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EXECUTIVE SUMMARY

Historical Development of the EMCA
The Emeralda Marsh Conservation Area (EMCA) encompasses about 6,500 acres in  Lake County in the Upper Ockawaha River Basin and lies just east of Lake Griffin.  Prior to 1940 the EMCA supported vast sawgrass marshes, wet prairies, and other shallow marsh vegetation.  Through the construction of levees and canals, the area was drained for farming and cattle pasture.  In addition many of the sawgrass marshes and prairies were converted to muck farms for vegetable production during the 1950s through the 1970s.  The hydric soils underwent oxidation and subsidence after farming was initiated.  Thus the ecosystem was altered significantly from its pre-1940s condition. 

The St. Johns River Water Management District (SJRWMD) purchased the muck farms and ranches that comprise the EMCA from 1991 to 1993 utilizing funds from The Preservation 2000 (P-2000) and Save Our Rivers (SOR) programs. The Surface Water Improvement and Management (SWIM) Act provides funding for restoration and management.

Management Objectives and Restoration Goals

A conceptual management plan for the Emeralda site was approved by the District Governing Board in January 1992.  The management objectives for the purchased properties are to restore the hydrological and ecological functions of the Ocklawaha River floodplain and to reduce agricultural discharge to Lake Griffin and the Ocklawaha River Basin.  This restoration plan will be integrated with the District’s land management plan.  Restoration activities will include development of flow-way systems for water quality improvement and re-establishment of the floodplain ecosystem. 

The primary goals are:

· to eliminate excess nutrient loading (particularly phosphorus) from the former farms to Lake Griffin

· to reduce equilibrium nutrient concentrations in the lake through wetland treatment

· to hydrologically reconnect the properties with Lake Griffin and the adjacent waterways to provide biological corridors and boating access

· to establish diverse habitats for wildlife and fish in areas formerly occupied by  farms 

The secondary goals are:

· to provide nonconsumptive and consumptive recreational uses such as fishing and waterfowl hunting

· to provide additional flood storage for the basin.

Restoration Options

Alterations of topographical, hydrological, and biological characteristics of the floodplain that resulted from agricultural use will limit the available restoration options for the EMCA.  The options are limited by the chronology of flooding according to lake stage hydrological events.  The options include:

· active water level management - water is controlled by gravity or pumping at inflows and discharges to achieve specific hydrological management

· passive water level management - water passively floods and recedes from various sites according to Lake Griffin stage schedules.

Restoration Strategy

The recommended strategy is passive water level management for those sites not used for water quality improvement of Lake Griffin.  We chose this strategy because it has the lowest capital outlay for maintenance and we assume that passive restoration should achieve most, if not all, of the restoration goals.  In conjunction with eventual physical connection of the EMCA with the lake, passive flooding will increase access for fish and wildlife movement, provide boating access, and increase flood storage area.   In the event that passive management fails to achieve the desired goals, then an active management approach may be implemented for specific sites.

According to the proposed Lake Griffin stage duration frequencies, about 52.8% of the EMCA will provide aquatic habitat for fishery development.  The remaining area, about 47.2%, will provide diverse wetland communities for wildlife and fish spawning habitat.

Restoration of the EMCA will be achieved in three phases:

· Phase I (2-5 years): establish flow-way systems in farms adjacent to Lake Griffin for water quality improvement and begin hydrological reconnection of several properties to form five management units; initiate experimental reconnection with Lake Griffin

· Phase II (5-10 years): monitor water quality improvement by the flow-way (s), continue internal reconnection of the properties, and begin external connections to the Yale-Griffin Canal

· Phase III (beyond 10 years): restore hydrological and biological connection of the EMCA with Lake Griffin and surface water tributaries.

Success of the selected restoration plan will be assessed through establishment of a monitoring program for the hydrology, sediments, water quality, and biological components of the management units.    


INTRODUCTION

The EMCA encompasses about 6,500 acres and is located in Lake County, Florida.  It is one of four management areas located in the Ocklawaha River Basin.  The Florida Department of Environmental Protection (FDEP) was initially responsible for shared acquistion and management of the area through the Conservation and Recreation of Lands (CARL) program. The EMCA properties are publicly owned and managed by the St. Johns River Water Management District (SJRWMD).  Funding for acquisitions was primarily through the P-2000 and SOR programs.  The Surface Water Improvement and Management (SWIM) Act authorized in 1987 provides funding for restoration and management.

The Conceptual Management Plan for the Ocklawaha River Basin (SJRWMD, 1992) defined the management goals as follows: 

1) to restore the hydrological and ecological functions of the Ocklawaha River floodplain, which includes the purchased properties; 

2) to reduce agricultural discharge to Lake Griffin and the Ocklawaha River Basin; 

3) to protect and maintain wildlife habitat; and 

4) to provide public access for recreational and educational uses of the properties. 

In order to properly manage these public lands, a restoration plan is needed that specifies management goals and objectives. The restoration plan will be integrated with the District’s land management plan for the area.  Restoration will involve implementation of the primary and secondary management goals.  

The purpose of this document is to present an ecologically sound restoration plan for the EMCA that can be readily achieved.  This plan is a working document that provides a general guide to restoration. The plan is organized in the following way:

· general description of the area, including the historical conditions before and after development impacts

· major restoration goals

· current conditions and the impact of lake stage and hydrology on restoration

· description of restoration options

· description of the restoration strategy

· description of the restoration schedule

· summary and conclusions.

GENERAL DESCRIPTION OF THE AREA
The EMCA borders the eastern shore of Lake Griffin and the Ocklawaha River northwest of State Road 44 (Fig. 1). The acreages and acquisition history of the properties targeted for restoration are listed in Table 1.  The unaltered Emeralda Marsh is a highland freshwater marsh complex that occurs north of the EMCA (Kushlan, 1992).  The marsh is a remnant of the original floodplain sawgrass marsh that bordered the eastern shore of Lake Griffin and continued north almost to the confluence of the Silver River.

Elevations of the properties range from 50 to 68 feet NGVD.  Hydric soils dominate the lower elevations.  Sandy and sandy clay soils occur at the higher elevations (USDA

SCS, 1987).


Table 1. Acquisition Summary for the EMCA Properties 

	Property


	Acreage
	Acquisition Date
	Cost ($)

	Ashley Farm

	  160
	04/92
	    35,000

	Eustis Muck Farm
	  706
	12/93
	 2,390,000

	S.N. Knight North
	  410
	05/91
	680,600

	S.N. Knight South
	1,905
	05/91
	3,162,300

	Long Farm
	  852
	07/92
	 3,000,000

	Lowrie Brown Farm
	  690
	11/91
	 1,450,000

	Mathews Farm 
	  725
	11/92
	 1,200,000

	Walker Ranch
	1,078
	06/91
	   775,000

	
	
	
	

	Total 
	6,526 
	
	12,692,900


Figure 1.  Properties in the EMCA.  Data source:

The organic soils in the EMCA developed from peat formations as a result of the decomposition of vegetation under water in the wetlands surrounding Lake Griffin and the Ocklawaha River (Sellards, 1910; Kushlan, 1992).  The predominant peat soils include Everglades and Ocklawaha muck (Fig. 2).  These soils were favorable to agricultural development since they were highly fertile immediately after they were drained.  They required fertilizer applications after several years of farming.  Once they were drained and became dry, they underwent oxidation and compaction, with a subsequent loss of porosity and water holding capacity (Kushlan, 1992; Reddy, 1983).  

HISTORICAL CONDITIONS
Conditions Prior to Development Impacts

Information regarding pre-drainage climate, hydrological, and habitat conditions of the EMCA before the 1940s is generally meager.  However records from the late 1800s to the 1930s provide some indication of conditions that existed prior to extensive drainage. There is little recorded information on the effects of precipitation and flooding on water levels in the lakes and the Ocklawaha River before the 1930s, although precipitation data since 1891 are available for the Eustis-Lisbon area (USACOE, 1993).  Precipitation patterns were similar to present conditions, with over half the rainfall occurring from May through September (Sellards, 1910; USACOE,1993).  The amount of rainfall in the area varies from year to year; prolonged periods of low rainfall and drought have been experienced (USACOE, 1993).  During the historic drought of 1927, mean rainfall for the Eustis-Lisbon area was 32.7 inches; the highest recorded rainfall of 67.6 inches fell in 1959 (SJRWMD, 1986).  Historical records since 1950 indicated that the amount of rainfall from 1950 to 1983 exceeded the mean.  Record low rainfall patterns occurred from 1983 to 1994 (SJRWMD, 1993). 

Before 1900 native aquatic and wetland plant species that occurred along the river  included cypress, vines, white water lilies, blue flag iris, and eelgrass (Lanier, 1875).  Travelers and naturalists reported river banks with cypress, oaks, and palmettos that often opened up into broad savannas "overgrown with a broad-leafed grass that grew two to three feet above the water level" (Lanier, 1875). 

In 1891 the U.S. Army Corps of Engineers (USACOE) performed a detailed survey of the Ocklawaha River and its surroundings.  For a distance of about 28 miles downstream from Lake Griffin the river flowed through a wide savanna covered with a dense growth of sawgrass (Cladium jamaicense).  The river was about 30-40 feet in average width with numerous bends, floating islands, and eelgrass (Vallisneria americana).  Floating islands of vegetation were common on the river and consisted of spatterdock (Nuphar lutea) rhizomes that became detached from the river bottom (Crum, 1954).  They often became covered with sediment and were colonized by grasses, rushes, and other herbaceous plants (Adams, 1926). Cypress swamps 


Figure 2. Soils of the EMCA.




(Taxodium sp.) occurred downstream from the sawgrass prairies to the mouth of the Ocklawaha River at the St. Johns River (USACOE, 1891).   


