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Lake Griffin Fish Habitat Suitability Study

Lake Griffin has suffered from declines in desirable fish species due to the loss of habitat as a result of decreased water quality. This 
study outlines methods used to determine areas best suited for development of fish spawning habitat. Data sets were developed and 
analyzed to determine sites within the lake that provide the best conditions to support fish spawning habitat. Ideal sites consisted of 
areas that could support desirable aquatic vegetation. Factors considered included light penetration, presence of soft sediment, wave 
disturbance.

INTRODUCTION

Background 

Fish spawning habitat occurs in areas with the proper physical, chemical, and biological conditions. The condition of a lake’s littoral 
zone has a major affect on the quantity and quality of fish a lake is able to support. A littoral zone which is considered hospitable for 
fish spawning habitat is illustrated in Figure 1. It is comprised of native submerged, emergent and free floating vegetation. Vegetation 
is key in creating habitat for desirable fish species as plants provide habitat for invertebrates which are a major food source for fish. 
Vegetation also provides nesting sites and refuge for protection of prey species (Williams, et al. 1988). 

Figure 1. Profile of Littoral Zone (figure adapted from Gibbons, 1999)

 

The main factor determining the establishment of vegetation for habitat is water clarity since this regulates the amount of ambient light 
reaching the lake bottom. Another important factor for establishment of habitat is the absence of soft organic sediments. These 
flocculent sediments can interfere with egg development and when resuspended, can cause decreased water clarity. Wave disturbance 
is also considered an important factor in habitat development because wave action can interfere with the establishment of vegetation as 
well as re-suspend sediments. 



Lake Griffin has suffered severe degradation over the past few decades. More recently, it has successfully responded to restoration 
efforts and shown much improved water clarity. With increases in water quality over the past few years, the lake now has the potential 
for further restoration including reestablishment of fish habitat in the lake's littoral zone. The purpose of this study was to determine 
which areas of Lake Griffin would have the potential to support fish spawning habitat. A GIS model was used to simulate physical 
conditions within the lake in order to identify areas best suited for habitat development.

Site Description

Lake Griffin (figure 2) is a large freshwater lake located in central Florida. It covers approximately 38 square kilometers and is one of 
the major lakes serving as the headwaters for the Ocklawaha River, the major tributary of the St. Johns River. Within the past 50 years 
farming activities and residential development around the lake have caused significant degradation in water quality and clarity. 
Massive inputs of nutrients from agricultural sources have resulted in algal blooms, and over time a there has been an accretion of a 
thick layer of soft organic sediment on the lake bottom (figure 3). Recent restoration efforts have substantially reduced nutrient 
loading to the lake. Projects undertaken by the St. Johns River Water Management District to reduce non point-source loading 
included the purchase of over 40 square kilometers of farmland adjacent to the lake which was taken out of production and is being 
restored to wetlands. Internal nutrient re-suspension and cycling was also reduced through the removal of omnivorous fish (Dorosoma 
cepedianum) which have dominated the lake during the period of degraded water quality. With the removal of major nutrient sources 
and the reduction of internal re-suspension and cycling of existing nutrients the lake has shown marked improvements in both water 
quality and clarity. Therefore, the next phase of restoration, reestablishment of spawning habitat for desirable fish species, is being 
initiated. This study explores best options for this second phase of lake restoration, the redevelopment of potential littoral zone habitat. 

Figure 2. Study location Lake Griffin Florida

 

Figure 3. Shows a sample cross section of the lake in its current state. It is characterized by gently sloping sides, with a flat, shallow 
bottom. A soft organic sediment layer covers the majority of the lake interior, thinning out around the perimeter. 



Figure 3. Cross Section of Lake Griffin

 

Description of Model Used

A Geographic Information System (GIS) model was used to determine the areas of Lake Griffin that would have the best potential to 
establish fish spawning habitat. Three main factors were considered for the model. First, the elevation at the lake’s hard bottom had to 
be shallow enough so that it could potentially receive sufficient ambient light to support vegetation. Second, the volume of soft 
organic sediment present within potential areas was considered. Areas with little or no soft sediment present were given preference as 
this would minimize the amount of mechanical removal required. Finally, wave disturbance within these areas was considered, as it 
must be low enough to minimize re-suspension of sediment.

MATERIALS (Data and Data Sources)

Bathymetry Data Set

The St. Johns River Water Management District (SJRWMD) contracted a study in which photo acoustic equipment was used to 
measure water depth for a grid of points spanning the lake (Danek, 1991). Using ArcInfo, a Triangulated Irregular Network (TIN) was 
created from a point file containing point locations of lake depth. The original data set was collected in 1991, when Lake Griffin was 
at a lower lake stage. At these lower lake levels bathymetry data did not extend to the very near shore areas of the lake. In order to 
compensate for the gap in the data, contour line data were added to the TIN so that near shore bathymetry could be interpolated.

Sediment Thickness Layer

Sediment thickness was collected as part of the lake bathymetry. Measurements were taken at the same grid points by taking sediment 
cores. The soft sediment thickness layer was determined from fathometer tracings to locate the top of the sediment layer and probes to 
determine the depth to firm bottom. A TIN was created using the same methodology as used for the bathymetry data set.

