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By Benjamin F. McPherson and Robert Halley

Abstract

The South Florida Environment—

When Europeans first arrived in North America, south Florida was a lush,
subtropical wilderness of pine forest, hardwood hammocks, swamps,
marshes, estuaries, and bays. Wetlands dominated the landscape. The region

contained one of the largest wetlands in the continental United States, the
Everglades, which itself was part of alarger watershed that extended for more
than half the length of the Florida Peninsula.

During the last 100 years, the Everglades and its
watershed have been greatly altered by man, primarily
through drainage and development; however, parts of
the natural system remain in public lands and waters
that are protected at the southern end of the peninsula.
In the remaining natural system, drainage and develop-
ment have had severe environmental effects, such as
large losses of soil through agriculturally induced
subsidence, degradation of water quality, nutrient
enrichment, contamination by pesticides and mercury,
fragmentation of the landscape, loss of wetlands and
wetland functions, widespread invasion by exotic
species, impairment of estuarine and coastal resources,
and significant declines in populations of native plant
and animal species. Additionally, the large and increas-
ing human population and the active agricultural
development in the region are in intensive competition
with the natural system for freshwater resources.

Recently, a consensus has developed among Federal
and State agencies and environmental groups that
the south Florida ecosystem, and the Everglades in

particular, should be protected and
restored, to the extent possible, to its pre-
development condition. A first and
primary step in this undertaking would be
the restoration of the predevelopment
hydrologic conditions to the remaining
natural system. As part of an interagency
effort, the U.S. Geological Survey (USGS)
is providing scientific information that
will contribute to the protection and resto-
ration effort in south Florida. This infor-
mation will be generated through such
programs as the National Water-Quality
Assessment and the South Florida Initia-
tive. This report serves as an environmen-
tal review and framework for developing
USGS programs in the region and stresses
the critical role of water in natural and
human systems and its importance as a
link between those systems within south
Florida.



At the time of settlement by Euro-

wetlands in the continental United

peans (mid-1800's), the south Flor- States, the Everglades. The Ever-

wilderness of pine forest, hardwood
hammocks, swamps, marshes, estu

I ntroduction

ida region was a lush, subtropical 9/ades was part of a larger water-
shed: the Kissimmee—Okeechobee—
Everglades that extended for more

than half the length of the Florida

aries, and bays (Davis, 1943). Wet- peninsula. The Everglades and the
lands dominated the landscape. TheBig Cypress Swamp stretched as a
region contained one of the largest continuous wetland across the
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Figure 1. Regional ecosystem and watersheds in the study unit boundary,

south Florida.

southern part of the peninsula south
of Lake Okeechobee. These wet-
lands and the entire watershed
(fig. 1) provided the freshwater that
sustained the high productivity and
abundant fisheries of the coastal
waters (Mclvor and others, 1994).

The wetlands of south Florida
were regarded as being inhospitable
and without intrinsic value. In the
early 1900’s, draining the wetlands
was considered to be essential for
commerce and safety. Loss of lives
as a result of hurricane flooding in
the 1920’s accelerated drainage
projects, primarily in the Ever-
glades. Today, much of south Flor-
ida’'s wetlands are intensively
managed, with more than 1,400 mi
of primary canals and more than 100
water control structures. Because of
drainage and development, the
south Florida ecosystem has experi-
enced a variety of environmental
problems such as loss of soil, nutri-
ent enrichment, contamination by
pesticides, mercury buildup in the
biota, fragmentation of landscape,
loss of wetlands and wetland func-
tions, widespread invasion by exotic
species, increased algal blooming in

coastal waters, seagrass die off, and
declines in fishing resources.

Water is life for the human and
natural systems in south Florida.
Clean, abundant water was a funda-
mental characteristic of the original
south Florida system. Increased
human population and activity in
south Florida have brought, not only
an increased need for water, but
also a decrease in water supply
and a deterioration in water quality.



Changes in the hydrologic system
are thought by many to be the root
cause of the dramatic declines in
fish and wildlife populations and
habitat across the south Florida eco-
system.

Today in south Florida, compe-
tition for water is intense and
divided between a large, rapidly
growing population along the coast
and agriculture north and south of
Lake Okeechobee (fig. 2), on the
one hand, and the remaining natural
ecosystem mostly within State and
Federal parks, reserves, sanctuaries,
and preserves (fig. 3), on the other.
Satisfying the water-resource
demands of these competing inter-
ests is a complicated and difficult
task. The quantity of water required
for urban and agricultural uses may,
at times, exceed supply. Plants and
animals also have critical require-
ments with respect to the quantity of
water, because they are dependent
on the timing and duration of wet
and dry periods. Water-quality
requirements also vary markedly.
The Everglades natural biotarequire
water that is extremely low in phos-
phorus concentration, yet agricul-
tural activities produce waters that
contain high levels of phosphorus.
Such conditions result in direct
competition because the natural
biota are “downstream” from the
agricultural areas.

Recently, a consensus has
begun to emerge among Federal anc
State agencies and environmenta
groups that south Florida and the
Everglades should be restored, to
the extent possible, to patterns simi-
lar to those of the original system.
For concerned parties to discuss
productively, let alone implement,
such recommendations requires &
substantial increase in available sci-
entific data and understanding of the
hydrology, geology, and ecology of
south Florida and the Everglades
specifically (Holloway, 1994).