A belt of savannas or prairies occurred just north of the headwater lakes of the Ocklawaha River (Crum, 1954), which included the sawgrass marshes of Emeralda Marsh.  The sawgrass marshes were often bordered by vast dense cypress swamps, with the transition from marsh to swamp being very abrupt (Sellards, 1910).  The plant species occurring in the marshes and lake perimeters of the area are described in Appendix A.   

Before development of the muck farms, the swamps were unbroken and trees rose from the "deep black water" of the river (Crum, 1954).  The principal vegetation of the swamps included cypress (Taxodium distichum), red maple (Acer rubrum), loblolly bay (Gordonia lasianthus), ash (Fraxinus profunda), sweet gum (Liquidambar styraciflua), black gum (Nyssa aquatica var. biflora), elderberry (Sambucus sp.), swamp holly (Ilex cassine), dogwood (Cornus sp.), buttonbush (Cephalanthus occidentalis), groundsel (Baccharis halimifolia), blackberry (Rubus sp.), swamp loosestrife (Decodon verticillatus), Spanish moss (Tillandsia usneoides), lizard's tail (Saururus cernuus), royal fern (Osmunda regalis), moonflower (Ipomea sp.), bull-tongue sagittaria (Sagittaria lancifolia), pennywort (Hydrocotyle sp.), and bugle-weed (Lycopus sp.).  

Interpretation of USDA 1941 aerial photographs (1:20,000; black and white) indicates that the primary communities within the restoration area prior to development included sawgrass marshes, wet prairies, shallow marshes, deep marshes, shrub swamps, hardwood swamps, and hydric hammocks (Fig. 3).  Cypress and hardwood trees that formerly existed along the river and Haines Creek and along the lake shores probably were harvested for timber. 

Impacts of Development

The impacts of development on the EMCA began early in this century.  The  USACOE authorized the Ocklawaha River Project in the early 1900s (USACOE, 1993). By the mid-1920s the USACOE Ocklawaha River Navigation Project had begun construction of a six-foot deep channel from the river mouth to the confluence with Silver Springs Run, cleared a channel through Lake Griffin, maintained levees to obtain a depth of four feet through the lake to Leesburg, and constructed a lock and dam structure at Moss Bluff (USACOE, 1923).  The Burrell Lock and Dam was built in the 1950s to control discharge from Lake Eustis to Lake Griffin via Haines Creek (Modica and Associates, 1988).  The plans and provisions were made with the explicit desire to drain and reclaim fertile lands adjacent to the Ocklawaha River, as well as to improve navigation and flood control.  The redesign of the Ocklawaha River structures for a 10-yr flood capacity did not take place until the Four River Basin Project, beginning in the 1960s (USACOE, 1993).

Figure 3. 1941 vegetation of the  EMCA.

Significant events that facilitated alteration of the natural habitats are shown in Table 2. As early as 1893 the construction of water control structures and channelization of the Ocklawaha River began (Fulton, 1995).  Steamboat transportation during the mid- and late 1800s initiated agricultural land development in the areas located along the shores of Lake Griffin (Modica and Associates, 1988).  Agricultural crops grown in Lake County included a variety of vegetables and fruits, citrus, tobacco, hemp, peanuts, and sugar cane (Adams, 1926).  Diking and draining of the wetlands resulted in large acreages for crop production and cattle grazing.  Most of the farms and ranches in the EMCA that were developed during the early 1950s through the 1970s were economically successful.  Ashley Farm was the only farm abandoned during the early 1970s (Modica and Associates, 1988).  Before 1945 the wetlands south of Emeralda Marsh were still intact and contiguous with the forested uplands.  No dikes or canals had been constructed, but burning of the vegetation on the marshes in the first half of the 1900s was a common practice for agricultural land clearing (Crum, 1954). 

In addition to altered hydrology, the wetland soils were negatively affected by fertilizer and pesticide applications (Crum, 1954). The alterations of the wetlands and upland areas that occurred from 1958 to 1987 in the EMCA are shown in Figures 4, 5, and 6.  Vegetation changes that occurred after World War II in the EMCA included large-scale disappearance of sawgrass and wet prairie communities (Table 3).  Farming in the peat soils was underway in the eastern half of the EMCA by the early 1960s, followed by development of farms just east of Lake Griffin during the 1970s (Figs. 4, 5).  Pastures were developed for cattle ranches on the lands at higher elevations.  Full-scale operation of vegetable farms and cattle ranches was underway during the 1980s (Fig. 6).

The SJRWMD began purchasing the lands in 1991 to reduce agricultural discharge and to protect and enhance ecological functions (SJRWMD, 1992).  The District plans to purchase additional properties in the EMCA.  Leasing of properties for farming terminated in 1994.  The properties are designated as a Type II Wildlife Management Area.  The SJRWMD is the primary managenment entity which has adopted the regulations of the Florida Game and Fresh Water Fish Commission (FGFWFC) pertaining to fish and wildlife.  Detailed descriptions of the properties are presented in Appendix B.

Table 2. Chronology of Significant Events in the EMCA (Modified from Fulton, 1995)

_____________________________________________________________________

Year(s)


Event

_____________________________________________________________________

1890
Congress authorized the River and Harbor Act to provide a


four-foot channel from the mouth of the Ocklawaha River to 


Leesburg to facilitate navigation.

1907
River and Harbor Act included provisions for a six-foot channel


to be dredged from the mouth of the Ocklawaha River to Silver 


Springs.

1916
River and Harbor Act included provisions to construct a lock 


and dam at Moss Bluff to regulate water levels in Lake Griffin


and accept private canals along the Ocklawaha River in lieu of


natural portions of the river bed.

1920s
Direct discharge of primary and secondary sewage effluents and 


fruit processing wastes to the headwater lakes began.

1925
Construction of Moss Bluff Lock and Dam, and dredging of the 


Ocklawaha River and Lake Griffin to Leesburg was completed by


the U.S. Army Corps of Engineers under the Ocklawaha River 


Navigation Project.

1957
Burrell Lock and Dam, located approximately midway along Haines


Creek, was built by the Ocklawaha Basin Recreation and Water


Conservation and Control Authority to stabilize water levels 


on Lakes Eustis, Dora, Beauclair, and Harris, and provided


optimum levels for agricultural water supply and improved


navigation.

1962
The Four River Basin Project was authorized by Congress under 


the Flood Control Act to provide flood protection and solve


water control problems.

1967
Lake County Pollution Control was established.

1969
"No Discharge" rule was adopted by Lake County Pollution Control.

Table 2. cont’d.

_____________________________________________________________________

Year (s)


Event

_____________________________________________________________________

1969-74
U.S. Army Corps of Engineers, working on the Four River Basin


Project, completed construction of Moss Bluff Lock and Dam,


Lake Griffin to Moss Bluff levee and canal, and Moss Bluff to


the north end of Ocklawaha Farms agricultural area levee and canal.

1970s
The discharge of waste from most sewage treatment, food 


processing, and industrial plants ceased.

1978
Construction of new Burrell Lock and Dam water control


structure was completed.

1979
The Lake Griffin Recreational Area received Outstanding Florida


Waters designation.

1984
Florida Game and Fresh Water Fish Commission (FGFWFC) conducted 
drawdown of Lake Griffin.

1987
The Surface Water Improvement and Management Act (SWIM) became


law.

1989
SWIM Plans for the Upper Ocklawaha River Basin and Lake Apopka


were adopted by District Governing Board and approved by FDEP.

1991
Revision of UORB SWIM Plan was completed and purchase of farm

     
properties in the EMCA was initiated.

1993
Restoration plan was initiated and S.N. Knight flow-way was under 

construction.

1994
S.N. Knight Flow-way was operational.

1995
UORB SWIM Plan was revised and approved by the District Governing 


Board and the FDEP.

Figure 4. 1958 vegetation of the EMCA.

Figure 5. 1974

Figure 6. 1987




Table 3. Alteration of Wetland Communities as a Result of Conversion to Agriculture in the EMCA from 1941 to

1987

	WETLAND COMMUNITY
	     1941 ACRES
	
% TOTAL
	
1987 ACRES
	
% TOTAL

	Sawgrass
	 5,711
	            53.7
	      897
	               8.4

	Wet Prairie
	1,157
	           10.9
	     113
	               1.1

	Shallow Marsh
	801
	            7.5
	     320
	               3.0

	Shrub Swamp
	223
	            2.1
	     633
	               5.9

	Hydric Hammock
	118
	            1.1
	    198
	               1.9

	Cattail
	0
	             0
	    183
	               1.7

	Muck Farms
	0
	             0
	    3,658
	             34.4

	Pasture
	0
	             0
	    1,897
	             17.8

	Other
	 2,632   
	          24.7
	    2,743
	             25.8

	TOTAL
	10,642
	
	    10,642
	


MAJOR RESTORATION GOALS
Restoration of wetland and riparian areas provides societal values such as water quality improvement, wildlife and fish habitat, ground water recharge, flood protection, and recreation (Adamus, 1983; Steiner et al., 1994).  Since there have been significant losses of wetland functions, values, and benefits due to agricultural and hydrological alterations, restoration of wetlands in the EMCA is a major concern.  Although primary and secondary goals are listed separately below, they can be achieved concurrently. 

The primary goals for restoration of the EMCA are:

· to eliminate excess nutrient loading, particularly phosphorus, from former muck farms to Lake Griffin

· to reduce equilibrium nutrient concentrations in Lake Griffin through wetland treatment of circulated lake water

· to reconnect hydrologically the properties with Lake Griffin and other state waterways to provide biological corridors and boating access

· to establish diverse habitats for wildlife and fish in the areas occupied by former muck farms through hydrological reconnection with Lake Griffin.

The secondary goals are:

· to provide consumptive and nonconsumptive recreational benefits such as fishing and waterfowl hunting, environmental education, and passive recreation

· to provide additional flood storage for the Upper Ocklawaha River Basin.