Lake Bottom



The Lake bottom was considered to be the hard bottom of the lake. This data layer was created by adding the sediment depth TIN to 
the bathymetry TIN. This process was completed using Arc Info software.

Wave Disturbance

A wave disturbance layer was created using an equation for estimating wave disturbance in shallow lakes (Bachmann, 2000). This 
equation was used to develop a grid of wave disturbance values for the lake. The inverse distance weighting algorithm within Arc 
Map's Spatial Analyst extension was used to interpolate a continuous surface, thereby estimating the lakes wave disturbance.

Anthropogenic Wave Disturbance

Canals and docks were also recognized as areas of high disturbance, due to the associated boat traffic. A data layer representing the 
locations of canals and docks was created by digitizing these features from aerial photography. A graduated disturbance buffer 
representing the percentage of time an area would undergo disturbance was then created around these digitized docks and canals.

Light Penetration

Light attenuation is collected monthly by the SJRWMD at three stations within Lake Griffin. The lake was divided up into three zones 
(north, center and south), each corresponding to one collection station. An average light attenuation value was assigned to each zone, 
using values from 1998 through 2002. Data from 2003 was available and showed a significant increase in light penetration; however, 
values were not incorporated because they did not represent a full year of data and consequently did not account for seasonal 
variations. Light attenuation units were in meters and the compensation zone was considered to be the depth to which 5% or greater 
ambient light was able to penetrate (5% was determined to be the minimum amount of ambient light required to support vegetation 
based on studies done on similar lakes in the area).

METHODOLOGY

Following compilation of all data sets an overlay was created using the ARC GIS software package. Figure 4 provides an overview of 
the process

Figure 4. Methodology for GIS Analysis

 



●     The lake bottom TIN was overlain with the light penetration layer to identify areas that would be shallow enough to receive 
sufficient light to support vegetation.

●     The natural and anthropogenic wave energy layers were combined to create a total disturbance layer. Areas that experienced 
disturbance less than 50% of the time were identified. 

●     The sediment depth layer was classified into three categories: areas with no soft sediment present, areas with sediment which 
was less than one meter thick and areas with a sediment thickness of one meter or greater. 

Once the three key factors were identified an overlay was performed and the final data set was classified into three categories: "ideal"- 
areas that receive sufficient light, had less than 50% disturbance and had no organic sediment present, "potential" - areas which 
experienced disturbance less than 50% of the time and would receive sufficient light if one foot or less organic sediment were to be 
removed, "not feasible" - areas which either, had greater than 50% disturbance, did not receive sufficient light or had more than one 
meter of organic sediment present.

RESULTS

Estimated area of Lake Griffin that would be ideal for habitat in it's current state was 0.17 square kilometers. It was also estimated that 
with minor sediment removal (less than 1 meter of sediment) an additional 1.01 square kilometers would have the potential for habitat 
development. Figure 5 shows areas for potential habitat in Lake Griffin. Areas in red are those where habitat can be established under 
current conditions and areas in green are areas where minor sediment removal could create habitat.

 

Figure 5. Potential Habitat for Lake Griffin



 

DISCUSSION

This study is part of the preliminary phase in the littoral zone habitat creation plan, its main purpose was to identify areas of best 
potential suitability for habitat. A GIS approach was found to be very useful and highly cost effective because the model was created 
from existing data sets. Sediment removal for lake improvements can be very costly and this type of analysis can help target areas 
where removal provides the most benefit. Lake Griffin was selected as a priority for this project because of it's size and its 
improvements in water quality and clarity. If successful, this project will lead to similar endeavors on other lakes managed by 
SJRWMD.

Light penetration values used in this study were considered conservative. Figure 6 shows the average annual values based in monthly 
measurements for the lake. For this study values from 1998 through 2002 were used. A significant increase in light penetration was 
shown in 2003; however, values were not incorporated because they did not represent a full year of data and were therefore subject to 
some seasonal variation. 

 

Figure 6. Mean Light Penetration

 

If water clarity continues to increase as suggested in figure 6, this would greatly increase the amount of area that would have the 
potential to develop fish habitat. Figure 7 shows the increase in potential habitat with increased water clarity.



Figure 7. Potential Habitat versus Light Penetration

 

There are limitations to the model due to the age and uncertain accuracy of some of the data sets. The sediment depth and bathymetry 
data was collected in 1991, when the lake stage was lower than present. Because of the low water levels very near-shore bathymetry 
could not be measured and these areas had to be interpolated from contour lines. Additionally, since 1991 the area has suffered a 
severe drought and Lake Griffin has experienced very low water levels. There has been some speculation that this may have impacted 
some of the characteristics of soft sediments which may have been exposed. The next step in this project is to examine areas identified 
as having habitat potential to verify model predictions. If model predictions are confirmed then further work will be required to 
characterize sediments which show potential for removal. Additionally the underlying lake bottom will be examined to determine 
suitability for plant development.
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APPENDICIES

GLOSSARY OF TERMS

littoral zone - the region of a body of water extending from shoreline outward to the greatest depth occupied by rooted aquatic plants.

bathymetry - a measurement of water depth.
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