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EXECUTIVE SUMMARY  

This report describes the St. Johns River Water Management Districtôs (SJRWMDôs) 

minimum flows and levels (MFLs) determination for Lake Hiawassee in Orange 

County, Florida. Lake Hiawassee is on the minimum flows and levels (MFLs) priority 

water body list and schedule (SJRWMD 2007), which is prepared pursuant to the 

requirements of Section 373.042(2), Florida Statutes (F.S). Recommended MFLs are 

presented in Table ES-1.  

 

SJRWMDôs multiple MFLs method (SJRWMD 2006, Neubauer et al. 2008) was used 

to determine the recommended MFLs for Lake Hiawassee. The MFLs determination 

was based on evaluations of topographic, soils, and vegetation data collected within 

plant communities associated with Lake Hiawassee, with information collected from 

other aquatic ecosystems, and from the scientific literature. Elevation, soils, and 

vegetation field data were obtained from five transect locations to support 

development of recommended MFLs for Lake Hiawassee.   

 

SJRWMD reviewed the 10 environmental values identified in Rule 62-40.473, 

F.A.C., and determined for Lake Hiawassee that the environmental value, ñfish 

and wildlife habitats and the passage of fish,ò was the most restrictive 

environmental value to the further development of consumptive uses of surface 

and/or regional ground water. Hence, the Lake Hiawassee MFLs were 

developed primarily to protect this environmental value. Based on a qualitative 

assessment, SJRWMD believes the recommended MFLs developed primarily 

for the protection of significant harm to ñfish and wildlife habitats and the 

passage of fishò will  protect all other relevant environmental values for Lake 

Hiawassee. 

 

The recommended minimum frequent high (FH) level for Lake Hiawassee (76.4 ft 

National Geodetic Vertical Datum [NGVD]) allows 30-day continuous duration 

flooding events to recur once every 3 years (i.e., 33 flooding events every 100 years), 

on average (Table ES-1). The FH level is derived from the average of the mean 

elevations of wet prairie communities from five transects and provides inundation or 

saturation sufficient to support the obligate, facultative wet, and facultative wetland 

plant species within the wet prairie, shallow marsh, and deep marsh communities, 

while preventing encroachment of upland vegetation.  Based on Streamflow 

Synthesis and Reservoir Regulation (SSARR) hydrologic model simulation, the 

recommended FH level for Lake Hiawassee would allow for 13 fewer, 30-day 

continuous flooding events in 100 years of the 76.9 ft NGVD elevation than would be 

expected under SSARR modeled 2004 conditions. This duration and return interval 

shows that the hydrologic requirements of the recommended FH level are met under 
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2004 conditions and that this recommended FH level would allow for some 

consumptive use in addition to that which existed under 2004 conditions. 

 

Because of the absence of consolidated organic soils associated with a wetland 

vegetation community and the nature of sandhill lakes to fluctuate dramatically 

(CH2M HILL 2005), a minimum average level is not recommended for Lake 

Hiawassee. 

 

The recommended minimum frequent low (FL) level for Lake Hiawassee (72.9 ft 

NGVD) allows 120-day continuous duration dewatering events to recur once every 

3 years (i.e., 33 dewatering events every 100 years), on average (Table ES-1). The FL 

level is the average of the minimum surface elevations of the shallow marsh 

communities on five transects. This level allows periodic drying within the shallow 

marsh communities for approximately 120 continuous days every 3 years, on average. 

Exposing the floodplain of Lake Hiawassee for suitable durations should maintain 

healthy and diverse wetland communities. A FL level established at the average of the 

minimum elevations of shallow marshes provides the ecological benefits of a low 

water event, while preventing significant harm in the form of a drastic shift of the 

shallow marsh community and encroachment of deep marsh vegetation. Based upon 

SSARR hydrologic model simulation, the recommended FL level would allow an 

increase of six, 120-day continuous dewatering events at 72.9 ft NGVD every 100 

years, on average. This duration and return interval shows that the hydrologic 

requirements of the recommended FL level are met under 2004 hydrologic conditions 

and that this minimum level would allow for little consumptive use above that 

occurring under 2004 conditions. 

 

The hydrologic model for Lake Hiawassee was calibrated for 2004 conditions 

(Robison 2008). These conditions included the most recent land use information and 

groundwater levels consistent with 2004 regional water use. Based on hydrologic 

model results, SJRWMD concludes that the recommended MFLs for Lake Hiawassee 

are protected under 2004 conditions. Establishment and enforcement of the 

recommended MFLs for Lake Hiawassee should provide for the protection of the 

water resources or ecology of the area from significant harm (Table ES-1), thereby 

conserving environmental values (Rule 62-40.473, F.A.C.).   Although the MFLs are 

met under 2004 modeled conditions, groundwater or surface water withdrawals in 

addition to those existing under 2004 conditions may cause a lowering of the level of 

Lake Hiawassee below the recommended FL level. An increase in the frequency of 

low water events at Lake Hiawassee, above that related to water use existing under 

2004 conditions, would be expected to cause a shift in the wetland vegetation 

communities to lower elevations and an increased encroachment from upland species. 

To determine the extent to which changes in groundwater use allocations subsequent 

to 2004 would cause lake levels to fall below the recommended MFLs for Lake 

Hiawassee, the existing Lake Hiawassee hydrologic model should be run using 
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Floridan aquifer potentiometric level declines that reflect these changes in water use 

allocation. 

 

Results presented in this report are preliminary and will not become effective unless 

the recommended MFLs are adopted by SJRWMD Governing Board rule. Periodic 

reassessment of these levels should be conducted in order to determine if these levels 

are being achieved and if they are adequate to prevent significant ecological harm 

from occurring at Lake Hiawassee. Reassessments should be based on periodic 

monitoring of vegetation communities and analysis of Lake Hiawassee stage data to 

ensure that there are no unexpected shifts in hydrologic conditions. 
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Table ES-1. Recommended minimum surface water levels for Lake Hiawassee in 
Orange County, Florida. 

 
Recommended 

Minimum 
Level 

Level 
(ft NGVD) 

Duration 
(days) 

Return 
Interval 
(years) 

Elevation 

Frequent  
High (FH) 

76.4 30 3 
Mean of the Average 
Elevations of Wet 
Prairie Community 

Frequent  
Low (FL) 

72.9 120 3 
Mean of the Minimum 
Elevations of Shallow 
Marsh Community 

ft NGVD = feet National Geodetic Vertical Datum 
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INTRODUCTION  

This report describes the St. Johns River Water Management Districtôs (SJRWMDôs) 

minimum flows and levels (MFLs) evaluation of Lake Hiawassee in Orange County, 

Florida.  Lake Hiawassee is located in an area of high water use and is on the MFLs 

Priority Water Body List and Schedule (SJRWMD 2007) to monitor levels and guard 

against significant harm from local consumptive use. As a priority listed water body, 

minimum levels must be established for this lake pursuant to Section 373.042(2), 

Florida Statutes (F.S.). The priority water body list and schedule is based upon the 

importance of the water body to the region and the existence of, or potential for, 

significant harm to the water resources or ecology of the region. 

 

The minimum levels recommended for Lake Hiawassee are intended to support the 

protection of the water resources or ecology from significant ecological harm. They 

are designed to provide technical support to SJRWMDôs regional water supply 

planning process (Section 373.0361, F.S.), the consumptive use permitting program 

(Chapter 40C-2, Florida Administrative Code [F.A.C.]), and the environmental 

resource permitting program (Chapter 40C-4, F.A.C.). 

 

MFL S PROGRAM OVERVIEW  
 

SJRWMDôs MFLs program, based on the requirements of Section 373.042 and 

Section 373.0421, F.S., establishes MFLs for lakes, streams and rivers, wetlands, 

springs, and aquifers. Furthermore, the MFLs program is subject to the provisions of 

Chapter 40C-8, F.A.C. Based on the provisions of Rule 40C-8.001(3), F.A.C., ñé the 

Governing Board shall use the best information and methods available to establish 

limits which prevent significant harm to the water resources or ecology.ò Significant 

harm, or the environmental effects resulting from the reduction of long-term water 

levels and/or flows below MFLs, is prohibited by Section 373.042(1a)(1b), F.S. In 

addition, MFLs should be expressed as multiple flows or levels defining a minimum 

hydrologic regime, to the extent practical and necessary, to establish the limit beyond 

which further withdrawals would be significantly harmful to the water resources or 

the ecology of the area (Rule 62-40.473(2), F.A.C.).   

 

Factors to Be Considered When Determining MFLs 

 

According to Rule 62-40.473, F.A.C., and in establishing MFLs pursuant to Section 

373.042 and Section 373.0421, F.S., consideration shall be given to natural, seasonal 

fluctuations in water flows or levels; nonconsumptive uses; and environmental values 

associated with coastal, estuarine, riverine, spring, aquatic, and wetlands ecology, 

including:  
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 Recreation in and on the water (Rule 62.40.473(1)(a), F.A.C.) 

 Fish and wildlife habitats and the passage of fish (Rule 62.40.473(1)(b), F.A.C.) 

 Estuarine resources (Rule 62.40.473(1)(c), F.A.C.) 

 Transfer of detrital material (Rule 62.40.473(1)(d), F.A.C.) 

 Maintenance of freshwater storage and supply (Rule 62.40.473(1)(e), F.A.C.) 

 Aesthetic and scenic attributes (Rule 62.40.473(1)(f), F.A.C.) 

 Filtration and absorption of nutrients and other pollutants (Rule 62.40.473(1)(g), 

F.A.C.) 

 Sediment loads (Rule 62.40.473(1)(h), F.A.C.) 

 Water quality (Rule 62.40.473(1)(i), F.A.C.) 

 Navigation (Rule 62.40.473(1)(j), F.A.C.) 

 

In addition to these factors, based on Section 373.0421(1), F.S., the following 

considerations are also required: 

 

ñWhen establishing MFLs pursuant to Section 373.042., F.S., consideration shall be 

given to changes and structural alterations to watersheds, surface waters, and aquifers 

and the effects such changes or alterations have had, and the constraints such changes 

or alterations have placed, on the hydrology of an affected watershed, surface water, 

or aquifer, provided that nothing in this paragraph shall allow significant harm as 

provided by Section 373.042(1) caused by withdrawals.ò 

 

Hydrology 

 

MFLs designate an environmentally protective hydrologic regime (i.e., hydrologic 

conditions that prevent significant ecological harm) and identify levels and/or flows 

above which water may be available for use. MFLs define the frequency and duration 

of high-, average-, and/or low water events necessary to protect relevant water 

resource value criteria and indicators that prevent significant harm to aquatic and 

wetland habitats. The three MFLs usually defined for each system, as deemed 

appropriate, are: minimum frequent high, minimum average, and minimum frequent 

low flows and/or water levels. In situations where there are no organic soils to 

prevent oxidation of, a minimum average flow or level may not need to be 

established.  If considered necessary, minimum infrequent high and/or minimum 

infrequent low flows and/or water levels may be determined instead of or in addition 

to minimum frequent flows and/or levels.  
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The MFLs represent hydrologic statistics composed of three components: a 

magnitude (a water level and/or flow), duration (days), and a frequency or return 

interval (years). Historically, SJRWMD synthesized the continuous duration and 

frequency components of the MFLs into seven discrete hydroperiod categories to 

facilitate MFLs determinations for lakes and wetlands. However, for MFLs associated 

with reevaluations of established MFLs and MFLs for water bodies for which MFLs 

have not been previously established, these hydroperiod categories are now being 

replaced with specific duration and return interval values. 

 

MFLs are water levels and/or flows that primarily serve as hydrologic constraints for 

water supply development, but may also apply in environmental resource permitting. 

MFLs take into account the ability of wetlands and aquatic communities to adjust to 

changes in the return intervals of high- and low water events. Therefore, MFLs allow 

for an acceptable level of change to occur relative to the existing hydrologic 

conditions (gray-shaded area, Figure 1). However, when use of water resources shifts 

the hydrologic conditions below that defined by the MFLs, significant ecological 

harm occurs. 

 

As it applies to wetland and aquatic communities, SJRWMD considers significant 

harm to be a function of changes in the frequencies of water level and/or flow events 

of defined duration, causing impairment or loss of ecological structures and functions. 

Significant harm can be prevented if water withdrawals do not cumulatively alter the 

hydrology beyond the minimum hydrologic regime defined by the MFLs. 

 

MFLs apply to decisions affecting permit applications, declarations of water 

shortages, and assessments of water supply sources. Surface water and groundwater 

computer simulation models are used to evaluate existing and/or proposed 

consumptive uses and the likelihood they might cause significant harm. Actual or 

projected instances where water levels fall below established MFLs require the 

SJRWMD Governing Board to develop recovery or prevention strategies (Section 

373.0421(2), F.S.). MFLs are to be reviewed periodically and revised as needed 

(Section 373.0421(3), F.S.). 

 

LAKE HIAWASSEE BACKGROUND INFORMATION  
 

Lake Hiawassee is located in Orange County, Florida, west of Orlando near the 

intersection of Old Winter Garden and South Hiawassee roads. Lake Hiawassee is 

located in an area of high water use and is on the MFLs Priority Water Body List and 

Schedule (SJRWMD 2007) to monitor levels and guard against significant harm from 

local consumptive use.  Lakes are placed on the priority list for MFL 

determination for reasons that may include: 
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 State or regional significance 

 Existence of or potential for significant harm 

 Consistently low water levels  

 Large consumptive use permits 

 Availability of hydrologic models 

 Need to develop MFLs criteria at unimpacted systems 

 

The lake lies within Section 35, Township 22 South, Range 28 East, in the U.S. 

Geological Survey (USGS) Orlando West 7.5-minute topographic quadrangle map 

(Figure 2). The lake surface covers approximately 200 acres at a lake stage of 73 ft 

National Geodetic Vertical Datum 1929 (NGVD). The main lake separates into two 

lobes during average and low water levels, with the main lobe having a surface area 

of approximately 160 acres and the smaller lobe, 40 acres. The jurisdictional 

boundary of SJRWMD and the South Florida Water Management District (SFWMD) 

runs on an east-west line through the southern portion of the main lobe of the lake 

(Figure 2). 

 

Lake Hiawassee is a sandhill lake in the Apopka Hills physiographic subdivision of 

the Central Lakes District, which consists of residual sand hills, with the parent 

material containing more silt and clay (Brooks 1982). These hills are usually less than 

150 feet (ft) in elevation and are composed of sand hills underlain by karst 

topography serving as solution basins favorable for sinkhole development (Brooks 

1982). The Central Lakes District serves as a principal recharge area for the Floridan 

aquifer (Brooks 1982).  Groundwater inflow to the lake naturally originates from 

surrounding sand ridges. Recharge to the Floridan aquifer from the lake is estimated 

at 4ï8 inches (in.) per year (Figure 3, Boniol et al. 1993). Sand hills surrounding Lake 

Hiawassee have an estimated recharge to the Floridan aquifer of greater than 12 in. 

per year (Figure 3, Boniol et al. 1993). 

 

According to the Florida Natural Areas Inventory (FNAI) and the Florida Department 

of Natural Resources (FDNR), sandhill lakes are typically sinkhole features in sandy 

landscapes that contain deep sandy soils lacking an accumulation of organic material 

(FNAI and FDNR 1990). Sandhill upland lakes are typically shallow, rounded 

solution depressions found in sandy upland plant communities (FNAI and FDNR 

1990). The open water tends to be permanent, but levels may fluctuate dramatically 

with complete drying during extreme drought (FNAI and FDNR 1990). These lakes 

are lentic with no significant surface inflows or outflows (FNAI and FDNR 1990). 

The substrate is sand with organic deposits that can increase with lake depth (FNAI 
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and FDNR 1990). The water is usually clear, circumneutral to slightly acidic, and 

moderately soft, with a variable mineral content (FNAI and FDNR 1990). These lakes 

are seldom eutrophic unless artificially fertilized through human activity (FNAI and 

FDNR 1990). 

 

The area surrounding Lake Hiawassee was largely agricultural until the late 1980s 

(Figure 4). The northeast shore of the lake had been developed as residential housing 

by 1984 (Figure 4), as well as the southwest shore (Edgewood Childrenôs Ranch). 

Primarily medium- and high-density residential neighborhoods were developed 

around the lake after 1984 and in the early 1990s. Since that time, a golf course and 

more high-density neighborhoods were developed along the remaining lakeshore, 

such that by 1995 Lake Hiawassee was surrounded by development (Figures 5). 

 

There is no public access to Lake Hiawassee and, therefore, no commercial 

navigation. Lake Hiawassee is completely surrounded by development and all access 

is on private property. There are boating access locations, but they are privately 

owned and for personal use. Fishing, boating, and water sports (including water 

skiing, wakeboarding, and jet ski use) are common recreational activities for Lake 

Hiawassee residents. 

 

Lake Hiawassee Hydrology 

 

Lake Hiawassee has been classified through a discriminant analysis in relation to an 

already published report of other SJRWMD lakes (C.P. Robison and R. Epting, 

unpublished data) using techniques and categories developed by Epting et al. (2008).  

According to this analysis, Lake Hiawassee classifies as a well-drained ridge lake 

with moderate leakage and high surface outflow, with a high range and below-

average symmetry stage record.  Although the analysis clusters Lake Hiawassee with 

lakes that have high surface outflow, Lake Hiawassee has no natural surface water 

inflows or outflows. However, the lake is hydrologically connected to the aquifer and 

has a drainage well installed, simulating surface outflow when compared statistically 

to other lakes.  In addition, several stormwater drains flow directly into the lake, 

possibly having an affect on the stage record analysis. 

 

The drainage well was installed in Lake Hiawassee in the 1960s in response to area 

flooding.  This well drains water directly into the Floridan aquifer during high water 

level events above the overflow elevation of 78.1 ft NGVD (Appendix A, Robison 

2008, HAI 2003).   According to the Orange County Water Atlas and SJRWMD stage 

period of record, Lake Hiawassee has exceeded the drainage well elevation (78.1 ft 

NGVD) on four recorded occasions: May 1960-April 1961, September 1994-January 

1995, October 1996, and September-November 2004.  
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At the time this report was written, stage data for Lake Hiawassee was 
available from 1960 to 2008 from two sources (Table 1). Stage data 
collected by Orange County (water body ID 140242, Orange County Water 
Atlas, n = 588 observations) were random and sporadic between 1960 - 1983 and 

were recorded monthly from 1993-2004. Stage data were not collected between 1983 

- 1993 and 2004 - 2006, but were recorded daily from 2006 to the present. Four data 

observations from the Orange County data, believed to be inaccurate readings, were 

removed from further analyses after consulting with Orange County staff (removed 

data observations: 9/12/2000, 7/19/2006, 2/10/2007, and 2/11/2007). After removing 

these elevations, Lake Hiawassee Orange County Water Atlas water levels fluctuated 

17.0 ft (minimum 65.4 ft NGVD, maximum 82.4 ft NGVD), with a mean stage of 

73.2 ft NGVD for the period of record, 1/01/1960 to 10/12/2007 (n = 588 

observations). 

 

SJRWMD has weekly stage data available for Lake Hiawassee from March 2001 to 

March 2008, consisting of 330 observations (SJRWMD staff gauge 15283103-232). 

For the SJRWMD seven-year period of record, Lake Hiawassee fluctuated 14.0 ft. 

(minimum 65.0 ft NGVD, maximum 79.0 ft NGVD), with a mean stage of 72.3 ft 

NGVD and a median stage of 73.0 ft NGVD from 3/13/2001 to 3/7/2008 (n = 330 

observations). 

 

A stage duration curve was constructed, but is biased due to the patchy period of 

record from 1960-1993.  The hydrograph (Figure 6) and the stage duration curve 

(Figure 7) were derived from the available stage data (1960-2008, biased for water 

years 1993-2007), with both Figures 6 & 7 illustrating the range of typical lake 

stages. Combined data from Orange County and SJRWMD indicate that Lake 

Hiawassee fluctuated 17.4 ft between January 1960 and March 2008. 

 

A Streamflow Synthesis and Reservoir Regulation (SSARR) hydrologic model was 

developed for Lake Hiawassee by C.P. Robison (Appendix A and Robison 2008) 

using SJRWMD data. The calibrated model was run to simulate lake water levels for 

the period 1948 through 2004 (Appendix A, Robison 2008). The SSARR model was 

refined during 2007 and 2008 to incorporate new information, including: long-term 

Floridan aquifer water levels, more recent SJRWMD lake stage data, additional 

regional rainfall records, more detailed drainage basin topography, and updated 2004 

land use.  According to the SSARR model (under 2004 conditions), the simulated 

water budget for main lobe of Hiawassee was a pervious basin runoff of 364 ac-ft/yr, 

an impervious basin runoff of 909 ac-ft/yr, direct rainfall of 555 ac-ft/yr, direct 

evaporation of 526 ac-ft/yr, permanent seepage to the Floridan aquifer of 919 ac-ft/yr, 

temporary seepage to the Floridan aquifer of 175 ac-ft/yr, and outflow to the west 

lobe of Hiawassee as 187 ac-ft/yr (Robison 2008).  The simulated water budget for 

west lobe of Hiawassee was a pervious basin runoff of 187 ac-ft/yr, an impervious 

basin runoff of 57 ac-ft/yr, direct rainfall of 134 ac-ft/yr, direct evaporation of 130 ac-
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ft/yr, seepage to the Floridan aquifer of 153 ac-ft/yr, and outflow to the drainage well 

as 107 ac-ft/yr. (Robison 2008).   

 

A more accurate hydrograph and stage duration curve, available in Robison (2008), 

are based on calibrated modeled data.   

 

Lake Hiawassee Soils 

 

Lake hydrology is related to the development of hydric soils. These substrates are 

saturated, flooded, or ponded long enough during the growing season to develop 

anaerobic conditions in the upper part and form organic soils and/or various hydric 

soil indicators (SCS USDA 1987, USDA NRCS 2006). The Soil Conservation 

Service (SCS USDA 1989, SSURGO map coverage 2008) mapped six hydric soil 

series adjacent to Lake Hiawassee (Figure 8). Five of the hydric soil series were 

textured as fine sands: Basinger, Immokalee, Ona, Pomello, and Smyrna. Sanibel 

Muck was the only mapped series with high organic matter content (SCS USDA 

1989). 

 

Transect specific soil descriptions are presented in the Results and Discussion section 

of this document. 