During the past 20 years wetland ecosystems have proven to be highly effective in water quality improvement (Ewel and Odum, 1984; Kadlec and Knight, 1996; USEPA, 1993).   For the former muck farms of the EMCA, results of trophic state modelling predict that flooding and passive wetland restoration would substantially improve the water quality in Lake Griffin.  Calculated historic total phosphorus (TP) loading from the muck farms to Lake Griffin during their operational period was about 49,238 lb/yr (22,381kg/yr) (Fulton, 1995).  Predicted TP loading from the restored (flooded and passively managed) farms in the EMCA would be about 1,905 lb/yr (866 kg/yr), a 

25-fold decrease (Fulton, personal communication).

Modeling results also show that establishment of treatment wetlands (flow-ways) on two of the former farm properties in the EMCA (S.N. Knight South and Lowrie Brown) could result in further decrease of Lake Griffin nutrient concentrations.  Following a short period of phosphorus flux from the sediments, flow-way treatment is expected to remove up to 9,942 to 15,268 lb/yr (4,519 to 6,940 kg/yr) of TP from circulated Lake Griffin water.  This level of treatment, in addition to reduced TP loading from the flooded sediments, is projected to lower the equilibrium TP concentration in Lake Griffin from the current 0.102 mg/L to as low as 0.027 mg/L, a 73% reduction.  This concentration is similar to the calculated “predevelopment” equilibrium TP concentration for Lake Griffin surface water and is the target TP concentration for the EMCA restoration.

Besides improving water quality, wetlands also provide fish and wildlife habitat and recreational use (Kadlec and Knight, 1996; Kusler and Kentula, 1990; USEPA, 1993).  The abiotic factors such as hydrology and nutrient status will affect the type of wetlands that can be restored.

The hydrology of the EMCA has been altered by development and agriculture through diking, draining, tilling, and grazing.  As a result, the potential for re-establishment of pre-development plant communites may be limited, at least in the short-term.  The wetland and aquatic systems of the EMCA may not necessarily return to pre-agricultural conditions, but can be rehabilitated to provide increased wildlife values. Re-introduction of wetland plant propagules or plants may be necessary to establish desired habitat.     

Public revenues are being used for restoration; therefore, adequate public access to the area is crucial.  Limited consumptive recreational use, particularly fishing and waterfowl hunting, and nonconsumptive use such as environmental education and ecotourism,

will encourage public support for implementing restoration objectives.  The Division of 

Land Management has installed public information kiosks to explain recreational activites available at various sites.  This provides an educational component to improve public understanding of District projects (Steiner et al., 1994).  

IMPACT OF LAKE STAGE SCHEDULES ON RESTORATION

Current and Proposed Conditions

Nutrient reduction is required to restore aquatic habitat and reduce eutrophication of water bodies.  Understanding the hydrology is also necessary to develop alternative restoration plans for floodplain areas (Loftin et al., 1990).  Hydrological conditions such as water depth, duration of inundation (hydroperiod), degree of water depth fluctuation, seasonality of water depth fluctuation, rate of drawdown or flooding, and water clarity are the primary factors that determine vegetation development in a wetland system.  Evapotranspiration rates and rainfall levels affect water depth and hydroperiod. 

Depth of flooding and hydroperiod are two of the major factors that determine distribution of plant species in natural wetlands (Cowardin et al., 1979; Hammer, 1992; Knight and Bays, 1986; van der Valk, 1988).  In many freshwater wetlands, species recruitment and germination occur primarily during drawdowns, which are periods when a wetland is free of standing water (Welling et al., 1988).  Establishment of emergent species through seed germination or vegetative propagation is the main purpose of drawdowns in wetlands managed for waterfowl breeding habitat (Fredrickson and Taylor, 1982; Kadlec, 1962; Valentine, 1976).  After establishment, mature plants may tolerate deeper flooding and longer hydroperiods than seedlings.  

Table 4 shows the relationship of wetland type, plant species, and hydrological characteristics for wetland plant communites predicted to develop in the EMCA.  Aquatic plants such as floating, floating rooted, and submersed species occupy deeper water habitat with prolonged inundation. Sawgrass/beakrush dominated communities typical of the original Emeralda Marsh are characterized by shorter hydroperiods (50 to100% of the time inundated) and shallower water compared to other emergent marsh plant species (Dalrymple et al., 1993; Kadlec and Knight, 1996; Knight and Bays, 1986; Richardson et al., 1994).  Sawgrass also appears to be adapted to an annual drawdown and periodic burning (Kushlan, 1992; Loveless, 1959).
Table 4. Relationship of Wetland Community, Established Plant Species, and Hydrological Tolerance for Wetland Plant Communities Predicted for the EMCA (adapted from Environmental Science and Engineering, Inc., 1991; Kadlec and Knight, 1996; Knight and Bays, 1986; Steward, 1984; Whitlow and Harris, 1979).

	Wetland Community Type
	Typical Species

 (Established Plants)
	   Water Depth    Range (ft)
	Hydroperiod*
(Average %)

	Floating Aquatic
	Hyacinths, Duckweed, Water Lettuce, Bog Mats
	all depths
	80-100

	Submersed Aquatic
	Hydrilla, Egeria, Coontail, Naiad, Eelgrass, Bladderwort, Sagittaria
	0.8-10
	90-100

	Floating Rooted Aquatic
	Water Lily, Water Shield, Spatterdock
	0.8-10
	80-100

	Emergent Mixed Marsh      
	Cattails, Pickerel Weed, Sawgrass, Bulrush, Sagittaria, Sedge, Maidencane
	0.3-2.5
	70-100

	Cypress Swamp
	Bald Cypress, Ash, Black Gum, Tupelo, Red Maple, Loblolly Bay
	0.3-3.3
	30-100

	Sawgrass Dominated Marsh
	Sawgrass, Sedges, Rushes, Grasses, Forbs
	0.3-1
	50-100

	Hardwood Swamp


	Red Maple, Tupelo, Cabbage Palm, Cypress, Oaks, Ash
	0.2-0.7
	10-70

	Wet Prairie
	St. John's Wort, Iris, Sedges, Grasses
	< 0.2-0.6
	<10-50

	Flatwood Depressions
	Pine, Bay, Palmetto, Maple, St. John’s Wort, Sabatia, Forbs, Sedges, Grasses
	< 0.2-0.3
	<10-50

	Oak/Palm Hammock
	Oaks, Cabbage Palm, Palmetto, Red Maple, Bay, Sweet Gum, Elm, Pine
	< 0.2-0.3
	<10-30


* Hydroperiod is presented as a percentage of the time that the wetland type is flooded.

Other physical factors that affect species recruitment in wetlands include seed dispersal mechanisms, as well as the effects of temperature gradients, oxygen concentration, solubility of various ions, sediment characteristics, and light availability on seed germination (Frankland et al., 1987).

In addition to hydrological conditions, high nutrient loading from the previously farmed soils will also affect establishment of emergent marsh plant species.  Periphyton species composition associated with wetland and aquatic plants is greatly reduced by high levels of nutrients entering a marsh (Swift, 1981).  Cattail propagules quickly establish under soil disturbance, high nutrient loading, and increased hydroperiods (Richardson et al., 1994). This reduces spatial diversity and wildlife habitat potential (Belanger et al., 1989; Davis, 1991). 

Secondary factors to consider for habitat restoration in the EMCA are the degree of internal hydrological connection among currently diked areas, and connection of the farms with Lake Griffin.  Other factors to consider are the type of habitat that a selected hydrological regime will sustain, the degree of management required to meet the stated objective, and the cost required to support the plan.

The wetland and open water habitats that develop within the EMCA will be influenced by the maximum and minimum water depths as well as the frequency and degree of water level fluctuation in Lake Griffin.  The actual elevation of the properties, the duration of water at a particular depth, the available seed bank in the soil, and propagules dispersed into the site will determine the type of plant communities that can become established.  The degree of drawdown experienced by areas west of Emeralda Island Road will be determined by the minimum lake water levels and culvert invert elevations.  Minimum stages of sites east of the Emeralda Island Road will be controlled by culverts under the road. Drawdowns to 0-6 inches water depth for at least three months during the growing season are critical to wetland plant establishment from sexual and vegetative propagules (Fredrickson, 1991); therefore the areas of the properties where drawdown can occur will be most rapidly colonized by emergent vegetation.  Deep flooding will prevent the seed germination of most emergent plant species (Kadlec and Wentz, 1974; Galinato and van der Valk, 1986; Shipley and Parent, 1991).  

The 20-year current and proposed G18 stage duration curves for Lake Griffin are shown in Figure 7.  Both schedules are derived from computer modelling; the proposed schedule is subject to further modification.  According to the proposed schedule, the mean water elevation will be 58.37 ft based on a 20-yr simulation  (Fulton, personal communication). The mean annual fluctuation will be about two feet, with an elevation of about 57.5 ft exceeded 80% of the time and an elevation of about 59.5 ft exceeded 15% of the time.  The stage schedule will affect the length of time of inundation and will be the determining hydrological factor in wetland marsh development on the properties.




Variables used for prediction of vegetation community development in the EMCA include:
· stage/duration data for Lake Griffin schedule

· contour elevations of the properties

· depth ranges based on the minimum and maximum lake levels

· predicted acreages for each habitat based on the mean stage of Lake Griffin.
Tables 5 and 6 show the acreage within the EMCA that is predicted to develop specific aquatic, wetland, and wet prairie plant communities based on the hydrological conditions for simulated 20-yr current and proposed lake schedules.  Mean depths for the various contour elevations are the same, but the water depth range or fluctuation is greater for the proposed schedule than for the current schedule.  The greater depth range for the proposed schedule may enhance the development of certain wetland plant species, particularly at the shallower end of the scale.  Emergent, wet prairie, sawgrass marsh, and hardwood swamp species will benefit from the wider fluctuation in water depths, particularly where the hydroperiod is less than 90% and mean depths are one foot or less.  Emergent wetland vegetation may colonize areas at the 55 to 56 ft contours with a mean depth of about 2.9 ft and 99% inundation frequency (20-yr mean) primarily through vegetative reproduction rather than by seed germination. 
If water levels in the properties are passively maintained according to the proposed lake stage fluctuation schedule, those with elevations below 56 ft will experience deep flooding to more than two feet most of the time.  Deep flooding will prevent the seed germination of most emergent plant species, although established vegetation may continue to spread by asexual means.  Depending on water clarity, deep water areas (> 3 ft) can support the development of submersed vegetation.  Many submersed plant species can propagate sexually and asexually under lower light and oxygen requirements than emergent species (Frankland et al., 1987; Marburger, 1992).  

