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Mapping is necessary for virtually all activities involving wetlands. For example,
wetland maps are essential tools for wetland management, protection, and restoration;
land-use planning as it relates to wetlands; and regional analysis of wetland status and
trends. Wetland maps are used by local, State, and Federal agencies as well as by
nongovernmental organizations, businesses, and private residents. Consistent and
reproducible methods for mapping are vital for comparison purposes and indispensible
for aggregation of regional maps into a national framework.

Background

The U.S. Fish and Wildlife Service within the U.S.
Department of the Interior has primary responsibility for
mapping all wetlands in the United States. As part of the
National Wetlands Inventory, the U.S. Fish and Wildlife
Service has developed a series of maps to show wetlands
and deepwater habitats. The goal of the National Wetlands
Inventory is to provide current geospatially referenced
information on the status, extent, characteristics, and functions
of wetland, riparian, deepwater, and related aquatic habitats in
priority areas to promote the understanding and conservation
of these resources.

Although several other Federal agencies have historically
mapped wetlands and continue to do so for various purposes
related to their missions (U.S. Department of Agriculture;
Natural Resources Conservation Service; U.S. Department
of Commerce, National Oceanic and Atmospheric Admin-
istration), they typically collaborate with the U.S. Fish and
Wildlife Service in their efforts. In addition to State and local
agencies, many nongovernmental organizations have become
interested in mapping wetlands specific to localized areas of
the country or to individual projects, often at more refined
scales than are available from the National Wetlands Inven-
tory. Clearly, it is desirable to have a wetland mapping stan-
dard that everyone can use to map wetlands, and that would
facilitate sharing wetland data in digital format. To that end, in
200708 the Federal Geographic Data Committee developed a
standard to support a consistent and seamless transition from
paper-based map products to technology-based map products.
The Federal Geographic Data Committee standard also serves
as the national standard for wetland mapping inventories for
inclusion in the National Spatial Data Infrastructure. The map-
ping standard will (1) streamline mapping efforts for greater

consistency and efficiency; (2) enable any entity to map
wetlands using the standard and submit data to construct or
update the National Wetlands Inventory geodatabase and the
National Map; and (3) facilitate consistent mapping layers that
can be used across geopolitical and watershed boundaries.

National Wetlands Inventory Mapping

The National Wetlands Inventory maps are prepared from
conventional photointerpretation and analysis of mid- to
high-altitude (20,000 ft) stereoscopic color-infrared aerial
photographs. The source imagery is collected and archived by
the Federal Government’s National Aerial Photography
Program at a 1:40,000 scale. Flight lines for the National
Aerial Photography Program are flown in a north-to-south
direction through the east and west halves of 7.5-minute
quadrangles. All photography is cloud-free, with strict
specifications regarding sun angle and minimal haze. Because
they are centered on the quarters of the quadrangles, these
photographs are sometimes referred to as “quarter quads.”
Each 9 x 9-in. photo covers an area of about 5 mi on a side
(3.75 minutes), and the photographs are indexed on 1:100,000-
scale U.S. Geological Survey maps. National Aerial
Photography Program images have a 1-m resolution.

Wetland mapping is most accurate when based on color
infrared photography, because the color, texture, and pattern of
wetland vegetation, water, and soils in this type of photograph
facilitate precise interpretation. For example, wetland vegeta-
tion is typically denser and more lush than upland vegetation.
Areas covered with water or even saturated soils appear darker
than dry soils because of the lack of infrared reflectance.
Vegetation factors critical to accurate photo interpretation
and wetland mapping include leaf size, shape, structure, and
arrangement; branching patterns; height; and growth habit.

Primer Facts

The U.S. Fish and Wildlife Service within the U.S. Department of the Interior has primary responsibility
for mapping all wetlands in the United States. The goal of the National Wetlands Inventory is to provide
current geospatially referenced information on the status, extent, characteristics, and functions of
wetland, riparian, deepwater, and related aquatic habitats in priority areas to promote the understanding
and conservation of these resources.

