, a large number of dredged residential dead-end canal systems have been 
created around Kings Bay, primarily on the east and south sides, to provide boat access 
to Kings Bay and the Gulf of Mexico. Houses also border the upper segment of the river. 
However, the lower region has been relatively undeveloped due to the presence of a wide 
band of salt and brackish marshes. Public access is provided by Citrus County at the Fort 
Island Gulf Beach which is located at the mouth of the river and another county park on the 
river. The City of Crystal River maintains access points at Hunters Springs, Knox Boat 
Ramp, N.W. 2nd Ave. Boat Ramp, and N.W. 3rd Street Boat Ramp. 

Population 
Population of Citrus County has increased from 19,000 in 1970 to more than 93,000 in 
1990. This trend makes Citrus County and the Crystal River area one of the fastest 
growing counties in the state as well as the nation. A large percentage of this increase has 
been attributed to retirees moving into the area. Currently, the region's present economy 
is based on the large retired population as well as tourism. This has led to an associated 
growth in construction, wholesale and resale trade, and service sectors of the economy. 

1 Citrus County Population 1980-201 0. 1 

Sources: 
(1) U.S. Census, 1990. 
(2) University of Florida, 1994. 
(3) City of Crystal River, 1989. 
(4) City of Inverness, 1989. (Projection for 1999) 
(5) Projections not available. 

Total County 

Crystal River 

Inverness 

The growth of the tourism service industry in the area provides an interesting linkage 
between economic growth and resource management. As indicated in the Citrus County 
Comprehensive Plan, the "most attractive and highly utilized natural resources of Citrus 
County are its diverse, high quality waterways." Boating, fishing, SCUBA diving and other 
related water sports, as well as support industries such as marinas, bait shops, dive shops, 
and fishing guides are an integral part of the tourism industry along the "Nature Coast." 
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Existing (1995) Land Use 
Despite rapid growth over the past 20 years, Citrus County still retains a decidedly rural 
character. Much of the county consists of coastal swamps, dense woodlands, lakes, scrub, 
and pasture. However, this is changing as residential development continues to expand 
at a rapid pace. The extreme western portion is sparsely populated coastal swamp owned 
by the state and federal governments. North of the City of Crystal River, population 
densities are low. The central portion of the area contains a number of rapidly expanding 
retirement communities. Dense networks of streets and platted lots exist in the central to 
northern portion of this area. Although very few houses now exist in these areas, the 
potential density of residential development is extremely high. The southern portion of this 
area is the Withlacoochee State Forest. The area is regularly logged and is virtually 
uninhabited. Portions of the eastern flank of the Brooksville Ridge were mined for 
phosphate rock from the late 1800s to the 1960s. These small mines are abandoned, and 
few have been reclaimed (Jones and Upchurch, 1994). 

The extreme eastern portion of the area is occupied by the wetlands of Lake Tsala 
Apopka. The City of Inverness is in the southern portion of this area and is the largest 
town in the study area. In portions of Lake Tsala Apopka, the many islands are linked to 
the mainland by roads. These areas support considerable numbers of single-family 
homes. It is important to note that within the entire area there has been a very pronounced 
increase in both on-site waste treatment systems (OWTS or septic tankldrain field facilities) 
and of sewered communities in a relatively short period (Jones and Upchurch, 1994). 

1 Crystal River Management Area Land UsefLand Cover - 1995 1 

Figure 9 
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1995 land uselland cover within the management boundary (Figure 9) is approximately 21 
percent urban, 2 percent commercial (including mining), 11 percent agricultural, and 
rangeland, 19 percent recreationlopen land 33 percent upland forests, 3 percent open 
water, 9 percent wetlands, 0.3 percent barren, and 1.4 percent transportationlutility. 

Physical Features 
Unless otherwise noted, much of the information in the following sections on geology, 
topography, and groundwater hydrology have been adapted, or taken directly from, the 
report Origin of Nutrients in Groundwater Discharging from the Kings Bay Springs (Jones 
and Upchurch, 1994): 

Geology 
The geology of Citrus County is relatively simple and has a very important influence on 
both the quality and quantity of water discharging into Kings Bay. Thick sequences of 
limestone are exposed at or very near (within 10 to 20 feet or 3 to 6 m) land surface. 
Where limestone is near land surface it is covered by a thin layer of sediment consisting 
primarily of quartz sand. These sands are primarily marine deposits and coastal dunes. 
Dunes are prevalent in the Coastal Lowlands and along the sides of the Brooksville Ridge 
in central Citrus County. 

Major Physiographic Features 
Four major physiographic features exist in Citrus County (Figure 10). These include the 
Coastal Swamps, the Gulf Coastal Lowlands, the Brooksville Ridge, and the Tsala Apopka 
Plain (White, 1970). The physiographic areas are primarily a function of topographic relief 
and underlying sediments. 

Tsala Apopka Plain -This plain lies between the Brooksville Ridge and the Withlacoochee 
River. It has a large number of interconnected lakes divided by peninsulas and islands. 

Figure 10 

Silicic deposits cover the limestone 
surface and elevations range from 
35 to 75 feet (11 to 23 m) above 
NGVD. The soils are generally 
sandy and weakly cemented with 
organic matter. 

The main surface drainage features 
within the recharge area are the 
Withlacoochee River, which forms 
the eastern and northern borders of 
the county, and Crystal River. This 
lack of surface drainage features is 
characteristic of karst areas 
because much of the drainage is 
internal. The Withlacoochee River, 
originating in the Green Swamp, 

southeast of the Citrus County, flows northwest to the Gulf of Mexico near Yankeetown. 
Between Citrus and Levy counties the Withlacoochee River is dammed forming Lake 
Rousseau. 
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Brooksville Ridge - This ridge trends north-south and occupies the central part of Citrus 
County. The Brooksville Ridge ranges from approximately 17 miles (27 km) in width at the 
Hernando County line to about 5 miles (8 km) in width at the Marion County line. 
Elevations along the ridge range from 70 to about 250 feet (21 to 76 m) above NGVD. The 
margins of the ridge are deep, sandy soils. The soils of the ridge interior are a mixture of 
poorly to well-drained sandy-clayey soils. The entire Brooksville Ridge area overlies a 
clayey unit that varies between 10 and 30 feet (3 to 9 m) in thickness but allows good 
hydraulic connection to the underlying Floridan aquifer system via karst features and 
fractures. The ridge has an irregular surface due to karst activity (sinkhole formation) and 
elevations may vary over 100 feet (30 m) over short distances. 

Coastal Lowlands - This area lies between the Coastal Swamp and the Brooksville Ridge 
and ranges from about 2 to 8 miles (3 to 13 km) in width. Elevations range from sea level 
to about 100 feet (30 m) above NGVD. The topography consists of relatively flat plains to 
rolling hills. The hills consist of dunes and karst features. 

Coastal Swamp - This area parallels the coast and extends inland 2 to 5 miles (3 to 8 km). 
Characteristics include both tidal marshes and coastal swamps. Within the Coastal 
Swamp system, elevations are typically less than 10 feet (3 m), and poorly drained organic 
soils directly overlie limestones of the Floridan aquifer system. 