 

Lake Hiawassee Wetlands 

 

The mapped wetland vegetation communities in the vicinity of Lake Hiawassee 

consisted of transitional shrubs, shrub swamps, shallow marshes, and deep marshes 

(Figure 9), as classified by the SJRWMD Wetland Vegetation Classification System 

(Kinser 1996) based on Orange County 1988 aerial photography (G. Dambek, pers. 

comm.).  The length of time between wetland mapping and MFL determination 

allows for discrepancies between mapped and actual vegetation communities found 

on the transects. 

 

Wet prairie communities, although not mapped, were present at MFLs transect 

locations. Wet prairies are typically dominated by sand cordgrass (Spartina bakeri), 

maidencane (Panicum hemitomon), or a mixture of grasses, sedges, rushes, and herbs 

(Kinser 1996). These areas are usually found on mineral soils that are seasonally 

inundated for a short duration, but maintain prolonged soil saturation (Kinser 1996). 

Transitional shrub habitat is typically dominated by wax myrtle (Myrica cerifera) or 

salt myrtle (Baccharis halimifolia). This community generally occurs at the upland 

edge of wetter community types, on clear-cut hydric sites, or on unburned wet 

prairies (Kinser 1996). Shrub swamps are generally dominated by willows (Salix sp.), 

buttonbush (Cephalanthus occidentalis), or similar appearing vegetation and typically 

have prolonged periods of seasonal inundation (Kinser 1996). Shallow marshes are 
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herbaceous or graminoid communities that occur most often on organic soils and are 

subject to lengthy seasonal inundation (Kinser 1996).  Deep marsh communities are 

semi-permanently to permanently flooded and are dominated by a mixture of water 

lilies and deep water emergent species (Kinser 1996). 

 

Detailed wetland community descriptions are presented in the Results and Discussion 

section of this document for each sampling transect located at Lake Hiawassee. 
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Table 1. Summary of stage data for Lake Hiawassee for the period of record, 1960ï2008 
 

Feature Mean Median Range Min Max N 

SJRWMD:  2001ï2008  72.3 73.0 14.0 65.0 79.0 330 

Orange Co. Water Atlas: 1960ï2007* 73.2 73.0 17.0 65.4 82.4 588 
 

*Four water levels were of questionable data quality and were excluded from calculations after consulting with Orange 
County Staff (9/12/2000, 7/19/2006, 2/10/2007, 2/11/2007). 

N = the number of water level observations 
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Figure 1. Hypothetical percentage exceedence curves for existing and MFLs-defined hydrologic 

conditions 
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Figure 2. Location of Lake Hiawassee in Orange County, Fla. 
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Figure 3. Potential aquifer recharge rates (rates are in inches/year) for the Lake Hiawassee 

vicinity (Source: Boniol et al. 1993; coverage updated 2005)  
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Figure 4. 1984 aerial photograph of Lake Hiawassee in Orange County, Fla. 
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Figure 5. 2004 digital orthophotograph of Lake Hiawassee in Orange County, Fla. 
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Figure 6. Hydrograph of stage data for Lake Hiawassee from SJRWMD (2001ï2008) and 

Orange County Water Atlas (1960ï2007) data 
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Figure 7. Percent exceedence graph for the stage data for Lake Hiawassee from Orange 

County Water Atlas (1960ï2007) data, biased for water years 1993-2007.
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Figure 8. Mapped hydric soils (SSURGO) adjacent to Lake Hiawassee 
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Figure 9. Mapped vegetation communities (Kinser 1996) and transect locations at Lake 

Hiawassee 
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METHODS 

MFLs determinations incorporate biological, soils, and topographic information 

collected in the field with information from the scientific literature to develop 

recommended MFLs. This section describes the methods used in the MFLs 

determination process for Lake Hiawassee, including field procedures such as site 

selection, field data collection, data analyses, and levels determination criteria. 

Additional descriptions of MFLs methods are located in SJRWMDôs (draft) 

Minimum Flows and Levels Methods Manual (SJRWMD 2006, Neubauer et al. 

2008). 

 

FIELD TRANSECT SITE SELECTION  
 

Many factors are considered in the selection of field transect sites. Transects are fixed 

sample lines across a river, lake, or wetland floodplain. MFLs transects usually 

extend from uplands to open water. Elevation, soils, and vegetation are sampled along 

transects in order to characterize the influence of surface water flooding on the 

distribution of soils and plant communities. 

 

Field site selection began with the implementation of a site history survey and data 

search. All relevant available existing information was identified and assembled 

through data searches of the internet, SJRWMD library documents, project record 

files, the hydrologic database, and the SJRWMD Division of Surveying Services 

files. The data collected may include (if present): 

 

 On-site and regional vegetation surveys and maps  

 Aerial photography (existing and historical) 

 Remote sensing (vegetation, land use, etc.) and topographic maps 

 Soil surveys, maps and descriptions 

 Hydrologic data (hydrographs and stage duration curves) 

 Environmental, engineering, or hydrologic reports 

 Topographic survey profiles 

 Occurrence records of rare and endangered flora and fauna 

 

These data were reviewed to familiarize the investigator with site characteristics, 

locate important basin features that needed to be evaluated, and assess prospective 

sampling locations. Copies of this information were organized and placed in 

permanent files for future reference and archiving. 
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Potential transect locations at Lake Hiawassee were initially identified from maps of 

wetlands, soils, and topography. Specific transect site selection goals included: 

 

 Establishing transects at sites where multiple wetland communities of the most 

commonly occurring types are traversed. 

 Selecting multiple transect locations with common wetland communities among 

them. 

 Establishing transects that traverse unique wetland communities. 

 

When possible, it is preferable to select suitable transects on government owned or 

other public or conservation land.  Public lands usually have little or no future 

development planned and are frequently low to no impact areas that can be monitored 

over time.  In the absence of suitable public land on which to establish transects, 

private lands were investigated.  After obtaining landowner permission, transect 

characteristics were subsequently field-verified to ensure that the transect locations 

contained representative wetland communities, hydric soils, and reasonable upland 

access. If landowner permission was not granted, alternate transect locations were 

investigated.  Unfortunately, the disadvantage of establishing transects on privately 

owned property is the possibility of future development and anthropogenic impacts 

on the area, making that transect unrecoverable for future assessments or 

reevaluations. 

 

Adherence to these goals helps to ensure ecosystem protection of commonly 

occurring and unique wetland ecosystems at Lake Hiawassee. All the previously 

identified types of information were considered in the selection of field transect sites 

at Lake Hiawassee. Individual transect site selection criteria for the final five 

transects are described in the Results and Discussion section of this document. 

 

FIELD DATA COLLECTION  
 

The field data collection procedure for determining MFLs involved gathering 

information and sampling elevation, soils, and vegetation data along fixed transects, 

across a hydrologic gradient. Transects were established in areas where there were 

changes in vegetation and soils, and the hydrologic gradient was marked (SJRWMD 

2006). The main purpose in using transects in these situations, where the change in 

vegetation and soils is clearly directional, was to describe maximum variations over 

the shortest distance in the minimum time (Kent and Coker 1992). 

 

Site Survey 

 



Methods 

 

 

DRAFT 7/8/2009 St. Johns River Water Management District 

 21 

Upon selection of a transect site, vegetation was trimmed to allow a line-of-sight 

along the length of the transect. A measuring tape was then laid out along the length 

of the transect. Elevation measurements were recorded at various length intervals 

(i.e., 5 ft, 10 ft, 20 ft) to adequately characterize the topography and transect features. 

Additional elevations were measured, including obvious elevation changes, 

vegetation community changes, soil changes, high water marks, and at bases of trees. 

 

Latitude and longitude data were also collected with a global positioning system 

(GPS) receiver at selected points along the length of the transects. These data were 

used to accurately locate specific features along each transect and will facilitate 

recovery of transect locations in the future. 

 

Soil Sampling Procedures 

 

Detailed soil profiles were described along each transect to gain an understanding of 

past and present hydrologic, geologic, and anthropogenic processes that have 

occurred, resulting in the observed transect soil features. Soil profiles were described 

following standard Natural Resources Conservation Service (NRCS) procedures 

(Schoeneberger et al. 2002). Each soil horizon (unique layer) was generally described 

with respect to texture, thickness, Munsell Color (Kollmorgen Corp. 1992), structure, 

consistency, boundary, and presence of roots. 

 

The primary soil criterion considered in MFLs determinations are the presence and 

depth of organic soils, as well as the extent of hydric soils observed along the field 

transects (SJRWMD 2006). The procedure to document hydric soils includes: 

 

 Removing all loose leaf-matter, needles, bark, and other easily identified plant 

parts to expose the soil surface; digging a hole and describing the soil profile to a 

depth of at least 20 in. and, using the completed soil description, specifying which 

hydric soil indicators have been matched. 

 Performing deeper examination of soil where field indicators are not easily seen 

within 20 in. of the surface. (It is always recommended that soils be excavated and 

described as deep as necessary to make reliable interpretations and classification.) 

 Paying particular attention to changes in microtopography over short distances, 

since small elevation changes may result in repetitive sequences of 

hydric/nonhydric soils and the delineation of individual areas of hydric and 

nonhydric soils may be difficult (USDA NRCS 2006). 

 
The following soil features, if present, were identified and located along the 
transect line for determination of soil surface elevations: 

 Landward extent of hydric soils 
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 Landward extent of surface organics 

 Landward extent of histic epipedon (surface organic horizon 8ï16 in., in thickness) 

 Landward extent of histosols (organic horizon > 16 in. thick within 32 in. of soil 

surface) 

 Thickness of organic surface horizon 

 

Additional soil sampling procedures are documented in the (draft) Minimum Flows 

and Levels Methods Manual (SJRWMD 2006). 

 

Vegetation Sampling Procedures 
 
SJRWMD has wetland vegetation maps developed from aerial photography utilizing 
a unique wetland vegetation classification system. SJRWMDôs Wetland Vegetation 
Classification System (Kinser 1996) was used to standardize the names of wetland 
plant communities sampled in MFLs fieldwork and in developing reports 
documenting the MFLs determination. 
 
The spatial extent of plant communities or transition zones (i.e., ecotones) among 
plant communities was determined using reasonable scientific judgment. Reasonable 
scientific judgment involves the ability to collect and analyze information using 
technical knowledge, personal skills, and experience to serve as a basis for decision 
making (Gilbert et al. 1995). In this case, such judgment was based upon field 
observations of the relative abundance of dominant plant species, occurrence and 
distribution of soils and hydric soil indicators, and changes in land slope or elevation 
along the hydrologic gradient. Plant communities and transitions zones were 
delineated along a specialized line transect called a belt transect. A belt transect is a 
line transect with width (belt width). It is essentially a widening of the line transect to 
form a long, thin, rectangular plot divided into smaller sampling areas called quadrats 
that correspond to the spatial extent of plant communities or transitions between plant 
communities (Figure 10). The transect belt width will vary depending upon the type 
of plant community to be sampled (SJRWMD 2006). For example, a belt width of 10 
ft (5 ft on each side of the transect line) may suffice for sampling herbaceous plant 
communities of a floodplain marsh. However, a belt width of 50 ft (25 ft on each side 
of the line) may be required to adequately represent a forested community (e.g., 
hardwood swamp [Figure 10]). 
 
Plants were identified and the percent cover of plant species was estimated if they 
occurred within the established belt width for the plant community under evaluation 
(quadrat). Percent cover is defined as the vertical projection of the crown or shoot 
area of a plant to the ground surface, expressed as a percentage of the quadrat area. 
Percent cover as a measure of plant distribution is often considered as being of greater 
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ecological significance than density, largely because percent cover gives a better 
measure of plant biomass than the number of individuals. The canopies of the plants 
inside the quadrat will often overlap each other, so the total percent cover of plants in 
a single quadrat will frequently sum to more than 100% (SJRWMD 2006). Percent 
cover was estimated visually using cover classes (ranges of percent cover). The cover 
class and percent cover ranges are a variant of the Daubenmire method (Mueller-
Dombois and Ellenberg 1974) and are summarized in Table 2 (SJRWMD 2006). 
Plant species, plant communities and percent cover data were recorded on field 
vegetation data sheets. The data sheets are formatted to facilitate data collection in the 
field, as well as computer transcription. In addition, plant identifications were verified 
with the SJRWMD herbarium collection.  

 

DATA ANALYSIS 
 
The primary data analysis for information collected at Lake Hiawassee consisted of 
performing basic statistical analyses on the surveyed elevation data, using a computer 
spreadsheet file. Vegetation and soils information collected along transects were 
incorporated with the elevation data. Descriptive statistics were calculated for the 
elevations of the vegetation communities and specific hydric soil indicators. 
 
Transect elevation data were also graphed to illustrate the elevation profile between 
the open water and upland community. Location of vegetation communities along the 
transect, with a list of dominant species, statistical results and soil information, were 
labeled on the graph.  
 
Specific transect elevation data from Lake Hiawassee are described in the Results and 
Discussion section of this document. 
 

MFL S DETERMINATION CRITERIA  
 

Recommended minimum levels are based upon the concept that if the essential 

characteristics of the natural flooding and drying regime are maintained, then 

the basic structure and functions of the environmental system will be 

maintained. Each recommended minimum level is based primarily on 

elevation, soil, and vegetation community data collected. The elevations of the 

wetland communities in the lake, river, or wetland can be associated with the 

long-term hydrologic stage record, where typical durations and frequencies of 

flooding and drying are known. These wetland community elevations can be 

applied toward the development of recommended minimum levels. The 

standardized procedures for setting each level, using the best available 

information, as described in detail in the (draft) Minimum Flows and Levels 

Methods Manual (SJRWMD 2006) and Neubauer et al. (2008), was followed as 

the basis of developing the recommended minimum levels. Minimum level 
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criteria vary depending upon the level being determined, the on-site wetland 

community characteristics, and the ecological information available. 
 

SURFACE WATER INUNDATION /DEWATERING SIGNATURES (SWIDS) 
 

SJRWMD MFLs are composed of magnitude, duration, and return interval 

components. Magnitude and duration components define biologically relevant 

events. The return interval of events is the manageable component (Neubauer 

et al. 2008). For example, if a 30-day flooding event of a field elevation of 

interest (e.g., maximum elevation of shallow marsh) had an annual probability 

of exceedence of 33%, then the event is interpreted as occurring during 33 in 

100 years or a 3 year return interval, on average. 

 

Annual maximum and minimum series stage frequency analyses of long-term 

stage data or modeled stage data were utilized to provide probabilities (Gordon 

et al. 1992) of flooding/dewatering events for wetland plant communities and 

organic soil indicators at various locations within SJRWMD. Because ground 

elevations are transformed to durations and probabilities, comparisons of like 

plant communities or soils indicators from different systems at different 

landscape elevations resulted in quantitative hydrologic signatures called 

surface water inundation/dewatering signatures (SWIDS). The mean, 

minimum, and maximum elevations of vegetation communities and soil 

indicators were used for SWIDS analysis (Neubauer et al. 2004, Neubauer et 

al. 2007). 

 

SWIDS of vegetation communities provide a hydrologic range for each 

community, with a transition to a drier community on one side of the range and 

a transition to a wetter community on the other side. These hydrologic 

signatures provide a target for MFLs determinations that are focused on 

vegetation community protection criteria, and provide an estimate of how much 

the return interval or probability of a flooding or dewatering can be shifted at a 

specified duration and still maintain a vegetation community within its 

observed hydrologic range. 

 

In the SWIDS analysis, a boxplot is utilized to show the range of the 

probabilities of flooding (exceedence) or low water (non-exceedence) events of 

selected durations for different plant community elevations (i.e., maximum, 

mean, and minimum elevations) occurring at different water bodies. The 

boxplot is a simple graphical tool to show the shape of the data distribution, its 

location of central tendency, and variability. The boxplot (Figure 11a) displays 

what, in statistics, is called the ñfive-number summaryò (Krishnamurty et al., 

1995). These five numbers consist of the 1) minimum data value; 2) the first 
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quartile, which sets the limit of the lowest 25% of the data; 3) the median (50
th

 

percentile); 4) fourth quartile, which sets the limit of the highest 25% of the 

data; and 5) the maximum data value. The length of the ñboxò is the ñinter-

quartile range,ò the difference between the 75
th

 and 25
th

 percentiles. Fifty 

percent of the data values occur within the inter-quartile range. The horizontal 

line extending from the box to the left, called a ñwhisker,ò represents the 

largest 25% of data values. This whisker extends to the maximum data value. 

The ñwhiskerò extending from the box to the right represents the smallest 25% 

of data values. This whisker extends to the minimum data value. The vertical 

line inside the ñboxò marks the median of the data values. 

 

A boxplot schematic for flooding event probabilities is shown in Figure 11b. In 

this case, drier conditions are shown to the right of the median, terminating 

with the driest community included in the study, and wetter conditions are 

shown to the left of the median, terminating in the wettest community included 

in the study.  A similar boxplot schematic for dewatering event probabilities is 

shown in Figure 11c. In this case, wetter conditions are shown to the right of 

the median, terminating in the wettest community included in the study, and 

drier conditions are shown to the left of the median, terminating in the driest 

community included in the study.  

 
Lentic systems were evaluated using SWIDS and compared to Lake Hiawassee 
vegetation communities.  All known disturbed areas and lotic systems were excluded 
from SWIDS analyses.  Lakes were then categorized using discriminant analysis 
according to Epting et al. (2008)ôs cluster designations to qualify the lake based on its 
hydrology.  The SWIDS box plots for the recommended minimum frequent high 
and minimum frequent low levels for Lake Hiawassee are shown in the Results 
and Discussion section. 
 

HYDROLOGIC MODELING FOR MFL S 
 

Hydrologic modeling of the water body in question is an indispensible part of the 

Districtôs MFLs method. Hydrologic models provide a means of assessing 

compliance with MFLs when hydrologic changes are projected or planned. A 

hydrologic model for Lake Hiawassee was developed by SJRWMD staff,  C.P. 

Robison (Robison 2008, Appendix A). The hydrologic model was calibrated for 

2004 hydrologic conditions (Robison 2008, Appendix A). These conditions 

included the most recent land-use information (2004) and groundwater levels 

consistent with 2004 regional groundwater use. This model is hereinafter 

referred to as the ñ2004 conditionsò model. A more detailed explanation of this 

model is in Appendix A of this report, with more explanation available in the 

full hydrologic modeling report (Robison 2008). 
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MFL S COMPLIANCE ASSESSMENT 
 

The hydrologic model described above was developed to provide a means of 

assessing whether compliance with MFLs is achieved under specific water use and 

land use conditions. An explanation of the use of this hydrologic model and the 

applicable SJRWMD regional groundwater flow model to assess whether water levels 

are likely to fall below MFLs under specific water use and land use conditions is 

presented in Appendix A and is detailed in the Lake Hiawassee model report 

(Robison 2008).  

 

Any projected or planned hydrologic changes for Lake Hiawassee need to be assessed 

from the point of view of MFLs. For Lake Hiawassee, the most likely significant 

changes will be caused by declines in the potentiometric surface of the Floridan 

aquifer caused by increased groundwater withdrawals. Therefore, before any 

increased withdrawals are permitted, the potential aquifer declines will be assessed 

first with the regional groundwater model (McGurk and Presley 2002) and then with 

the hydrologic model described above. The declines determined by the groundwater 

model are superimposed on the 2004 conditions surface water model to determine 

MFLs compliance. A more detailed explanation of this process can be found in 

Appendix A of this report or in Robison (2008). This appendix also includes an 

introduction to the use of hydrologic statistics in the SJRWMD MFLs program. 

 

CONSIDERATION OF BASIN ALTERATIONS  IN ESTABLISHING MFL S 
 
Based on the provisions of Section 373.0421(1)(a), F.S., SJRWMD, when 
establishing MFLs, considers changes and structural alterations to watersheds, surface 
waters, and aquifers and the effects such changes or alterations have had, and the 
constraints such changes and alterations have placed, on the hydrology of an affected 
watershed, surface water, or aquifer. However, when considering such changes and 
alterations, SJRWMD cannot allow harm caused by withdrawals. To accomplish this, 
SJRWMD reviews and evaluates available information, and makes site visits to 
ascertain the following information concerning the subject watershed, surface water 
body, or aquifer: 
 

 The nature of changes and structural alterations that have occurred.  

 The effects the identified changes and alterations have had. 

 The constraints the changes and alterations have placed on the hydrology. 

 
SJRWMD develops hydrologic models, which address existing structural features, 
and uses these models to consider the effects these changes have had on the long-term 
hydrology of water bodies for which recommended MFLs are being developed.  
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SJRWMD considers that the existing hydrologic conditions, which are used to 
calibrate and verify the models, reflect the changes and structural alterations that have 
occurred in addition to changes that are the result of groundwater withdrawals and 
surface water withdrawals existing at the time of model development. This 
consideration may also apply to vegetation and soils conditions if the changes, 
structural alterations, and water withdrawals have been sufficiently large to affect 
vegetation and soils and have been in place for a sufficiently long period to allow 
vegetation and soils to respond to the altered hydrology. However, the condition of 
vegetation and soils may not reflect the long-term existing hydrologic condition if the 
changes, structural alterations, and water withdrawals are relatively recent. This is 
because vegetation and soil conditions do not respond to all hydrologic changes nor 
respond instantaneously to changes in hydrology that are sufficiently large to cause 
such change. SJRWMD typically develops recommended MFLs based on the 
vegetation and soils conditions that exist at the time fieldwork is being performed to 
support the development of these recommended MFLs.  
 
SJRWMD also provides for the collection and evaluation of additional data 
subsequent to the establishment of MFLs. SJRWMD uses this data collection and 
evaluation as the basis of determining if the MFLs are protecting the water resources 
or if the MFLs are appropriately set. If SJRWMD determines, based on modeling and 
this data collection and evaluation process, that MFLs have not been appropriately 
set, SJRWMD can establish revised MFLs. 
 
If SJRWMD determines that recommended MFLs cannot be met under post-change 
hydrologic conditions due to existing structural alterations, SJRWMD may consider 
whether feasible structural or nonstructural changes, such as changes in the operating 
schedules of water control structures, can be accomplished such that the 
recommended MFLs can be met. In such cases, SJRWMD may identify a recovery 
strategy that includes feasible structural or nonstructural changes. 
 

CONSIDERATION OF ENVIRONMENTAL VALUES (RULE 62-40.473, F.A.C.) 
 