Above: Aerial photograph of forested wetlands in Pasco County. Photograph credit: Southwest Florida Water
Management District.
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The production of National Wetlands Inventory maps involves
many steps, including stereoscopic photo interpretation of
spatially referenced photographs of the study area, delinea-
tion of wetland boundaries, detailed on-the-ground inspection
of wetland plants and soils, quality-control checks of photo
interpretation, including consultation of collateral
information, and extensive review. The final product consists
of wetland boundaries (polygons) added to a black-and-white
1:24,000-scale U.S. Geological Survey topographic base map.
The wetland polygons are classified using the categories
published by Cowardin and others (1979), and identified using
an alphanumeric code identified in the map explanation. After
the maps are finalized, they are digitized and made available
to the public. National Wetlands Inventory maps in digital
format can be readily used in Computer Aided Design (CAD)
and Geographic Information System (GIS) software
applications. Important metadata for the National Wetlands
Inventory maps include (1) the year the aerial photographs
used for map creation were taken, which is necessary for
subsequent analyses of change in wetland area over time;

(2) the season, which affects wetland plant development and
ease of identification; and (3) the size of the target mapping
unit (the smallest area consistently mapped), which ranges
from 0.5 to 1.0 acre in many areas of the country.

Other Photography Useful in Wetland Mapping

Digital orthophoto quadrangles (DOQs) are computer-
generated images of aerial photographs in which the image
displacement caused by uneven terrain and camera tilt have
been removed (fig. A—1). The value of a DOQ is that it
combines the image characteristics of the original photograph
with the geometric qualities of a map. The DOQs can be either
black and white, natural color, or color-infrared images.

A standard DOQ covers an area of 3.75 minutes latitude by
3.75 minutes longitude (a quarter “quad”), and the image also
is commonly called a “DOQQ” (for digital orthophoto quarter
quadrangle). All DOQs are referenced to the North American
Datum of 1983 and are positioned on the Universal Trans-
verse Mercator map projection. All DOQs have a 1-m ground
resolution, and typically have 50 to 300 m of over-edge image
beyond the latitude and longitude corner crosses that are
imbedded in the image (Wilen and others, 1996). This margin
facilitates “edge matching” of multiple adjacent images to

create a much larger image. Each image is accompanied

with data for identifying, displaying, and georeferencing the
image. The users can spatially reference other digital data with
the DOQ, and a DOQ can be incorporated into any GIS that
can manipulate raster images. There are many uses for these
DOQs relating to wetlands, including vegetation assessment,
analysis of changes in land use, and groundwater and water-
shed analysis.
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A-1. Digital orthophoto quadrangles (D0Qs) are computer-generated images of aerial photographs in which the image

displacement caused by uneven terrain and camera tilt have been removed.
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The understory is mostly open with shrubs and ferns
predominating. Other plants typically found include dahoon
holly (Ilex cassine), fetter bush (Lyonia lucida), wax myrtle
(Myrica cerifera), cinnamon fern (Osmunda cinnamomea),
chain fern (Woodwardia spp.), and lizard’s tail (Saururus
cernuus).

Hydric Hammocks

Hydric hammocks most often develop as patches on low,
flat sites where limestone is at or near the surface and
shallow groundwater seepage is present. Soils are usually
sandy and contain considerable amounts of organic material.
Hydric hammocks have soils that are generally saturated, and
these wetlands are inundated only for short periods (seldom
more than 60 days per year) following very heavy rainfall.

If the water table is lowered by drought or human activities,
hydric hammocks gradually change to mesic (drier) forests.
If flooding is more frequent, the trees are replaced with
species that are more tolerant of standing water.

Hydric hammocks are typically open forests. Cabbage
palms (Sabal palmetto) and laurel oaks (Quercus laurifolia)
are mixed with hardwoods such as red maple (Acer rubrum),
water oak (Quercus nigra), dahoon (Ilex cassine), gallberry
(Ilex coriacea), and wax myrtle (Myrica cerifera). There is
usually minimal understory and little herbaceous vegetation on
the forest floor.

Hydric hammocks rarely burn, due to their continuously
damp soils and sparse herbaceous ground cover. However, in
communities with abundant cabbage palms (Sabal palmetto),
periodic fires of the flammable palm fronds favor survival of
this generally fire-resistant species over other herbaceous veg-
etation and maintain the palm-dominated hammocks in prairie
landscapes (Florida Department of Natural Resources, 1990).

Flood-Plain Seepage Swamps

Flood-plain seepage swamps are present on flood plains
of larger rivers, where lateral inputs of surface runoff and
groundwater seepage are more important than riverbank over-
flow. River overflows, when they do occur, are shallow and
gentle, and carry little sediment or leaf litter.