Hine and Belknap (1 986) studied the coastal geology of the west central Florida coastline 
in detail. The coastal area around Crystal River is an open marsh system with low wave 
energy and is classified as a shelf embayment. These are broad, shallow depressions 
developed by dissolution of the limestone bedrock. The long-term chemical interactions 
of the salt and freshwater spring discharges dissolve and lower the bedrock forming a 
broad, shallow channel (i.e. the Crystal River channel). The adjacent bedrock remains at 
a higher elevation and forms the marsh archipelago or coastal swamp. 

Karst Features 
Karst processes play an important role in moving ground water through the Floridan 
aquifer. The four physiographic regions described above are areas of intensive karst 
development. The Brooksville Ridge's rolling topography contain many sinkholes and no 
appreciable surface drainage such as rivers or streams. In karst areas, cavities created 
by the dissolution of limestone collapse and form sinkholes. Sinkholes capture 
surface-water drainage and funnel it underground, which promotes further dissolution of 
limestone, larger voids beneath the surface, and larger amounts of water to be funneled 
into the underground drainage system. Dissolution is most active at the water-table or in 
the zone of water-table fluctuation where carbonic acid contained in atmospheric 
precipitation and generated by reaction with soil carbon dioxide reacts with limestone and 
dolostone (Carroll, 1970). Because the altitude of the water table shifted in response to 
changes in sea level, many vertical and lateral paths have developed in the underlying 
carbonate strata in the area. Many of these paths or conduits lie below the present water 
table and greatly facilitate ground-water flow. 

Topography 
The management area of the Kings Bay spring system (Figure 6) encompasses 
approximately two thirds of Citrus County. Within this area, land surface elevations range 
from sea level along the coast to an average of 100 feet (30 m) above sea level along the 
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Brooksville Ridge. At least two hills exceed an elevation of 250 feet (76 m). One major 
sinkhole in the management area drops to an elevation of only about 10 feet (3 meters) 
above sea level. This sinkhole is located approximately 10 miles (1 6 km) east of Kings Bay 
near the Beverly Hills area north of Lecanto. 

The transition from the Brooksville Ridge to the Coastal Lowlands is striking. A distinct 
north-south ridge is located approximately 5 miles (8 km) east of Kings Bay. All surface 
drainage east of this ridge is internally drained and does not contribute surface runoff 
directly to the Crystal River system. The Coastal Lowlands, located immediately west of 
this ridge line, contain very poorly defined surface drainage. 

As stated previously, the watershed directly discharging stormwater runoff to Kings Bay is 
poorly defined. Estimates have been made that the direct discharge watershed is as large 
as 21 square miles (54 square kilometers)(Glace & Redcliffe 1981). This estimate 
however, may not be accurate given the physiographic nature of the area and the density 
of development immediately adjacent to Kings Bay. 

Soils 
The soils of the Crystal River area are generalized into two divisions: hydric soils 
characterized by a high water table and wetland vegetation, and non-hydric soils 
characterized by fine sandy soils with a lower water table. Erosion of soil into Crystal 
RiverIKings Bay does not appear to be a major problem. However, areas of Kings Bay 
have had sediments deposited by stormwater runoff. Localized erosion associated with 
construction activities can present problems immediately adjacent to the activity if proper 
precautions are not taken. Additionally, heavy boat traffic can cause shoreline erosion 
problems. 

Climate 
The following information on meteorology is adapted from the report An Ecological 
Characterization of the Florida Spring Coast: Pithlachascotee to Waccasassa Rivers 
(Wolfe et al., 1990): 

The climate of the Citrus County area is humid and subtropical. The overriding 
climatological factor affecting the area is the Gulf of Mexico. Winter cold fronts and high 
summer temperatures are moderated by the Gulf waters. The average mean daily 
temperature is approximately 70' F (21' C). Mean summer temperatures are in the low 
80s and mean winter temperatures are in the upper 50s. Summer temperatures are 
tempered by sea breezes. Winter temperatures are quite variable due to the passage of 
frontal systems. 

Rainfall in the area is the result of three types of systems: frontal, convective, and tropical 
cyclonic. Although most of the rainfall is associated with summer convective storms, the 
area has two distinct peak rainfall periods: June through September and February through 
April. The average rainfall totals vary from 54 to 58 inches (137 to 147 cm) per year. 

Groundwater Hydrology 
The source of the water discharging from the Kings Bay springs is the Floridan aquifer. 
The limestone groups underlying the area include the Suwannee, Ocala, and the Avon 
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Park Formation. The Suwannee and Ocala Limestones and the Avon Park Formation 
comprise the Floridan aquifer in the management area. 

In the central portion of Citrus County, the Floridan aquifer is overlain by quartz sand and 
sediments. These sediments contain phosphate deposits locally termed "hard-rock 
phosphate" which were extensively mined from the late 1880s through 1966 (Dinkins, 
1969). None of the mines were large because the deposits were localized on karst 
features. Open-pit mining was initially by hand, with hand cobbing and sorting, but by the 
turn of the century steam, and then internal combustion engine shovels were used. The 
deposits and mines extended from northern Hernando County into Levy County. 

Surficial Aquifer 
The Surficial aquifer system consists of sand, silty sand, and clay deposits that are 
contiguous with land surface. The lower limit of the aquifer coincides with the top of 
laterally extensive and vertically persistent low permeability beds of the Hawthorn Group. 
These beds consist of sand, silty sand, waxy-green clay and phosphorite pebbles. 
Because of a lack of an extensive confining layer, most of the county does not have a 
Surficial aquifer. 

Floridan Aquifer 
Two major hydrostratigraphic horizons make up the Floridan aquifer system. The upper 
Floridan, which contains potable water, and the lower Floridan which is saline. The upper 
Floridan (henceforth the Floridan) aquifer system is the principal source of water for 
domestic, agricultural, and industrial supplies in the study area. In north and central Citrus 
County the Avon Park Formation, the Ocala Limestone, and the Suwannee Limestone 
compose the freshwater-bearing part of the Floridan aquifer. The top of the aquifer is 
usually defined as the uppermost vertically persistent permeable limestone or dolostone. 
Where the confining beds that separate the Surficial and Floridan aquifers are present, the 
top of the Floridan coincides with the base of the confining beds. The lower part of the 

20 SO 

Figure 11 

Avon Park   or mat ion contains evaporites 
consisting of gypsum and anhydrite that reduce 
permeability of the rock and are considered to be 
the base of the upper Floridan aquifer. 

In general, the Floridan aquifer is unconfined in the 
management area. However, clay layers in the 
Brooksville Ridge are sufficiently thick to cause 
local, semi-confined conditions to exist. A limited 
surficial aquifer may occur in these areas, but 
there are probably enough breeches in the clay 
layer to allow percolation of water from the sand 
into the underlying limestone. In areas where 
saturated sand lies directly above limestone, water 
in the sand is hydraulically connected to the 
Floridan aquifer. Generalized flow direction of the 
Floridan is shown in Figure 11. 
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Recharge 
A number of investigators have estimated recharge for the various physiographic regions 
of Citrus County. Stewart (1980), Ryder (1985), and Adams (1985) estimated that the 
recharge is very low along the coast, where it ranges from minus (discharge) 9 inches to 
12 inches (-23 to 30 cm) per year. In the Tsala Apopka area, recharge is low to moderate, 
ranging from 5 to 21 inches (13 to 53 cm) per year and averaging 12 inches (30 cm). In 
the Brooksville Ridge area recharge is very high, ranging from 14 to 22 inches (36 to 56 
cm) per year. 