In establishing MFLs for water bodies pursuant to Section 373.042 and Section 

373.0421, F.S., SJRWMD identifies the environmental value or values most sensitive 

to long-term changes in the hydrology of each water body or watercourse. SJRWMD 

then typically defines the minimum number of flood events and maximum number of 

dewatering events that would still protect the most sensitive environmental value or 

values. For example, for water bodies or watercourses for which the most sensitive 

environmental values may be wetlands and organic substrates, recommended MFLs 

would reflect the number of flooding or dewatering events that allow for no net loss 

of wetlands and organic substrates. Protecting the most sensitive environmental value 

or values for each water body/course provides the best opportunity to establish MFLs 



Methods 

 

 

DRAFT 7/8/2009 St. Johns River Water Management District 

 28 

protective of all the identified applicable environmental values identified in Rule 62-

40.473, F.A.C. 

 

SJRWMD uses the following working definitions when considering these 10 

environmental values: 

 

1. Recreation in and on the waterðThe active use of water resources and associated 

natural systems for personal activity and enjoyment. These legal water sports and 

activities may include, but are not limited to swimming, scuba diving, water 

skiing, boating, fishing, and hunting. 

2. Fish and wildlife habitat and the passage of fishðAquatic and wetland 

environments required by fish and wildlife, including endangered, endemic, 

listed, regionally rare, recreationally or commercially important, or keystone 

species; to live, grow, and migrate. These environments include hydrologic 

magnitudes, frequencies, and durations sufficient to support the life cycles of 

wetland and wetland-dependent species. 

3. Estuarine resourcesðCoastal systems and their associated natural resources that 

depend on the habitat where oceanic salt water meets freshwater. These highly 

productive aquatic systems have properties that usually fluctuate between those of 

marine and freshwater habitats. 

4. Transfer of detrital materialðThe movement by surface water of loose organic 

material and associated biota. 

5. Maintenance of freshwater storage and supplyðThe protection of an amount of 

freshwater supply for permitted users at the time of MFLs determinations. 

6. Aesthetic and scenic attributesðThose features of a natural or modified 

waterscape usually associated with passive uses, such as bird-watching, 

sightseeing, hiking, photography, contemplation, painting and other forms of 

relaxation, that usually result in human emotional responses of well-being and 

contentment. 

7. Filtration and absorption of nutrients and other pollutantsðThe reduction in 

concentration of nutrients and other pollutants through the process of filtration 

and absorption (i.e., removal of suspended and dissolved materials) as these 

substances move through the water column, soil or substrate, and associated 

organisms. 

8. Sediment loadsðThe transport of inorganic material, suspended in water, which 

may settle or rise. These processes are often dependent upon the volume and 

velocity of surface water moving through the system. 
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9. Water qualityðThe chemical and physical properties of the aqueous phase (i.e., 

water) of a water body (lentic) or a watercourse (lotic) not included in definition 

number 7 (i.e., nutrients and other pollutants). 

10. NavigationðThe safe passage of watercraft (e.g., boats and ships), which is 

dependent upon adequate water depth and channel width. 

 

SJRWMD examined the 10 environmental values identified in Rule 62-40.473, 

F.A.C., through a matrix screening tool to determine the most restrictive 

environmental value. The screening process used field data collected at Lake 

Hiawassee, the scientific literature, and expert opinion to evaluate and score 

each environmental value relative to: 1) level of risk of harm from water 

withdrawals; 2) importance of the criterion to the water body; and 3) legal 

constraints on the resource/water body (e.g., presence of endangered species, 

Outstanding Florida Water, state-owned lands). The environmental screening 

scores indicate which environmental values are relevant to Lake Hiawassee and 

which criterion MFLs development should be based on to afford protection to 

all other relevant environmental values. The screening process serves to focus 

the evaluation and to shape the types of analyses needed to complete the MFLs 

process. 
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Table 2. Summary of vegetation cover classes and percent cover ranges, derived 

from the Daubenmire method (Mueller-Dombois and Ellenberg 1974) 
 

Cover Class 
Percentage Cover 

Range 
Descriptor 

0 < 1  Rare 

1 1ï10  Scattered 

2 11ï25  Numerous 

3 26ï50  Abundant 

4 51ï75  Co-dominant 

5 > 75  Dominant 

     (Source: Mueller-Dombois and Ellenberg 1974) 
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Figure 10. Example of belt transect through forested and herbaceous plant communities 
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Figure 11. Boxplot schematics (a) General boxplot; (b) Flooding (exceedence) event 

boxplot; (c) Dewatering (non-exceedence) event boxplot 
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RESULTS AND DISCUSSION 

To determine minimum levels for Lake Hiawassee, elevation, soils, and vegetation 

field data were obtained at five transect locations. This section describes the transect 

site selection criteria, the data collected at each transect location, and concludes with 

a description of the recommended minimum levels for Lake Hiawassee. 

 

Transect sites were selected after reviewing available information, such as wetland 

and soil maps, and obtaining permission from various landowners. Data collection on 

Transects 1 - 4 was conducted on August 5 and 6, 2003. SJRWMDôs staff, BCI 

Engineers and Scientistsô staff, and Jones, Edmunds and Associatesô staff collected 

vegetation and soils data. The SJRWMD Division of Surveying Servicesô staff 

collected elevation data. Transect 5 was investigated AprilïMay 2008 and April 

2009. BCI Engineers and Scientistsô staff and SJRWMDôs staff collected vegetation 

and soils data. The SJRWMD Division of Surveying Servicesô staff collected 

elevation data for Transect 5 and various spot elevations at Lake Hiawassee.  

 

All elevations were determined from benchmark ID 05-07-604-0 and verified with 

benchmark IDs 05-07-604-1 and 05-07-604-2. The staff gauge, located on the 

southwest shore of Lake Hiawassee at Edgewood Boys Ranch (datum 58.65 ft 

NGVD), was verified with reference benchmark ID 01-024-0-03 or the above-listed 

benchmarks. 

 

No inventory records of flora or fauna were found for Lake Hiawassee during the data 

search.  No rare or endangered flora or fauna were observed or identified during 

SJRWMD fieldwork on Lake Hiawassee. 

 

The recommended minimum levels are determined from topographic data related to 

the occurrence of vegetation communities and soil indicators observed on Transects 

1-5. All data are summarized in Table 3. 

 

FIELD DATA COLLECTION ðTRANSECT 1 
 

Transect 1 was located in a west-northwest cove of the main lobe of Lake Hiawassee 

and extended 75 ft from residential upland to shallow marsh in a south-southeasterly 

direction (Figures 12 and 13). All vegetation communities were disturbed and soils 

were impacted by fill in the upper 30 ft of the transect. Figure 13 depicts the location 

of hydric soil indicators, elevation ranges, and the most frequently occurring plant 

species for each vegetation community. Figure 14 shows photographs of vegetation 

communities on Transect 1 in 2003. 
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Transect 1 GPS location and fieldwork dates 

 

LatitudeïLongitude  
(Station 0; upland (residential)) 

LatitudeïLongitude  
 (Station 75; shallow 

marsh) 
Location and Dates of Fieldwork 

28° 31' 48.68" N 

-81° 29' 11.93" W 

28° 31' 47.94" N 

-81° 29' 11.52" W 

Northwest shore of Lake 
Hiawassee, 

August 5ï6, 2003 

 

Vegetation at Transect 1 

 

Three vegetation communities were noted along Transect 1: residential upland, wet 

prairie, and shallow marsh. The plant species recorded in each community, estimated 

species cover, and The Florida Wetlands Delineation Manual (FWDM, Gilbert et al. 

1995) wetland indicator status are summarized in Table 4. 

 

The residential upland, located between Stations 0 and 30 (minimum elevation 79.0 ft 

NGVD), contained abundant beggar-ticks (Bidens sp.) and shrub verbena (Lantana 

camara), but also numerous bahia grass (Paspalum notatum), maypop (Passiflora 

incarnate), wild black cherry (Prunus serotina) and non-indigenous earpod tree 

saplings (Enterolobium contortisiliquum), with a mature earpod tree located nearby 

offline.  

 

The wet prairie community was located between Stations 30 and 60 (79.0 ft and 75.1 

ft NGVD, respectively) and was dominated by abundant torpedo grass (Panicum 

repens), but also contained some blackberry (Rubus sp.), elderberry (Sambucus 

canadensis), and shrub verbena (Lantana camara).  

 

Shallow marsh habitat, located between Stations 60 and 75 (75.1 ft and 73.2 ft 

NGVD, respectively), contained abundant dog fennel (Eupatorium capillifolium), and 

numerous creeping beggarweed (Desmodium incanum), primrose willow (Ludwigia 

peruviana), and blackberry.  

 

Additional plant species occurred in each vegetation community but with a smaller 

aerial extent than the plant species listed above (Table 4). 

 

Soils at Transect 1 

 

Soil series mapped at Transect 1 showed Tavares-Millhopper fine sand within the 

upland, wet prairie, and shallow marsh communities, and showed the Basinger fine 

sand hydric soil series (FAESS 2007) within the lower elevations of the shallow 

marsh community (SSURGO coverage, Figure 8). However, field samples did not 
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verify these soil classifications. Soil field samples at Transect 1 varied from the 

SSURGO map delineation due to the map scale. 

 

Six soil stations were evaluated along Transect 1 and are detailed in Segal (2004). 

Three sandy soil series were noted: Immokalee (Station 10, 82.5 ft NGVD), Myakka 

(Station 28, 79.2 ft NGVD), and Rutlege (Station 70, 73.6 ft NGVD). The upper 

portion of the transect, Stations 0ï28 (84.5ï79.2 ft NGVD), was impacted by fill 

material in the upper 15ï25 in. of the soil profiles. 

 

The Immokalee soil series (Station 10, 82.5 ft NGVD) is composed of deep to very 

deep, poorly to very poorly drained mineral soils that formed in sandy marine 

sediments and generally occur in flatwoods and depressions (SSS NRCS 2007). The 

water table is between 6 in. and 18 in. of the soil surface for 1 to 4 months and 

between 18 in. and 36 in. of the soil surface for 2 to 10 months in most years (SSS 

NRCS 2007). The water table occurs at more than 60 in. below the soil surface during 

dry periods, though depressions are ponded for 6 months or more in most years (SSS 

NRCS 2007). Immokalee soils meet hydric soil criteria for saturation in Orange 

County (FAESS 2000). 

 

The Myakka soil series (Station 28, 79.2 ft NGVD) is composed of poorly to very 

poorly drained soils, which formed in sandy marine deposits (SSS NRCS 2007). The 

water table is within 18 in. of the surface for 1 to 4 months in most years and recedes 

to more than 40 in. below the ground surface during very dry seasons (SSS NRCS 

2007). Depressional areas can be covered with water for 6 to 9 months or more in 

most years (SSS NRCS 2007). Myakka soil is not characterized as a hydric soil in 

Orange County (USDA SCS 1989), but is considered hydric in many other counties, 

meeting criteria for saturation (FAESS 2000). 

 

Rutlege soils (Station 70, 73.6 ft NGVD) are nearly level, very poorly drained soil 

that formed in marine or fluvial sediments (SSS NRCS 2007). The seasonal high 

water table is at 0ï6 in. below the soil surface for long periods (SSS NRCS 2007). 

Ponding is common in depressional areas (SSS NRCS 2007). Rutlege soil is not 

characterized as a hydric soil in Orange County (SCS USDA 1989), but is considered 

hydric in many other counties, meeting criteria for saturation and ponding (FAESS 

2000). 

 

One hydric soil indicator, muck presence (A8), was recorded in the shallow marsh 

community at Station 70 (73.6 ft NGVD), indicating some accumulation of organic 

matter in the lower portion of the transect.  
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2008 Conditions at Transect 1 

 

At the time of a site visit (2007) and recent fieldwork (2008), Transect 1 was still 

intact as a residential lot with residual natural vegetation that did not seem to have 

been mowed or cleared (Figure 15).  

 

FIELD DATA COLLECTION ðTRANSECT 2 
 

Transect 2, located on the south shore of the northwest cove of Lake Hiawassee, 

extended 90 ft in a northerly direction from upland to shallow marsh (Figures 12 and 

16). All vegetation communities on this transect were disturbed and soils were 

impacted by fill. Figure 16 depicts the location of hydric soil indicators, elevation 

ranges, and the most frequently occurring species for each vegetation community. 

Figure 17 shows photographs of vegetation communities on Transect 2 in 2003. 

 
Transect 2 GPS location and fieldwork dates 

 

LatitudeïLongitude  
(Station 0; upland) 

LatitudeïLongitude 
(Station 90; shallow 

marsh) 
Location and Dates of Fieldwork 

28° 31' 42.44" N 

-81° 29' 08.88"  W 

28° 31' 43.34" N 

-81° 29' 08.98"  W 

South shore of northwest cove  

on Lake Hiawassee, 

August 5ï6, 2003 

 

Vegetation at Transect 2 

 

Three vegetation communities were observed along Transect 2: upland, wet prairie, 

and shallow marsh. The plant species found in each community, estimated species 

cover, and FWDM (Gilbert et al. 1995) wetland indicator status are summarized in 

Table 5. 

 

The upland vegetation was located between Stations 0 and 35 (minimum elevation 

78.7 ft NGVD) with abundant camphor-weed (Heterotheca subaxillaris) and bahia 

grass, numerous dog fennel and guinea grass (Panicum maximum), and scattered 

torpedo grass, dwarf horseweed (Conyza canadensis), laurel oak (Quercus laurifolia), 

tea-weed (Sida acuta), and St. Augustine grass (Stenotaphrum secundatum).  

 

The wet prairie community was located between Stations 35 and 65 (78.7 ft and 75.7 

ft NGVD, respectively) with numerous beggar-ticks, dog fennel, and blackberries, 

and scattered dwarf horseweed, torpedo grass, and bahia grass.  
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The shallow marsh community was located between Stations 65 and 90 (75.7 ft and 

73.4 ft NGVD, respectively) and contained abundant dwarf horseweed, numerous dog 

fennel and torpedo grass, and scattered Nuttallôs thistle (Cirsium nutallii), primrose 

willow, and blackberry. 

 

Additional plant species occurred in each vegetation community but with a lesser 

aerial extent than the plant species listed above (Table 5). 

 

Soils at Transect 2 

 

Soil series mapped at Transect 2 showed Basinger fine sand within the upland, wet 

prairie, and shallow marsh communities (SSURGO coverage, Figure 8). However, 

field samples did not verify this soil classification. Field sampled soils at Transect 2 

varied from the SSURGO map delineation due to the map scale. 

 

Six soil stations were evaluated along Transect 2 and are detailed in Segal (2004). 

Two soil series were identified: Immokalee (Stations 15 and 45, 79.3 ft and 77.7 ft 

NGVD), and Rutlege (Station 80, 74.2 ft NGVD). The upper portion of the transect, 

Stations 0ï45 (80.3ï77.7 ft NGVD), was impacted by fill material in the upper 18ï27 

in. of the soil profiles. 

 

One hydric soil indicator, dark surface (S7, USDA NRCS 2006), was observed at 

Station 80 (74.2 ft NGVD).  

 

2008 Conditions at Transect 2 

 

At the time of a site visit (2007) and recent fieldwork (2008), Transect 2 had been 

cleared and was the site of a residential house whose lawn was mowed down to the 

waterôs edge. The homeowners had also created an area with sandfill as a private 

beach (Figure 18). Some cattails remained at the lakeôs edge; however, there was 

evidence that the homeowner was clearing some of those as well. 

 

FIELD DATA COLLECTION ðTRANSECT 3 
 

Transect 3, located on the west shore of Lake Hiawassee on a ridge running between 

the two lobes. This transect extended 100 ft in a north-northeast direction from wet 

prairie to shallow marsh (Figures 12 and 19). All vegetation communities on this 

transect were disturbed and soils were impacted by more recent fill material than the 

other transects. Figure 19 depicts the extent of vegetation communities, most 

frequently occurring plant species, and elevation ranges. Figure 20 shows 

photographs of vegetation communities on Transect 3 in 2003. 
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Transect 3 GPS location and fieldwork dates 

 

LatitudeïLongitude  
(Station 0; wet prairie) 

LatitudeïLongitude 
(Station 100; shallow 

marsh) 
Location and Dates of Fieldwork 

28° 31' 38.96" N 

-81° 29' 02.26" W 

28° 31' 39.89" N 

-81° 29' 01.90" W 

West shore of Lake Hiawassee, 

August 5ï6, 2003 

 

Vegetation at Transect 3 

 

Two vegetation communities were observed along Transect 3: wet prairie and 

shallow marsh. The plant species found in each community, estimated species cover, 

and FWDM (Gilbert et al. 1995) wetland indicator status are summarized in Table 6. 

 

The wet prairie community was located between Stations 0 and 75 (78.0 ft and 75.0 ft 

NGVD, respectively) and contained abundant sand cordgrass, numerous wax myrtle, 

and scattered salt myrtle, flat-topped goldenrod (Euthamia minor), and Chinese 

tallow (Sapium sebiferum).  

 

The shallow marsh community was located between Stations 75 and 100 (75.0 ft and 

73.2 ft NGVD, respectively) and was dominanted by Chinese tallow, with scattered 

salt myrtle, maidencane, and elderberry.  

 

Additional plant species occurred in each vegetation community but with a lesser 

aerial extent than the plant species listed above (Table 6). 

 

Soils at Transect 3 

 

Soil series mapped at Transect 3 showed Basinger fine sand within the wet prairie and 

shallow marsh communities (SSURGO coverage, Figure 8). However, on-site soil 

field data were not recorded at Transect 3 because they were impacted by recent fill 

material and lacked horizon development (Segal 2004). 

 

2008 Conditions at Transect 3 

 

At the time of a site visit (2007) and recent fieldwork (2008), Transect 3 was intact 

and did not seem to have been mowed or cleared (Figure 21). However, cattails were 

prevalent in the shallow marsh and lower portions of the wet prairie. 
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FIELD DATA COLLECTION ðTRANSECT 4 
 

Transect 4, located on the northeast shore of Lake Hiawassee, extended 75 ft in a 

southwesterly direction from upland to shallow marsh (Figures 12 and 22). All 

vegetation communities on this transect were disturbed and soils were impacted by 

fill. Figure 22 depicts the location of hydric soil indicators, elevation ranges, and the 

most frequently occurring plant species for each vegetation community. Figure 23 

shows photographs of vegetation communities on Transect 4 in 2003. 

 

Transect 4 GPS location and fieldwork dates 

 

LatitudeïLongitude  
(Station 0; upland 

(residential)) 

LatitudeïLongitude 
(Station 75; shallow 

marsh) 
Location and Dates of Fieldwork 

28° 31' 56.74" N 

-81° 28' 47.94" W 

28° 31' 56.58" N 

-81° 28' 48.73" W 

West shore of Lake Hiawassee, 

August 5ï6, 2003 

 

Vegetation at Transect 4 

 

Three vegetation communities were observed along Transect 4: residential upland, 

wet prairie, and shallow marsh. The plant species found in each community, 

estimated species cover, and FWDM (Gilbert et al. 1995) wetland indicator status are 

summarized in Table 7. 

 

The residential upland was located between Stations 0 and 35 (minimum elevation 

78.5 ft NGVD) with abundant bahia grass, numerous shrub verbena and St. Augustine 

grass, and scattered beggar-ticks, and natal grass (Rhynchelytrum repens).  

 

The wet prairie community was located between Stations 35 and 60 (78.5 ft and 75.3 

ft NGVD, respectively) and contained numerous flatsedge (Cyperus haspan) and 

scattered coinwort (Centella asiatica), guinea grass, torpedo grass, bahia grass, natal 

grass, and Florida pusley (Richardia scabra).  

 

The shallow marsh was located between Stations 60 and 75 (75.3 ft and 73.3 ft 

NGVD, respectively) and contained abundant torpedo grass, and scattered flatsedge 

and dog fennel.  

 

Additional plant species occurred in each vegetation community but with a lesser 

aerial extent than the plant species listed above (Table 7). 
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Soils at Transect 4 

 

Soils were mapped as Sanibel muck at Transect 4 for all vegetation communities 

(Figure 8). However, field samples did not verify this soil classification and varied 

from the SSURGO map delineation due to the map scale. 

 

Six soil stations were evaluated along Transect 4 and are detailed in Segal (2004). 

Three soil series were noted: Immokalee (Stations 15, 80.7 ft NGVD), Punta, (Station 

42, 77.5 ft NGVD), and Rutlege (Station 69, 74.3 ft NGVD). The upper portion of the 

transect, Stations 0ï42 (82.1ï77.5 ft NGVD), was impacted by fill material in the 

upper 23ï27 in of the soil profile. 

 

The Punta soil series (Station 42, 77.5 ft NGVD) is a very deep, poorly drained soil 

that primarily formed in sandy marine sediments (SSS NRCS 2007). The soil is 

saturated at depths of 6ï18 in. for 1 to 3 months during the wet season and at depths 

between 18 in. and 40 in. for most of the year (SSS NRCS 2007). During extended 

dry periods the water table can drop to more than 40 in. below the soil surface (SSS 

NRCS 2007). Punta soil is not characterized as a hydric soil in Orange County 

(USDA SCS 1989), but is considered hydric in many other counties, meeting criteria 

for saturation (FAESS 2000). 

 

2008 Conditions at Transect 4 

 

At the time of a site visit (2007) and recent fieldwork (2008), Transect 4 was 

considered impacted because vegetation had been cleared by residents. The original 

relict vegetation that was present during 2003 fieldwork had been mowed to the edge 

of water (Figure 24). 

 

FIELD DATA COLLECTION ðTRANSECT 5 
 

Transect 5 was originally established specifically to better characterize the shallow 

and deep marsh communities to provide a better representation of these communities 

for the MFL determination on Lake Hiawassee.  Additionally, the transect had a 

wetter wet prairie than the other four transects, possibly due to difference in elevation 

gradient and lack of soil disturbance on Transect 5.   

 

The original four transects were investigated under higher water levels (~73.3 ft 

NGVD) than Transect 5 (69.4 ft NGVD in 2008) and did not have a deep marsh 

community present.  The shallow marsh communities of Transects 1-4 exist at the 

open water interface and are expected to reseed dry areas when water levels recede, 

continuing to the waterôs edge in the absence of anthropogenic disturbance.  In 
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addition, the elevation grade of the original four transects was greater than at Transect 

5, resulting in narrow vegetation communities. 

 

Transect 5, located on the southwest shore of Lake Hiawassee, began a short distance 

from the southeast corner of the Edgewood Childrenôs Ranch soccer field and 

extended 610 ft in a northeasterly direction from a soil spoil mound at the edge of wet 

prairie through wet prairie, shallow and deep marsh, to end in open water (Figures 12 

and 25).  Transect 5 was evaluated for elevations, soils, and vegetation communities 

in 2008.  The vegetation communities were reassessed in 2009 to determine any 

change in community breaks or statistics under higher water conditions.  Figure 25 

depicts the location of hydric soil indicators, elevation ranges, and the most 

frequently occurring plant species for each vegetation community assessed in 2009. 