Flood-plain seepage swamps in central Florida are bay
swamps with additional tree species. Other common tree
species are bald cypress (Taxodium distichum) and black gum
(Nyssa sylvatica var. biflora). There may also be sweetbay
(Magnolia virginiana), loblolly pine (Pinus taeda), and slash
pine (Pinus elliottii). Ilex ambigua is a holly that grows more
often in flood-plain seepage swamps than in other kinds of bay
swamps (Livingston, 1991).

Cutthroat Seeps

Cutthroat seeps are communities where shallow
groundwater flows downslope at or near the soil surface for
several months each year, maintaining a thick bright green
carpet of cutthroat grass (Panicum abscissum). These com-
munities also may support a few widely scattered slash pines
(Pinus elliottii) or longleaf pines (Pinus palustris), particularly
as they grade into more mesic wet flatwoods. In central
Florida, cutthroat seeps are common on side slopes of the
Lake Wales Ridge in Highlands and Polk Counties. Cutthroat
seeps are dependent on frequent fires to maintain their com-
munity integrity. Without fire, shrub species such as fetter bush
(Lyonia lucida), wax myrtle (Myrica cerifera), and gallberry
(Ilex glabra) begin to invade these communities, and trees
such as loblolly bay (Gordonia lasianthus) begin to dominate
within a 10-year period. Cutthroat seeps have been reduced in
number since the 1940s, primarily because of long-term fire
suppression (U.S. Fish and Wildlife Service, 1999).

Occurrence and Protection

A number of conservation areas protect seepage wetlands
in central Florida (U.S. Fish and Wildlife Service, 1999). For
example, the Green Swamp has hydric hammocks that drain
into the Withlacoochee River (Feature [—The Green Swamp
and Use of Wetland Conservation Partnerships). Natural
areas in Highlands County contain seepage slopes and hydric
hammocks. Some managed areas including the Avon Park Air
Force Range also contain seepage wetlands.

Another area with seepage wetlands is in Putnam County
south of Welaka (Laessle, 1942). Much of the land is flat,
and lateral water movement is slow. The water table is close
to the surface, and as organic material accumulates in a wet

Right: Cutthroat grass
(Panicum abscissum)
communities require frequent
fire for maintenance of their
community integrity. The
greatest threats to cutthroat
grass communities are
continued fire-suppression and
drainage effects. Photographer
credit: Steve Morrison,

The Nature Conservancy.

environment, a hardpan commonly forms. This hardpan layer
of dense soil is largely impervious to water. Along the St.
Johns River, there are extensive areas rich in peaty organic
material. Seepage wetlands form in these areas along the slope
between the flatwoods and river. Water moves laterally under
the flatwoods and above the hardpan. The hardpan ends at the
crest of the slope, where lateral movement provides a surface
seep and supports bay head vegetation. Somewhat steeper
topography and extensive sands permit rapid percolation and
lateral water movement. At the base of the slope just above
the water table, hydric hammocks develop where the soils are
nearly saturated with moisture due to seepage of groundwater
from upslope areas. Accumulated organic material results in
soils that have a low pH and are quite peaty. Characteristic
trees in the bay heads of the area are loblolly bay (Gordonia
lasianthus), sweetbay (Magnolia virginiana), and swamp bay
(Persea palustris). Understory shrubs include gallberry, fetter-
bush, and wax myrtle. Hydric hammocks are populated with
water oak, sweet gum, and American elm. Live oak, loblolly
bay, and cabbage palm are also found. Common shrubs are
wax myrtle, large gallberry (Ilex coriacea), and saw palmetto,
and herbaceous vegetation is sparse.

Because seepage wetlands depend on a high water table
and seepage flow, they are quickly affected by changes in
local or regional hydrology. Development which increases the
amount of impermeable surface (roads, parking lots, roofed
buildings) can increase the amount of runoff, shifting the
hydrologic regime from saturation to inundation, and foster-
ing a change to hardwood swamps. Alternatively, drought and
well-field drawdown can lower water tables and reduce or
eliminate soil saturation. Under excessively dry conditions,
the threat of severe fire is substantial. If the ground surface
is lowered from fire damage to the peat, then willows (Salix
caroliniana) may invade, and a cypress-dominated community