RESTORATION OPTIONS

The alterations of topographical and hydrological characteristics that resulted from agricultural use will limit the restoration options available.  Also, the options are limited by methods used and the chronology of flooding according to lake hydrological events.  

The options include:

· active water level management, where water is controlled by gravity or pumping at inflows and discharges to achieve specific hydrological management

· passive water level management, where water passively floods various sites according to Lake Griffin stage.

We chose passive water level management to develop the restoration plan, since it has the lowest capital and maintenance costs.  We assume that passive restoration will 
Table 5. Vegetation Communities Predicted in the EMCA Based on the Current Lake Griffin Mean Elevation (58.42 ft) and Stage Duration for a 20-yr Simulation Period

	Contour   
  Mean*     Depth Range*   % Time       Area          % of               Vegetation

	Elevation (ft)     Depth (ft)           (ft)           Inundated   (Acres)       Total               Community


	

	< 55 
>=3.9   >=(+1.74 to +5.05)   100          2,432         41.7                open water, floating,                                                                                                                                         rooted aquatic,                                                                                                                                                 submersed

	

	 55-56
  2.9       +0.74 to +4.05       100            646          11.1                floating, rooted  


          
                                                 aquatic, submersed

	

	 56-57                  1.9      -0.26 to +3.05          99            593          10.2                 floating, rooted 




                       aquatic, submersed,



                       emergent marsh






	 57-58                  0.9      -1.26 to +2.05          90            497          8.53                 cypress swamp, 

                                             
                                                 emergent marsh,




                       shrub swamp

	  

	 58-59                -0.1       -2.26 to +1.05          50           549          9.42                 emergent marsh,




                      hardwood swamp,




                      shrub swamp, 


               

                      sawgrass marsh, wet                                                                                                                                        prairie


	

	 59-60
-1.1      -3.26 to +0.05           0             811          13.9                 hammock, upland

	



	 60-61
-2.1      -4.26 to -0.95            0             297           5.1                  upland




	






                                                             
                  TOTAL   5,825 

	


* Mean water depth and ranges for a 20-yr period are derived from the midpoints in the range of elevations

Table 6. Vegetation Communities Predicted in the EMCA Based on the Proposed Lake Griffin  Mean Elevation (58.37 ft) and Stage Duration for a 20-yr Simulation

Period

	Contour   
  Mean      Depth Range    % Time       Area        % of                  Vegetation 

	Elevation (ft)
Depth (ft)           (ft)          Inundated   (Acres)      Total                 Community
 

	

	  < 55                >=3.9   >=(+0.89 to +5.56)   100          2,432
41.7                 open water, floating,                                                                                                                                        rooted aquatic,

                                                                                                                                submersed

	 

	  55-56
  2.9       -0.11 to +4.56         99            646
11.1                 floating, rooted

                   

           
                        aquatic, submersed



	  56-57                1.9        -1.11 to +3.56        95             593
10.2                 floating, rooted 




                        aquatic, submersed,



                        emergent marsh







	  57-58
  0.9      -2.11 to +2.56         80            497            8.53                 cypress swamp, 




                        emergent marsh,
    



                        shrub swamp

	 

	 58-59                 -0.1     -3.11 to +1.56          50           549            9.42                  emergent marsh,




                        hardwood swamp,



                        shrub swamp 




                        sawgrass marsh, wet

                                                                                                                                 prairie


	

	 59-60                -1.1      -4.11 to +0.56         15             811          13.9                   wet prairie, hammock

	



	 60-61                -2.1      -5.11 to -0.44           0              297           5.1                    upland




	






                                             TOTAL   5,825 

	


achieve most of the habitat and recreational goals.  Active water level management may be applied if the current passive approach fails to achieve the restoration goals.  All properties will eventually be connected hydrologically with the lake to provide flood storage, movement of fish and wildlife, and boating access.

RESTORATION STRATEGY

Restoration of the EMCA will involve interim retention of some or all water control structures to allow passive water level fluctuations prior to ecological and hydrological reconnection to Lake Griffin. This approach will allow management of different farms for specific hydrological and ecological functions, if so desired.  It will also isolate the sites from state waters during the high-nutrient periods that result from flooding the farm properties. Construction and operation of flow-ways have been initiated in order to improve the water quality of Lake Griffin.  Also control of invasive exotic and weedy plant species will probably be required to restore habitat. 

The EMCA properties will be managed as units defined by levees and topographical boundaries such as Emeralda Island Road, the Yale-Griffin Canal, Haines Creek, and proximity to Lake Griffin (Fig. 1).  The hydrological connection, water movement, and water depth within the units will be determined initially by the number, size, and invert elevation of culverts that allow water to flow by gravity or by pumping through the levees, as well as the stage of Lake Griffin (Fig. 8, Appendix D).  The elevations of the units will determine the hydrology and the types of vegetation that the wetland and aquatic areas will develop.   The units will be hydrologically reconnected with Lake Griffin and surrounding waterways after sufficient monitoring of restoration efforts has been completed. 

COSTS
The projected costs for fiscal years 1994-98 for the Emeralda Marsh Conservation Area restoration and the Lake Griffin Flow-way are presented in Table 7.  These costs are planning estimates only and may or may not represent the actual budgets approved for restoration.  Construction of flow-ways in the properties will initially add considerable costs, but the long-term benefits for improvement of Lake Griffin water quality and creating wetland habitat outweigh the initial expense. The cost estimates reflect the “Deferred Project” scenario in the District five-year Capital Improvement Plan.  The alternative “Commitment Implementation” scenario includes active water level management for all sites with significantly higher cost estimates.

BENEFITS

Implementation of the restoration and water quality improvements in the EMCA will result in both tangible and intangible benefits.  Direct tangible benefits include revenues obtained from hunting and sportfishing licenses sold for use in the EMCA (a Type II

Fig. 8

Wildlife Management Area), as well as the value of fish and waterfowl taken.  Intangible benefits include water quality improvement due to cessation of nutrient loading to Lake Griffin, fish and wildlife habitat, use of the area for public recreation (bird watching, horseback riding, etc.), and flood protection.

Table 7. Budget for Surface Water Restoration/Flood Protection in the EMCA

	Projects
	FY 1994-95
	FY 1995-96
	FY 1996-97
	FY 1997-98
	FY 1998-99

	Lake Griffin 

Flow-way
	$250,000
	$250,000
	$1,150 ,000
	$650,000
	$650,000

	Marsh Restoration
	100,000
	100,000
	100,000
	100,000
	100,000

	Operations and Maintenance
	300,000
	320,000
	375,000
	425,000
	450,000

	Total $
	650,000
	670,000
	1,525,000
	1,175,000
	1,200,000


MANAGEMENT UNITS

One of the primary goals of restoration is to reconnect the properties in order to create  more natural water flow through the EMCA.  Internal reconnection will be initiated by creating mangement units of adjacent properties for habitat improvement or properties to be used primarily as treatment wetlands. The management units are described as follows (Fig. 1):

1) areas north of the Yale-Griffin Canal and west of Emeralda Island Road - S.N. Knight      North Farm;

2) areas north of the Yale-Griffin Canal and east of Emeralda Island Road - Eustis Muck      Farm and Walker Ranch;

3) areas south of the Yale-Griffin Canal and west of Emeralda Island Road - S.N.                Knight South and Mathews Farms (Flow-way);

4) areas south of the Yale-Griffin Canal and east of Emeralda Island Road - part of S.N.      Knight South and Mathews Farms and Long Farm;

5) an area south of Haines Creek - Lowrie Brown Farm 

Lake County recently installed (4/94) four culverts with invert elevations of 58.2 ft under Emeralda Island Road to replace the bridge over the Yale-Griffin Canal.  Water interchange in the Yale-Griffin Canal and between the canal and units east of Emeralda Island Road will be restricted if the Lake Griffin stage falls below 58.2 ft.

1) S.N. Knight North Unit

This unit connects to the Yale-Griffin Canal by a culvert with an invert elevation of 56.5 ft and two culverts with invert elevations of 58.6 ft under Emeralda Island Road to Walker Ranch.  It will be the first unit to be reconnected with Lake Griffin.  The property has a longer history of being flooded than most of the other properties (except Ashley and Walker).  Surface water nutrient concentrations in this unit are similar to those of Lake Griffin.   The FGFWFC has stocked the aquatic areas with fish (largemouth bass, bluegill, and redear sunfish).   

The rapid growth and expansion of hydrilla, an exotic plant species, in the flooded areas of this property is a concern.  Hydrilla has displaced coontail and southern naiad in water depths of 2 to 4 ft.   Staff of the Division of Aquatic Vegetation Management (SJRWMD) and the University of Florida Center for Aquatic Plants have proposed a study to reduce population levels of hydrilla through low dosage applications of fluridone herbicide over a 5-yr period.  The study will delay reconnection of the property with Lake Griffin, but will provide invaluable information regarding control of hydrilla in a contained area.

Subsequent to the study, levee breaching will allow hydrological and biological  reconnection of the property with Lake Griffin.  This will provide an opportunity to observe the ecological impact of reconnection.