Figure 26 shows photographs of vegetation communities on Transect 5 in 2008.  

Figure 27 shows photographs of vegetation communities on Transect 5 in 2009. 

 

Transect 5 GPS location and fieldwork dates 

 

LatitudeïLongitude  
(Station 0; spoil area) 

LatitudeïLongitude 
(Station 500; at open 

water) 
Location and Dates of Fieldwork 

28° 31' 17.08" N 

-81° 28' 58.69" W 

28° 31' 18.89" N 

-81° 28' 53.47" W 

Southwest shore of Lake Hiawassee, 

April 22ïMay 14, 2008 

 & April 22, 2009 

 

2008 Vegetation at Transect 5 

 

Three vegetation communities were observed along Transect 5 in 2008: wet prairie, 

shallow marsh, and deep marsh. The plant species found in each community, 

estimated species cover, and FWDM (Gilbert et al. 1995) wetland indicator status are 

summarized in Table 8. 

 

Transect 5 began in a wet prairie community (Stations 0ï105) at the edge of mature 

willow trees (Salix caroliniana) that were growing on a mound of fill material. 

Immediately to the west of the point-of-beginning (Station 0), the area had been 

influenced by fill and maintenance of a soccer field. The wet prairie community 

(Stations 0ï105, 75.6ï73.6 ft NGVD) was dominated by dog fennel, with numerous 

sand cordgrass, pennywort (Hydrocoytle sp.), and salt myrtle. Dead cattails (Typha 

domingensis) began to occur at Station 100 (73.6 ft NGVD) and continued through 

other communities along most of the transect.  The wet prairie was terminated at the 

end of sand cordgrass at Station 105 (73.6 ft NGVD). 
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A transitional shrubby area occurred between the wet prairie and shallow marsh 

communities (Stations 105ï155, 73.6ï73.1 ft NGVD). This transition zone contained 

abundant dog fennel, as well as numerous fireweed (Erechtites hieraciifolius). 

Numerous willow and elderberry saplings occur within this area, but not with enough 

coverage to classify the habitat as shrub swamp or transitional shrub community. 

Dead cattail plants continued through this community. 

 

The shallow marsh community (Stations 155ï255, 73.1ï71.2 ft NGVD) occurred in 

two zones. The first shallow marsh zone (Stations 155ï210, 73.1ï72.2 ft NGVD) 

ground cover was dominated by herb-of-grace (Bacopa monnieri), but also contained 

abundant fireweed and smartweed (Polygonum punctatum). The second zone of the 

shallow marsh (Stations 210ï255, 72.2ï71.2 ft NGVD) contained abundant 

smartweed and climbing hemp-weed (Mikania scandens). Sparse small spatterdock 

(Nuphar lutea) and water lil ies (Nymphaea odorata) began to appear within this zone. 

Dead cattail plants were present through the shallow marsh community. 

 

Another transitional area occurred between the shallow marsh and deep marsh 

(Stations 255ï290, 71.2ï70.1 ft NGVD). This area contained abundant smartweed 

and numerous dog fennel, but also contained the remains of numerous primrose 

willow (Ludwigia leptocarpa) that had only begun to regenerate. Dead cattail plants 

continued through this community to the lower elevations where the first alive cattail 

plant was found (Station 265, 71.0 ft NGVD). 

 

Deep marsh began at Station 290 (70.1 ft NGVD) and continued to open water at 

Station 500, 68.6 ft NGVD. The deep marsh community consisted of abundant 

spatterdock and water lily with scattered flatsedge (Cyperus spp.), cattail, 

pickerelweed (Pontederia cordata), smartweed, and sand cordgrass. Living 

vegetation ended and open water began at Station 500 (68.6 ft NGVD).  

 

Although open water began at Station 500 (68.6 ft NGVD), the transect was 

continued until Station 610 (68.5 ft NGVD). Within the 110 ft zone after open water 

began, coarse woody debris from shrubs (likely willow and/or buttonbush) occurred 

as small stumps and some woody limbs. The transect terminated at the point where 

the coarse woody debris ended (Station 610, 68.5 ft NGVD). 

 

Additional plant species occurred in each vegetation community but with a lesser 

aerial extent than the plant species listed above (Table 8). 

 

2009 Vegetation at Transect 5 

 

The same three vegetation communities were observed along Transect 5 in 2009: wet 

prairie, shallow marsh, and deep marsh. The plant species found in each community, 
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estimated species cover, and FWDM (Gilbert et al. 1995) wetland indicator status are 

summarized in Table 9 

 

Transect 5 began in a spoil area (Stations 0-8, 75.6 ï 74.7 ft NGVD) at the edge of 

mature willow trees that were growing on a mound of fill material. Immediately to 

the west of the point-of-beginning (Station 0), the area had been influenced by fill and 

maintenance of a soccer field.  

 

The wet prairie community (Stations 8ï105, 74.7ï73.6 ft NGVD) was dominated by 

dog fennel and codominated by salt myrtle (Baccharis halimifolia), with abundant 

herb-of-grace and numerous sand cordgrass and pennywort (Hydrocoytle sp.).   Dead 

cattails began to occur at Station 100 (73.6 ft NGVD) and continued through other 

communities along most of the transect.  The wet prairie community was terminated 

at the end of sand cordgrass at Station 105. 

 

A transition zone occurred between the wet prairie and shallow marsh communities 

(Stations 105ï165, 73.6ï72.9 ft NGVD). This transition zone was dominated by dog 

fennel, with numerous elderberry (Sambucus canadensis), herb-of-grace, and 

pennywort.  Numerous small willow and elderberry saplings occurred offline within 

this area, but not with enough coverage to classify the habitat as shrub swamp or 

transitional shrub community.  Dead cattail plants continued through this community. 

 

The shallow marsh community (Stations 165ï250, 72.9ï71.3 ft NGVD) occurred in 

three zones. The first shallow marsh zone (Stations 165ï205, 72.9ï72.2 ft NGVD) 

ground cover was co-dominated by dog fennel and herb-of-grace, but also contained 

abundant pennywort.  The second zone of the shallow marsh (Stations 205ï235, 

72.2ï71.7 ft NGVD) was dominated by herb-of-grace, with abundant dog fennel and 

numerous smartweed.  Sparse small spatterdock began at the lower edge of this zone 

and continued through the rest of the shallow marsh.  The third zone of shallow marsh 

(Stations 235-250, 71.7-71.3 ft NGVD) contained abundant herb-of-grace and 

smartweed, with numerous fireweed and soft rush (Juncus effusus). Dead cattail 

plants were present through the shallow marsh community. 

 

Another transitional area occurred between the shallow marsh and deep marsh 

(Stations 250ï285, 71.3ï70.4 ft NGVD). This area contained abundant smartweed 

and soft rush, with numerous herb-of-grace.  The remnants of numerous primrose 

willow noted in 2008 were not evident.  

 

Deep marsh began at Station 285 (70.4 ft NGVD) and continued to open water at 

Station 500, 68.6 ft NGVD. The deep marsh community consisted of abundant 

mature established spatterdock and cattail, numerous mature established water lily, 
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with scattered pickerelweed and scarce sand cordgrass. Living vegetation ended and 

open water began at Station 500 (68.6 ft NGVD).  

 

Although open water began at Station 500 (68.6 ft NGVD), the transect was 

continued until Station 610 (68.5 ft NGVD) with a 110 ft zone of coarse woody 

debris which occurred as some woody limbs. The transect was terminated at the point 

where the coarse woody debris ended at Station 610 (68.5 ft NGVD). 

 

Additional plant species occurred in each vegetation community but with a lesser 

aerial extent than the plant species listed above (Table 9). 

 

Soils at Transect 5 

 

Soils were mapped as Basinger fine sand and lake bed at Transect 5 for all vegetation 

communities; however, field samples did not verify this soil classification and varied 

from the SSURGO map delineation due to the map scale. Three soil stations were 

fully profiled along Transect 5 and were detailed by soil scientist T. Richardson 

(2008). Two soil series were noted on Transect 5: Smyrna (Station 5, 74.4 ft NGVD) 

and Ona (Stations 153 and 400, 73.2 ft and 70.0 ft NGVD). Areas along the transect 

were spot checked for hydric soil and sandhill lake stage indicators between profiled 

stations. 

 

The Smyrna soil series was identified at Station 5 (74.4 ft NGVD), is a slight micro-

depression. These soils are rapidly to moderately permeable, poorly drained soils with 

slow internal drainage and slow to ponded runoff found in flatwoods areas (SSS 

NRCS 2007). The water table is less than 18 in. deep for 1 to 4 months and between 

12 in. and 40 in. deep for more than 6 months most years (SSS NRCS 2007). During 

wet seasons, the water table may rise above the surface for a brief period. In 

depressional areas, water may be above the surface for 6 to 9 months in most years 

(SSS NRCS 2007). Smyrna soils meet the hydric soil criteria for saturation in Orange 

County (FAESS 2007). 

 

The Ona soil series was identified at Stations 153 and 400 (73.2 ft and 70.0 ft NGVD, 

respectively). These soils are composed of poorly drained, moderately permeable 

soils with slow runoff usually found in flatwood areas (SSS NRCS 2007). The water 

table of Ona soils are usually at depths of 10 in. to 40 in. for 4 to 6 months; however, 

the water table depths can rise to less than 10 in. for 1 to 2 months or recede to more 

than 40 in. during dry seasons (SSS NRCS 2007). Ona fine sand meets the hydric soil 

criteria for saturation in Orange County (FAESS 2007). 

 

The hydric soil indicators identified on Transect 5 were Organic Bodies (A6, Station 

5, 74.4 ft NGVD), Muck Presence (A8, Stations 153 and 400, 73.2 ft and 70.0 ft 
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NGVD respectively), and Stratified Layers (A5, Station 400, 70.0 ft NGVD) (USDA 

NRCS 2006). No organic soils (muck Ó8 in.) or sandhill lake stage indicators were 

observed on Transect 5. 

 

Difference Between 2008 and 2009 Conditions at Transect 5 

 

Due to different water levels in 2008 and 2009, Transect 5 vegetation was reassessed 

on April 22, 2009.  Although the species composition changed some between 2008 

and 2009, the habitats remained in the same classifications.  In addition, the 

boundaries of the habitats and transition zones determined in 2008 were laterally 

within 0-10 ft of the vegetation boundaries using the same cover estimate method in 

2009.  These differences in boundaries resulted in an elevation difference of less than 

0.3 ft between any of the 2008 and 2009 assessment boundaries.  The 2009 vegetation 

communities were determined slightly uphill of the 2008 communities, due to higher 

water levels in the interim, making the 2009 vegetation data hydrologically slightly 

more conservative in relation to MFLs; therefore 2009 data was used in the statistical 

calculations for the MFLs determination. 

 

FIELD DATA COLLECTION ðSPOT ELEVATIONS  
 

Orange County Drainage Well 

 

In 1960, a drainage well (Orange County DW-055; HAI ID 1523365500254) was 

installed on the southern shore of the western lobe of Lake Hiawassee, on the 

Edgewood Childrenôs Ranch property (Figure 12 & 28, HAI 2003). The control 

elevation for the weir of this drainage well is 78.1 ft NGVD (Table 3). Water levels in 

excess of 78.1 ft NGVD can flow over the weir, through an 18-in. corrugated plastic 

pipe (CPP, invert 72.8 ft NGVD) to a concrete holding area and then into a 20-in. 

corrugated metal pipe (CMP) that drains directly to the Floridan aquifer. 

 

Orange County GPS location and fieldwork dates 

 

Latitudeï
Longitude 

Structure Location 

28° 31' 24.7" N 

-81° 29' 7.9" W 

Orange County Drainwell DW-055 20ò CMP 

(J. Charles, Orange County Public Works) 

Hartman and Associates ID 1523365500254 

 

Weir Structure Control Elevation = 78.1 ft NGVD 

18-in. CPP, 72.8 ft NGVD invert 

250 ft north and  
550 ft east of the 
intersection between 
two warehouses off of 
Frank Hubbard Road  
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Hartman and Associates (2003) reported another drainage well on Lake Hiawassee at 

a private residence (ID 1525283499783, Figure 28). This location was investigated by 

SJRWMD, BCI Engineers and Scientists, and Orange County stormwater staff 

(AprilïMay 2008) and found to be incorrectly documented. An old irrigation well, a 

manhole, and stormwater drainage pipes were present on the property; however, there 

was no evidence of a drainage well at 1147 Edgewood Ranch Road. 

 

Docks 

 

Many of the residences with waterfront property have docks that float and change in 

elevation depending on the water level. Some residential docks are fixed height docks 

that may be underwater or far from water, depending on the lake level. Five static 

docks were surveyed to determine elevations of the deck and ground at the waterward 

end of each dock. The average deck elevation of the surveyed docks was 77.4 ft 

NGVD, but ranged from 75.2ï78.6 ft NGVD (Table 3). Ground elevations at the end 

of these docks ranged from 66.2ï68.9 ft NGVD, with an average elevation of 67.3 ft 

NGVD (Table 3). 

 

Organic Soils 

 

Because no organic soils (muck depths Ó8 in.) were found along vegetation transects, 

the shoreline of Lake Hiawassee was investigated for areas of organic soil 

accumulation. Sanibel muck was mapped on the eastern shore of Lake Hiawassee 

(SSURGO 2008), but field samples did not verify this soil classification and varied 

from the SSURGO map delineation because the map scale was coarser than the scale 

of the SJRWMD field sampling. 

 

On the east shore of Lake Hiawassee, there is a small cove in the Cinnamon Bay 

residential community that had a small area of organic accumulation of 8 in. or more 

in depth (Figure 12). This area was approximately 472 square ft and was located in an 

area mapped as water rather than soil (2008 SSURGO GIS coverage). The 

accumulation of organic material in this cove is likely the result of wind and wave 

action depositing detrital material. The organic matter was unconsolidated and was 

not associated with a wetland vegetation community. In addition, continuous sandy 

soil material was observed adjacent to the organic soil material at approximately the 

same elevation, further suggesting that the organic materials were only a pocket of 

accumulated detrital material. When lake levels recede, this pocket of organic 

material will likely be compacted to a thickness of less than 8 in. and be subject to 

rapid oxidation. With increased lake stages, the pocket of organic material will likely 

be redistributed within the lake (T. Richardson, pers. comm.).  
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On the southeast shore of Lake Hiawassee, near the golf course, some organic soils 

accumulated at 8 in. depth (Figure 12). This area was extremely saturated at the time 

of investigation and was previously mapped as water rather than soil (2008 SSURGO 

GIS coverage). Many of the soil pits exhibited a stratified pattern of layers, muck 

topped with thinner layers of depositional sand. Under lower water conditions, the 

muck soil would compact and likely measure less than 8 in. in depth. The area with 

muck slightly deeper than 8 in. was at the edge of vegetation (cattail), at the open 

water boundary. All areas investigated at higher elevations in the vicinity measured 

less than 8 in. of muck, with the depth of muck decreasing with distance from the 

waterôs edge. The areas with more than 8 in. of organic soil accumulation are adjacent 

to a stormwater inflow to the lake maintaining saturated conditions during low water 

levels in the lake. The soils with more than 8 in. of organic soil accumulation were 

unconsolidated and cannot be solely attributed to lake stage and the adjacent wetland 

community (T. Richardson, pers. comm.). 

 

All other areas investigated along the shoreline of Lake Hiawassee did not have muck 

greater than or equal to a depth of 8 in.  

 

End of Deep Marsh/Beginning of Open Water 

 

Transect elevations for deep marsh were only obtained for one transect, Transect 5. In 

order to determine a more comprehensive elevation for the end of deep marsh or the 

beginning of open water for Lake Hiawassee, several more water depths and 

elevations were collected at the point where deep marsh vegetation ended and the 

open water of the lake began. 

 

The average minimum elevation of the end of deep marsh was 67.0 ft NGVD, as 

determined from 10 elevations throughout the main lobe of Lake Hiawassee. The 

minimum elevations ranged from 63.4ï68.5 ft NGVD, with a median elevation of 

67.4 ft NGVD (n = 10).  

 

STRUCTURAL ALTERATIONS AND OTHER CHANGES 
 

The Lake Hiawassee drainage basin has undergone significant urbanization since 

1980. The area surrounding Lake Hiawassee was largely agricultural until the late 

1980s (Figure 4). A golf course and high-density neighborhoods were developed 

along the lakeshore, completely surrounding Lake Hiawassee by 1995 (Figure 5). As 

of 2004, the 914-acre Lake Hiawassee Basin was composed of approximately 231 

acres of lake area, 449 acres of pervious area, and 235 acres of impervious area 

(Figures 5 & 28, Robison 2008).  

 



Results and Discussion 

 

 

DRAFT 7/8/2009 St. Johns River Water Management District 

 48 

After the influence of Hurricane Donna in September 1960, a drainage well was 

installed in the western lobe of Lake Hiawassee to drain overflow water directly into 

the Floridan aquifer (Figures 12 & 28, HAI 2003). Originally, a pump was installed in 

the well, and it was used for fire safety and irrigation for surrounding orange groves 

as well as flood control (J. Charles, Orange County Public Works Coordinator, pers. 

comm.). The pump was removed in 2005 and at the same time, the weir and pipes for 

the drainage well were replaced, as needed (J. Charles, pers. comm.). The average 

control elevation for the weir structure is 78.1 ft NGVD (Table 3). This elevation 

(78.1 ft NGVD) is documented as having been exceeded 4 times during the period of 

stage records (1960ï2008).  

 

There are at least five stormwater drains discharging directly into Lake Hiawassee. 

One was identified on the western shore of the western lobe of Lake Hiawassee. Two 

other stormwater drains were identified on the east shore of the main lake. Another 

pipe that drains overflow from a residential retention pond was nearby. Finally, a 

stormwater catch basin with manhole and pipes leading from the street to the lake was 

previously misidentified as a drainage well in the backyard of 1147 Edgewood Ranch 

Road. Another stormwater conduit is believed to occur at the southeast corner of the 

lake, near the golf course, but this area was not ground-truthed. The increased 

residential development and stormwater drainage improvements in the area have 

likely caused water levels in the lake to rise more rapidly during rainfall events as 

compared with predevelopment conditions. 

 

MFLs fieldwork was originally conducted on sites with minimal anthropogenic 

impact and targeted areas with intact vegetation communities. However, there was 

evidence on some transects that fill material was added to the upper elevations of 

Lake Hiawassee as it was developed (Segal 2004). Despite changes in the lake basin, 

the condition of soils and intact vegetation communities observed at the time 

fieldwork was performed did not appear to be in a stage of transition because of 

anthropogenic impacts. However, many areas that were not investigated during MFLs 

fieldwork may have already been in transition due to residential activities and other 

anthropogenic influences. Two of the MFLs transects (Transect 2 and 4) have been 

affected by residential landscaping and lawn maintenance since MFLs fieldwork was 

initiated.  

 

The majority of the shoreline of Lake Hiawassee has been influenced by residential 

development, increasing anthropogenic impacts. Most homeowners mow their lawn 

down to the edge of water, affecting flora and the fauna that rely on those habitats to 

survive (Figure 18 and 24). In addition, several homes have cleared natural vegetation 

down to bare sandy soil and have landscaped to create private beachs on the lakeshore 

(Figure 24). Motorboat operation for water skiing and wakeboarding increases the 

magnitude, duration, and frequency of wave action. 
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There are few natural areas left on Lake Hiawassee that have not been impacted at 

some level by the surrounding development. Most of the lake has been landscaped by 

residents, thereby decreasing natural communities and increasing ornamental and 

exotic vegetation. At the time of the establishment of Transect 5 (2008), Chinese 

tallow was becoming established on remnant natural areas. Also, melaleuca 

(Melaleuca quinquenervia), earpod, and Australian pine trees (Casuarina 

equisetifolia) were observed to be established on the west shore of the main lake, 

north of what the residents call Church Hill.  

 

RELEVANT 62-40.473, F.A.C., ENVIRONMENTAL VALUES 
 

Based on screening analysis (Table 10), the following environmental values (Rule 62-

40.473, F.A.C.) were determined to be relevant to identify the limiting conditions for 

MFLs development for Lake Hiawassee: 

 

 Recreation in and on the water 

 Fish and wildlife habitats and the passage of fish 

 Transfer of detrital material 

 Maintenance of freshwater storage and supply 

 Aesthetic and scenic attributes 

 Filtration and absorption of nutrients and other pollutants 

 Water quality 

 Navigation 

 

The following environmental values were determined not be be relevant to identifing 

the limiting conditions for MFLs development for Lake Hiawassee: 

 

 Estuarine resources. This environmental value is not relevant because the lake is 

land-locked and has no surface water connection to any estuarine resources.  

Therefore, while discharge from the lake does intermittently contribute to the St. 

Johns River flow, Lake Hiawassee plays a deminimus role in St. Johns River 

estuary structure and functions. 

 

 Sediment loads. This environmental value is not relevant to establishing MFLs for 

Lake Hiawassee. Transport of inorganic materials as bed load is considered 

relevant only in flowing systems, where riverine fluvial dynamics are critical to 

the maintenance of geomorphic features (i.e., bed forms and the floodplain) and 

http://www.plantatlas.usf.edu/main.asp?plantID=390
http://www.plantatlas.usf.edu/main.asp?plantID=390
http://www.plantatlas.usf.edu/main.asp?plantID=390
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their associated ecological communities. These functions are not operating in lake 

systems. Lakes serve as sinks instead of sources of sediment load. 

 

The environmental value, ñfish and wildlife habitats and the passage of fish,ò was 

determined to be the most limiting environmental value to the further development of 

consumptive uses of surface and/or regional ground water, and the primary criterion 

on which the Lake Hiawassee MFLs were developed. 

 

M INIMUM LEVELS FOR LAKE HIAWASSEE 
 
Recommended, reevaluated minimum levels for Lake Hiawassee are based upon the 

concept that if the essential characteristics of the natural flooding and drying regime are 

maintained, then the basic structure and functions of the environmental system will be 

maintained. Each recommended minimum level is based primarily on elevation, soil, and 

vegetation community data collected at the Lake Hiawassee floodplain. The elevations of 

the wetland communities in the Lake Hiawassee floodplain can be associated with the 

long-term lake stage record, where typical durations and frequencies of flooding and 

drying are known. These wetland community elevations can be applied toward the 

development of recommended minimum levels. The standardized procedures for setting 

each level, using the best available information as described in detail in the (draft) 

Minimum Flows and Levels Methods Manual (SJRWMD 2006) and in Neubauer et al. 