can develop. Recurrent fire may result in conversion to a shrub
bog. The invasion of exotic species is an increasing problem in
seepage swamps, and problematic species include melaleuca
(Melaleuca quinquenervia), Brazilian pepper (Schinus terebin-
thifolius), Japanese climbing fern (Lygodium japonicum), and
skunk vine (Paederia foetida) (Florida Department of Natural
Resources, 1990).
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for several decades by local, regional, and State agencies. Typically, hydrologic
conditions are monitored by determining the wetland water level at a staff gage located

at a fixed point (preferably near the deepest point) in a wetland (fig. C—1A). However, B Bathymetric Data N %
because wetland depths and shapes vary substantially, water levels among individual Points S =
wetlands are not directly comparable. Moreover, it is difficult to translate periodic and 93 ]
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if the data described not only the depth of water at a point in the wetland, but also the
amount of the total wetland area that was flooded at a specified time.

Flooded area, expressed as a percentage of the total
wetland area, is a versatile and descriptive measurement that
can be compared through time for an individual wetland or
compared spatially for numerous wetlands in a region
during a particular month or year (Haag and others, 2005;
Lee and Haag, 2006). Comparing the flooding patterns of
natural wetlands to flooding patterns in wetlands affected by
human activities also provides a useful tool for assessing how
those activities currently affect wetlands, and for predicting
future wetland conditions.

data then can be used to define the relations between the wet-
land water level (stage), size of the flooded area, and volume
of water in the wetland at a given stage (C—1A). The density
of bathymetric data points affects the accuracy of subsequent
estimates of wetland flooded area and stored water volume
(Haag and others, 2005).

Accurate determination of a wetland perimeter is
necessary to establish the elevation at which a wetland is said
to be 100-percent inundated or flooded (fig. C—1B). Wetland
perimeter determinations sometimes rely on hydric soils
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a lake bottom is usually determined using sonar instruments
towed by boats. Bathymetric maps also can be constructed for
isolated wetlands. Because water levels in isolated wetlands
fluctuate seasonally and many wetlands dry out, wetlands are
usually shallow enough to wade or to walk through during
part of the year. For this reason, land-surveying techniques can
be used to map the bottom elevation of an isolated wetland.
Alternatively, if the wetland is flooded, the bottom elevation
can be derived by subtracting measured water depths from the
elevation of the water surface. Measurements can be made
along lines or transects across the wetland (fig. C—1A), and
the location of the measured points can be determined using
digital geographic positioning system (GPS) technology or
by using set distances along compass lines (Haag and others,
2005). For wetlands that are partially flooded, the approaches
can be combined (Haag and others, 2005). The bathymetric

inundation for more than a few weeks. Other vegetation
indicators of wetland perimeters have been documented for
central Florida (Carr and others, 2006).

Bathymetric mapping data can be used to show areas of
the wetland bottom that would be flooded as each 20-percent
interval of the total wetland area becomes flooded (fig. C-2).
Once bathymetric data have been used to generate stage-
volume and stage-area curves, then historical wetland water
levels can be used along with these curves to reconstruct
historical changes in wetland flooded area (fig. C-3).
Historical flooding behavior in isolated wetlands then can
be summarized using flooded-area duration graphs. These
graphs display the percentage of the total historical time that
the flooded area of the wetland occupied different intervals
of the total wetland area (fig. C—3). The historical time period
depends upon the number of years that wetland water levels
have been measured.

BOUNDARY OF THE FLOODED
AREA AT A SPECIFIC TIME

AREA CONTOURS - Showing the
location of each 20-percent
interval of the total wetland area

A

WETLAND PERIMETER
(defined as the contour
where 100 percent of the
wetland area is flooded)

Figure C-1B. Maps generated from bathymetric data that are used
to contour the shape of the flooded area as different percentages of

the total wetland area become flooded (above, modified from Lee and

others, 2009).

Figure C-2. Conceptualized wetland showing the boundary of the
flooded area located in different 20-percent intervals of the total
wetland area (left).
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Rain gages located within or at the edge of wetlands can
provide highly accurate rainfall data, but the data must be
collected at frequent intervals and collection devices must
be carefully maintained.

Surface-water runoff into a wetland comes from several
sources. There may be indirect runoff to isolated wetlands
from the surrounding watershed as sheetflow or shallow
channel flow. Streams occasionally overflow their banks and
lakes can overtop their shorelines, thereby contributing surface
water to wetlands. Inflow to wetlands must be gaged to mea-
sure water volume gain accurately. Likewise, surface-water
outflow from a wetland during periods of heavy rainfall must
be gaged using a weir or other device to accurately measure
the water volume lost.