Recharge is highest in the Brooksville Ridge because it is a karst terrain with internal 
drainage to the upper Floridan aquifer (Kimery and Anderson, 1987). Sinkholes are 
abundant, the land surface is generally very well drained, and the water table is relatively 
deep. Surface waters are not abundant, and there are no permanent streams or extensive 
wetland areas. These factors maximize recharge because infiltration is rapid, surface 
runoff is non-existent, and evapotranspiration is minimal. Recharge is lower in the Tsala 
Apopka area because the potentiometric surface of the Floridan aquifer is close to land 
surface. 

Surface Water Hydrology 
The lack of topographic relief and karst geology make identification of divisions between 
subbasins of the watershed almost impossible except on a very localized level. This 
makes the portion of the watershed which directly discharges to Crystal RiverIKings Bay 
physically poorly defined. Adding to this difficulty is a network of canals constructed 
through natural drainage divides to carry stormwater to Kings Bay and away from 
development. These canals are tidally influenced with flow canal-ward during high tides, 
changing to bay-ward on outgoing tides. Many small spring and seeps maintain flowing 
water even in dry seasons. During periods of high rainfall, divisions between subbasins 
may not even exist. Most of the watershed is characterized by low, flat coastal plain which 
rises to the east to the sand hills of the Brooksville Ridge. Of the existing developed areas 
immediately adjacent to Kings Bay, only a small portion have provisions for stormwater 
treatment. 

Waterfront development has directly altered the surface water hydrology of the Crystal 
RiverIKings Bay system. As stated in the City of Crystal River's Comprehensive Plan, 
''most of the city's waterfront consists of filled land created during the 1950s and 1960s 
when land developers dredged canals along the Crystal River." This developed shoreline 
is hardened with vertical seawalls resulting in the destruction of habitat. A gross example 
of this destruction can be seen in the Magnolia SpringsiThree Sister's Spring run which 
was completely channelized between 1959 and 1960. Reportedly, Gator Hole (A.K.A. 
Magnolia Springs) had rock spires and an extensive cave system which collapsed about 
1963 (Rosenau et al., 1977). The resulting canal system has been developed, hardened 
with seawalls, and now conveys the discharge from Magnolia, Three Sister's and Idiot's 
Delight springs. No physical trace of the historic spring run exists. Review of historical 
aerial photography reveals that the spring run has been filled and is now occupied by the 
Palm Island subdivision. 
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Kings Bay Springs 

The springs in and around Kings Bay constitute the headwaters of Crystal River, which 
discharges to the Gulf of Mexico 7 miles west of the bay (Figure 12). Kings Bay is 
approximately 1.2 miles long and 0.6 miles wide (2 x 1 km) with an average depth of only 

Figure 12 

3 to 10 feet (1 to 3 
m). Surface area of 
t h e  b a y  i s  
approximately 600 
acres (243 ha). 
Thirty (30) known 
springs and sinks 
make up the Crystal 
River Springs group 
with a combined 
discharge originally 
reported as 916 
cubic feet per 
second (590 million 
gallons per day or 
26 cubic meters per 
second)(Rosenau 
et al., 1977). This 
flow estimate is 

now reported to average 975 cfs (630 mgd or 28 cubic meters per second)(Yobbi and 
Knochenmus, 1989). The springs discharge through subaqueous vents or flow into the bay 
over short spring runs. 

The largest and best known of the Kings Bay springs is Tarpon Spring. Also known as 
King or Diver's Spring, this spring is a very popular dive location and manatee viewing 
area. The spring is subaqueous and is approximately 200 feet (61 m) in diameter and 65 
feet (20 m) deep. Historically, a small boil could be seen on the surface on calm days. 
The discharge from this vent has reportedly decreased although it has not been 
substantiated. An adjacent spring immediately to the east appears to have a more 
vigorous flow. 

Kings Bay Circulation and Flushing 
One of the unique features of the Kings Bay system is that it is affected by tidal 
fluctuations (Rosenau et al. 1977, Yobbi and Knochenmus, 1989, Hammett et al., 1996). 
The average tidal range in stage in Kings Bay is approximately 3 feet (1 m) from low to high 
tide. Complete flow reversal associated with incoming or outgoing tides is common in 
many sections of Kings Bay. Yobbi (1992), has documented changes in specific 
conductance that range from 5,000 to 20,000 microsiemens per centimeter between low 
and high tide in nearby coastal springs. 

In 1989, the District entered into an agreement with the U.S. Geological Survey (USGS) 
to determine how water movement in the bay is affected by tides, variation in spring 
discharge, and the physical configuration of the bay. A computer model of Kings Bay was 
developed which determined water velocity, mixing, and retention times. Three conditions 
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Figure 13 

were considered in the model simulation: (1) low spring discharge, (2) typical spring 
discharge, and (3) low spring discharge with changes in bottom friction to simulate changes 

development, an intensive data collection effort was 
conducted by the USGS on June 7-8,1990. During 
this period, flow velocity and direction, and tidal 
stage data were collected at various points in the 
bay to be used in the computer model (Hammett et 
al., 1996). 

- 

The data suggest that Kings Bay functions as two 
separate water masses. The northern portion of 
Kings Bay, north of Buzzard Island, includes Cedar 
Cove and Hunters Spring. The southern portion of 
the bay is from Buzzard Island south. Because of 
the spring discharges and tides, these two water 
masses do not mix within Kings Bay but are flushed 
out of the bay into Crystal River. Figures 13 and 14 
show theoretical distribution of dye originating from 
the Cedar Cove area for low and high tide cycles. 

in aquatic vegetation. To facilitate model 

From these figures, it can be interpreted that on an incoming tide, water from the cedar 
Cove area does not flow south of Buzzard Island. On an outgoing tide this separation is 
even more pronounced. 

The model was also used to simulate the 
transport of "particles" in the bay by tracking 240 
simulated particles. The average residence time 
for these particles was just over two days (about 
59 hours). Residence times of the particles is 
dependant on the simulated injection time, spring 
discharge, and position in the bay. Residence 
times ranged from several hours to slightly more 
that four days depending upon model conditions. 
Shorter flushing time corresponds to typical 
spring discharge whereas a longer time 
corresponds to lower spring discharge (drought 
conditions). As stated previously, average 
discharge from Crystal River is reported as 975 
cubic feet per second (28 m3/s)(Yobbi and 
Knochenmus, 1989) During the period of data 
collection for this study, the discharge from 
Crystal River was only 735 cfs (21 m3), or 75 
percent of the long-term average and this 
decrease was probably due to low rainfall (K. 
Hammett, USGS, pers. corn.). 