(2008), was followed as the basis of developing the recommended minimum levels for 

Lake Hiawassee. Minimum level criteria vary depending upon the level being determined 

and the on-site wetland community characteristics. Two minimum levels with 

associated durations and return intervals are recommended for Lake Hiawassee: a 

minimum frequent high (FH) and a minimum frequent low (FL).  

 

A minimum average level is normally recommended to conserve organic soils by 

preventing extensive drying and oxidation of soil organic matter.  On areas with 

organic soils present, the average non-exceedence of the soil elevation or associated 

vegetative community is assessed and a minimum average level is set based on 

hydrology and recommendations of soil inundation levels to prevent oxidation from 

the scientific literature.  Because of the absence of consolidated organic soils 

associated with a wetland vegetation community on Lake Hiawassee, a minimum 

average level is not recommended.   

 

On a sandhill lake with a large stage range, we can recommend infrequent minimum 

levels (high and low) to encompass and represent the large stage fluctuations that 

occur.  Although an infrequent low level could possibly be determined, an infrequent 

high level (normally designated at the minimum elevation of the upland community) 

was affected by the extensive residential development and other land and vegetation 

alterations.  The true minimum elevation of uplands was unable to be determined due 
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to anthropogenic impacts to mature live oak (Quercus virginiana) and other upland 

species surrounding the lake.  With the increase in residential development clearing 

land for a waterfront view, the remaining long-lived mature upland tree species 

surrounding Lake Hiawassee are no longer likely representative of the historic 

waterward or minimum elevation of the upland community.  In addition, the 

installation of a drainage well at 78.1 ft NGVD makes a recommendation for an 

ecologically based minimum infrequent high level above this elevation obsolete.   

 

Due to the above factors, minimum average and minimum infrequent levels are not 

recommended for Lake Hiawassee.  The rationale and criteria for the minimum 

frequent high and minimum frequent low MFLs are described below. 

 

Minimum Frequent High (FH) Level   

 

FH Goals, Criteria, and Indicators of Protection.  The goal of the FH protection 

criterion for Lake Hiawassee is to maintain ñé a chronically high surface water level 

or flow with an associated frequency and duration that allows for inundation of the 

floodplain at a depth and duration sufficient to maintain wetland functionsò (Rule 

40C-8.021(7), F.A.C.). 

 

The general indicator of protection is that the gradient of wetland communities 

surrounding the lake be saturated or inundated frequently enough to maintain those 

communities and their wetland functions.  This corresponds to a continuous high 

water level event typically associated with extended periods of normal or above-

normal rainfall. 

 

The specific indicator of protection is a level that corresponds to the average 

elevation of the highest wetland community in the landscape, which would provide 

saturation or inundation of that community and inundation of all other lower elevation 

wetland communities.  For Lake Hiawassee, this wetland community was wet prairie.   

 

The recommended FH level for Lake Hiawassee is a high water level event at 76.4 ft 

NGVD, with an associated flooding duration of 30 continuous days and a return 

interval of once every 3 years (i.e., 33 flooding events in 100 years), on average.  

The recommended FH elevation component of 76.4 ft NGVD equals the average of 

the mean elevations of wet prairie communities surveyed at Transects 1 through 5 

(Table 3) and provides inundation or soil saturation sufficient to support the obligate, 

facultative wet, and facultative plant species within the wet prairie, shallow marsh, 

and deep marsh communities.  

 

The recommended FH level duration component (30-days continuously exceeded) 

represents a sufficiently long period of soil saturation or inundation needed to protect 
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the structure and functions of seasonally flooded wetland plant communities. This 

duration also allows time for fish and other aquatic biota to feed, reproduce, and/or 

use the available habitat for refuge. 

 

The recommended FH level return interval (1:3 year) for Lake Hiawassee recur often 

enough to prevent encroachment into the lower wet prairie and shallow marsh 

communities by facultative vegetation and upland species.   

 

FH Rationale for Criteria and Indicators of Protection.  According to Kinser 

(1996), wet prairies are inundated for a relatively short duration each year, but are 

subject to prolonged soil saturation. Studies by Duever et al. (1984), Environmental 

Science and Engineering Inc. (1991), and Brown and Starnes (1983) indicate that wet 

prairie hydroperiods vary from 32 to 200 days. Many wet prairie species tolerate both 

flooding and drying, creating a zone of dominance that migrates up- and downslope 

in response to changing water levels (Kushlan 1990).  

 

The recommended continuously flooded duration of 30 days occurring with a 

frequency of at least once every 3 years (on average) should maintain the wet prairie 

community at Lake Hiawassee.  The wet prairie communities on Lake Hiawassee had 

an total observed range in elevation of 5.4 ft (73.6 ï 79.0 ft NGVD, Table 3) and 

corresponded to a wetland status of facultative wet to facultative (Kinser 1996).  The 

FH level of 76.4 ft NGVD provides periodic shallow flooding of the mean and 

minimum elevations of the wet prairie communities with periodic soil saturation of 

the higher wet prairie elevations not inundated.  The mean elevation of the shallow 

marsh community will  be flooded to a depth of 2.6 ft (73.8 ft NGVD, Table 3).  The 

maximum elevation of the deep marsh community on Transect 5 will be flooded to a 

depth of 6.0 ft (70.4 ft NGVD, Table 3).  

 

An appropriate normal high water level is necessary to maintain the structure and 

functions of sandhill lakes, like Lake Hiawassee (CH2M HILL 2005). High water 

levels conserve the vegetation composition and structure, as well as ecological 

functions of the wetland communities at sandhill lakes. Schneider and Sharitz (1986) 

reported that short-term flooding events are important to the redistribution of plant 

seeds within aquatic habitats. The species composition and structural development of 

plant communities are influenced by the timing and duration of floods occurring 

during the growing season (Huffman 1980). Water level fluctuations influence the 

colonization and survival of plants by modulating from inundation and submergence 

with saturated substrates, to low water events and drought conditions (Kushlan 1990). 

Floods can affect reproductive success, as well as plant growth. The resulting 

anaerobic soil conditions within the wetland communities favor hydrophytic 

vegetation, tolerant of longer periods of soil saturation, and eliminate upland plant 

species that have invaded during low water events (CH2M HILL 2005). 
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The recommended FH level, with associated temporal component, should protect the 

spatial extent and functions of the seasonally flooded wetland communities allowing 

sufficient water depths for fish and other aquatic organisms to feed and spawn in the 

flooded habitats of the lake (Guillory 1979; Ross and Baker 1983). Inundation of the 

floodplain is also necessary for the exchange of particulate organic matter and 

nutrients (McArthur 1989). Flooding events redistribute and concentrate organic 

particulates (i.e., decomposing plant and animal parts, seeds, etc.) across the 

floodplain (Junk et al. 1989). This organic matter is assimilated by bacteria and 

invertebrate populations (Cuffney 1988), which in turn serve as food for larger fauna. 

 

The habitat available to aquatic fauna is greatly expanded when Lake Hiawassee 

inundates higher elevations. Surface water connections of the lake to the upper 

elevations are extremely important to animal productivity (Bain 1990, Poff et al. 

1997). When these areas are flooded, many fish migrate from the lake to the 

inundated wetland areas for spawning and feeding (Guillory 1979, Ross and Baker 

1983). As water levels continue to rise, the amount of vegetative structure available to 

aquatic organisms increases greatly as large areas are inundated (Light et al. 1998). 

The life cycles of many fishes are related to seasonal water level fluctuations, 

particularly the annual flood pattern (Guillory 1979). The flooded areas provide 

feeding and spawning habitat (Guillory 1979, Ross and Baker 1983) and refugia for 

juvenile fishes (Finger and Stewart 1987). In floodplain marshes with fluctuating 

water levels, fish productivity greatly increases as water levels rise (Kushlan 1990). 

 

The FH water level component may be exceeded during wet years and may not occur 

during dry years; most fish and other aquatic fauna are adapted to year-to-year 

variations of the natural hydrologic regime (Guillory 1979). Additionally, lake water 

quality may be improved as water flows through the flooded wetlands. The 

floodplain, with its shallow marshes, may function as an important filter/sink for 

dissolved and suspended constituents (Wharton et al. 1982). 

 

Soil sampling in the wet prairie communities identified four hydric soil indicators: 

organic bodies (A6), muck presence (A8), stratified layers (A5), and dark surface 

(S7). Such surface organic layers are formed by saturation/inundation of the soil 

surface during periods of normal or above normal rainfall and are, therefore, 

indicative of a seasonal high water table (Carlisle and Hurt 2000) or a seasonal 

flooding frequency. The recommended FH would inundate the average elevation of 

the landward extent of hydric soil indicators (74.1 ft NGVD). Inundation at or above 

the hydric soil indicator maximum landward extent of 74.4 ft NGVD (A6, Organic 

Bodies) would inundate all areas with observed hydric soil indicators with at least 2.0 

ft of water, creating anaerobic conditions, thereby creating and maintaining these 

organic accumulations. 
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The recommended FH level for Lake Hiawassee occurs under 2004 conditions for a 

duration of 30 continuous days approximately once every 2.2 years (i.e., 46 out of 

100 years), on average, based on the SSARR hydrologic model simulation for the 

time period of 1948ï2004 (Figure 29, Appendix A, Robison 2008). Therefore, the 

recommended FH level return interval for Lake Hiawassee (1:3 year, or 33 events 

every 100 years on average) allows for 13 fewer 30-day continuous flooding events in 

100 years of the 76.4 ft NGVD elevation than would be expected under 2004 

conditions. This duration and return interval shows that the hydrologic requirements 

of the recommended FH level are met under 2004 conditions and that this 

recommended FH level would allow for some consumptive use in addition to that 

which existed under 2004 conditions (Figure 29, Appendix A, Robison 2008). 

 

The recommended FH level return interval (1:3 years) occurs in the driest quartile of 

30-day return intervals observed for wet prairie average elevations (Figure 30). That 

is, the recommended FH level is supported by current surface water inundation and 

dewatering signature (SWIDS) analysis of the average elevation of wet prairie 

communities. SWIDS analysis of 9 wet prairie systems indicates that this elevation 

could flood for 30 continuous days with an approximate return interval of 4 years 

(i.e., 25 flooding events in 100 years), on average (Neubauer et al. 2004, Neubauer et 

al. 2007). The return interval associated with the FH level (3 years) is drier than the 

median of the hydrologic range observed for the mean elevation of wet prairie 

communities at other systems, but is wetter than the driest inundation signature of that 

quartile. This allows for some hydrologic shift in the number of these flood events 

while maintaining a natural hydrologic signature that is within the hydrologic range 

for the mean elevation of wet prairie communities. 

 

In summary, the recommended FH level provides: 

 

 Periodic saturation and/or shallow flooding of the mean- and minimum elevations 

of the wet prairie communities on Lake Hiawassee. 

 Periodic flooding and/or saturation of the maximum-, mean-, and minimum 

elevations of the shallow marsh and deep marsh communities on Lake Hiawassee. 

 Periodic saturation and/or inundation of the landward extent of hydric soil 

indicators to maintain anaerobic soil conditions suitable for development and 

maintenance of organic accumulations. 

 Anaerobic soil conditions within the wetland communities favoring hydrophytic 

vegetation that is tolerant of longer periods of soil saturation, and eliminating 

upland plant species that have invaded during low water events. 
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 Surface water connections of the lake to the upper elevations. Expanded habitat is 

available to aquatic fauna for forage, refugia, and/or reproduction when Lake 

Hiawassee inundates higher elevations. 

 Short-term flooding to redistribute plant seeds within aquatic habitats. 

 Lake water quality improvement by flooding wetlands that function as an 

important filter/sink for dissolved and suspended constituents. 

 Anaerobic soil conditions to create and maintain hydric soil indicators and 

organic accumulations 

 

Minimum Frequent Low (FL) Level   

 

FL Goals, Criteria, and Indicators of Protection.  The goal of the FL level 

criterion for Lake Hiawassee is to maintain ñé a chronically low surface water level 

or flow that generally occurs only during periods of reduced rainfall. This level is 

intended to prevent deleterious effects to the composition and structure of floodplain 

soils, the species composition and structure of floodplain and instream biotic 

communities, and the linkage of aquatic and floodplain food websò (Rule 40C-

8.021(10), F.A.C.).  

 

The general indicator of protection is a recurring low water level that would act to 

protect the structure and functions of seasonally flooded vegetation communities, by 

conserving the structure and composition of floodplain soils and species while 

maintaining the food chain.  The FL level represents a low water event that generally 

occurs during moderate droughts or periods of below normal rainfall and results in 

ecological benefits for dewatered wetlands. 

 

The specific indicator of protection would dewater the minimum elevation of the 

lowest elevation seasonally flooded vegetation community, while maintaining 

inundation or saturation in semi-permanently to permanently flooded communities.  

For Lake Hiawassee, the lowest elevation seasonally flooded vegetation community 

would correspond with shallow marsh.   

 

The recommended FL level for Lake Hiawassee is a low water event at 72.9 ft NGVD 

with an associated duration of 120 continuous days and a return interval of once every 

3 years (i.e., 33 dewatering events in 100 years), on average.  The recommended FL 

elevation component (72.9 ft NGVD) is equivalent to the average of the minimum 

elevations of shallow marsh communities on Transects 1 - 5 and provides inundation 

sufficient to support the obligate and facultative wet deep marsh community, while 

providing the benefits of a low water event to the entire range of the shallow marsh 

community.  
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The recommended FL duration component (120-days continuously not exceeded) 

represents a sufficiently long period of low water needed to protect the structure and 

functions of seasonally flooded wetland plant communities. This duration is sufficient 

time for periodic dewatering of seasonally flooded wetlands to allow for seed 

germination of wetland plants that require saturated but not inundated substrates 

(Kushlan 1990). Further, this duration allows time for plants to grow sufficiently tall 

to survive post-drought, higher water conditions. Additionally, such low water events 

enable wading birds to feed and allow access to the floodplain resources by wildlife 

species that usually inhabitat upland plant communities (Harris and Gosselink 1990). 

 

The 1:3 year return interval (i.e. 33 out of 100 years, on average) is frequent enough 

to prevent encroachment from the obligate deep marsh vegetation into the shallow 

marsh and maintains the open water of the lake.  It also does not occur frequently 

enough to encourage a permanent downhill shift in the wet prairie and shallow marsh 

vegetation communities.   

 

FL Rationale for Criteria and Indicators of Protection.  Transects 1 - 4 had 

similar minimum elevations of shallow marsh, but were also the interface between the 

end of vegetation and open water. These four transects were surveyed during higher 

water levels and as a result are considered conservative measures of the minimum of 

shallow marsh.  The boundary between shallow marsh and the open water interface 

would be expected to shift to lower elevations as dry areas are reseeded under low 

water conditions.  The minimum elevation of the shallow marsh community on 

Transect 5 transitioned into deep marsh, not open water, thereby having a more stable 

and definitive transition or boundary.  The steep elevation gradient on the majority of 

Lake Hiawasseeôs shoreline causes most of the shallow marsh to be narrow 

communities at higher water levels that abruptly end in open water.  Because 

Transects 1-4 were assessed during higher water levels relative to Transect 5, the 

average elevation statistics calculated for the shallow marsh community are 

considered to be conservative. 

 

There are few areas on Lake Hiawassee that were shallow enough to transition into 

deep marsh habitat.  As a result, Transect 5 has a lower gradient and wider vegetation 

communities than Transects 1-4, with these habitats likely being more representative 

of long-term hydrology and having less range in their elevation fluctuations.   

Minimum levels could not be accurately established at Lake Hiawassee without the 

data from this shallower transect with more stable marsh communities.  Minimum 

levels that exclude Transect 5 data would result in an artificially higher elevation 

magnitude recommendation that is not consistent with long-term hydrology or 

modeling of the system (Robison 2008). 
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Transect 5 was surveyed during two consecutive years to assess changes in water 

levels between years among habitats.  Because the Transect 5 2009 vegetation data 

was slightly more conservative (had slightly higher elevation boundaries), its data 

was used in conjunction with Transects 1-4 to determine a conservative measure of 

the average minimum elevation of the shallow marsh community at Lake Hiawassee 

as the FL magnitude.  The difference between the statistical calculations for Transect 

5 in 2008 and 2009 did not change or shift the overall statistics or MFLs elevations.    

 

The recommended FL level of 72.9 ft NGVD allows complete dewatering of the wet 

prairie and shallow marsh wetlands at Lake Hiawassee but maintains flooded 

conditions across the deep marsh and lakeshore aquatic beds (Table 3). Low water 

levels in wetlands are a natural consequence of drought and have ecological benefits. 

Drawdown conditions enable seeds of emergent wetland plants to germinate from the 

soil seed banks of the floodplain (Kushlan 1990). Seeds of many wetland plant 

species require exposed soils in order to germinate (Van der Valk 1981). Exposing 

the floodplain and the upper littoral zone of the lake for suitable durations maintains 

the composition of emergent plant species and increases plant diversity. Upland plant 

species are able to invade the floodplain and become established during low water 

events. When these species die in response to rising water, their biomass becomes a 

significant substrate for bacterial and fungal growth, which becomes a critical food 

source for invertebrate collector-gathering and collector-filtering guilds (Cuffney 

1988). 

 

Low water levels also allow for the decomposition and/or the compaction of 

flocculent organic sediments. Aerobic microbial breakdown of the sediment begins 

with receding water levels, releasing nutrients, thereby stimulating primary 

production. Sunlight also heats, dries, and compacts exposed sediment into firm 

substrates. Normally, upon reflooding, habitat conditions are improved for fish 

nesting and foraging since the marsh surface has consolidated, structural cover has 

increased, and forage resources (terrestrial and aquatic invertebrates) are abundant 

(Kushlan and Kushlan 1979; Merritt and Cummins 1984). This seasonal drying is 

considered essential to maintain energy and nutrient flows within the system 

(Kushlan 1990). 

 

Sandhill lakes typically do not contain large quantities of organic matter (JEA 2006). 

Although a few small areas of accumulated organic material were found on Lake 

Hiawassee (maximum elevation = 70.0 ft NGVD), these deposits were 

unconsolidated, were not associated with wetland vegetation, and are expected to 

either be dewatered and compacted to a thickness of less than 8 in. and be subject to 

rapid oxidation, or to be redistributed within the lake under flooded conditions (T. 

Richardson, pers. comm.). Although the FL level would still maintain 2.9 ft of water 

above organic sediments and prevent carbon loss by oxidation, it is expected that 
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these areas will eventually be redistributed within the system during high water 

events and that these depositional areas will remain ephemeral. 

 

At the recommended FL level of 72.9 ft NGVD, shallow ponding may occur at the 

lower elevations in the shallow marshes (Table 3) surveyed at Lake Hiawassee. 

Shallow ponding will provide aquatic refugia for small fish, amphibians, and small 

reptiles. Aquatic habitats connected to the open water of Lake Hiawassee are of 

crucial importance to fishes and invertebrates of the floodplain. Mortality during dry 

periods can affect fish species dominance and contribute to seasonal changes in fish 

abundance (Kushlan 1990). In addition, as water levels recede across the shallow 

marshes, ideal water depths for wading bird foraging will occur. Wading birds can 

only forage in relatively shallow water. Great egrets need water depths of less than 10 

in. and the smaller herons need depths of less than 6 in. (Bancroft et al. 1990). 

Receeding water levels can cause fish to be concentrated in isolated pools throughout 

the shallow marshes (Kushlan 1990). Birds may then exploit these concentrations 

(Bancroft et al. 1990), possibly influencing nesting success (Kushlan 1990). 

 

Residential recreation on Lake Hiawassee should not be adversely affected by the FL 

MFL elevation, duration, or return interval.  The FL would maintain a depth of 5.5 ft 

over the mean elevation at the base of the fixed docks (67.3 ft NGVD).  This would 

allow deep enough water for motorboat operation and docking, as well as open water 

with sufficient depth other lake recreation. 

 

The recommended FL level for Lake Hiawassee occurs under 2004 hydrologic 

conditions for a duration of 120 continuous days, once every 3.7 years (i.e., 27 out of 

100 years), on average, based upon SSARR hydrologic model simulation for the time 

period 1948ï2004 (Figure 31, Appendix A, Robison 2008). The recommended FL 

level would allow a change in the return interval of this moderate-drought event from 

an event which historically occurred, on average, every 3.7 years (i.e., 27 out of 100 

years) to an event that may occur, on average, every 3 years (i.e. 33 times in 100 

years) while maintaining a 120-day duration at a stage of 72.9 ft NGVD.  This level 

allows an increase of six, 120-day continuous dewatering events at 72.9 ft NGVD 

every 100 years. This duration and return interval show that the hydrologic 

requirements of the recommended FL level are met under 2004 hydrologic conditions 

and that this minimum level would allow for some additional consumptive use above 

that occurring under 2004 conditions (Appendix A, Robison 2008). 

 

The recommended FL return interval (1:3 years) is supported by current SWIDS 

analysis of the minimum elevations of 17 shallow marsh communities (Neubauer et 

al. 2004, Neubauer et al. 2007) and corresponds to a return interval somewhat drier 

than the median observed at these other lake systems (Figure 32). This level allows 

dewatering of the shallow marsh minimum elevations for 120 continuous days every 
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3 years (i.e., 33 dewatering events in 100 years), on average, over the long-term.  

SWIDS analysis indicates that this elevation could be dewatered for 120 continuous 

days with an approximate return interval of 2.2 years (i.e., 45 low water events in 100 

years), on average (Neubauer et al. 2004, Neubauer et al. 2007).  The return interval 

associated with the FL level (3 years) is drier than the median of the hydrologic range 

observed for the minimum elevation of shallow marsh communities at other systems 

(Figure 30), but is wetter than the driest inundation signature within that quartile. This 

allows for some hydrologic shift in the number of these flood events while 

maintaining a natural hydrologic signature that is within the hydrologic range for the 

mean elevation of wet prairie communities. 

 

In summary, the recommended FL level provides: 

 

 Complete dewatering of wet prairie and shallow marsh communities. 

 Germination from the soil seed banks of the floodplain.  

 Maintenance of the composition of emergent plant species and increased plant 

diversity. 

 Establishment of upland species during low water event. (When these species die 

in response to rising water, their biomass becomes a significant substrate for 

bacterial and fungal growth, which then becomes a critical food source for 

invertebrates, thereby affecting the aquatic food chain.) 