Table 8 shows that the area below the 56 ft contour, representing about 51% of the property, will be inundated 99 to 100% of the time with mean water depths greater than 2.9 ft.  This area would likely support open water or floating and submersed vegetation. It would also provide fishery habitat.  Some emergent vegetation might establish from vegetative growth at the 55 to 56 ft contour.   A substantial area, about 24.9%, will support wet prairie and hammock development.   About 46.5% of the total area inundated 15 to 95% of the time at mean water depths less than 2 ft would support waterfowl, wading birds, other wildlife, and fish spawning habitat.     

2) Eustis-Walker Unit

In this unit gravity flow of water will occur through culverts connected to the Yale-Griffin Canal and S.N. Knight North.  The number and invert elevations of culverts within the

unit are:

1) one culvert between Eustis Muck Farm and the Yale-Griffin Canal at an elevation of      52.7 ft;

2) two culverts (currently non-functional) between Walker Ranch and the Yale-Griffin         Canal: east culvert at 56.7 ft and west culvert at 56.9 ft; 

3) two culverts connecting S.N. Knight North with Walker Ranch at 58.6 ft (restricted          flow of water will occur at mean lake stage).

Table  8.  Vegetation Communities Predicted in the Knight North Unit Based on Lake Griffin Proposed Mean Elevation (58.37 ft) and Stage Duration
	Contour   
  Mean      Depth Range    % Time       Area  
 % of  
Vegetation 

	Elevation (ft)
Depth (ft)           (ft)           Inundated   (Acres)      Total
Community


	< 55                  >=3.9     (+0.89 to +5.56)     100           168           39.4                   open water, floating,

	                                                                                                                                  rooted aquatic,

                                                                                                                                  submersed



	 55-56                   2.9       -0.11 to +4.56        99             50
11.7
floating, rooted  





aquatic, submersed

	

	 56-57                  1.9       -1.11 to +3.56          95             27
6.34                   floating, rooted 

 



aquatic, submersed,




emergent marsh







	 57-58  
  0.9       -2.11 to +2.56          80             33           7.75                   cypress swamp, 

	




emergent marsh,




shrub swamp

	

	 58-59                -0.1       -3.11 to +1.56           50             32           7.51                   emergent marsh,




hardwood swamp,
                                                           
                          shrub swamp, 





sawgrass marsh

                                                                                                                                  wet prairie


	59-60
-1.1       -4.11 to +0.56           15           106          24.9                    wet prairie, hammock

	



	 60-61
-2.1        -5.11 to -1.56            0              10          2.35                    upland




	





            

                     TOTAL    426

	


On October 24 and 25, 1995 the U.S. Air Force assisted District staff in breaching the north-south levee between the Eustis and Walker properties.  Levee breaching was achieved by detonation of explosive charges at nine sites along the levee.  The breaches range from 25 to 50 ft in width and serve to connect hydrologically the two properties.  The breaches provide biological corridors between the properties.

Table 9 shows the area within the unit that is predicted to develop several vegetation community types based on the hydrological conditions at mean lake stage of 58.37 ft.  About 50.2% of the area will be inundated for 99 to 100% of the time at mean water depths of 2.9 ft or greater.  This area would support floating and submersed vegetation and fishery habitat.  About 42.8% of the area inundated for 15 to 95% of the time at mean water depths of less than 2 ft would support emergent vegetation, waterfowl,

wading birds, other wildlife, and fish spawning habitat.  This area would develop diverse wetland vegetation and community types.  The Eustis-Walker Unit will support a 

substantial area of wet prairie/hammock (23.4%). Currently a well-established oak hammock exists on the property. 

Table 9. Vegetation Communities Predicted in the Eustis-Walker Unit Based on Lake Griffin Proposed Mean Elevation (58.37 ft) and Stage Duration

	Contour   
  Mean      Depth Range    % Time       Area  
 % of  
Vegetation 

	Elevation (ft)
Depth (ft)           (ft)           Inundated   (Acres)      Total
Community


	< 55
 >=3.9   (+0.89 to +5.56)      100           524           38.4                  open water, floating,

	                                                                                                                                  rooted aquatic,

                                                                                                                                  submersed



	 55-56                   2.9       -0.11 to +4.56         99            161
11.8
floating, rooted  





aquatic, submersed

	

	 56-57                  1.9       -1.11 to +3.56          95           115
8.44                   floating, rooted 

 



aquatic, submersed,




emergent marsh







	 57-58  
  0.9       -2.11 to +2.56          80            83           6.09                    cypress swamp, 

	




emergent marsh,




shrub swamp

	

	 58-59                -0.1       -3.11 to +1.56          50             67           4.92                   emergent marsh,

                                                                             hardwood swamp,
                                                           
                         shrub swamp, 




                         sawgrass marsh

                                                                                                                                  wet prairie




	 59-60
-1.1       -4.11 to +0.56           15           319         23.4                    wet prairie, hammock

	



	 60-61
-2.1        -5.11 to -1.56            0              94         6.90                    upland




	





        

                   TOTAL    1,363

	


3) S.N. Knight South and Mathews Flow-way 

The basic structures for a flow-way, including inlet culverts from Lake Griffin and pumps to return water to the lake, the Yale-Griffin Canal, and Haines Creek, were installed several decades ago for farming operations.  These were inadequate for controlling water flow through the flow-way.  Water flow from the lake to the flow-way will be regulated by inflows through a minimum of  two new intake structures with invert
elevations of 53 to 54 ft.  Water will flow generally northwest to southeast from Lake Griffin to Haines Creek.  Water will be pumped from three outflow sites from the flow-way into Haines Creek.  Water flows and stage can thus be actively regulated and monitored to determine the effectiveness of the flow-way design on water quality improvement. 

Table 10 shows the area within the flow-way that is predicted to develop several

vegetation community types based on the hydrological conditions at a mean lake stage of 58.37 ft.  About 55% of the area will be inundated 99 to 100% of the time at water depths greater than 2.9 ft.  This area would support primarily floating and submersed vegetation and provide fish habitat.  About 41% of the area would produce diverse

wetland habitat with inundation frequencies of 15 to 95% of the time with mean water depths of  less than 2 ft.   This area would support waterfowl, wading birds, other wildlife, and fish spawning habitat.

4) Northeastern Part of Knight South, Eastern Part of Mathews, and Long Unit
One culvert with an invert elevation of 54.7 ft allows water to flow between the Yale-Griffin Canal and the Long property.  Another culvert with a stem gate that is generally kept closed is located under Emeralda Island Road between the Long property and the flow-way.  The U.S. Air Force and District staff removed part of the levee between the Long property and the northeastern part of Knight South east of Emeralda Island Road on October 24, 1995 to reconnect the area and create shallow emergent marsh.  The property contains an oak-palm hammock (Cabbage Hammock).   

Table 11 shows the area predicted to develop vegetation community types based on the hydrological conditions at a mean lake stage of 58.37 ft.  About 47% of the area will be inundated for 99 to 100% of the time at mean water depths of greater than 2.9 ft. This area would support floating and submersed vegetation and provide fishery habitat.  About 47% of the area that is inundated for 15 to 95% of the time at mean water depths of less than 2 ft would support emergent vegetation, waterfowl, wading birds, other wildlife, and fish spawning habitat.  These areas would support the development of diverse wetland community types.

Table 10. Vegetation Communities Predicted in the Knight Flow-way Based on Lake Griffin Proposed Mean Elevation (58.37 ft) and Stage Duration

	Contour   
  Mean      Depth Range    % Time       Area  
 % of  
Vegetation 

	Elevation (ft)
Depth (ft)           (ft)           Inundated   (Acres)      Total
Community


	< 55
 >=3.9   (+0.89 to +5.56)      100           875           44.5                  open water, floating,

	                                                                                                                                  rooted aquatic,

                                                                                                                                  submersed



	 55-56                   2.9       -0.11 to +4.56         99            204
10.4
floating, rooted  





aquatic, submersed

	

	 56-57                  1.9       -1.11 to +3.56          95           212
10.8                   floating, rooted 

 



aquatic, submersed,




emergent marsh







	 57-58  
  0.9       -2.11 to +2.56          80          188           9.56                    cypress swamp, 

	




emergent marsh,




shrub swamp

	

	 58-59                -0.1       -3.11 to +1.56           50          237          12.0                    emergent marsh,



                         hardwood swamp,
                                                           
                         shrub swamp, 




                         sawgrass marsh


                                                                                                                                  wet prairie



	 59-60
-1.1       -4.11 to +0.56           15           171         8.69                    wet prairie, hammock

	



	 60-61
-2.1        -5.11 to -1.56            0             80          4.07                    upland




	





          

                   TOTAL   1,967

	


Table 11.  Vegetation Communities Predicted in the Knight-Long-Mathews Unit Based on Lake Griffin Proposed Mean Elevation (58.37 ft) and Stage Duration

	Contour   
  Mean      Depth Range    % Time       Area  
 % of  
Vegetation 

	Elevation (ft)
Depth (ft)           (ft)           Inundated   (Acres)      Total
Community


	< 55
 >=3.9   (+0.89 to +5.56)      100           582           39.9                  open water, floating,

	                                                                                                                                  rooted aquatic,

                                                                                                                                  submersed



	 55-56                   2.9       -0.11 to +4.56         99            106
7.26
floating, rooted  





aquatic, submersed

	

	 56-57                  1.9       -1.11 to +3.56          95           162
11.1                   floating, rooted 

 



aquatic, submersed,




emergent marsh







	 57-58  
  0.9       -2.11 to +2.56          80            170          11.6                   cypress swamp, 

	




emergent marsh,




shrub swamp

	

	 58-59                -0.1       -3.11 to +1.56           50            200          13.7                  emergent marsh,




hardwood swamp,
                                                           
                          shrub swamp, 





sawgrass marsh

                                                                                                                                  wet prairie



	 59-60
-1.1       -4.11 to +0.56           15           150          10.3                   wet prairie, hammock

	



	 60-61
-2.1        -5.11 to -1.56            0              90          6.16                   upland




	





             

                  TOTAL    1,460

	


5) Lowrie Brown Unit (Flow-way)

Two culverts (invert elevation of 56.0 ft) on the western side of the farm allow water to enter from Lake Griffin.  During previous farming operations water was pumped into a retention basin on the east side of the farm that drained into Haines Creek.  Future restoration/construction plans include development of a flow-way system similar to the Knight Flow-way (see 3 above).  Water will flow through the site by way of gravity inflow structures at  the south end of the property and will be discharged via outflow structures on the north side of the property to establish a flow-way (Fig. 8; Appendix D). The feasibility of maintaining shallow marsh habitat as well as a flow-way is currently being evaluated. Management at water levels of 56 to 57 ft would be required to maintain shallow marsh habitat.  