Figure 14 
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NATURAL SYSTEMS 

Terrestrial Wildlife 
In December 1990, the Florida Game and Fresh Water Fish Commission (FGFWFC) was 
contracted by the District to collect baseline wildlife data from the watersheds of five of its 
SWIM priority waterbodies: Rainbow River, Crystal River, Lake Panasoffkee, Lake Tarpon 
and Lake Thonotosassa. Baseline wildlife data were essential in formulating SWIM plans 
because the legislative mandate called for the protection and/or restoration of both water 
quality and natural systems. In most cases, adequate baseline data was lacking prior to 
investigations by the FGFWFC (Joiner et al. 1992). 

All sampling in the Crystal RiverIKings Bay watershed was conducted on two separate 
tracts of land managed by the Florida Department of Environmental Protection (FDEP, 
formerly the Florida Department of Natural Resources or FDNR). The majority of the 
sampling was conducted in the St. Martin's Marsh Aquatic Preserve, southwest of Kings 
Bay. One sampling site was located north of Crystal River on the William's Tract. Five 
major habitat types were identified in the watershed: tidal marsh, hydric hammock, 
flatwoods, spring-run stream, and depression marsh. The exact sampling procedures used 
are described in detail in Joiner et al. (1992). 

Twenty-one species of amphibians, 47 species of reptiles, 191 species of birds, and 22 
species of mammals were documented from the Crystal RiverIKings Bay watershed. This 
included three new county records: Cope's gray treefrog (Hyla chrysoscelis), little grass 
frog (Pseudacris ocularis), and a non-native species, the brown anole. (Anolis sagreia). 
Although not trapped, casual observations, road kills, and track identification revealed the 
presence of several mammals including bobcat (Felis rufus), eastern cottontail (Sylvilagus 
floridanus), eastern mole (Scalopus aquaticus), grey squirrel (Sciurus carolinensis), mink 
(Mustela vison), nine-banded armadillo (Dasypus novemcinctus), pig (Sus scrofa), racoon 
(Procyon lotor), river otter (Lutra canadensis), southeastern pocket gopher (Geomys 
pinetis), southeastern flying squirrel (Glaucomys volans), Virginia opossum (Didelphis 
virginiana) and white-tailed deer (Odocoileus virginianus). 

The following state or federally listed species were found in the Crystal RiverIKings Bay 
watershed: Gopher Frog (Rana capito), American alligator (Alligator mississippiensis), 
Eastern Indigo Snake (Drymarchon corais), Florida Pine Snake (Pituophis melanoleucus), 
Peninsula Cooler (Pseudemys concinna), Gopher tortoise (Gopherus polyphemus), 
American oystercatcher (Haematopuspalliatus), Least Tern (Sterna antillarum), Little blue 
heron (Egretta caerulea), Reddish egret (Egretta rufescens), Snowy egret (Egretta thula), 
Tricolored heron (Egretta tricolor), Wood stork (Mycteria americana), Bald Eagle 
(Haliaeetus leucocephalus), Swallowtaill Kite (Rostrhamus sociabilis), Peregrine falcon 
(Falco peregrinus), American kestrel (Falco peregnnus), Sand hill Crane (Grus canadensis), 
Scrub Jay (Aphelocoma coerulescens), Seaside Sparrow (Ammodramus maritimus), Marsh 
wren (Cistothorus palustns), Brown pelican (Pelecanus occidentalis), Red-cockaded 
Woodpecker (Picoides borealis), Burrowing Owl (Athene cunicularia), and Florida mouse 
(Podomys floridanus). 

Joiner et al. (1992) noted the importance of marsh and hydric hammock habitats to the 
wildlife in the watershed. Approximately one half of the amphibians and reptiles captured 
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are dependent upon these habitats during all or a portion of their life cycles. Several 
species of reptiles are dependent upon prey species that are restricted to marsh and hydric 
hammocks. Marsh and hydric hammock habitats also help support a diversity of bird 
species. 

Prescribed late spring and summer fires are recommended for flatwood habitats "to 
maintain the open understory of and encourage forb and wiregrass growth. Late 
springlsummer burns would mimic the seasonality of fires ignited by intense summer 
thunderstorms and benefit those plant and animals that have evolved under the natural fire 
regime." Gopher tortoises, Florida mice and other species would benefit from burning in 
the flatwoods. It was noted that controlled burns would especially benefit the Bachman's 
sparrow which has been declining throughout its range. In conjunction with the control 
burns, pines should be allowed to reach an age of more than 80 years. Joiner (1992) 
recommended that clear-cutting pine should be avoided to enhance habitat value for fox 
squirrels and the endangered red-cockaded woodpeckerwhich was observed in the Crystal 
RiverIKings Bay watershed. 

The maintenance of undeveloped shoreline and littoral zones would benefit a number of 
listed species including limpkins, eagles, storks, little blue herons, snowy egrets, tri-colored 
herons, and alligators as well as many unlisted species. It was further recommended that 
the public should be educated on the value of "snags" for wildlife, the installation of nest 
boxes for cavity nesting species (e.g., eastern bluebird, eastern screech owl, and the 
threatened Southeastern American kestrel), and for the benefits and values of bats. Any 
local ordinances, zoning changes, tax considerations, or other political tools that would 
encourage the maintenance of green space and native habitats and/or limit further 
development within the watershed would benefit wildlife populations (Joiner et al., 1992). 

Manatee 

The West Indian (Florida) manatee (Trichechus manatus) is the most important marine 
mammal in Crystal River and Kings Bay. Because of its status as an endangered species, 
a considerable effort has been expended on research and protection. Federal, state, local 
governments and private organizations have cooperated and communicated regarding 

Crystal River / Kings Bay 
Manatee Population 

manatee issues. Key 
organizations include the U.S. 
Fish and Wildlife Service, the 
Marine Mammal Commission, 
state universities, the Florida 
Fish and Wildlife Conservation 
Commission and Citrus 
County. As of the winter of 
1998, the record count of 
manatees occurring in the 
Crystal RiverIKings Bay area 
is 369. In King Bay, the record 
count is 284. Both records 
were set on Dec. 2, 1997 
(USFWS 1998)(Figure 15). 

Figure 15 
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Several studies related specifically to manatee protection in Kings Bay have been 
completed (Packard, 1983, Hutchinson, 1988, Buckingham, 1989, Buckingham , I  990). 
Data collected during the 1988-89 manatee season clearly indicate that SCUBA diving is 
the most frequent activity (47 percent) in Kings Bay, followed by wildlife observation (1 5.4 
percent). During the winter months from October through March, it is common to have 300 
to 600 visitors (mostly divers) each weekend converge on the south portion of Kings Bay 
around the refuge islands and manatee sanctuaries (Buckingham, 1989). To address the 
protection of manatee, Citrus County drafted the Citrus County Manatee Protection Plan. 
The plan, prepared by the Citrus County Manatee Plan Committee and the Citrus County 
Planning Division, was adopted on Sept. 24, 1991, as Ordinance Number 91-A13. The 
plan went through the 5 year Evaluation and Appraisal Report Process and it was revised 
and adopted on February 12, 1977. The MPP is now Chapter 13 - Manatee Protection 
Element of the Citrus County Comprehensive Plan 1995-2020. 