 Decomposition of and/or the compaction of flocculent organic sediments. 

 Improved fish nesting and foraging habitat. 

 Refugia for aquatic fauna and maintenance of a water source for terrestrial fauna. 

 Increased forage area for terrestrial fauna. 

 Suitable habitat for wading bird forage. 

 Maintenance of sufficient water depth at fixed docks for motorboat operation 

 

PROTECTION OF 62-40.473, F.A.C., ENVIRONMENTAL VALUES 
 

SJRWMD qualitatively assessed whether the recommended Lake Hiawassee MFLs 

developed to protect ñfish and wildlife habitats and passage of fishò were protective 

of all other relevant environmental values identified in Rule 62-40.473, F.A.C. The 

results of this assessment are listed in Table 11. SJRWMD concludes that the 

recommended MFLs developed for the protection of significant harm to ñfish and 

wildlife habitats and the passage of fishò will  protect all other relevant Rule 62-

40.473, F.A.C., environmental values. 
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Table 3.  Elevations (ft NGVD) and statistics for features measured at Lake Hiawassee
 

LOCATION FEATURE 
ELEVATION (ft NGVD) 

MEAN
1
 MEDIAN

1
 RANGE MIN

1
 MAX

1
 N

1
 

 Lake Hiawassee Drainage Well (Control Elevation) 78.1 78.1 0.1 78.0 78.1 2 

TRANSECT 1 2003             

  Vegetation Communities             

Station 0 - 30 ft. Upland - - - 79.0 - 7 

Station 30 - 60 ft. Wet Prairie 76.9 76.9 3.9 75.1 79.0 7 

Station 60 - 75 ft. Shallow Marsh 74.0 74.0 1.9 73.2 75.1 4 

  Hydric Soil Indicators             

Station 70 ft. A8, Muck Presence  - - - - 73.6 1 

TRANSECT 2 2003             

  Vegetation Communities             

Station 0 - 35 ft. Upland - -   78.7 - 8 

Station 35 - 65 ft. Wet Prairie 77.2 77.2 3.0 75.7 78.7 7 

Station 65 - 90 ft. Shallow Marsh 74.4 74.3 2.3 73.4 75.7 6 

  Hydric Soil Indicators             

Station 80 ft. S7, Dark Surface  - - - - 74.2 1 

TRANSECT 3 2003             

  Vegetation Communities             

Station 0 - 75 ft. Wet Prairie 76.6 76.7 3.0 75.0 78.0 16 

Station 75 - 100 ft. Shallow Marsh 74.0 73.9 1.8 73.2 75.0 6 

  Hydric Soil Indicators             

  No soil data - area impacted by fill material - - - - - 0 

TRANSECT 4 2003             

  Vegetation Communities             

Station 0 - 35 ft. Upland - - - 78.5 - 8 

Station 35 - 60 ft. Wet Prairie 76.9 77.0 3.2 75.3 78.5 6 

Station 60 - 75 ft. Shallow Marsh 74.4 74.4 2.0 73.3 75.3 4 
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LOCATION FEATURE 
ELEVATION (ft NGVD) 

MEAN
1
 MEDIAN

1
 RANGE MIN

1
 MAX

1
 N

1
 

TRANSECT 4 2003             

  Hydric Soil Indicators             

  none - - - - - 0 

TRANSECT 5 2009             

  Vegetation Communities             

Station 0 - 8 ft. Spoil Upland* - - - 74.4 - 3 

Station 8 - 105 ft. Wet Prairie 74.3 74.3 1.5 73.6 75.1 21 

Station 105 - 165 ft. Transition Zone 73.3 73.2 0.8 72.9 73.7 14 

Station 165 - 250 ft. Shallow Marsh 72.2 72.2 1.5 71.3 72.9 18 

Station 250 - 285 ft. Transition Zone 70.9 71.0 0.9 70.4 71.3 8 

Station 285 - 500 ft. Deep Marsh 69.8 70.0 1.7 68.6 70.4 45 

Station 500 - 610 ft. Open Water with Coarse Woody Debris 68.6 68.6 0.3 68.5 68.7 23 

  Hydric Soil Indicators             

Station 5 ft. A6, Organic Bodies - - - - 74.4 1 

Station 153 ft. A8, Muck Presence - - - - 73.2 1 

Station 400 ft. A5, Stratified Layers - - - - 70.0 1 

LOCATION COMBINED FEATURES (2003 & 2009) 
ELEVATION (ft NGVD) 

MEAN
2
 MEDIAN

2
 RANGE MIN

2
 MAX

2
 N

2
 

  Vegetation Communities             

Transects 1, 2, & 4 Upland* - - - 78.5 - 3 

Transects 1, 2, 3, 4, & 5 Wet Prairie 76.4 76.4 2.9 74.9 77.9 5 

Transects 1, 2, 3, 4, & 5 Shallow Marsh 73.8 73.8 1.9 72.9 74.8 5 

Transect 5 Deep Marsh 69.8 70.0 1.7 68.6 70.4 1 

  Hydric Soil Indicators             

Transect 5 A6, Organic Bodies - - - - 74.4 1 

Transect 1 & 5 A8, Muck Presence 73.4 73.4 0.4 73.2 73.6 2 

Transect 2 S7, Dark Surface - - - - 74.2 1 

Transect 5 A5, Stratified Layers - - - - 70.0 1 
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LOCATION COMBINED FEATURES (2003 & 2009) 
ELEVATION (ft NGVD) 

MEAN
2
 MEDIAN

2
 RANGE MIN

2
 MAX

2
 N

2
 

Main Lobe Organic Soils (muck Ó 8" depth) 69.9 69.8 0.3 69.7 70.0 8 

Transects 1, 2, & 5 Landward Extent Hydric Soil Indicators 74.1 74.2 0.8 73.6 74.4 3 

 
Spot Elevations             

Transect 5, Main & North 
Lobes 

End Deep Marsh/Begin Open Water 67.0 67.4 5.1 63.4 68.5 10 

Main Lobe Elevation of Dock (Height of Deck) 77.4 78.4 3.4 75.2 78.6 5 

Main Lobe Ground Elevation at Base of Dock 67.3 67.1 2.7 66.2 68.9 5 

Main Lobe 
Waterward Mature Live & Laurel Oak Trees  
(8-20" DBH) 

79.5 79.4 5.8 76.3 82.1 7 

Main Lobe Landward Dead Live Oak Trees (15-22ò DBH) 75.6 75.9 2.1 74.4 76.5 4 

Main & North Lobes Cut from main lobe to north lobe 69.3 69.3 0.9 68.7 69.6 7 

Main & North Lobes Banks of cut from main lobe to north lobe 70.9 71.9 6.1 67.2 73.3 6 

* Spoil Upland not included in Upland calculations 
1
-Statistics were calculated using equidistant points within communities. 

2
- Values are the average for all transects (i.e., Min

2
 is the average of the minimum elevation values of the (e.g.) Shallow Marsh community for all transects) 

N-number of observations 
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Table 4. Transect 1 vegetation species list, with vegetation communities, FWDM code, and 
estimated species cover, for Lake Hiawassee 

 

Species Common Name 
FWDM 
Code

1
 

Estimated Species Cover
2
 

Upland Wet Prairie 
Shallow 
Marsh 

Amaranthus australis 
Southern water 
hemp OBL   0   

Bidens sp. Beggar-ticks OBL 3     

Chenopodium 
ambrosioides 

American  
worm-seed UPL 0 1   

Cyperus odoratus Flat sedge FACW   0 0 

Desmodium incanum 
Creeping 
beggarweed UPL   0 2 

Enterolobium 
contortisiliquum Earpod tree UPL 2     

Eupatorium capillifolium Dog fennel FAC   0 3 

Hibiscus sp. Rosemallow - 1     

Lantana camara Shrub verbena UPL 3 2 1 

Ludwigia peruviana Primrose willow OBL     2 

Panicum repens Torpedo grass FACW 1 3 0 

Paspalum notatum Bahia grass UPL 2     

Passiflora incarnata Maypop UPL 2 1   

Polygonum punctatum Dotted smartweed OBL     1 

Prunus serotina Wild black cherry UPL 2 0   

Richardia scabra Florida pusley UPL 1     

Rubus sp. Blackberry FAC   2 2 

Sambucus canadensis Elderberry FAC 1 2   

Urena lobata Caesar-weed UPL   0 1 

 
1
FWDM codes are taken from Ch. 62-340.450, F.A.C. as established in Florida Wetlands Delineation Manual (Gilbert 

et al. 1995). Species not in the rule are assumed to be upland (UPL) unless they are obvious aquatics; unlisted 
aquatic species are designated as obligates (OBL). 
Upland (UPL) ï Plants that rarely occur in wetlands, but occur almost always in uplands. 
Facultative (FAC) ï Plants with similar likelihood of occurring in both wetlands and uplands. 
Facultative Wet (FACW) ï Plants that typically exhibit their maximum cover in areas subject to surface water 

flooding and/or saturation, but may also occur in uplands. 
Obligate (OBL) ï Plants that are found or achieve their greatest abundance in an area which is subject to surface 

water flooding and/or saturation; rarely occur in uplands. 
2
Plant Species Cover Estimates: Aerial extent of vegetation species along the transect within a given vegetation 

community where 0=<1% (rare), 1=1ï10% (scattered), 2=11ï25% (numerous), 3=26ï50% (abundant), 4=51ï75% 
(co-dominant), 5=>75% (dominant).  
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Table 5. Transect 2 vegetation species list, with vegetation communities, FWDM code, and 
estimated species cover, for Lake Hiawassee 

 

Species Common Name 
FWDM 
Code

1
 

Estimated Species Cover
2
 

Upland Wet Prairie Shallow Marsh 

Bidens sp. Beggar-ticks OBL   2   

Cirsium nuttallii Nuttall's thistle FACW   0 1 

Conyza canadensis 
Dwarf 
horseweed UPL 1 1 3 

Eupatorium 
capillifolium Dog fennel FAC 2 2 2 

Heterotheca 
subaxillaris Camphor-weed UPL 3     

Lantana camara Shrub verbena UPL     0 

Phyla nodiflora Frog-fruit FAC 0     

Ludwigia peruviana Primrose willow OBL     1 

Panicum maximum Guinea grass UPL 2 0   

Panicum repens Torpedo grass FACW 1 1 2 

Paspalum notatum Bahia grass UPL 3 1   

Passiflora incarnata Maypop UPL   0 0 

Quercus laurifolia Laurel oak FACW 1     

Richardia scabra Florida pusley UPL 0     

Rubus sp. Blackberry FAC 0 2 1 

Sida acuta Tea-weed UPL 1 0   

Stenotaphrum 
secundatum 

St. Augustine 
grass UPL 1     

 
1
FWDM codes are taken from Ch. 62-340.450, F.A.C. as established in Florida Wetlands Delineation Manual (Gilbert 

et al. 1995). Species not in the rule are assumed to be upland (UPL) unless they are obvious aquatics; unlisted 
aquatic species are designated as obligates (OBL). 
Upland (UPL) ï Plants that rarely occur in wetlands, but occur almost always in uplands. 
Facultative (FAC) ï Plants with similar likelihood of occurring in both wetlands and uplands. 
Facultative Wet (FACW) ï Plants that typically exhibit their maximum cover in areas subject to surface water 

flooding and/or saturation, but may also occur in uplands. 
Obligate (OBL) ï Plants that are found or achieve their greatest abundance in an area which is subject to surface 

water flooding and/or saturation; rarely occur in uplands. 
2
Plant Species Cover Estimates: Aerial extent of vegetation species along the transect within a given vegetation 

community where 0=<1% (rare), 1=1ï10% (scattered), 2=11ï25% (numerous), 3=26ï50% (abundant), 4=51ï75% 
(co-dominant), 5=>75% (dominant).  
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Table 6. Transect 3 vegetation species list, with vegetation communities, FWDM code, and 
estimated species cover, for Lake Hiawassee 

 

Species Common Name 
FWDM 
Code

1
 

Estimated Species Cover
2
 

Wet Prairie Shallow Marsh 

Baccharis halimifolia Salt myrtle FAC 1 1 

Eupatorium capillifolium Dog fennel FAC   0 

Euthamia minor Flat-topped goldenrod FAC 1 0 

Ludwigia peruviana Primrose willow OBL   0 

Myrica cerifera Wax myrtle FAC 2   

Panicum hemitomon Maidencane OBL 0 1 

Passiflora incarnata Maypop UPL 0 0 

Pluchea rosea Camphor-weed FACW 0   

Rhexia mariana Pale meadow beauty FACW 1   

Rubus sp. Blackberry FAC 0   

Sagittaria lancifolia Duck potato OBL   0 

Sambucus canadensis Elderberry FAC   1 

Sapium sebiferum Chinese tallow FAC 1 4 

Spartina bakeri Sand cordgrass FACW 3 0 

 
1
FWDM codes are taken from Ch. 62-340.450, F.A.C. as established in Florida Wetlands Delineation Manual (Gilbert 

et al. 1995). Species not in the rule are assumed to be upland (UPL) unless they are obvious aquatics; unlisted 
aquatic species are designated as obligates (OBL). 
Upland (UPL) ï Plants that rarely occur in wetlands, but occur almost always in uplands. 
Facultative (FAC) ï Plants with similar likelihood of occurring in both wetlands and uplands. 
Facultative Wet (FACW) ï Plants that typically exhibit their maximum cover in areas subject to surface water 

flooding and/or saturation, but may also occur in uplands. 
Obligate (OBL) ï Plants that are found or achieve their greatest abundance in an area which is subject to surface 

water flooding and/or saturation; rarely occur in uplands. 
2
Plant Species Cover Estimates: Aerial extent of vegetation species along the transect within a given vegetation 

community where 0=<1% (rare), 1=1ï10% (scattered), 2=11ï25% (numerous), 3=26ï50% (abundant), 4=51ï75% 
(co-dominant), 5=>75% (dominant).  
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Table 7. Transect 4 vegetation species list, with vegetation communities, FWDM code, and 
estimated species cover, for Lake Hiawassee 

 

Species Common Name 
FWDM 
Code

1
 

Estimated Species Cover
2
 

Upland 
Wet 

Prairie 
Shallow 
Marsh 

Bidens sp. Beggar-ticks OBL 1 0   

Centella asiatica Coinwort FACW   1   

Cyperus haspan Jointed flat sedge OBL   2 1 

Cyperus odoratus Flat sedge FACW 0 0   

Eupatorium capillifolium Dog fennel FAC   0 1 

Juncus marginatus Shore rush FACW     0 

Lantana camara Shrub verbena UPL 2     

Panicum maximum Guinea grass UPL   1   

Panicum repens Torpedo grass FACW   1 3 

Paspalum notatum Bahia grass UPL 3 1   

Polygonum punctatum Dotted smartweed OBL   0 0 

Rhynchelytrum repens Natal grass UPL 1 1 0 

Richardia scabra Florida pusley UPL 0 1 0 

Stenotaphrum 
secundatum 

St. Augustine grass UPL 2   

Urena lobata Caesar-weed UPL     0 

 
1
FWDM codes are taken from Ch. 62-340.450, F.A.C. as established in Florida Wetlands Delineation Manual (Gilbert 

et al. 1995). Species not in the rule are assumed to be upland (UPL) unless they are obvious aquatics; unlisted 
aquatic species are designated as obligates (OBL). 
Upland (UPL) ï Plants that rarely occur in wetlands, but occur almost always in uplands. 
Facultative (FAC) ï Plants with similar likelihood of occurring in both wetlands and uplands. 
Facultative Wet (FACW) ï Plants that typically exhibit their maximum cover in areas subject to surface water 

flooding and/or saturation, but may also occur in uplands. 
Obligate (OBL) ï Plants that are found or achieve their greatest abundance in an area which is subject to surface 

water flooding and/or saturation; rarely occur in uplands. 
2
Plant Species Cover Estimates: Aerial extent of vegetation species along the transect within a given vegetation 

community where 0=<1% (rare), 1=1ï10% (scattered), 2=11ï25% (numerous), 3=26ï50% (abundant), 4=51ï75% 
(co-dominant), 5=>75% (dominant).  
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Table 8. Transect 5 2008 vegetation species list, with vegetation communities, FWDM code, and estimated species cover, for Lake 
Hiawassee 

 

Species 
Code 

Species Common Name 
FUWDM 
Code1 

Estimated Species Cover
2
 

Wet 
Prairie 

Transitional 
Zone (1) 

Shallow 
Marsh 

(1) 

Shallow 
Marsh 

(2) 

Transitional 
Zone (2) 

Deep 
Marsh 

0 105 155 210 255 290 

105 155 210 255 290 500 

Altephi Alternanthera philoxeroides Alligatorweed OBL - - - - - 0 

Andrvirs Andropogon virginicus Broomsedge FAC 0 - - - - - 

Bacchal Baccharis halimifolia Eastern baccharis FAC 2 0 - - - - 

Bacomon Bacopa monnieri Coast bacopa OBL 1 0 4 1 1 - 

Begocul Begonia culcullata Begonia - 1 0 1 1 - - 

Centasi Centella asiatica Coinwort FACW 1 0 - - - - 

Cephocc 
Cephalanthus occidentalis 
(<3 ft) Buttonbush OBL 0 0 0 - - - 

Cephocc 
Cephalanthus occidentalis 
(>3 ft) Buttonbush OBL - 1 - - - - 

Cypeesc Cyperus esculentus Flatsedge FAC - - - - 0 1 

Cypelec Cyperus lecontei Flatsedge FACW - - - - - 1 

Cypepol Cyperus polystachyos Flatsedge FACW - - - - - 1 

Diodvir Diodia virginiana Virginia button-weed FACW 1 - - - - - 

Eichcra Eichhornia crassipes Water hyacinth OBL - - - - - 1 

Eleosp. Eleocharis sp. Spikerush OBL - - - - 1 0 

Erechie Erechtites hieraciifolius Fireweed FAC 1 2 3 1 1 - 

Eupacap Eupatorium capillifolium Dog fennel FAC 4 3 1 1 2 - 

Eupaser Eupatorium serotinum Thoroughwort FAC 1 1 1 1 - - 

Hydrumb Hydrocotyle umbellata Umbrella pennywort FACW 0 - 1 - - - 

Hydrver Hydrocoytle verticillata Pennywort FACW 2 1 1 0 1 - 

Hypemut Hypericum mutilum St. John's-wort FACW - 0 1 - 0 - 

Juncell Juncus elliottii Elliott's Rush OBL - - - - - 0 
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Species 
Code 

Species Common Name 
FUWDM 
Code1 

Estimated Species Cover
2
 

Wet 
Prairie 

Transitional 
Zone (1) 

Shallow 
Marsh (1) 

Shallow 
Marsh 

(2) 

Transitional 
Zone (2) 

Deep 
Marsh 

0 105 155 210 255 290 

105 155 210 255 290 500 

Ludwlep Ludwigia leptocarpa (<3 ft) Primrose willow OBL 1 1 1 0 0 - 

Ludwlep Ludwigia leptocarpa (>3 ft) Primrose willow OBL - 1 1 - - - 

Mikasca Mikania scandens Climbing hemp-weed -  0 1 1 3 1 - 

Myricer Myrica cerifera Wax myrtle FAC 0 - - - - - 

Nuphlut Nuphar luteum Spatter-dock OBL - - - 1 1 3 

Nympodo Nymphaea odorata Water-lily OBL - - - - 0 3 

Plucodo Pluchea odorata Camphorweed FACW 1 0 0 1 1 - 

Polypun Polygonum punctatum Smartweed OBL 1 0 3 3 3 1 

Pontcor Pontederia cordata Pickerelweed OBL - - - - 0 1 

Sagilan Sagittaria lancifolia Arrowhead OBL 1 1 1 - - - 

Salicar Salix caroliniana (<3 ft) Coastal plain willow OBL 1 0 1 1 0 - 

Salicar Salix caroliniana (>3 ft) Coastal plain willow OBL - 2 1 1 1 - 

Salvmis Salvia misella River sage UPL 0 - - - - - 

Sambcan Sambucus canadensis (<3 ft) Elderberry FAC 1 1 1 0 - - 

Sambcan Sambucus canadensis (>3 ft) Elderberry FAC - 2 1 - - - 

Sapiseb Sapium sebiferum Chinese tallow-tree FAC 1 1 1 0 - - 

Scopdul Scoparia dulcis Sweet broom FAC 1 - - - - - 

Sparbak Spartina bakeri Sand cordgrass FACW 2 - - - - 1 

Typhdom Typha domingensis Southern cattail OBL - - - - 0 1 

Urenlob Urena lobata Caesar weed UPL 1 - - - - - 
 

1
FWDM codes are taken from Ch. 62-340.450, F.A.C. as established in Florida Wetlands Delineation Manual (Gilbert et al. 1995). Species not in the rule are assumed to be upland (UPL) unless they are 

obvious aquatics; unlisted aquatic species are designated as obligates (OBL). 
Upland (UPL) ï Plants that rarely occur in wetlands, but occur almost always in uplands. 
Facultative (FAC) ï Plants with similar likelihood of occurring in both wetlands and uplands. 
Facultative Wet (FACW) ï Plants that typically exhibit their maximum cover in areas subject to surface water flooding and/or saturation, but may also occur in uplands. 
Obligate (OBL) ï Plants that are found or achieve their greatest abundance in an area which is subject to surface water flooding and/or saturation; rarely occur in uplands. 
2
Plant Species Cover Estimates: Aerial extent of vegetation species along the transect within a given vegetation community where 0=<1% (rare), 1=1ï10% (scattered), 2=11ï25% (numerous), 3=26ï50% 

(abundant), 4=51ï75% (co-dominant), 5=>75% (dominant).  
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Table 9. Transect 5 2009 vegetation species list, with vegetation communities, FWDM code, and estimated species cover, for Lake Hiawassee 
 

Species 
Code 

Species Common Name 
FUWDM 
Code

1
 

Estimated Species Cover
2
 

Upland/
Spoil 

Wet 
Prairie 

Transitional 
Zone (1) 

Shallow 
Marsh 

(1) 

Shallow 
Marsh 

(2) 

Shallow 
Marsh 

(3) 

Transitional 
Zone (2) 