Table 12 shows the area within the unit that is predicted to develop various plant community types based on the hydrological conditions at mean lake level of 58.37 ft.  About 67% of the area will be inundated for 99 to 100% of the time at mean water depths of 2.9 ft or greater.  This area would support floating and submersed vegetation and provide fish habitat.  About 29% of the area will be inundated for 15 to 95% of the time at mean water depths of less than 2 ft.  This area would support waterfowl, wading birds, wildlife, and fishery spawning habitat.  Much of the property is currently open water dominated by floating and rooted aquatic and submersed vegetation.  Rapid expansion of southern naiad, a submersed species that inhabits shallow water and

Table 12.  Vegetation Communities Predicted  in the Lowrie Brown Unit Based on Lake Griffin Proposed Mean Elevation (58.37 ft) and Stage Duration

	Contour   
  Mean      Depth Range    % Time       Area  
 % of  
Vegetation 

	Elevation (ft)
Depth (ft)           (ft)           Inundated   (Acres)      Total
Community


	< 55
 >=3.9    (+0.89 to +5.56)     100           283          46.5                   open water, floating,

	                                                                                                                                  rooted aquatic,

                                                                                                                                  submersed



	 55-56                   2.9       -0.11 to +4.56         99           125
20.5
floating, rooted  





aquatic, submersed

	

	 56-57                  1.9       -1.11 to +3.56          95             77
12.6                   floating, rooted 

 



aquatic, submersed,




emergent marsh







	 57-58  
  0.9       -2.11 to +2.56          80             23           3.78                   cypress swamp, 

	




emergent marsh,




shrub swamp

	

	 58-59                -0.1       -3.11 to +1.56           50             13           2.13                   emergent marsh,




hardwood swamp,
                                                           
                          shrub swamp, 





sawgrass marsh 
                                                                                                        wet prairie



	 59-60
-1.1       -4.11 to +0.56           15             65          10.7                   wet prairie, hammock

	



	 60-61
-2.1        -5.11 to -1.56            0              23          3.78                   upland




	





             

                    TOTAL    609

	


provides fish habitat, has occurred in the northwest, west, and south sections of the property.

In summary, the areas flooded for greater than 99% of the time at a mean water depth greater than three feet will result primarily in deep marsh and open water habitat.  Floating and floating-leaved plant species may rapidly colonize these areas.  This habitat occupies about 53%, or 3,078 acres, of the EMCA.  Some degree of plant management may be required to maintain open water in the deeper water areas for boating access.  Prolonged inundation in less than three feet of water will result in development of rooted emergent wetland vegetation, primarily through vegetative growth, and likely will enhance the development of submersed species and floating marshes.  About 42%, or 2,450 acres, have the potential to develop diverse wetland vegetation.  Sawgrass and beakrush communities require a prolonged drawdown and may become established where inundation occurs for less than 80% of the time at water depths of less than 2 ft.  These areas occur in about 9.4%, or 549 acres, of the EMCA.  The current hydrology and nutrient status of the EMCA indicate that large areas of sawgrass marsh that existed prior to 1950 are not  likely to develop within the next 10 years. 

Based on the proposed lake stage duration schedule, all units have the potential for development of fishery habitat and diverse wetlands.  Lowrie Brown Unit has the largest percentage of area (67%) with 408 acres that could develop fishery habitat.  The Knight 

Flow-way has the largest total area, about 1,080 acres, that could develop fishery habitat. The units with the greatest potential for development of wet prairie and emergent marsh communities (15 to 80% hydroperiod at mean water depth of less than 1 ft) are the Knight North Unit (40.1% of the area) with 171 acres, the Eustis-Walker Unit (34.4% of the area) with 469 acres, and the Knight-Long-Mathews Unit (35.6% of the area) with 520 acres.

RECOMMENDED RESTORATION SCHEDULE

We recommend a three-phase restoration strategy for the EMCA (Table 13).  Phased implementation will allow periodic adjustment to the restoration plan based on monitoring results, budget constraints, and permit requirements.  Adoption of each of the three restoration phases will occur within certain time frames. Regular monitoring of hydrological, water quality, and plant and animal community development is critical to implement the best restoration approach.  Monitoring also provides required information on the long-term ability of the system to persist under a particular management approach.  The basic strategy is to collect a comparable data set each year for each component (Erwin, 1990; Murkin and Murkin, 1989).  Vegetation management is required to reduce the negative impacts of exotic species on the establishment of native species (Appendix C).  Proposed time lines for implementation of the three-phase restoration plan will follow adoption of the conceptual restoration plan. Detailed 

Table 13. Schedule of Events for Restoration of the EMCA

PHASE 1 (2-5 YEARS)

PHASE 2 (5-10 YEARS)

PHASE 3 (BEYOND 10 YEARS)

Connect S.N. Knight North property with
Connect S.N. Knight North property




Lake Griffin 


to Yale-Griffin Canal

Pilot test Knight Flow-way

Continue construction in Knight

Connect Knight Flow-way to Lake Griffin,



Flow-way; full scale operation of

Haines Creek, and Yale-Griffin Canal



flow-way

Connect Eustis property and Walker
Connect Eustis-Walker Unit with





property


Yale-Griffin Canal

Pilot drawdown or lime treatment
Full-scale treatment of Long property

of Long property

Connect the oak-palm 

Connect Long property/oak-palm

hammock and Long property 

hammock HHto Yale-Griffin Canal




HH
Initial construction of Lowrie 

Pilot test Lowrie Brown Flow-way;
Connect Lowrie Brown Flow-way to Lake Griffin,

Brown Flow-way

Continue construction in flow-way;
Haines Creek, and Yale-Griffin Canal



Full-scale operation of flow-way;




Re-introduce herbaceous and 




woody plant species as needed;




Modify Lake Yale water control




structures; Replace Emeralda 




Island Road culverts with bridge




to allow boat access

Water quality, biological, and

Continue monitoring in order to

Continue monitoring 

vegetation monitoring and

remediate problems as they arise

management in all units

restoration plans will be developed for each management unit based on periodic review of changing conditions.  The phases are presented as follows:

Phase 1: Initial Restoration (2-5 years)

The initial restoration began with flooding of the farms in fiscal year 1991-92.  Since that period water levels have fluctuated with the Lake Griffin stage.  Monitoring of water quality and vegetation was initiated in fiscal year 1993-94.  A contract with Lake County for aquatic vegetation management was promulgated in 1994-95.  Other work during this phase included breaching levees between the Walker and Eustis properties and between the Long property and a portion of the S.N. Knight property east of Emeralda Island Road.  Breaching of the perimeter levee between Lake Griffin and S.N. Knight North property is proposed during this phase.  Additional work includes reconnection of  the Ashley property with Lake Griffin.  A pilot chemical treatment and/or drawdown of the Long property to reduce dissolved organic materials and nutrients is proposed.  A drawdown will allow vegetative cover development that may complex the dissolved phosphorus.  Several alternatives for improvement of water quality in the Long property are being considered.     

Pilot testing of the S.N. Knight South portion of the Lake Griffin Flow-way will continue during this period.  Water quality and vegetation monitoring will continue at all sites.  Initial construction of a pilot flow-through wetland in Lowrie Brown Farm will commence.

Phase 2: Interim Restoration (5-10 years)
Proposed work during this phase includes levee breaching to provide additional hydrological connections between the Yale-Griffin Canal and the properties east of Emeralda Island Road and between the S.N. Knight North property and the Yale-Griffin Canal.  Modification of the Lake Yale outlet structure may be required to prevent backflow into Lake Yale from the canal during high-water periods.  During this phase, operation of the Lowrie Brown Flow-way will commence.  Pilot testing of both flow-ways will be completed during this phase.  Full-scale operation of the flow-ways will depend on the results of the pilot tests.  Necessary internal construction will be completed.  A full-scale chemical  treatment or drawdown of the Long property will be conducted, if the pilot study warrants such activity.  The existing culverts under the Emeralda Island Road at the Yale-Griffin Canal may be replaced by a bridge to allow unobstructed boat access to all the properties.  Water quality and vegetation monitoring will continue.  Revegetation by planting herbaceous and woody plant species may be conducted during this phase.

Phase 3: Long-term Restoration (beyond 10 years)

Flow-way operations will terminate and the S.N. Knight South and Lowrie Brown properties will be reconnected to Lake Griffin during this period.  Levees will be breached to connect S.N. Knight South to the Yale-Griffin Canal, and to connect Lowrie Brown to Haines Creek.  This will restore hydrological connection of all properties with the lake and surface-water tributaries.   Assessment of water quality improvement and biological diverstiy will continue.

MONITORING PROTOCOLS AND SCHEDULE

Monitoring is necessary to determine if restoration objectives are being met and to implement remedial actions if necessary.  Monitoring protocols for the EMCA include:

· weekly water quality sampling for 22 variables at intake and discharge sites associated with the flow-way(s) 

· monthly FDEP compliance water quality monitoring at the Knight Flow-way for a minimum of three years

· monthly water quality sampling for 22 variables at a minimum of 12 stations in the rest of the EMCA

· one-time sediment sampling to determine background contaminant levels followed by increased sampling in an area where high contaminant levels are found

· annual aerial photography to determine distribution of vegetation development and semi-annual ground truthing or GPS mapping for more specific vegetation determinations

· monthly evaluations of exotic plant species distribution

· monthly avian counts coordinated with The Audubon Society

· annual fish stock assessments by The Florida Game and Fresh Water Fish Commission 

· monthly recording of stages and water depth levels

· daily telemetry monitoring of stage and flow in the flow-way(s).