The Citrus County Manatee Protection Plan recognized the need for additional boat speed 
zones for the protection of the manatee from incidental boat contact. This identified need 
was also incorporated into the 1989 SWIM plan through the Habitat and Wildlife 
Preservation - Channel Marking project. As pointed out in the Manatee Protection Plan, 
manatees use the Crystal River year-round. While in the River, manatee are most 
vulnerable to boat collision when they are in shallow water along the banks feeding. The 
establishment of a slow speed zone along the banks would provide additional protection 
for the manatee while within the central corridor boats could operate at normal speeds. 
This system of speed zones would lower the risk that a collision between manatee and 
boats would occur. The Governor and Cabinet unanimously approved speed zones within 
Crystal River for manatee protection on Dec. 17, 1991. 

One key element in the speed zone system was the establishment of channel markers to 
delineate the speed zones. Working with then Florida Department of Natural Resources 
(FDNR), the District helped fund the design, permitting and installation of the marker 
improvements in the Crystal RiverIKings Bay system. In addition, District survey crews 
performed a cross-sectional survey of Crystal River from the mouth of the river to Kings 
Bay. This allowed a determination of the existing channel depths and the optimal location 
of the markers. The FDNR hired a contractor to place more than 60 floating buoy markers 
with signage in Crystal River. Maintenance is to be performed by Citrus County. 
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Appendix C 
Permitted Point Sources Within the Crystal RiverIKings Bay Watershed 

Active Wastewater Treatment Facilities in the Management Area. 
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Facility 

Imp. Gardens Mho 

Forest View Mho 

Seven Rivers Golf 

Florida Power 

Plantation Inn 

Thunderbird Mho 

Citv of Crystal River 

Crystal River Mho 

Indian Sorinas 

Comfort Inn 

Seven Rivers Comm. Hospital 

River Lodae Resort 

Northwood Estates 

Lk Rousseau Camo & Fish 

Crystal Acres Mho 

Meadow Crest 

Kev Pine Villaae 

Lecanto Hills Mho 

Lecanto School Complex 

Palm Terrace Mho 

Ensians Oasis 

Fort Cooper Mhp 

Citv of Inverness 

Harbor Lights 

Inverness Villaae Condos 

Blanton Mho 

Lakeview School 

Brentwood 

Citrus Sorinas 

Citrus Sorinas - Elementary. School 

Permit Number 

D009-12 1 722 

D009-111613 

D009-9171771 

D009-086840 

D009-144808 

D009-156363 

DO09 - 
D009-136709 

D009-177696 

D009-140474a 

D009-173770 

D009-2045 1 9 

D009-153647 

D009-126773 

D009-84461 

D009-158334 

D009-75734 

D009-175557 

D009-138713 

D009-15767 1 

D009-65359 

D009-123100 

D009-146229 

D009-14728 

D009-10 1432 

D009-192353 

D009-121313 

D009-122076 

D009-147228 

D009-132964 

Wastewater 
Treated 

In 1992 (Gal)* 

790.000 

4,654,000 

1,217,000 

365,000 

5,231,000 

1.025.000 

273,689,167 

1,065,000 

5.475.000 

1.551.000 

7,695,000 

2.677.000 

3,230,000 

2.61 6,000 

1,095,000 

28,257,083 

1,003,750 

1,003,750 

12,835,833 

5,292,500 

1,125.416 

2,701,000 

237,493,333 

784,750 

5,627.083 

2.399.875 

547,500 

32,667,500 

30,180,000 

1.91 6,250 



1 Permitted Water Users 1 

Name 
Permit 

Number 
Issue 
Date 

001 27200 

001 26900 

Permitted 
Average 

Flow (GPD) 

00263800 1 7/6/77 

1/5/77 

1 /5/7 7 

102,986 1 Norvell C. Bryant 

00316800 1 8/3/77 
I I I I 

454,000 1 Richard Burton Bellamy 

00351 000 

00367200 

60,000 

90,513 

I I I 

00603600 1 711 180 

00127001 1 1/12/83 1 12,600 1 James C. Jones 
I I I I 

Lewis K. Runnels 

James F. Croft 

1 1 /2/7 7 

411 180 

2,000 1 Southeast Partners 

00639600 1 61318 1 

1 00270601 I 111 1/84 1 179,000 1 Perry D. Locke 

I I I 

60,000 1 Avanzini Homes Corporation 

22,318 

1,000,000 

I I I 

Emory Cowart 

Florida Power Corporation 

00740600 1 211 184 

00780400 1 10/26/84 1 33,500 1 Walter L. & Louise 211 
I I I 

1,000 1 David & Pam Mijewski 

00753100 1 6/6/84 

00785000 I 12/21/84 1 45,000 1 Ronnie D Cannon 
I I I 

44,600 1 Ronnie Cannon & Steve Dixon 

1 00800200 1 3/29/85 1 52,100 1 Wesley Rush , 1 

00838400 1 1/31/86 1 31,600 I Charles Wesley Rush, Ill 
I I I 
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005961 02 

00596201 

00856000 

00873900 

00889400 

00892600 

00643501 

0091 8800 

00920400 

00465902 

001 27302 

00932901 

00700601 

00679801 

00957400 

00400802 

4/25/86 

4/25/86 

8/29/86 

12/8/86 

411 7/87 

6/5/87 

611 2/87 

511 6/88 

611 I88 

1 16/89 

1/20/89 

3/9/89 

3/23/89 

511 8/89 

5/25/89 

7/14/89 

68,000 

22,300 

3,000 

53,000 

22,300 

52,000 

54,000 

1,700 

3,400 

400,000 

74,000 

300 

10,000 

422,000 

500,000 

16,600 

James D. Gilbert 

James D. Gilbert 

The Raider Group 

Progresos Venezuela C.a. 

Citrus Center Limited 

~hi l l ip  E. Allen 

Florida Sheriffs Youth Ranches 

First Florida Bank (Beverly Hills) 

William T. & Emily E. Hockaday 

Ozello Water Association, Inc 

Lemuel E. Cunningham 

Kay Dawson's L.p. Gas Service 

Citrus Well Drilling 

Edward J. Gerrits, Inc. 

Beverly Hills Golf Club, Inc. 

Blanton's Mobile Home Park 



Permit 
Number 

Issue 
Date 

4/12/91 1 27,000 1 Citrus County Utilities Div. 
I I 

Permitted Water Users (cont.) 