Groundwater can contribute inflow to a wetland if the
groundwater level is at or above the wetland stage. The water
levels in monitor wells outside the wetland perimeter can indi-
cate whether shallow groundwater is discharging to a wetland
as a contributing water source. A network of at least three
monitoring wells is needed to determine the hydraulic
gradient or general direction of groundwater flow in the
vicinity of a wetland. Water-level measurements in the well
network should be collected over time, because the direction
of groundwater flow can change seasonally with increasing or
decreasing rainfall and evapotranspiration. The rate of ground-
water flow can be determined using information about the
hydraulic conductivity of the geologic material in the wetland
basin. Differences in water quality (including pH and specific
conductance) between wetland water and the shallow
groundwater around a wetland can be used to infer ground-
water movement into or out of a wetland.

Leakage occurs when the groundwater level is below the
bottom of a wetland and the wetland is not well confined by
clay or other relatively impermeable material. The process
also occurs around the wetland perimeter when the water level
in adjacent groundwater is lower than the wetland water level.
Leakage can be in a downward direction, or it can occur later-
ally into the wetland basin. This leakage recharges the shallow
aquifer. Leakage from wetlands can be induced or accelerated
when the water table is lowered by activities such as ground-
water withdrawal.

The process of evapotranspiration includes water lost as
evaporation from open water or soil, and water lost as
transpiration through plants. Evapotranspiration varies with
the evaporative demand of the atmosphere and the availability
of water. Rates of evapotranspiration are highest in wetlands
and lakes where water is near or above land surface, and
lowest along the ridges where the soil is permeable and the
depth to the water table is greater. There are concerted efforts
in central Florida to develop improved estimates of
evapotranspiration in a range of habitat and land-use types
using technologically advanced climate stations. These more
refined estimates can yield substantially improved estimates of
evapotranspiration for use in wetland water budgets.
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Water Budgets
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Above: Saw palmetto (Seranoa repens) may surround isolated cypress wetlands, and grow up to the perimeter. It will not
grow in the wetland basin, where there is frequent or prolonged inundation. Photographer credit: Michael Hancock, Southwest
Florida Water Management District.
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Marsh restoration has proven to be a critical component to the improvement of water
quality in Lake Apopka, which has been referred to as the most polluted large lake in
Florida (St. Johns River Water Management District, 2006). Lake Apopka is a 31,000-acre
natural lake in Orange and Lake Counties that forms the headwaters of the Ocklawaha
River. The lake, which is the fourth largest in the State, was an important tourist attraction
in the 1940s, and supported a robust recreational fishing industry. Fishing cabins dotted the
shoreline, and contributed to the local economy. Birds also were abundant, and more than
335 species have been observed by birdwatchers on the north shore of the lake.

The lake has sustained substantial alterations over a
long period of time. The alterations began in 1888 with the
construction of the Apopka-Beauclair Canal (fig. E-1), which
lowered lake levels by about 30 percent. During the land boom
of the 1920s, towns on the lake shore began dumping raw
sewage and wastewater from citrus processing plants into
Lake Apopka.

In 1941, a levee was built across the north shore of the
lake and 20,000 acres of shallow wetlands north of the levee
(about one-third of the lake area) were drained for muck
farming operations. Muck is dark soil rich in decaying plant
material, and it was left behind when the wetlands were
drained. The subtropical climate allowed farmers to produce
as many as three crops per year in the exposed fertile soils.
Farmlands were typically flooded to kill nematode plant
parasites, and this sediment-laden water was then drained back
into the lake until it was needed for crop irrigation. The
accumulated sediments eventually raised the lake bottom by
about 5 ft. Hurricane winds in 1947 hastened the demise of the
lake by removing vast beds of emergent vegetation
(Bachmann and others, 2001), and in 1947 the first algae
bloom was documented. Treated wastewater discharges from
shoreline communities through the 1980s also added to the
nutrient load, and direct discharges from citrus processing
plants until the 1980s further contributed to nutrient enrich-
ment of the lake. The destruction of the north shore marshes
not only reduced the natural cleansing capacity of the lake,
but also greatly increased the pollution load as billions of
gallons of nutrient-rich and pesticide-laden irrigation water
subsequently drained unabated into the lake (St. Johns River
Water Management District, 2006).