SUMMARY AND CONCLUSIONS

The historical wetlands of the EMCA consisted primarily of sawgrass and wet prairie communities prior to agricultural development.  The muck farms and cattle ranches, which were constructed by diking and draining the wetlands beginning in the early 1950s, resulted in altered hydrology, degradation of the peat soils, and destruction of the native wetland vegetation.  Preliminary restoration of the EMCA will focus on re-establishment of wetlands and open water areas using the existing hydrological structures.  This is a less costly option compared to active management of the hydrology to restore historic floodplain vegetation.  Active management of water levels may be applied if the current approach fails to achieve the restoration goals.   

The primary goals are:

· to eliminate excess nutrient loading from the former farms to Lake Griffin

· to reduce equilibrium nutrient concentrations in the lake through wetland treatment

· to hydrologically reconnect the properties with Lake Griffin and other waterways to provide biological corridors and boating access

· to establish diverse habitats for wildlife and fish in the flooded properties.

The secondary goals are:

· to provide consumptive and nonconsumptive recreational uses such as fishing and waterfowl hunting

· to provide additional flood storage for the basin.

Restoration will include development of one or two wetland sites (flow-ways) for water quality improvement in Lake Griffin, as well as for wildlife habitat.  Trophic state modelling results have indicated that wetland restoration and the development of treatment wetlands could reduce the equilibrium TP concentration in Lake Griffin by 73%.  The restoration of the EMCA will result in improved habitat for fish and wildlife and provide areas for consumptive and nonconsumptive recreational uses.  Approximately 52.8%, 3,078 acres, of the EMCA will provide aquatic habitat for fishery development.  The remaining area, 47.2% or 2,747 acres, will provide more diverse wetland communities for wildlife and fish spawning habitat. 

The interim objective of the project  is to hydrologically interconnect several of the properties as units to provide biological corridors and boating access. The units will include S.N. Knight North Unit, Eustis-Walker Unit, Knight Flow-way, Long-Mathews Unit, and the Lowrie Brown Flow-way.  

Long-term restoration goals include reconnection of all properties with Lake Griffin, the Yale-Griffin Canal, and Haines Creek.  With appropriate management, the EMCA will provide diverse wetland and fishery habitats, as well as provide nutrient reduction in Lake Griffin surface water.

Monitoring will provide the information to determine success of meeting restoration objectives and will indicate the need for remedial action to be taken. This plan is a working document subject to revision.
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                                APPENDIX A: EARLY 1900s VEGETATION

Sellards (1910) noted the type of vegetation of the low hammocks in the vicinity of the lakes in the Upper Basin of the Ocklawaha River.  The vegetation around the smaller lakes occurred in more or less concentric zones, corresponding to the depth of the water, or the distance from the shore.  The boundaries were not well-defined, however, and a complete gradation occurred from the floating-leaved water lilies (Nymphaea odorata) and spatterdock (Nuphar lutea) in deeper water to the pines in the drier areas around the shores.  The floating-leaved species did not grow in more than five or six feet of water.  Plant species characteristic of the shallow water included pickerel weed (Pontederia cordata), lance-leaf sagittaria (Sagittaria lancifolia), and maidencane (Panicum hemitomon).  The water lily and spatterdock also grew in shallow water, but were stunted.    

Closer to the lake shore where partial inundation allowed exposure of peat at low water, isolated small trees and shrubs occurred.  These included bay (Magnolia glauca), St. John's wort (Hypericum fasciculatum), and buttonbush (Cephalanthus occidentalis).  The other vegetation was predominantly herbaceous; it included lance-leaf sagittaria, maidecane, Ericaulon compressum, pickerel weed, Fuirena scirpoidea, Cyperus sp., Xyris sp., Lachnocaulon sp., Erianthus sp., sawgrass, sundew (Drosera capillaris), water pennywort (Hydrocotyle umbellata), paint-root (Gyrotheca tinctoria), Amphicarpum sp., Lycopodium chapamini, and Centella repanda.  

Higher up on the exposed sandy shores, various trees and shrubs occurred, but the dominant vegetation was herbaceous.  Cordgrass (Spartina bakeri), rushes (Juncus sp. and Rhynchospora sp.), Lachnocaulon sp., bladderwort (Utricularia subulata), marsh fleabanes (Pluchea sp.), various grasses, and other species were found.   

In sheltered coves associated with deeper water, broadleaf cattail (Typha latifolia) was rarely found.  Herbaceous species commonly found were spatterdock, white water lily, eelgrass, sawgrass, pickerel weed, lance-leaf sagittaria, maidencane, duckweed (Lemna sp.), water hemlock (Cicuta curtissii), elderberry (Sambucus canadensis), soft-stem bulrush (Scirpus validus), sedge (Carex comosa), Panicum sp., Jussiaea sp., careless (Acnida australis), Cyperus haspan, bladderwort (Utricularia sp.), and coontail (Ceratophyllum demersum).

Large sawgrass marshes covered hundreds of acres.  The peat underlying the vegetation was often 10 or more feet deep and the upper layers rather coarse and fibrous.  The prevalent species included sawgrass, lance-leaf sagittaria, careless, cordgrass, Erianthus sp., pickerel weed, marsh St. John's wort (Triadenum virginicum), Gerardia linifolia, smartweeds (Polygonum sp.), pennyworts, Jussiaea sp., dog fennel (Eupatorium capillifolium), bushy beard (Andropogon glomeratus), seedbox (Ludwigia alata), Eupatorium serotinum, goldenrod (Solidago fistulosa), and stunted plants of white water lily.

APPENDIX B: DESCRIPTION OF THE EMCA PROPERTIES

(Refer to Figures 1 and 2)

Ashley Farm
Ashley Farm was developed during the late 1950s, but was abandoned during the early 1970s.  It is bordered by pine flatwoods and the Emeralda Island Road to the east, pine flatwoods to the north, wetlands and the Ocklawaha River (Lake Griffin) to the west, and the Getford Ranch to the south.  It consists of about 200 acres, of which about 60 acres are wetland.  The earthen dike surrounding the farm has deteriorated and the farm is constantly inundated at lake level.  

The vegetation in the farm interior includes aquatic and wetland species dominated by spike rush (Eleocharis sp.), lance-leaf sagittaria, Panicum sp. grasses, and sawgrass.  Cattail (Typha sp.) occurs along the main north-south canal in the center of the farm.  Shrub communities dominated by wax myrtle (Myrica cerifera) and willow (Salix caroliniana) are prevalent in the southern end.  A floating vegetative mat of varied thickness occurs in much of the marsh.  Water depth under the mat ranges from a few inches to a maximum of seven feet in the former canals.   Soils are mainly organic muck, with some sandy clay and sandy soils around the eastern periphery.
Eustis Muck Farm
Eustis Muck Farm, developed by the early 1970s, consists of approximately 706 acres. It is located north of the Yale-Griffin Canal, east of Walker Ranch, west of County Road 452, and southeast of the Emeralda Marsh.  Corn, carrots, radishes, and sod were grown on the farm prior to acquisition by the SJRWMD.  A main canal in the middle of the farm was connected to a series of north-south ditches.  A pump at the northwest corner discharged water into an 80-acre retention pond.  Water from the retention pond overflowed into the southeastern part of Emeralda Marsh when the water in the pond reached an elevation of 63 feet NGVD (Modica and Associates, 1988).  The high nutrient water in the retention pond could have impacted the native plant species in the environmentally-sensitive Emeralda Marsh.  The farm was flooded to lake level in 1994 to create aquatic habitat.  Invasive grasses, forbs, and myrtle shrubs, which occurred in much of the fallowed land, did not persist after flooding of the farm.  Cattail establishment from seedlings occurred in the flooded sod portion of the farm.  Water hyacinths (Eichhornia crassipes) from drainage ditches also rapidly colonized the flooded areas.  The principal soils are muck, with some sandy soils along the eastern side. 

Getford Ranch
The Getford Ranch, developed during the late 1950s, consists of about 953 acres and has not been acquired by the SJRWMD.  It is currently used for pasture and limited nursery production.  The property is located north of the Yale-Griffin Canal and S.N. Knight North Farm.  Emeralda Island Road borders the property to the east.  The farm has not been diked or ditched to support row crops nor is there any connection with Lake Griffin except at high lake stage (Modica and Associates, 1988).  The farm consists of emergent and sawgrass marshes, pasture, and oak hammocks.  The farm has potential to provide both wetland and upland wildlife habitat.  The soils are primarily sandy and sandy-clay, with muck soils occurring along the western and southeastern periphery.

S.N. Knight Farms - Lisbon
S.N. Knight North and South

These farms were developed during the early 1970s.  They are located on the east side of Lake Griffin.  The north property consists of about 410 acres and is separated from the south property, consisting of about 1,905 acres, by the Yale-Griffin Canal.  The farms were developed from bottom land and marsh sites that were diked off from Lake Griffin for vegetable and forage production and pasture.  The north-south arterial ditches were connected to main ditches that drained into two retention ponds.  A 35-acre retention pond is located in Knight North and a 36-acre retention pond is located in the southeastern corner of Knight South.  The former drains into Lake Griffin and the latter drains into Haines Creek.  Much of S.N. Knight North was flooded to near lake level after District acquisition in 1992.  Flooding of S.N. Knight South to lake stage occurred in 1994 to develop a pilot flow-way. 