Permitted 
Average 

Flow (GPD) 

99,000 

224,000 

93,000 

11 ,000 

4,320,000 

44,000 

241,000 

14,000 

161,000 

75,000 

8,500 

30,000 

8/21/91 1 20,800 1 Robert E. Scott-eta1 (Bar S.f. R 
I I I 

Name 

Greenbriar Condo Owners Association 

Seven Rivers Golf & Country Club 

William Matthews, Lawrence Morro 

Hernando Limited 

Withlacoochee Regional Water Supply 

Gary A. Poe 

Pine Ridge by Citrus Hills 

Meadowview Homeowners Association 

Citrus County School Board 

Nme Hospitals, Inc. (Seven Rivers) 

Edward J. Debartolo Corporation 

Water Oaks Enterprise 

411 619 1 

611 719 1 

711 919 1 

712219 1 

10/17/91 1 2,300 1 Hooper Funeral Homes 
I I 

2/26/92 1 23,800 1 Snell A. Mills, Jr. 
I I 

222,000 

38,400 

38,600 

79,700 

Usa Hirukawa, Inc. dba Citrus Sp 

Citrus County Utilities Division 

Van Ness, Ida Belle Trust & Char 

Beverly Hills Memorial Gardens 

6/23/93 1 1,400 1 GTE Federal Credit Union 
I I 

1 1/25/92 

12/3/92 

7/23/93 1 71,900 1 Ronnie D. Cannon & Edsel Rowan, 
I I 

6,100 

52,800 
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Citrus Co. Board of Commissioners 

Inverness Village Condominium as 

8/9/93 

9120193 

1011 2/93 

12/2/93 

3/7/94 

3/7/94 

411 2/94 

6/2/94 

72,800 

2,600 

48,120 

24,000 

400,000 

1,000 

300 

1,528.200 

Gulf to Lakes Corporation 

Kelly Gardiner 

South Dunnellon Water Association 

Citrus County Board of County 

Plantation Golf Resort, Inc. 

Tru Gas of Florida, Inc 

Jack W. Joyce, Peggy C. Crowell 

City of Inverness 



00475302 1 1/26/95 1 81,200 1 Constate Utilities, Inc. 
I I I I 

Permitted Water Users (cont.) 

Permit 
Number 

00878503 

01118400 

00787701 

00322806 1 2/27/96 1 666,000 1 Citrus Hills Investment Property 
I I I I 

00485302 

00020704 

00782302 

01128100 

00696502 

00612103 

00589 1 02 

Issue 
Date 

7120194 

10/7/94 

1211 6/94 

00862701 1 11/25/96 1 29,500 1 Charles D. Tuttle 
I I I 

1/30/95 

4/25/95 

5/23/95 

7/11/95 

711 4/95 

1/9/96 

1 11 0196 

007 1 2 1 02 

006691 03 

00856201 

Permitted 
Average 

Flow (GPD) 

1,158,000 

17,200 

25,500 

00875801 1 1/24/97 1 13,600 1 Diocese of St. Petersburg 
I I I 

Name 

Black Diamond Properties 

Kinnari, Inc. 

Florida Water Services Corp 

16,500 

820,000 

11,800 

331,200 

86,400 

176,000 

2,000 

9/24/96 

1011 1/96 

10/30/96 

01 157000 1 1/8/97 

01163100 I 6/10/97 1 245,400 1 Stephen T Pyles 
I I I 

City of Crystal River 

City of Crystal River 

Central Florida Community College 

Jay PoppletonIMetal Industries 

Parker E. Miller 

Brentwood Farms, Inc. 

Amsouth Bank of Florida 

65,700 1 Lora E Young 

00768704 I 6/24/97 1 827,600 1 Crystal River Quarries Inc 
I I I 

3,240,000 

223,000 

45,300 

1 I I 

Citrus County & Withlacoochee RWSA 

Gulf Highway Land Corporation 

Gulf to Lake Associates Limited 

1 00284205 I 11/18/97 1 1,605,000 1 Florida Water Services Core 

00780503 

00469503 

*(from Jones and Upchurch, 1994) 
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712 1 197 

1 0128197 

40,900 

1,000,000 

Hampton Hills 

Florida Power Corporation 



Appendix D 

Jurisdictional A uthority Within the Crystal River/Kings Bay Watershed 

FEDERAL 
Federal jurisdiction in Crystal RiverIKings Bay involves the regulatory responsibilities of the 
U.S. Army Corps of Engineers, the U.S. Environmental Protection Agency, the U.S. Coast 
Guard, the U.S. Fish and Wildlife Service, and the U.S. Department of Interior (which 
coordinates its many agriculture-related activities with those of the Florida Department of 
Agriculture and Consumer Services). Their main regulatory functions include overseeing 
dredge and fill activities, maintaining navigability of the waters of the United States, 
overseeing cleanups following pollution spills, protecting endangered species, protecting 
overall environmental quality, and managing offshore activities. These agencies, in 
conjunction with the U.S. Geological Survey and the National Oceanic and Atmospheric 
Administration, also contribute to the collection of technical data concerning Crystal 
RiverIKings Bay and its watershed. 

U.S. Army Corps of Engineers 
The U.S. Army Corps of Engineers is concerned with all activities which affect 
navigable waters of the United States, particularly those involving construction of 
structures and dredging and filling in navigable waters. The Corps is also involved in 
permitting the placement of dredge and fill material into navigable waters and adjacent 
wetlands, and in funding aquatic plant control in navigable and public waters. 

U.S. Environmental Protection Agency 
The U.S. Environmental Protection Agency is the primary federal agency responsible 
for water quality protection. The agency oversees hazardous waste cleanups, 
protection of public drinking water systems, all point source pollutant discharges into 
waters of the United States (National Pollutant Discharge Elimination System permits), 
and the protection and restoration of surface and groundwater. The agency also 
reviews Corps of Engineers permit activities, sets minimum quality standards, and sets 
guidelines for state environmental programs. EPA also funds sewerage facilities' 
studies through the SWFRPC and the TBRPC, and system improvements through the 
Florida Department of Environmental Protection. 

U.S. Coast Guard 
The U.S. Coast Guard is the primary federal agency entrusted with marine law 
enforcement. The Guard's mission also includes hazardous materials cleanups, search 
and rescue, buoys replacement, vessel safety inspection, and right-of-way clearance 
on navigable waterways. 

U.S. Department of Commerce 
Within the department, the National Oceanic and Atmospheric Administration, which 
includes the National Weather Service and the National Hurricane Center, is a scientific 
and data collection agency which assimilates oceanographic and meteorological 
information in the form of maps, charts, interpretive reports, and other documents. The 
National Marine Fisheries Service administers NOAA's program to manage living 
marine resources for commercial and recreational use. It supports fisheries 
management operations, international fisheries affairs, fishery development, trade, and 
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industry assistance activities, habitat conservation activities, and scientific and technical 
aspects of NOAA's marine fisheries resources programs. 

U.S. Department of Interior 
The primary water-related functions performed by this agency involve the review of 
proposed activities which may impact threatened or endangered species, review of U.S. 
Army Corps of Engineers permits for potential effects on fish and wildlife, and 
management of all federally-owned public lands. Within the department, the U.S. 
Geological Survey conducts investigations concerning hydrology, hydrogeology, water 
use, and ground and surface water quality. The U.S. Fish and Wildlife Service 
manages and restores fish and wildlife populations and conducts research on the 
effects of pollution on those resources. The National Park Service maintains federal 
parks and sanctuaries, regulating multiple uses on these lands to achieve a balance of 
benefits for both man and wildlife. The department also oversees those requests and 
offshore activities associated with exploration and development on the outer continental 
shelf. 