Deep 
Marsh 

0 8 105 165 205 235 250 285 

8 105 165 205 235 250 285 500 

Andrglo 
Andropogon 
glomeratus 

bush bluestem FACW - 1 - - - - - - 

Andrvirs 
Andropogon 
virginicus 

Broomsedge FAC - 0 - - - - - - 

Bacchal 
Baccharis 
halimifolia 

Eastern 
baccharis 

FAC 1 4 1 - - - - - 

Bacomon 
Bacopa 
monnieri 

Coast bacopa OBL - 3 2 4 4 3 2 0 

Begocul 
Begonia 
culcullata 

Begonia - - - - 0 - - - - 

Careala Carex alata 
Broadwing 
sedge 

FACW - - - - 0 - - 1 

Caresp. Carex sp. Sedge - - 1 - - - - - - 

Centasi 
Centella 
asiatica 

Coinwort FACW - 1 1 1 - - - - 

Cephocc 
Cephalanthus 
occidentalis 

Buttonbush OBL - - 1 - - - - - 

Diodvir 
Diodia 
virginiana 

Virginia button-
weed 

FACW - 1 1 1 - - - - 

Erechie 
Erechtites 
hieraciifolius 

Fireweed FAC - - 1 1 1 2 - - 

Erigque 
Erigeron 
quercifolius 

Southern 
fleabane 

FAC - 0 - - - - - - 

Eupacap 
Eupatorium 
capillifolium 

Dog fennel FAC 2 5 5 4 3 1 0 - 
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Species 
Code 

Species Common Name 
FUWDM 
Code

1
 

Estimated Species Cover
2
       Deep 

Marsh 

Upland/
Spoil 

Wet 
Prairie 

Transitional 
Zone (1) 

Shallow 
Marsh 

(1) 

Shallow 
Marsh 

(2) 

Shallow 
Marsh 

(3) 

Transitional 
Zone (2) 

Deep 
Marsh 

0 8 105 165 205 235 250 285 

8 105 165 205 235 250 285 500 

Hydrumb 
Hydrocotyle 
umbellata 

Umbrella 
pennywort 

FACW - 2 2 3 1 1 1 - 

Hypemut 
Hypericum 
mutilum 

St. John's-wort FACW - 1 - - - - - - 

Junceff Juncus effusus Soft rush OBL - - - - 1 2 3 1 

Lachcar 
Lachnanthes 
caroliniana 

Redroot FAC - 1 - 1 - - - - 

Lantcam 
Lantana 
camara 

Shrub verbena UPL 1 - - - - - - - 

Ludwspp. Ludwigia spp. Ludwigia OBL - 1 1 0 0 - 1 1 

Myricer Myrica cerifera Wax myrtle FAC 2 0 - - - - - - 

Nuphlut Nuphar luteum Spatter-dock OBL - - - - 1 1 1 3 

Nympodo 
Nymphaea 
odorata 

Water-lily OBL - - - - - - - 2 

Phylnod Phyla nodiflora Frog-fruit FAC - 0 - - - - - - 

Polypun 
Polygonum 
punctatum 

Smartweed OBL - 1 1 0 2 3 3 1 

Pontcor 
Pontederia 
cordata 

Pickerelweed OBL - - - - - - 1 1 

Rhynmice 
Rhynchospora 
microcephala 

Beakrush FACW - 1 - - - - - - 

Rubusp. Rubus sp. Blackberry FAC 1 - - - - - - - 

Sagilan 
Sagittaria 
lancifolia 

Arrowhead OBL - 1 1 1 1 - 1 1 

Salicar 
Salix 
caroliniana 

Coastal plain 
willow 

OBL 2 0 - 0 1 1 1 - 
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Species 
Code 

Species Common Name 
FUWDM 
Code

1
 

Estimated Species Cover
2
       Deep 

Marsh 

Upland/
Spoil 

Wet 
Prairie 

Transitional 
Zone (1) 

Shallow 
Marsh 

(1) 

Shallow 
Marsh 

(2) 

Shallow 
Marsh 

(3) 

Transitional 
Zone (2) 

Deep 
Marsh 

0 8 105 165 205 235 250 285 

8 105 165 205 235 250 285 500 

Sambcan 
Sambucus 
canadensis 

Elderberry FAC 2 1 2 1 - - - - 

Sapiseb 
Sapium 
sebiferum 

Chinese tallow-
tree 

FAC 2 1 1 1 - 1 - - 

Sparbak Spartina bakeri Sand cordgrass FACW - 2 - - - - - 0 

Spirver 
Spiranthes 
vernalis 

Ladie's tresses FACW - - - 0 - - - - 

Thelsp. Thelypteris sp. Shield fern FACW - - - - - 0 - - 

Typhdom 
Typha 
domingensis 

Southern cattail OBL - - - - - 1 - 3 

Urenlob Urena lobata Caesar weed UPL 1 1 0 - - - - - 

            
 

1
FWDM codes are taken from Ch. 62-340.450, F.A.C. as established in Florida Wetlands Delineation Manual (Gilbert et al. 1995). Species not in the rule are assumed to be upland (UPL) unless they are obvious aquatics; 

unlisted aquatic species are designated as obligates (OBL). 
Upland (UPL) ï Plants that rarely occur in wetlands, but occur almost always in uplands. 
Facultative (FAC) ï Plants with similar likelihood of occurring in both wetlands and uplands. 
Facultative Wet (FACW) ï Plants that typically exhibit their maximum cover in areas subject to surface water flooding and/or saturation, but may also occur in uplands. 
Obligate (OBL) ï Plants that are found or achieve their greatest abundance in an area which is subject to surface water flooding and/or saturation; rarely occur in uplands. 
2
Plant Species Cover Estimates: Aerial extent of vegetation species along the transect within a given vegetation community where 0=<1% (rare), 1=1ï10% (scattered), 2=11ï25% (numerous), 3=26ï50% (abundant), 

4=51ï75% (co-dominant), 5=>75% (dominant).  
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Table 10.  Minimum flows and levels decision matrix 

 

Criterion  

Level of 

Resource 

Risk 

Importance 

of Resource 

Value 

Resource 

Legal 

Constraints 

Screening 

Value 

Criterio n 

Stage 

Related? 

Criterion 

Limiting ? 

*Notes *1 *2 *3 *4 *5 *6 

Recreation in & on the water 1 3 1 5 Y N 

Fish and wildlife habitats & passage of fish 3 3 1 7 Y Y 

Estuarine resources 0 0 NA 0 N NA 

Transfer of detrital material 2 2 1 5 Y N 

Maintenance of freshwater storage & supply 1 1 1 3 Y N 

Aesthetics & scenic attributes 1 2 1 4 Y N 

Filtration & absorption of nutrients & other 

pollutants 

2 3 1 6 Y N 

Sediment loads 0 0 NA 0 N NA 

Water quality 2 3 1 6 Y N 

Navigation 1 3 1 5 Y N 

 

* Notes: 

   1. Evaluation of the level to which the resource is at risk. 0 = no risk; 1 = low risk, 2 = medium risk, 3 = high risk 

   2. Evaluation of importance of the criterion with respect to resource. 0 = no importance; 1 = low importance, 2 = medium importance, 3 = highly important 

   3. Legal constraints on resource, such as endangered species, Outstanding Florida Water, etc. 1 = low, 2 = medium, 3 = high 

   4. Screening value = sum of columns 1, 2, and 3. Indicates overall importance of criterion to MFLs development. 

   5. Evaluation as to whether criterion is related to water level in resource. (Yes or No) 

   6. Evaluation as to whether criterion is potentially limiting for MFLs development. (Yes or No) 
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Table 11. Summary consideration for each 62-40.473, F.A.C., environmental values for Lake Hiawassee 

 

Environmental Value 
Environmental Value 

Definition 
Criterion of Protection Discussion Do Recommended MFLs Protect Environmental Value? 

Recreation in and on the 

water 

The active use of water 

resources and associated 

natural systems for personal 

activity and enjoyment. 

Hydrologic regime 

characteristics (low stage 

events) associated with the 

water depth necessary to 

safely operate motorboats and 

allow water sports activities. 

The most restrictive recreational use on Lake Hiawassee is water sports (i.e., 

wakeboarding and water skiing), due to its popularity among residents and the 

necessity of adequate draft depths for boat operation and water depths for safe 

skiing/wakeboarding, etc.   

 

Compliance with the recommended Minimum Frequent Low level provides for the 

protection of low water events necessary for the safe operation of motorboats for water 

sports activities in Lake Hiawassee.  Therefore, ñrecreation in and on the waterò is 

considered to be protected. 

Fish & wildlife habitats & the 

passage of fish 

Aquatic and wetland 

environments required by fish 

and wildlife, including 

endangered, endemic, listed, 

regionally rare, recreationally 

or commercially important, or 

keystone species; to live, 

grow, and migrate.  

Hydrologic regime 

characteristics (high and low 

stage events) associated with 

conservation of the floodplain 

wetland vegetation 

composition, structure, and 

function for fish and wildlife 

habitats. 

Fish and wildlife are dependent on local vegetation communities to provide 

food, cover, and/or nesting sites. Therefore, in order to protect fish and 

wildlife, it is necessary to protect their associated habitat (i.e., vegetation 

communities and soils).  Water level fluctuations influence the colonization 

and survival of plants, thereby affecting the species composition and structure 

of plant communities (Schneider and Sharitz 1986, Kushlan 1990, Huffman 

1980) 

 

The life cycles of many fishes are related to seasonal water level fluctuations, 

with flooded areas affecting productivity by providing feeding and spawning 

habitat and refugia for juveniles (Bain 1990, Poff et al. 1997, Guillory 1979, 

Ross and Baker 1983, Finger and Stewart 1987).  Flooding events redistribute 

and concentrate organic particulates (Junk et al. 1989), while increasing 

aquatic vegetation structure as substrates for bacterial and fungal growth, 

affecting the aquatic faunal food chain (Cuffney 1988).  Anaerobic soil 

conditions within the flooded wetland communities favor hydrophytic 

vegetation and eliminate upland plant species that have invaded during low 

water events (CH2M HILL 2005), while increasing vegetative structure 

available to aquatic organisms (Light et al. 1998).  High water events allow 

the lateral movement of fish and other aquatic organisms between 

hydrologically connected lake lobes and lakes, as well as onto the floodplain 

to forage and reproduce.  The increased spatial area and vegetation structure 

provide forage for juveniles and refugia from predators. 

 

Low water events allow for the decomposition and/or the compaction of 

flocculent organic sediments, improving habitat conditions for fish nesting 

and foraging (Kushlan and Kushlan 1979, Merritt and Cummins 1984).  

Shallow ponding provides aquatic refugia for fish, amphibians, and small 

reptiles, creating ideal depths for wading bird forage and concentration of 

resources in isolated pools (Bancroft et al. 1990, Kushlan 1990). Dewatering 

events increase the habitats and area available for use by terrestrial fauna, 

while enabling germination of wetland plant seeds (Kushlan 1990, Van der 

Valk 1981). 

 

One of the advantages of setting multiple MFLs is that the overall fluctuation range of the 

lake is largely protected. The recommended MFLs for Lake Hiawassee were primarily 

based on the protection of fish and wildlife habitats with a sufficient frequency and 

duration of high water (flooding) and low water (dewatering) events to prevent a down-

slope shift in the location of floodplain wetlands (i.e., no net loss of wetlands).  Fish and 

wildlife require access to these habitats and the terrestrial and aquatic passages between 

them under varying water levels for the continuance of their life cycle and various 

biological processes (e.g. foraging, reproduction, growth, etc).  Compliance with both 

recommended MFLs provides for the protection of ñfish and wildlife habitats and the 

passage of fishò for Lake Hiawassee.  Therefore, this environmental value is considered to 

be protected. 

 

Estuarine resources Coastal systems and their 

associated natural resources 

that depend on the habitat 

where oceanic saltwater 

meets freshwater. 

Not applicable Not applicable Not applicable 
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Environmental Value 
Environmental Value 

Definition 
Criterion of Protection Discussion Do Recommended MFLs Protect Environmental Value? 

 

Transfer of detrital material The movement by surface 

water of loose organic 

material and associated biota. 

Hydrologic regime 

characteristics (high and low 

stages) associated with depth 

and area of inundation 

necessary for adequate 

detrital transfer to the water 

column of the lake. 

Detrital material is an important component of the food web in aquatic 

ecosystems (Mitsch and Gosselink 1993). The ecology of the floodplain and 

aquatic communities is dependent to a large extent on the events that deliver 

detrital material to the system. A significant portion of the detrital material 

transfer occurs during periods of high water events when accumulated detrital 

materials on the floodplain are detached from the land surface due to 

buoyancy or turbulence, and moved by currents. Therefore, maintaining the 

hydrologic regime characteristics in the lake floodplain is essential to the 

supply and transport of detrital material. 

 

Compliance with the recommended Minimum Frequent High level provides for the 

protection of flooding events necessary for the transfer of most detrital material in Lake 

Hiawassee.  Therefore, the ñtransfer of detrital materialò is considered to be protected. 

Maintenance of freshwater 

storage & supply 

The protection of an amount 

of freshwater supply for 

permitted users at the time of 

MFLs determinations. 

Protect existing permitted 

surface water and/or 

groundwater withdrawals. 

Maintenance of freshwater storage and supply is assessed by including 

existing permitted surface and/or groundwater withdrawals in the initial MFLs 

compliance analysis. SJRWMD uses two modeling tools in this process. A 

regional groundwater flow model includes any permitted groundwater 

withdrawals. A lake water budget model includes permitted surface water 

withdrawals and also accounts for the interaction between the lake and the 

regional groundwater system. Any projected or planned hydrologic changes 

for Lake Hiawassee would be assessed, from the point of view of MFLs 

compliance, on top of existing permitted withdrawals. 

 

Compliance with the recommended MFLs for Lake Hiawassee protects existing permitted 

water uses from impacts associated with potential future surface water and/or groundwater 

withdrawals because existing permitted surface and/or groundwater withdrawals are 

included in the initial MFLs compliance analysis. Therefore, ñmaintenance of freshwater 

storage and supplyò is considered to be protected. 

Aesthetic & scenic attributes Those features of a natural or 

modified waterscape usually 

associated with passive uses 

such as bird watching, 

sightseeing, hiking, 

photography, contemplation, 

painting and other forms of 

relaxation that usually result 

in human emotional 

responses of well-being and 

contentment. 

 

Hydrologic regime 

characteristics (high and low 

stage events) associated with 

the preferred stage 

exceedence range associated 

with optimal scenic viewing 

and recreational use. 

Southwest Florida Water Management District (SWFWMD) conducted a 

survey to determine a representative group of lake usersô perceptions 

regarding lake aesthetics and recreational use in relation to lake stage (Hoyer 

et al. 2006). The results suggested that lake users were willing to accept water 

level fluctuations between a stage exceedence of 20% to 90%. Outside of this 

range, lake users felt that lake aesthetics and/or recreational use were 

impaired. 

One of the advantages of setting multiple MFLs is that the overall fluctuation range of the 

lake is largely protected. Compliance with both recommended MFLs provides for the 

protection of ñaesthetic & scenic attributesò for Lake Hiawassee. 

Filtration & absorption of 

nutrients & other pollutants 

The reduction in 

concentration of nutrients and 

other pollutants through the 

processes of filtration and 

absorption (i.e., removal of 

suspended and dissolved 

materials) as these substances 

move through the water 

column, soil or substrate, and 

associated organisms. 

Hydrologic regime 

characteristics (high stage 

events) associated with depth 

and area of inundation 

necessary for adequate 

filt ration and absorbing 

nutrients and other pollutants. 

 

Wetlands serve important functions by filtering and absorbing nutrients from 

runoff (which typically contains nutrients at concentrations greater than the 

parent soil), serving as sinks for nutrients deposited from the drainage basin 

during periods of inundation, and allowing long-term nutrient removal 

through microbial action (Adams 1997, Boudreau et al. 2004, Labaree 1992). 

The ability of wetlands to perform these functions depends on cycles of 

flooding and drying as both anaerobic and aerobic processes are involved 

(Boudreau et al. 2004). Recognition of the importance of wetlands to the 

aquatic health of neighboring bodies of water has resulted in the creation or 

restoration of wetland areas throughout the country. 

 

The biogeochemical processing of dissolved constituents is controlled by 

complex interactions between the rate at which water flows through surface 

and subsurface flow paths and the rate at which dissolved constituents are 

processed by methods such as adsorption to sediments or uptake by 

Compliance with the recommended Minimum Frequent High level provides for the 

protection of flooding events necessary for the ñfiltration and absorption of nutrients and 

other pollutantsò in Lake Hiawassee.  Therefore, ñfiltration and absorption of nutrients 

and other pollutantsò is considered to be protected. 
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Environmental Value 
Environmental Value 

Definition 
Criterion of Protection Discussion Do Recommended MFLs Protect Environmental Value? 

microorganisms and vegetation (Phillips et al. 1993, Hamilton and Helsel 

1995). The conceptual model relevant to the environmental value assessment 

is that filtration and absorption occur in the pervious soils in the floodplain; 

hence, the frequency, duration, and return period of overbank flooding are the 

defining characteristics (Battelle 2004). 

 

Sediment loads The transport of inorganic 

material, suspended in water, 

which may settle or rise; 

these processes are often 

dependent upon the volume 

and velocity of surface water 

moving through the system. 

 

Not applicable Not applicable Not applicable 

Water quality The chemical and physical 

properties of the aqueous 

phase (i.e., water) of a water 

body (lentic) or a watercourse 

(lotic) not included in 

ñfiltration & absorption of 

nutrients & other pollutants.ò 

Hydrologic regime 

characteristics (high and low 

stage events) necessary to 

prevent excessive low 

dissolved oxygen events. 

Algal blooms can occur naturally during dry seasons with moderate to severe 

droughts when water level conditions are low resulting in seasonally elevated 

water temperatures and elevated concentrations of nutrients.  Similarly, algal 

blooms can occur naturally after the onset of rainy seasons when nutrient 

loading is high because of runoff from upland and dewatered wetland areas 

and flushing (e.g., residence time is high when flushing is low) from the lake 

is low (e.g., an isolated lake).  Thus, natural algal blooms can occur following 

wet or dry season events when conditions for algal growth are favorable.  

More severe algal blooms can result in low dissolved oxygen (DO) 

concentrations that may negatively affect aquatic biota (e.g., fish kills).  Water 

withdrawals can increase the number of low water events or decrease the 

number of high water events per century, on average, and affect the number of 

low DO events.  The time needed for system recovery from natural and 

human caused low DO events is important to this environmental value 

assessment. 

 

One of the advantages of setting multiple MFLs is that the overall fluctuation range of the 

lake is largely protected. Therefore, the compliance with both recommended MFLs 

provides for the protection of ñwater qualityò for Lake Hiawassee. 

Navigation The safe passage of 

watercraft (e.g., boats and 

ships), which is dependent 

upon adequate water depth 

and channel width. 

 

Minimum depth of water 

necessary for most motorboat 

safe operation. 

Watercraft navigation in most lakes is closely tied to recreation and 

necessitates adequate draft depths and channel widths for safe boat operation. 

 

One of the advantages of setting multiple MFLs is that the overall fluctuation range of the 

lake is largely protected. Therefore, the compliance with both recommended MFLs 

provides for the protection of ñnavigationò for Lake Hiawassee. The lake does not support 

commercial boating, shipping, or barge traffic. Passage by recreational vessels, canoes, 

etc. was considered under the ñRecreation in and on the waterò environmental value. 
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Figure 12. Digital orthophotograph of Lake Hiawassee (2004) with MFL transect locations, as well 

as the location of the organic accumulations and a drainage well 
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Figure 13. Lake Hiawassee Transect 1 topography, vegetation communities, and soil indicators (2003) 
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Figure 14. Photographs of Transect 1 vegetation communities, Lake Hiawassee (2003) 
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Figure 15. Photograph of Transect 1 vegetation communities, Lake Hiawassee (2008) 
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 Figure 16. Lake Hiawassee Transect 2 topography, vegetation communities, and soil indicators (2003) 
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Figure 17. Photographs of Transect 2 vegetation communities, Lake Hiawassee (2003) 
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Figure 18. Photograph of residual vegetation communities at Transect 2 after vegetation removal 

and new construction of a residence (2008) 
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Figure 19. Lake Hiawassee Transect 3 topography and vegetation communities (2003)
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*Soils at Transect 3 were impacted by more recent fill, which had 
not developed soil indicators, therefore soils were not recorded.
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Figure 20. Photographs of Transect 3 vegetation communities, Lake Hiawassee (2003) 
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Figure 21. Photograph of vegetation communities of Transect 3, Lake Hiawassee (2008); lower 

elevations of wet prairie had been invaded by cattails since transect establishment in 
2003. 
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Figure 22. Lake Hiawassee Transect 4 topography, vegetation communities, and soil indicators (2003) 
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Figure 23. Photographs of Transect 4 vegetation communities, Lake Hiawassee (2003) 
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Figure 24. Photograph of relict vegetation communities of Transect 4, Lake Hiawassee (2008); 
current homeowner mows the lawn down to the waterôs edge. 
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Figure 25. Lake Hiawassee Transect 5 topography, vegetation communities, and soil indicators (2008 & 2009) 
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Figure 26. Photographs of Transect 5 vegetation communities, Lake Hiawassee (2008)
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Figure 27. Photographs of Transect 5 vegetation communities, Lake Hiawassee (2009)



Results and Discussion 

 

 

DRAFT 7/8/2009 St. Johns River Water Management District 

 93 

 
Figure 28. The extent of the Lake Hiawassee Basin, in relation to MFL transect drainage well 

location on the 2004 land cover GIS coverage (SJRWMD) 
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Figure 29. Flood frequencies computed using daily stages from model simulations of Lake 

Hiawassee, for elevations continuously wet for 30 days and 2004 conditions with a 
superimposed box bounded by: (1) the FH; (2) a vertical line corresponding to a 
return period of 2 years; and (3) a vertical line corresponding to a return period of 3 
years 
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Figure 30. SWIDS of mean elevations of wet prairie communities at Lake Hiawassee, 

continuously exceeded 
 
Note: The red box plot graphically illustrates the 4 quartiles and their ranges. The blue arrow 

illustrates 2004 conditions (46 out of 100 years) and the green arrow illustrates MFL 
conditions (33 out of 100 years).  Lakes are color classified according to hydrological 
clusters from Epting et al. 2008ôs lake classification study. 
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Figure 31. Drought frequencies computed using daily stages from model simulations of Lake 

Hiawassee, for the FL level (72.9 ft NGVD, 120 days, 3 year return interval) and 
2004 conditions with a superimposed box bounded by: (1) the FH; (2) a vertical 
line corresponding to a return period of 5 years; and (3) a vertical line 
corresponding to a return period of 3 years 
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Figure 32. SWIDS of minimum elevations of shallow marsh community at Lake Hiawassee, 

continuously non-exceeded  
 
Note: The red box plot graphically illustrates the 4 quartiles and their ranges. The blue arrow 

illustrates 2004 conditions (27 out of 100 years) and the green arrow illustrates MFL 
conditions (33 out of 100 years).  Lakes are color classified according to hydrological 
clusters from Epting et al. 2008ôs lake classification study. 
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CONCLUSION A ND RECOMMENDATIONS  

The intent of the establishment of MFLs for Lake Hiawassee in Orange County, 

Florida, is to protect the aquatic and wetland ecosystems from significant ecological 

harm caused by consumptive use of water. In addition, MFLs are designed to provide 

technical support to SJRWMDôs regional water supply planning process (Section 

373.0361, F.S.), the consumptive use permitting program(Chapter 40C-2, F.A.C.), 

and the environmental resource permitting program (Chapter 40C-4, F.A.C.). 