The large amounts of suspended sediments and nutrients,
especially phosphorus, added to the lake during a 50-year

period resulted in chronic algae blooms and a reduction in lake
water clarity (Bachmann and others, 2005). These water-
quality changes eventually killed rooted and submersed
aquatic vegetation, and the subsequent loss of vegetated
spawning beds ended the recreational fishery in the lake.
However, the dead plants and fish were not removed from the
system, and their decaying tissues further enriched the lake in
nitrogen, phosphorus, and other compounds. As noted earlier,
Lake Apopka ultimately became the most polluted large lake
in Florida (Lowe and others, 2001). Lake Apopka received
further attention in 1998 when hundreds of migratory birds
died in and near the north shore following the flooding of
6,000 acres of former farms, which attracted birds and fish
(Lightfoot, 2001). High concentrations of organochlorine
pesticides, including toxaphene, were subsequently found in
the soils.

Efforts to restore the lake to its natural condition and to
improve water quality to Class III status (fit for recreation)
began in the 1980s. The 1985 Lake Apopka Restoration Act
provided for planning, diagnostic studies, and feasibility
studies. The 1987 Surface Water Improvement and Manage-
ment Act included Lake Apopka as a priority water body
requiring restoration. Finally, the 1996 Lake Apopka Improve-
ment and Management Act authorized the St. Johns River
Water Management District to set criteria that could be used to
limit future phosphorus discharges into the lake, and provided
funding for a mandatory buyout of the farms on the north
shore of the lake. This buyout of about 90 percent of the farms
was completed in 1999. The restoration of Lake Apopka is
expected to last at least 25 years, and will use a comprehensive
approach (St. Johns River Water Management District, 2006).

Wetlands were an important functional part of the historic
Lake Apopka ecosystem, and they play a crucial role in lake

Left: The

Lake Apopka
Marsh Flow-way
Project will help
improve water
quality in the
lake. Photograph
credit: St. Johns
River Water
Management
District.
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Figure E-1. The Lake Apopka Restoration project area (modified
from St. Johns River Water Management District, 2006).

restoration efforts (St. Johns River Water Management
District, 2006). Native emergent plants established in the lake
will stabilize lake sediments and improve shoreline aquatic
habitat. The North Shore Muck Farm Restoration Project will
include about 13,000 acres of former farm land. Much of the
acreage will be flooded to a shallow depth using a variety of
water-control structures to promote the growth of wetland
vegetation and thereby provide habitat for ducks, wading
birds, and other wildlife.

The Lake Apopka Marsh Flow-way Project, which
will restore about 3,400 acres of farmland, is designed to filter
up to 98 percent of the lake waters twice yearly as they
circulate through a series of wetland cells managed as
emergent marshes. The flow-way, in reality a type of
“treatment” wetland, is on the northwest shore of the lake
and is designed to reduce phosphorus concentrations by
30 to 50 percent and suspended particulates by up to
90 percent. A portion of the treated water is returned to
the lake and the remainder is sent downstream through the
Apopka-Beauclair Canal (St. Johns River Water Management
District, 2009).

Above: Birds are abundant in the Lake Apopka ecosystem
and vulnerable to contaminants. Photograph credit:
St. Johns River Water Management District.
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The Green Swamp ecosystem occupies about 870 mi? in portions of Hernando, Lake,
Pasco, Polk, and Sumter Counties, and is the second largest wetland system in the State,
after the Everglades. The area is a complex mosaic of uplands, hydric hammocks, poorly
drained pine flatwoods, bay swamps, shrub bogs, cypress swamps, and pastures (Ewel,
1990). About 60 percent of the area is in a natural and undisturbed condition; about half
of the natural areas are wetlands (fig. I-1), 80 percent of which are forested. About
35 percent of the Green Swamp is used as agricultural land, and much of that is improved
pasture. Less than 2 percent of the area is urban land (Brown, 1984).

Hydrology and Geology

Underlying the Green Swamp are three hydrogeologic
units (Pride and others, 1966). The surficial aquifer system is
directly below the land surface and is composed of sands and
sandy clays. The surficial aquifer system is about 90 ft thick in
the eastern part of the area and very thin or entirely absent in
the western part. Beneath the surficial aquifer system is a clay
layer that varies in thickness in the eastern part of the area, and
is thin to absent in the western part of the area. Beneath the
clay layer is the Floridan aquifer system, which has an average
thickness greater than 900 ft and consists of the Suwannee
Limestone, Ocala Limestone, and Avon Park Formation.