STATE AGENCIES 
Many state agencies are involved in environmental regulation and resource management 
in the Crystal RiverIKings Bay watershed and estuary. The Florida Department of 
Environmental Protection is the lead state agency in the protection and management of 
Crystal RiverIKings Bay. Other relevant entities include the Florida Department of 
Community Affairs, the Florida Fish & Wildlife Conservation Commission, the Marine 
Fisheries Commission, Florida Department of Agriculture and Consumer Services, Florida 
Department of Health and Rehabilitative Services, Florida Sea Grant Program, and the 
Florida Department of Transportation. 

Department of Agriculture and Consumer Services (DACS) 
The Department, through its Division of Agriculture and Environmental Services (AES) 
regulates the registration and use of pesticides, including the purchase of restricted 
pesticides, maintains registration and quality control of fertilizers, regulates pest control 
operations, mosquito control, and evaluates and manages environmental impacts 
associated with agrichemicals. 

Through the Division of Forestry, the DACS is responsible for developing Best 
Management Practices (BMPs) to control forestry-related nonpoint source pollution. 
The Division of Forestry is also responsible or statewide implementation of BMPs, and 
for monitoring public and private forestry operations to determine BMP compliance and 
effectiveness. Florida's 34 State Forests and several other parcels of public land and 
managed by the Division of Forestry. 

The Division of Plant Industry is responsible for, among other duties, regulating the 
movement of noxious weeds, and, with input from the Endangered Plant Advisory 
Council, protecting endangered, threatened or commercially exploited plant species. 

The Office of Water Policy Coordination is responsible for participating in water policy 
issues to ensure the availability of an adequate supply and quality of water for the 
production of food and fiber. The office cooperates with agencies and agricultural 
producers to make available streamlined agricultural regulatory processes and 
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voluntary, incentive-based, acceptable alternatives and agricultural BMPs consistent 
with the sustainability of agriculture and resource conservation. The office provides 
assistance to Soil and Water Conservation Districts, including the Tampa and the 
Manatee River Districts, in carrying out conservation activities at the local and 
watershed level, and providing improved local delivery of resource management 
services to agricultural producers. The office facilitates the participation of Soil and 
Water Conservation Districts in water-related issues at the county or watershed level. 

Department of Community Affairs 
This department is responsible for reviewing local comprehensive plans and has 
jurisdiction over developments of regional impact (DRIs). DRI investigations are 
concerned with proposed developments which have the potential to affect the health, 
safety, or welfare of citizens of more than one county. 

The Comprehensive Plans of Citrus County and the City of Crystal River have been 
reviewed by the DCA and are in compliance with the Local Comprehensive Planning 
Act. 

Department of Environmental Protection 
The Florida Department of Environmental Protection (FDEP), itself a result of the 
merger of the old Department of Environmental Regulation and the Department of 
Natural Resources, is the lead state agency involved in water quality, pollution control, 
and resource recovery programs. The Department sets state water quality standards 
and has permit jurisdiction over point and non-point source discharges, certain dredge 
and fills activities, drinking water systems, power plant siting, and many construction 
activities conducted within waters of the state. The department also interacts closely 
with other federal and state agencies on water-related matters, and the Department 
and the District share responsibilities in non-point source management and wetland 
permitting. 

The Division of State lands oversees the management of state lands, including state 
parks. The Division of Recreation and Parks and the Office of Coastal and Aquatic 
Managed Areas (CAMA) are directly responsible for day to day land management in 
this watershed. 

The Department's Bureau of Geology reviews leasing requests involving nearshore and 
state waters. The Bureau of Beaches and Shores oversees beach renourishment 
activities. 

The Department is the primary reviewer of SWIM plans and is responsible for the 
disbursement of legislatively appropriated funds to the water management districts. 
The Department is also highly involved in the management of estuarine resources. 

Florida Fish & Wildlife Conservation Commission 
Florida voters elected in 1998 to replace The Florida Game and Fresh Water Fish 
Commission (GFC) and the Marine Fisheries Commission (MFC) with the Florida Fish 
and Wildlife Conservation Commission (FWC) - effective July 1, 1999. The result is 
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that Florida has placed responsibility for conserving the state's freshwater aquatic life, 
marine life and wild animal life all under a single agency. 

The new FWC basically encompasses all the programs of the old GFC and MFC, plus 
some employees and programs from the Florida Department of Environmental 
Protection. FDEP's Bureau of Coastal and Aquatic Managed Areas and some other 
elements stayed with FDEP's Division of Marine Resources. The Florida Marine 
Research Institute (FMRI), the Office of Fisheries Management and Assistance 
Services (OFMAS) and the Bureau of Protected Species Management were transferred 
to the new agency. OFMAS, with some MFC staff, will be the new agency's Division 
of Marine Fisheries. FMRI falls under the Office of the Executive Director. The FMRI 
conducts studies throughout Crystal RiverIKings Bay with respect to habitat quality 
(e.g., marsh and seagrass habitats), habitat utilization and value with respect to 
important fisheries, and fish population dynamics and stock assessment. However, at 
present, the Juvenile Fish Monitoring Program does not include sample sites in Crystal 
RiverIKings Bay. 

All employees from DEP's Division of Law Enforcement, except for the Park Patrol, the 
Bureau of Emergency Response, the Office of Environmental and Resource Crimes 
Investigations and some field investigators, now are part of the FWC. 

Former Marine Patrol officers will continue to concentrate on enforcing saltwater laws, 
and former wildlife officers will continue to focus on freshwater and wildlife laws. 
However, when there is a need to reallocate law enforcement officers to deal with an 
emergency, the agency can do so. The Marine Patrol serves as an enforcement 
agency for the Florida Endangered and Threatened Species Act and the Oil Spill 
Prevention and Pollution Control Act. The Florida Marine Patrol also enforces state 
motorboat laws and the saltwater fisheries regulations of the Commission. 

The FDEP Bureau of Protected Species Management, with responsibility for managing 
imperilled marine life, is now part of the FWC's Office of Environmental Services in the 
FWC. The old GFC's Endangered Species Section is part of the new agency's Division 
of Wildlife. 

Meanwhile, the Bureau of Marine Resource Regulation and Development which has 
jurisdiction over processing plants and shellfish management, is now part of the Florida 
Department of Agriculture and Consumer Services. 

The Commission's efforts within the SWIM plan area primarily involve freshwater sport 
and commercial fishing, fisheries and habitat management, fish stocking, fisheries 
research, wildlife monitoring, enforcement of fisherieslwildlife regulations, listed species 
protection, wildlife research, development review, and regional planning. The 
Commission is directed by law to review SWIM plans to determine if the plan has 
adverse effects on wild animal life and fresh water aquatic life and their habitats 
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Department of Health 
The Department of Health is responsible for the permitting of septic systems and other 
on-site disposal systems (OSDS) through its county health departments. It also 
coordinates mosquito control programs. 

Department of Transportation 
The Department of Transportation's Project Development and Environmental Offices 
assist in the design, review, and permitting of road and right-of-way projects in the 
Crystal RiverIKings Bay region. 

Florida Sea Grant Program 
The Florida Sea Grant Program is supported by awards from the Office of Sea Grant 
(National Oceanic and Atmospheric Administration) under provisions of the National 
Sea Grant College and Programs Act of 1966. The Florida Sea Grant Program has 
three major components: applied marine research, education, and advisory services 
(through local marine extension agents). 