Duckweeds (Lemna spp.), water ferns (Azolla sp. and Salvinia sp.), water hyacinth, and water pennywort (Hydrocotyle umbellata) are prevalent in the aquatic areas.  Hydrilla (Hydrilla verticillata), southern naiad (Najas guadalupensis), and coontail (Ceratophyllum demersum) are common submersed species in S.N. Knight North. Emergent vegetation (cattails, knotweeds, maidencane, pickerel weed, seedbox) and shrub vegetation (swamp dogwood, wax myrtle, willow) occur in the wetlands.  Oak and palm hammocks occur in the eastern side of S.N. Knight North, in the southeastern end of S.N. Knight South near Haines Creek, and in the northeastern part of S.N. Knight South east of Emeralda Island Road.  The farms were commonly flooded in the winter months to control soil pests and to attract waterfowl.  The overwintering duck populations reportedly numbered between 6,000 and 10,000 birds (Modica and Associates, 1988).  Soils are primarily sandy and sandy clay in the western half of S.N. Knight North, whereas the eastern half has primarily muck soils. The northwestern part of S.N. Knight South consists primarily of muck soil, whereas the northeastern to southwestern part consists mainly of sandy and sandy clay soils. 

Long Farm
Long Farm was developed during the mid 1950s.  It is located south of the Yale-Griffin Canal and east of Emeralda Island Road.  The farm consists of about 950 acres, most of which was used for producing sweet corn, carrots, and other vegetables (Modica and Associates, 1988).  Seepage and rainwater were collected from an east-west ditch system which drained into a central arterial north-south canal.  A pump located on the central dike moved water into a 46.5-acre retention pond in the northwest area of the farm.  Another 4.3-acre retention pond is located in the northeastern corner of the farm.  Water from the ponds drained into the Yale-Griffin Canal.  

The entire farm was flooded to within one foot of lake level (Lake Griffin) in 1993 and to lake level in 1995.  The retention ponds are dominated by aquatic vegetation, particularly water hyacinth.  The hyacinth was aerially treated with herbicide during July 1995.  Floating aquatic plant species (duckweed, water ferns, water hyacinth) dominate the periphery of the flooded part of the farm.  Shrubs and tree snags occur along the levees.  Sandy soils occur in the extreme eastern and western sides of the farm.  The predominant soil in most of the farm is organic muck.

Lowrie Brown Cattle Ranch
The farm was developed during the mid 1950s.  The property consists of about 690 acres in the Lisbon/Emeralda area and is bordered by Haines Creek and a riparian marsh to the north and east, by Lake Griffin to the west, and by improved pasture and wetlands to the south (Modica and Associates, 1988).  The southern part of the farm was used for pasture.  The northern part of the farm with lower elevation had a more extensive drainage system for row crop production, particulary field corn for silage.  This area was once part of the lacustrine/riverine floodplain (Modica and Associates, 1988).  A pump discharged water from the drainage ditch system across a dike into Haines Creek through a  marsh located east of the farm.  Pumps also discharged water into Lake Griffin on the western side of the property. 

A variety of wetland habitats have developed since the farm was purchased.  Floating and floating-leaved aquatic vegetation has colonized the periphery of the property.  Southern naiad is the dominant submersed species.  Isolated colonies of emergent plant species such as cattail, lance-leaf sagittaria, and pickerel weed (Pontederia cordata) also occur in the shallower areas.  Dead shrubs and tree snags occur on the flooded levees, the latter providing avian nesting habitat.  The swamp forest on the eastern side of the farm near Haines Creek consists mostly of hardwood species.  The soils are mainly organic muck in the northern part of the property, sandy-clay in the western and southern part, and fine sand in the extreme south end.   

Mathews Ranch

Mathews Ranch, which has an area of about 725 acres, is located east of S.N. Knight South, north of Haines Creek, and west of Lisbon Road.  It was originally developed in the mid 1950s as part of the Lowrie Brown property.  The area provided pasture for cattle grazing (Modica and Associates, 1988).  It contains oak and cabbage palm hammocks.
Walker Ranch

Walker Ranch is bordered by the Emeralda Marsh to the north, Eustis Muck Farm to the east, Lisbon Road to the west and the Yale-Griffin Canal to the south. The property, consisting of 1,078 acres, was developed in 1972 in an area that previously existed as a freshwater marsh dominated by sawgrass (Modica and Associates, 1988).  The southern part of the ranch supported row crops such as carrots, sweet corn, and spinach, and pasture for cattle production.  The ranch became inactive in 1982 due to noncompliance with Lake County pollution abatement requirements.  A pump discharged water from the southeastern area into the Yale-Griffin Canal.   The central and northern part of the property supports primarily wet prairies and forested hammocks.  The wetland and aquatic areas are dominated by sedges, rushes, pickerel weed, and white water lily (Nymphaea odorata).  Some of the more common invasive species, such as cattails and willow, occur in the southern part the ranch, particularly along Emeralda Island Road. The ranch was partially flooded by rainfall accumulation; in 1994 it was flooded to lake level via a 48-inch culvert under Emeralda Island Road.  The soils are mainly fine sand bordered by sandy clay in the north, central, and western part of the property; the northwest, east, and south portions consist of organic muck.


APPENDIX C: RESTORATION GOALS AND MANAGEMENT CONCERNS OF THE EMCA PROPERTIES

	PRIVATE 
Property


	Acreage and Date First Inundated to  58 ft Lake Stage
	Restoration Goals
	Concerns

	Eustis Muck Farm
	520 inundated in 1994  
	deep marsh, fisheries
	invasion with water hyacinth, possible Hydrilla invasion

	S.N. Knight North Farm
	about 278 inundated in 1992
	deep marsh, shallow marsh,  wildlife habitat, fisheries
	Hydrilla invasion from Yale-Griffin Canal, cattail and hyacinth expansion

	S.N. Knight South Farm
	1,517 inundated in 1994
	deep marsh, shallow marsh,  flow-way for nutrient removal
	invasion of water hyacinth and Hydrilla from Yale-Griffin Canal

	Long Farm 
	870 inundated in 1993
	deep marsh, wildlife habitat, fisheries
	possible water hyacinth and cattail expnasion, Hydrilla invasion

	Lowrie Brown Farm
	513 inundated in 1992
	shallow marsh, deep marsh, flow-way for nutrient removal, wildlife habitat
	possible cattail and hyacinth expansion, Hydrilla invasion

	Mathews Farm
	about 300 inundated in 1994
	part of Knight Flow-way, emergent shallow marsh, wildlife habitat
	possible cattail and hyacinth expansion

	Walker Ranch
	about 349 inundated in 1994
	emergent marsh, wildlife habitat
	possible cattail and hyacinth expansion


APPENDIX D: WATER CONTROLSTRUCTURE IDENTIFICATION

                                          IN THE EMCA

	
	D E S C R I P T I O N
	INVERT
	SIZE
	NO.

	1
	Yale-Griffin Canal connector @ Emeralda Isl. Rd.
	58.2 +
	36" RCP
	4

	2.
	Knight-North to Walker Ranch
	58.6 +
	24" RCP
	2

	3.
	Knight-South to Knight-South
	52.0 +
	48" RCP
	1

	4.
	Future bypass pipe
	54.0
	48" RCP
	1

	5.
	Future bypass pipe
	54.0
	48" RCP
	1

	6.
	Knight-North to Yale Canal
	56.5
	36" STL
	1

	7.
	Walker Ranch to Yale Canal
	56.8 +
	36" STL
	2

	8.
	Walker Ranch to Eustis Muck Farm
	53.3
	48" CMP
	1

	9.
	Eustis Muck Farm to Yale Canal
	52.7 +
	36" STL
	1

	10.
	Long Farm North to Yale Canal
	54.7 +
	36" STL
	1

	11.
	Yale to Griffin connector beneath Route 452
	52.4
	8' BOX
	1

	12.
	Yale to Griffin connector beneath dirt road
	59.7
	36" CMP
	1

	20.
	Flow-way @ S.N. Knight, intake site "Q", proposed.
	54.0
	36" CMP
	3

	20.
	“                           “                          “      , existing.
	56.3
	36” CMP
	1

	21.
	Flow-way @ S.N. Knight, intake site "R", proposed.
	54.0
	48" CMP
	1

	21.
	“                           “                          “      , existing
	57.5
	48” CMP
	1

	22.
	Flow-way @ S.N. Knight, intake site "S", existing.
	56.0 +
	24" STL
	2

	23.
	Flow-way @ S.N. Knight, pump out site "T".
	56.8
	36" STL
	1

	24.
	Flow-way @ S.N. Knight, pump out site "U".
	58.0 +
	30" STL
	1

	25.
	Flow-way @ S.N. Knight, pump out site "W", proposed.
	57.0
	48" STL
	1

	26.
	Flow-way @ S.N. Knight, ret. pond outlet "V".
	57.0
	36" CMP
	3

	27.
	Flow-way @ S.N. Knight, ret. pond connector, Knight to Mathews
	54.0
	48" CMP
	2

	30.
	Flow-way @ Lowrie Brown, future inflow site "J"
	54.0
	48" CMP
	2

	31.
	Flow-way @ Lowrie Brown, future pump out site "K"
	57.0
	36" STL
	1

	32.
	Flow-way @ Lowrie Brown, future pump out site "L"
	57.0
	36" STL
	1

	33.
	Flow-way @ Lowrie Brown, former pump station.
	56.0 +
	36" CMP
	2

	40.
	Knight-North, farm refill from RA
	58.0 +
	24" CMP
	1

	41.
	Knight-North, RA overflow to Lake
	56.5 +
	42" CMP
	2

	42.
	Long Farm North, farm refill from RA
	56.0 +
	36" CMP
	1

	43.
	Long Farm North, RA overflow to Lake
	 58.0 +
	36" CMP
	1

	44.
	Eustis Muck Farm, RA overflow to Emeralda Marsh
	58.0 +
	36" CMP
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