 

Establishment and enforcement of the recommended evaluated minimum levels for 

Lake Hiawassee, as presented in this document, should adequately provide for the 

protection of the water resources or ecology of the area from significant harm as a 

result of consumptive uses of water (Table 12). SJRWMDôs multiple MFLs method 

(SJRWMD 2006; Neubauer et al. 2008) was applied to develop the recommended 

minimum lake levels presented in this document. The recommended MFLs are based 

on evaluations of topographic, soils, and vegetation data collected within plant 

communities associated with the water body, together with information collected 

from other aquatic ecosystems and from the scientific literature.  SJRWMD 

concludes that the recommended MFLs developed primarily for the protection 

of significant harm to ñfish and wildlife habitats and the passage of fishò will  

protect all other relevant Rule 62-40.473, F.A.C., environmental values. 

 

The hydrologic model for Lake Hiawassee was calibrated for 2004 conditions. These 

conditions included the most recent land use information and groundwater levels 

consistent with 2004 regional water use. Based on hydrologic model results 

(Appendix A, Robison 2008), SJRWMD concludes that the recommended MFLs for 

Lake Hiawassee are protected under 2004 conditions. To determine if changes in 

groundwater use allocations subsequent to 2004 would cause lake levels to fall below 

the recommended MFLs for Lake Hiawassee, the existing hydrologic model should 

be run using Floridan aquifer potentiometric level declines that reflect these changes 

in water use allocation. Information included in Appendix A and Robison (2008) 

concerning use of the hydrologic model and applicable SJRWMD regional 

groundwater flow model should be utilized to assess whether water levels are likely 

to fall below MFLs under specific water use and land use conditions. 

 

Results presented and the recommended MFLs in this report are preliminary and will 

not become effective unless the recommended MFLs are adopted by SJRWMD 

Governing Board rule. If possible, periodic reassessment of these levels should be 

conducted in order to determine if these levels are being achieved and if they are 

adequate to prevent significant ecological harm from occurring at Lake Hiawassee. 

Reassessments should include analysis of period-of-record stage data and periodic 
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monitoring of the vegetation communities and the soil water table at the Lake 

Hiawassee transects, as needed, to ensure these areas are protected. 
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Table 12. Recommended minimum surface water levels for Lake Hiawassee, Orange County, Fla. 
 

Recommended 

Minimum 

Level 

Level 
(ft NGVD) 

Duration 
(days) 

Return 
Interval 
(years) 

Elevation 

Frequent  
high (FH) 

76.4 30 3 

Mean of the 
Average 
Elevations of 
Wet Prairie 

Frequent  
low (FL) 

72.9 120 3 

Mean of the 
Minimum 
Elevations of 
Shallow Marsh 

ft NGVD = feet National Geodetic Vertical Datum 
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APPENDIX AðIMPLEMENTATION OF MFL S FOR LAKE 

HIAWASSEE 

Prepared by 

C. Price Robison, P.E., St. Johns River Water Management District (2008) 

 

The objective of minimum flows and levels (MFLs) is to establish limits to allowable 

hydrologic change in a water body or watercourse, to prevent significant harm to the 

water resources or ecology of an area. Hydrologic changes within a water body or 

watercourse may result from an increase in the consumptive use of water or the 

alteration of basin characteristics, such as down-cutting outlet channels or 

constructing outflow structures.  

 

MFLs define a series of minimum high and low water levels and/or flows of differing 

frequencies and durations required to protect and maintain aquatic and wetland 

resources. MFLs take into account the ability of wetlands and aquatic communities to 

adjust to changes in hydrologic conditions. MFLs allow for an acceptable level of 

change to occur relative to existing hydrologic conditions, without incurring 

significant ecological harm to the aquatic system. 

 

Before MFLs can be applied, the minimum hydrologic regime must be defined or 

characterized statistically. Resource management decisions can then be made 

predicated on maintaining at least these minimum hydrologic conditions as defined 

by the appropriate statistics.  

 

One way to understand how changes within a watershed alter a hydrologic regime 

and, therefore, how the aquatic and wetland resources might be affected, is by 

simulating the system with a hydrologic model. Significant harm can be avoided by 

regulating hydrologic changes based on the comparison of statistics of the system 

with and without changes.  

 

MFLs determinations are based on a concept of maintaining the duration and return 

periods of selected, ecologically based stages and/or flows. Thus, a water body can 

fall below the selected stage and/or flow, but if it does so too often and/or for too 

long, then the MFLs would no longer be met. 

 

Statistical analysis of model output provides a framework to summarize the 

hydrologic characteristics of a water body. The St. Johns River Water Management 

District (SJRWMD) MFLs program relies on a type of statistical analysis referred to 

as frequency analysis.  
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Frequency analysis  

 

As discussed previously, aquatic resources are sustained by a certain hydrologic 

regime. Depending on the resource in question, a selected ground elevation, for 

example, might need to: 

 

 Remain wet for a certain period of time with a certain frequency. 

 Remain dry for a certain period of time with a certain frequency. 

 Be under a given minimum depth of water for a certain period of time with a 

certain frequency. 

 

Frequency analysis estimates how often, on average, a given event will occur. If 

annual series data are used to generate the statistics, frequency analysis is used to 

estimate the probability of a given hydrologic event happening in any given year.  

 

A simple example illustrates some of the concepts basic to frequency analysis. A 

frequently used statistic with respect to water level is the yearly peak stage of a water 

body. If a gauge has been monitored for 10 years, then there will be 10 yearly peaks 

1021 ,,, SSS 3 . Once sorted and ranked, these events can be written as 1021
Ĕ,,Ĕ,Ĕ SSS 3 , 

with 1
ĔS  being the highest peak. Based on this limited sample, the estimated 

probability of the yearly peak being greater than or equal to 1
ĔS  would be 

 

 1.0
10

11
)Ĕ( 1

n
SSP ; (A1) 

 

the probability of the 1-day peak stage in any year being greater than 2
ĔS   

 
2.0

10

2
)Ĕ( 2SSP

;  (A2) 

 

and so on. The probability of the stage equaling or exceeding 10
ĔS  would be 

 
0.1

10

10
)Ĕ( 10SSP

. (A3) 

 

Because this system of analysis precludes any peak stage from being lower than 10
ĔS , 

the usual convention is to divide the stage continuum into 11 parts: nine between each 

of the 10 peaks, one above the highest peak, and one below the lowest peak (n ï 1 + 2 

= n + 1=11). This suggests what is known as the Weibull plotting position formula: 
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 1
)Ĕ(

n

m
SSP m

 (A4) 

 

where, 

 )Ĕ( mSSP  probability of S equaling or exceeding mSĔ 

 m  rank of the event 

 

Thus, in the example, the probability of the peak in any year equaling or exceeding 

1
ĔS  would be 

 

 
0909.0

11

1

1

1
)Ĕ( 1

n
SSP

; (A5) 

 

the probability of the 1-day peak stage in any year being greater than 10
ĔS   

 
9091.0

11

10
)Ĕ( 10SSP

;  (A6) 

 

and so on. The probability the stage in any year is smaller than 10
ĔS  would be 

 
0909.09091.01

11

10
1)Ĕ(1)Ĕ( 1010 SSPSSP

 (A7) 

 

The return period (in years) of an event, T , is defined as 

 P
T

1

 (A8) 

 

so the return period for 1
ĔS  would be 

 

11

11

1

1

)Ĕ(

1
)Ĕ(

1

1
SSP

ST

 (A9) 

 

Said another way, 1
ĔS  would be expected to be equaled or exceeded, on average, once 

every 11 years. 

 

As the size of the sample increases, the probability of 1
ĔS  being exceeded decreases. 

Thus, with n = 20,  
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048.0

21

1

1

1
)Ĕ( 1

n
SSP

  (A10) 

and 

 

21
)Ĕ(

1
)Ĕ(

1

1
SSP

ST

. (A11) 

 

The stage or flow characteristics of a water body can be summarized using the 

Weibull plotting position formula and a frequency plot. For example, 

Figure A1 shows a flood frequency plot generated from annual peak flow data 

collected at the U.S. Geological Survey (USGS) gauge on the Wekiva River.  

 

Minimum events are treated in much the same way as maximum events, except with 

minimums the events are ranked from smallest to largest. Thus 1
ĔS  is the smallest or 

lowest event in a sampling. The minimum stage or flow characteristics of a gauge or 

water body can be summarized using the Weibull plotting position formula and a 

frequency plot. For example, Figure A2 shows a drought frequency plot generated 

from a hydrologic simulation of the middle St. Johns River. 

 

One of the purposes of performing this process of sorting, ranking, and plotting 

events is to estimate probabilities and return periods for events larger than 1
ĔS , smaller 

than nSĔ, or any event between sample points. There are two methods of obtaining 

these probabilities and return periods. The first method is to use standard statistical 

methods to mathematically calculate these probabilities and return periods 

(Figure A3). This method is beyond the scope of this appendix; the reader is referred 

to a standard hydrology text (Ponce 1989, Linsley et al. 1982) or the standard flood 

frequency analysis text, Bulletin 17B (USGS 1982).  

 

With the second method, interpolated or extrapolated frequencies and return periods 

can also be obtained by the graphical method. Once the period-of-record or period-of-

simulation events have been sorted and ranked, they are plotted on probability paper. 

Probabilities and return periods for events outside of the sampled events can be 

estimated by drawing a line through the points on the graph to obtain an estimated 

best fit (Figure A4). 

 

Frequency analysis is also used to characterize hydrologic events of durations longer 

than 1 day. Frequency analysis encompasses four types of events: (1) maximum 

average stages or flows; (2) minimum average stages or flows; (3) maximum stages 

or flows continuously exceeded; and (4) minimum stages or flows continuously not 

exceeded.  
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Maximum average stages or flows. In this case, an event is defined as the maximum 

value for a mean stage or flow over a given number of days. For example, if the 

maximum yearly values for a 30-day average are of interest, the daily-value 

hydrograph is analyzed by using a moving 30-day average. Therefore, a 365-day 

hydrograph would have 336 (365 ï30 + 1 = 336) different values for a 30-day 

average. These 336 values are searched and the highest is saved. After performing 

this analysis for each year of the period of record or period of simulation, the events 

are sorted and ranked. The analytical process is then the same as for the 1-day peaks.  

 

Minimum average stages or flows. In this case, an event is defined as the minimum 

value for a mean stage or flow over a given number of days. For example, if the 

minimum yearly values for a 30-day average are of interest, the daily-value 

hydrograph is analyzed by using a moving 30-day average. Therefore, a 365-day 

hydrograph would have 336 (365 ï 30 + 1 = 336) different values for a 30-day 

average. These 336 values are searched and the lowest is saved. After performing this 

analysis for each year of the period of record or period of simulation, the events are 

sorted and ranked. The process is then the same as for the 1-day low stages.  

 

Maximum stage or flow continuously exceeded. In this case, an event is defined as 

the stage or flow that is exceeded continuously for a set number of days. For example, 

if the maximum yearly ground elevation that continuously remains under water for 60 

days is of interest, the stage hydrograph of each year is analyzed by taking successive 

60-day periods and determining the stage that is continuously exceeded for that 

period. This is repeated for 306 (365 ï 60 + 1 = 306) periods of 60 days. The 

maximum stage in those 306 values is saved. Once that operation is performed for all 

years of record or of simulation, the results are sorted and ranked as for the 1-day 

peaks.  

 

Minimum stage or flow continuously not exceeded. In this case, an event is defined 

as the stage or flow that is not exceeded continuously for a set number of days. For 

example, if the minimum yearly ground elevation that continuously remains dry for 

60 days is of interest, the stage hydrograph of each year is analyzed by taking 

successive 60-day periods and determining the stage that is continuously not 

exceeded for that period. This is repeated for 306 (365 ï 60 + 1 = 306) periods of 60 

days. The minimum stage in those 306 values is saved. Once that operation is 

performed for all years of record or of simulation, the results are sorted and ranked as 

for the 1-day low stages.  

 

In frequency analysis, it is important to identify the most extreme events occurring in 

any given series of years. Because high surface water levels (stages) in Florida 

generally occur in summer and early fall, maximum value analysis is based on a year 
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that runs from June 1 to May 31. Conversely, because low stages tend to occur in late 

spring, the year for minimum events runs from October 1 to September 30.  

 

Hydrologic statistics and their relationships to the Lake Hiawassee MFLs  

 

This section describes the process used to relate long-term hydrologic statistics to the 

establishment of MFLs. SJRWMD has determined two recommended MFLs for Lake 

Hiawassee: (1) a minimum frequent high (FH) level; and (2) a minimum frequent low 

(FL) level. The FH level for this lake is used here to illustrate how long-term 

hydrologic statistics of a lake relate to MFLs. 

 

Each of the two MFLs is tied to characteristic stage durations and return frequencies. 

For example, the ground elevation represented by the FH level is expected to remain 

wet continuously for a period of at least 30 days. This event is expected to occur, on 

average, at least once every 3 years.  

 

The standard stage frequency analysis described previously in this appendix was 

performed on stage data from lake model simulations of Lake Hiawassee (Robison 

2008). In particular, stages continuously exceeded (ground elevations remaining wet) 

for 30 days were determined, sorted, ranked, and plotted (Figure A5). These stages 

were obtained assuming that long-term groundwater withdrawals occurred at the 

same level at which they occurred in 2004. The ground elevation of the FH level can 

be superimposed on the plot (Figure A6) to demonstrate how the level is related to the 

pertinent hydrologic statistics. Finally, a box bounded by: (1) the FH level on the 

bottom; (2) a vertical line corresponding to a frequency of occurrence of once in 

every 3 years on the right; and (3) a vertical line corresponding to a frequency of 

occurrence of once in every 2 years on the left, is superimposed on the plot 

(Figure A7). Similar analyses were performed for the FL level (Figure A8). Both 

levels are being met under these conditions. 

 

A summary of the recommended MFLs for Lake Hiawassee is shown in Table A1. 

Values in this table will be used as benchmarks for modeling outputs to determine if 

groundwater withdrawals in the vicinity of Lake Hiawassee will cause water levels to 

fall below MFLs.  

 

Evaluation of the Potential Impacts of Proposed Increased Withdrawals of 

Water from the Floridan Aquifer  

 

This section describes the process used by SJRWMD to determine if proposed or 

projected increased withdrawals of water from the Floridan aquifer in the vicinity of 

Lake Hiawassee would cause water levels in the lake to fall below established MFLs. 

SJRWMD uses two modeling tools in this process: a regional groundwater flow 
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model and the lake model described above. The following steps are included in the 

process. 

 

1. Estimation of Floridan aquifer water level drawdown (1995 through the last year 

of model simulation).  

2. Estimation of Floridan aquifer freeboard in the year of calibration of the lake 

model. 

3. Estimation of Floridan aquifer water level decline from 1995 to the year of 

calibration of the lake model. 

4. Estimation of Floridan aquifer water level drawdown from the year of calibration 

of the lake model through the last year of model simulation. 

5. Comparison of Floridan aquifer water level drawdown from the year of 

calibration of the lake model through the last year of simulation (step 4) to the 

year of calibration freeboard (step 2). 

 

Step 1. Estimation of Floridan aquifer water level drawdown (1995 through the 

last year of model simulation) 

 

When evaluating consumptive use permit applications for increased withdrawals of 

groundwater from the Floridan aquifer or when performing water supply planning 

evaluations, SJRWMD estimates the projected drawdown in the potentiometric 

surface of the Floridan aquifer in the vicinity of lakes with established MFLs. The 

analysis includes all existing permitted uses in addition to the proposed increased 

withdrawals. SJRWMD uses the appropriate regional groundwater flow model to 

produce these estimates. In the case of Lake Hiawassee, at the time of preparation of 

this document, SJRWMD was using the East-Central Florida Regional Groundwater 

Flow Model (McGurk and Presley 2002) for this purpose. This steady-state model is 

calibrated to 1995 conditions; therefore, the projected drawdown in the 

potentiometric surface represents the estimated drawdown that would occur from 

1995 to the last year of simulation. In association with consumptive use permit 

evaluations, the last year of simulation represents the year through which issuance of 

the permit is contemplated. In SJRWMDôs water supply assessment and planning 

processes, the last year of simulation represents the planning horizon year and/or 

other intermediate years that may represents significant water use targets.  
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Step 2. Estimation of Floridan aquifer freeboard in year of calibration of the 

lake model 

 

As stated previously, the model simulation results depicted in Figures A7 and A8 

assume long-term Floridan aquifer withdrawals at 2004 levels. Any withdrawal 

increases beyond 2004 would tend to lower potentiometric levels in the area and, 

therefore, would tend to lower lake levels in Lake Hiawassee. In order to determine 

the freeboard present at Lake Hiawassee from the point of view of Floridan aquifer 

water level drawdowns, a trial-and-error process was undertaken assuming 

incrementally increasing drawdowns. Drawdowns are represented by subtracting a set 

amount from the well hydrograph used in simulation of Lake Hiawassee. In the case 

of Lake Hiawassee, for a Floridan aquifer water level drawdown of 0.7 ft, the FL 

level would still be met (Figure A9). However, any drawdowns greater than 0.7 ft 

would cause water levels to fall below the established FL level. At a drawdown of 0.7 

ft, the FH level would still be met (Figure A10). Therefore, future Floridan aquifer 

water level drawdowns beyond 2004 conditions will be limited to 0.7 ft in the Lake 

Hiawassee area. 

 

Step 3. Estimation of Floridan aquifer water level decline from 1995 to the year 

of calibration of the lake model 

 

Because the calibration years of lake models and the applicable regional groundwater 

flow models do not coincide, an adjustment of projected drawdown in the 

potentiometric surface of the Floridan aquifer in the vicinity of the lake of interest 

must be made for purposes of comparison to the previously described Floridan 

aquifer freeboard value. The adjusted value should represent the projected drawdown 

from the calibration year of the lake model to the final year of simulation of the 

applicable regional groundwater flow model.  

 

In order to determine this adjusted value, drawdown in the potentiometric surface of 

the Floridan aquifer in the vicinity of a lake of interest from 1995 through the 

calibration year of the lake model is estimated. This estimated value is subtracted 

from the projected drawdown from 1995 to the final year of simulation of the 

applicable regional groundwater flow model to determine the adjusted value.  

 

Estimated drawdown in the potentiometric surface of the Floridan aquifer in the 

vicinity of a lake of interest from 1995 through the calibration year of the lake model 

is calculated using one of the following approaches.  

 

 A water use data set for the calibration year of the lake model is prepared and 

used in the applicable regional groundwater flow model. The resulting 
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drawdowns represent drawdowns from 1995 to the calibration year of the lake 

model.  

 Estimated drawdowns in the potentiometric surface from 1995 to the calibration 

year of the lake model are interpolated based on estimates of drawdowns 

projected to occur from 1995 to some simulation year beyond the lake model 

calibration year. This approach requires assuming a straight-line increase of the 

projected drawdown from 1995 to the final year of simulation and selecting the 

appropriate interpolated value for the period 1995 to the year of calibration for the 

lake model. 

 

Step 4. Estimation of Floridan aquifer water level drawdown from the year of 

calibration of the lake model through the last year of model simulation 

 

The Floridan aquifer water level drawdown from the year of calibration of the lake 

model through the last year of model simulation is estimated by subtracting the 

drawdown from 1995 through the year of calibration of the lake model (step 3) from 

the total drawdown (step 1). 
 

Step 5. Comparison of Floridan aquifer water level drawdown from the year of 

calibration of the lake model through the last year of model simulation (step 4), 

to the freeboard in the year of calibration of the lake model (step 2)  

 

If the Floridan aquifer water level drawdown from the year of calibration of the lake 

model through the last year of groundwater model simulation (step 4) is greater than 

the year of calibration of the lake model freeboard (step 2), then proposed or 

projected increased withdrawals through the last year of groundwater model 

simulation would cause water levels to fall below MFLs. If the Floridan aquifer water 

level drawdown from the year of calibration of the lake model through the last year of 

groundwater model simulation (step 4) is less than the year of calibration of the lake 

model freeboard (step 2), then proposed or projected increased withdrawals through 

the last year of groundwater model simulation would not cause water levels to fall 

below established MFLs. 
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Table A1. Summary of recommended MFLs for Lake Hiawassee 
 

MFLs 
Level 
(ft NGVD) 

Duration Series 
Water 
Year 

Statistical Type 
Minimum 
Return 
Period 

Maximum 
Return 
Period 

Minimum 
frequent 
high 
(FH) 

76.4 30 days Annual 
June 1ï
May 31 

Maximum, 
continuously 

exceeded 
NA 3 yrs 

Minimum 
frequent  
low (FL) 

72.9 120 days Annual 
Oct. 1ï
Sept. 30 

Minimum, 
continuously 
not exceeded 

3 yrs NA 

ft NGVD = feet National Geodetic Vertical Datum  
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Figure A1. Flood frequencies for the Wekiva River at the USGS gauge near Sanford, Florida; 

the 1ïday peak flows have been sorted, ranked, and plotted according to the 
Weibull plotting position formula 
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Figure A2. Drought frequencies computed using daily stages simulated by the MSJR SSARR 

model at SR 44, near DeLand; the minimum stages continuously not exceeded for 
120 days have been sorted, ranked, and plotted according to the Weibull plotting 
position formula 
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Figure A3. Flood frequencies for the Wekiva River at the USGS gauge near Sanford, Florida, 

fitted by standard mathematical procedure 
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Figure A4. Drought frequencies computed using daily stages simulated by the MSJR SSARR 

model at SR 44, near DeLand, fitted by the graphical method 
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