Florida Sea Grant provides scientific research and habitat-related information that are 
useful in the management of Crystal RiverIKings Bay's natural resources. 

SUB-STATE AGENCIES 
Two sub-state agencies exist that would be involved in the implementation of the SWIM 
plan. These are the Withlacoochee Regional Planning Council and the Southwest Florida 
Water Management District. 

Withlacoochee Regional Planning Council 
The Withlacoochee Regional Planning Council is the Regional Planning Agency 
designated in Section 186.505 of the Florida Statutes. It performs the responsibilities 
described in that section and the Regional Planning Agency roles assigned in Section 
380.05, F.S. (Resource Planning Committees, DRI reviews and Ch. 163, Local Plan 
Reviews). 

Southwest Florida Water Management District 
The Southwest Florida Water Management District is responsible for performing duties 
assigned under Ch. 373, F.S., as well as duties delegated through FDEP for Ch. 253 
and 403, F.S., and for local plan review (Ch. 163, F.S.). It performs those duties for the 
entire Crystal RiverIKings Bay watershed. 

LOCAL GOVERNMENTS 
There are primarily two local governments within the Crystal RiverIKings Bay watershed, 
the City of Crystal River and Citrus County which play a role in management of Crystal 
RiverIKings Bay through the daily management of their communities, the planning, zoning 
and other land use decisions, and the implementation and enforcement of local codes. 
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Appendix E 

Advertisement in the Florida Administrative Weekly 

Florida Admiithtrative Weekly Volume 26, Numlvr 25, June 23,2906 

Written petitions or complaints must be received by the 
Department of Highway Safety and Motor Vehicles within 30 
'days of the date of publication of this notice and must be 
submitted to: Mr. Ronald D. Reynolds, Administrator, Dealer 
License Section, Department of Highway Safety rod Motor 
Vehicles, Room A-312, Neil Kirkman Building, 2900 
Apalachec Pdway,  Tallahassee, Florida 32399-0635. 

A copy of such petition or complaint must also be sent by 
US Mail to: Paul Sheldon, Director of Training and Business 
Development, Indian Motorcycle Corporation, 200 East Tenth 
Street, Gilmy, CA 95020. 

If no petitions or complaints are received within 30 days 
of the date of publication, a final order will be issued by the 
Department of Highway Safety and Motor Vehicles approving 
the establishment of the dealership, subject to the applicant's 
compliance with the provisions of Chapter 320, Florida 
Statutes. 

Notice of Publication for the Relocation of a 
Franchise Motor Vehicle Dealer in a County of Less 

than 300,000 Population, 
Pursuant to Section 320.642, Florida Statutes, notice ia 

given that Ford Motor Company, intends to allow the 
relocation of Key Ford, Inc. d/b/a World Ford Pensacolt, as a 
dealership for the sale of Ford Motor vehicles, from its present 
location at 705-707 New Warrington Road, Pensacola, Florida, 
to a proposed location, on or after June 30,2000, at property in 
Santa Rosa County, Florida, which is approximately 1,300 ft. 
east of the intersection of Highway 98 and Gondlier 
Boulevard, whose Legal Description is as follows: 
Legal Description: 

Begin at the intersection of (he North line of Government 
lot 5, Section 36, Township 2, South, Range 29, West, Santa 
Rosa County, Florida, with the Southeasterly right-of-way line 
of U.S. Highway #98 (160 W); thence North 89 degrees 
56'17" East along said North line for a distance of 848.63 feet 
to a Concrete Monument #1035; thence North 00 degrees 
31'52" West for a distance of 946.99 feet to the aforesaid 
Southeasterly right-of-way line of U.S. Highway #98 said 
point being on the arc of a circular curve concave to the 
Southeast having a radius of 5629.65 feet and a delta angle of 
01 degrees 33'30"; thence Southwesterly along the arc of said 
curve and right-of-way line for an arc distance of 153.12 feet 
(chord-153.12, chord bearing- South 42 degrees 26'54" West) 
along said right-of-way line for a distance of 11 13.30 feet to 
the Point of Beginning. 
All lying and being in Section 36, Township 2, South, Range 
29, West, Santa Rosa County, Florida and containing 9.25 
acres, more or 1 ~ .  

The name and address of the dealer ~ t o r ( s )  and 
principal mvestor(6) of Key Ford, Inc. d/b/a Wodd Ford 
Pensacola are: dealer operator. Mr. Byron Basham, 6397 
Penaacola Blvd., Pensacola, Florida 32505; principal 

3016 Section XU - Miscellaneous 

mvestor(s): Group 1 HoIdingsF, LLC, which is wholly owned 
by G m p  I Automotive, Inc., B.B. Hollingsworth, Jr., and. 
Scott L. Thompson, 950 Echo Lane Ste. 350, Houston, Texas 
77024. 

The notice indicates an intent to relo& the franchise in a 
county of less than 300,000 population, according to the latest 
population estimates of the University of Florida, Bureau of 
Economic and Business Research. 

Certain dealerships of the same line-make may have 
standing, pursuant to Section 320.642, Florida Statutes, as 
amended by Chapter 88-395, Laws of Florida, to file a petition 
or complaint protesting the application. 

Written petitions or complaints muk be received by the 
Department of Highway Safety and Motor Vehicles within 30 
days of the date of publication of this notice and must be 
submitted to: Mr. Ronald D. Reynolds, Administrator, Dealer 
License Section. Department of Highway Safety and Motor 
Vehicles, Room A-312, Neil Kirkman Building, 2900 
Apalachee Parkway, Tallahassee, Florida 32399-0635. 

A copy of such petition or complaint must also be sent by 
US Mail to: Thereea Hordge-Miller, Operations Specialist, 
Ford Division-Orlando Region, Ford Motor Company, P, 0. 
Box 945400, Maitland, FL 327945400, 

If no petitions or complainis are received within 30 days 
of the date of publication, a final order will be issued by (he 
Department of Highway Safety and Motor Vehicles approving 
the relocation of the dealership, subject to the applicant's 
compliance with the provisions of Chapter 320, Florida 
Statutes. 

WATER MANAGEMENT DISTRICTS 

Notice of Approval of SWIM Plan 
NOTICE IS HEREBY GIVEN that the Governing Board of the 
Southwest Florida Water Management District has approved 
the Surface Water Improvement aad Management (SWIM) 
Plan for Crystal River/Kings Bay, Florida. Pursuant to Section 
373.456, Florida Statutes, the Governing Board approved the 
plan on March 28,2000, and forwarded the plan to the Florida 
Department of Environmental Protection for review. The 
Department of Environmental Protection determined the plan 
to be consistent with State Water Policy and the State 
Comprehensive Plan on May 25, 2000. Pureumt to Section 
373.456(4), Florida Statutes, this plan becomes effective and 
shall constitute final agency action of the Governing Board on 
the date of publication of this notice. This plan is subject to 
review pursuant to Section 373.114, Florida Statutes. 
A copy of the plan is available: Southwest Florida Water 
Management District, SWIM Section, 7601 Highway 301, 
North, Tampa, Florida 33637. 
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