The Green Swamp is the headwaters of both the
surface-water and the groundwater flow systems in central
Florida. The drainage basin that includes the Green Swamp
contains the highest potentiometric-surface elevation (ground-
water elevation) of the Floridan aquifer system in central
Florida (Spechler and Kroening, 2007). For example, the
potentiometric surface elevation was measured at 133 ft
NGVD 29 in September, 1979 (U.S. Geological Survey, 2009.
The high potentiometric surface in the Green Swamp pro-
vides recharge for the Floridan aquifer system and maintains
a potable groundwater supply in the region. Rainfall is the
primary source of water to the Green Swamp, and water losses
occur through evapotranspiration, groundwater seepage, and
streamflow. Drainage from the Green Swamp forms the head-
waters of four major Florida rivers (fig. [-2): the Ocklawaha
River (the largest tributary to the St. Johns River), which flows
north; the Hillsborough River and the Withlacoochee River,
which flow west; and the Peace River, which flows south.

Throughout the Green Swamp, there is a gradual
transition between shallow still-water depressions (cypress

ponds) and depression channels that carry surface-water flow
(cypress strands). The topography is typically so flat that
surface flow is seldom observed (Ewel, 1990). Many other
cypress ponds are isolated and are not sources of surface-water
flow. The flat terrain allows much of the precipitation to be
retained, and the numerous wetlands provide substantial water
storage. The wetlands not only recharge the aquifer as water
eventually percolates downward, but they also reduce flood
peaks in rivers, and release water slowly into surface
tributaries once rainfall diminishes after the wet season
(Brown, 1984). The water that flows from the Green Swamp
into rivers is generally of high quality because the long
detention times within the basin eliminate much of the
decaying plant material that creates oxygen demand in
receiving rivers.

Plant and Animal Communities

The cypress domes in the Green Swamp share
numerous plant species. The domes are shallow, forested,
roughly circular depressions that have dome-shaped cross
sections as a result of the concentration of tallest and oldest
trees in the center. The boundaries of cypress domes are
maintained by periodic fires that prevent the invasion of
wetland tree species into the surrounding pine flatwoods
(Florida Department of Environmental Protection, 2006).
The Green Swamp ecosystem is one of the last contiguous
wilderness areas in Florida, with diverse plant communi-
ties and wildlife habitats that host more than 330 species
of animals, including 30 threatened or endangered species.
This latter group includes the Florida scrub jay (4phelocoma
coerulescens), the wood stork (Mycteria americana), and the
Florida black bear (Ursus americanus floridanus).
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Figure I-1. Generalized land use in the Green Swamp.

Above: The red-tailed hawk (Buteo
jamaicensis) searches for prey in the Green
Swamp. Photographer credit: Paul Fellers,
Lake Region Audubon Society.
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Protection and Preservation

The Green Swamp has attracted attention in the water-
resources community for decades. In the early 1960s, above-
average seasonal rainfall and the effects of Hurricane Donna
caused severe flooding in the area. Consequently, the U.S.
Army Corps of Engineers developed a plan to use the Green
Swamp as part of a structural flood-control system for central
Florida (Southwest Florida Water Management District, 2009).
A series of proposed levees and water control structures,
called the Four Rivers Basins—Florida Project, would have
inundated the area and effectively converted the Green Swamp
into a flood-water detention basin. The Southwest Florida
Water Management District made substantial land purchases
in the Green Swamp in preparation for the project. However,
concerns about disrupting a unique natural system, and further
examination of the habitat and water-supply benefits of the
area, led the Southwest Florida Water Management District to
choose a non-structural approach to flood protection by
leaving the Green Swamp in its natural state.

In 1974, as Walt Disney World opened to the east, a pro-
posal was made to develop 2,000 acres of the Green Swamp
(Southwest Florida Water Management District, 2009). By
that time, however, there was an understanding of the criti-
cal hydrologic role that the Green Swamp plays in recharging
the Floridan aquifer system, and the area was not developed.
The State of Florida designated approximately 322,000 acres
in Polk and Lake Counties, including the Green Swamp, as
an Area of Critical State Concern under Chapter 380 of the
Florida Statutes. This classification protects a resource of
statewide importance that is threatened by unregulated devel-
opment, and is intended to be a temporary designation that
fosters action at the local level to sustain natural resources.
The State land planning agency, the Florida Department of
Community Affairs, eventually provided oversight for all new
development activities in the Green Swamp. Local land devel-
opment plan regulations must be consistent with this legisla-
tion. The 1985 Local Comprehensive Planning Act (Chapter
163, Florida Statutes) ensures that within the jurisdiction of
Lake, Polk, Citrus, Sumter, and Hernando Counties, all natural
land development limitations and suitabilities pertaining to the
Green Swamp are identified as required by the Act.

In the early 1990s, the Green Swamp was added to a land
acquisition program—Preservation 2000—that later became

known as Florida Forever. The primary goals of the Green
Swamp Florida Forever project (Florida Department of
Environmental Protection, 2008) are to:

» Conserve and protect lands within areas of critical state
concern;

+ Conserve and protect significant habitat for native spe-
cies or endangered and threatened species;

 Conserve, protect, manage, or restore important
ecosystems, landscapes, and forests, in order to
enhance or protect significant surface-water, coastal,
recreational, timber, fish, or wildlife resources that
local or State regulatory programs cannot adequately
protect; and

 Provide areas, including recreational trails, for natural-
resource-based recreation.

The Southwest Florida Water Management District has
increased its holdings within the Green Swamp to more than
110,000 acres, and designated these holdings as the Green
Swamp Wilderness Preserve. Other agencies, including the
St. Johns River Water Management District, have purchased
an additional 64,000 acres for use as State parks and wildlife
management areas.

The Southwest Florida Water Management District
also has purchased conservation easements in more than
6,000 acres of private lands for preservation, protection,
recreation, and hunting. Conservation easements allow
property owners to continue to own and use the land while
protecting it from development. Altogether, the Green Swamp
Land Authority and the Florida Department of Environmental
Protection have established protection agreements or
conservation easements for more than 40,000 acres of
privately owned land (Ryan, 2006).

Private conservation organizations also have an active
interest in the preservation and protection of the Green Swamp
because of its hydrologic importance and importance as a
wildlife habitat. The Sierra Club continues to work with the
Southwest Florida Water Management District and St. Johns
River Water Management District to encourage land
acquisition in the Green Swamp through the Florida Forever
Program and the Save Our Rivers Program. The Audubon
Society works with allied organizations to accelerate
acquisition programs and increase funding for public land

management in the Green Swamp. Of particular interest to
the Audubon Society are efforts to protect the bald eagle
(Haliaeetus leucocephalus) through habitat conservation and
preservation.
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Wetlands in (Central [T lorida—

A Summarg of Our
Ursderstan&ing

Wetlands are among the most dynamic ecosystems in central Florida. They are
distributed across a variety of landscape types and are present within isolated depressions,
around the fringes of lakes, and along the flood plains of rivers. They undergo continuous
changes in water depth, the extent of the flooded area, and the frequency of flooding.
Wetland water quality changes continually, depending on the predominant water source and
biological activities that take place in the water and soils. Wetlands are inhabited by a large
number of plants uniquely adapted to changing water levels, and they are colonized by a
variety of animals that can take advantage of the available food and shelter that wetlands
offer. Finally, wetlands are vulnerable to changes in land use and the many human
activities that occur within their drainage basins and often close to their boundaries.

Wetlands as a landscape feature are often admired from afar for their beauty and their
value to society, but in proximity they are often misunderstood and unappreciated. In a
natural or undeveloped setting, wetlands store water and alleviate flooding following
heavy rainfall, provide for water-quality enhancement during the intervals when they hold
water, contribute to the recharge of the aquifer, prevent shoreline erosion especially along
rivers, and function as valuable plant and wildlife habitat. Wetlands also provide
recreational opportunities and aesthetic value to many residents. However, in a developed
or agricultural setting, wetlands can be viewed as an impediment to residential and
commercial construction, transportation infrastructure, agricultural activities, and
water-resource development. Managing wetlands to maintain their ecosystem functions on
a sustainable basis is a goal of many water-resource agencies. This goal has become even
more challenging under the prevailing conditions of global climate change. Viewing
wetlands in the context of their drainage basins, with respect to both hydrology and
ecology, is a promising approach to wetland protection, conservation, and sustainability.

Grand Swamp, Disney Wilderness Preserve, Florida.
Photographer credit: Clyde Butcher ©1998. Published with permission.
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