The investigations needed to sup-
port restoration have been outlined
recently by the Science Sub-Group

of the South Florida Ecosystem Task acteristics of the former natural
Force. These investigations include hydrologic system that supported
characterizing the predrainage sys-the rich diversity and abundance of
tem and comparing it with the wildlife that has been lost; designing
present system, particularly hydro- structural and operational modifica-
logically; determining the key char- tions of the Central and Southern
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Figure 2. Urban and agricultural lands in south Florida. (Modified from
South Florida Water Management District and Southwest Florida Water
Management District digital data, 1988-90.) Land use and land cover
categories based on South Florida Water Management District classifica-
tion codes. Equivalent categories are shown for the area within the South-
west Florida Water Management District.



Florida Project for Flood Control maodification monitoring; and modi- and restoration in south Florida
and other Purposes (C& SF) that  fying the design to make improve-  through several Survey programs
would recreate the key characteris- ments (Science Sub—Group, written that include the South Florida Initia-

tics of the natural hydrologic sys- ~ commun., 1994). tive and the National Water—Quality

; ; . . Assessment (NAWQA) Program.

tem; assessing the hydrologic and The U.S. Geological Survey is The USGS is( coorinn?eltin gthese
logical results of these modi- roviding some of the scientific ; gne

ecoi P . '~ efforts with other Federal agencies

fications through pre- and post-  information necessary for protection through the South Florida Ecosys-

tem Interagency Working Group
, . ) and the Science Sub-Group and
\ \ \ \ through regularly scheduled liaison
meetings of the Southern Florida
NAWQA study unit. The South
Florida Initiative is a collaborative
effort by the U.S. Geological Survey
and other Federal and State agencies
- to provide scientific insight into
conflicting land-use demands and
water-supply issues in the south
Florida regional ecosystem. The
NAWQA Program is described in
the adjacent box.

This report provides an over-
view of the environmental setting in
\ -| south Florida and serves as a review
Caloosahatchee » §. % EaKe ) 5 and framework for developing
Canal ™ 32 | USGS programs in the region. In the
é‘»’ report, we describe the predevelop-
i Q ment and the current (present-day)
S
N
<

St Lucie

27° =

Charlotte
Harbor

environmental conditions in south
Florida, with emphasis on the quan-
tity and quality of water. The geo-
graphical area covers the southern
half of the State, and includes the
Southern Florida NAWQA study
unit and adjacent coastal waters.
The Southern Florida NAWQA
study unit covers about 19,500%mi
and is the watershed of the larger
regional ecosystenffig. 1). We
define the regional ecosystem to
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Figure 3. Lands in south Florida under public ownership or control.
(Modified from South Florida Water Management District and Southwest
Florida Water Management District digital data, 1994.)




National Water-Quality
Assessment Program

In 1991, the USGS began to implement a full-scale NAWQA Program.
The three major objectives of the NAWQA Program are to provide a consistent
description of current water-quality conditions for a large part of the Nation’s
water resources, to define long-term trends (or lack of trends) in water quality, and
to identify, describe, and explain the major factors that affect observed water-quality
conditions and trends. These objectives are being met (1) by conducting retrospective
analyses of existing data, (2) by establishing a long-term nationwide monitoring network
designed to assess existing water-quality conditions and provide a data base for trend analy-
ses, and (3) by conducting process-oriented studies designed to provide a better understanding
of the relation between land- and water-use activities and water-quality conditions. The NAWQA
Program is providing an improved scientific basis for evaluating the effectiveness of water-quality
management programs and practices.

The NAWQA Program is being implemented through investigations of hydrologic systems in 60
study units that include parts of most major river basins and aquifer systems in the United States
Study units range in size from 1,200 to about 65,000 mi2 and incorporate 60 to 70 percent of the
Nation’s water use and population served by public water supply. The south Florida study unit
includes most of the southern half of the Florida Peninsula and contains a major urban complex
of more than 5 million people. The study unit in this report was included in the NAWQA Program
in 1993.
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Environmental Setting—
the Natural System

The south Florida ecosystem
formed during the last several thou-
sand years after the world-wide cli-
matic changes and sea-level rise at
the end of the Pleistocene age. The
ecosystem consists primarily of
wetlands and shall ow-water habitats
set in asubtropical environment.

Physiography

The south Florida ecosystem
includes coastal waters between
Charlotte Harbor on the Gulf of
Mexico and the St. Lucie River on
the Atlantic Ocean and all or part of
the following physiographic prov-
inces. the Lake Wales Ridge, the
Flatwoods, the Atlantic Coastal
Ridge, the Big Cypress Swamp, the
Everglades, the Mangrove and
Coastal Glades, and the Florida
Keys (fig. 4). The coastd waters
consist of a system of intercon-
nected estuaries, bays, lagoons, and
cora reefs that include Charlotte
Harbor, Ten Thousand Islands,
Whitewater Bay, Florida Bay, Bis-
cayne Bay, and the Florida Reef
Tract (fig. 1).

The highest dtitude in the
region is on Lake Waes Ridge,
where sand hills range from 70 to
300 ft above sealevel (fig. 5). Adja
cent to theridge, therelatively lower
Flatwoods range in atitude from
about sealevel to 100 ft in the north.




The Atlantic Coasta Ridge
extends along the eastern coast as a
low ridge of sand over limestone
that ranges in altitude from about 10
to 50 ft above sea level. The ridge
averages about 5 mi wide and is
breached in places by shalow
sloughs or transverse glades.

The Everglades, which is
located west of the Atlantic Coastal
Ridge, is slightly lower in altitude
than the ridge or the Flatwoods and
extends southward from Lake
Okeechobee to the Mangrove and
Coastal Glades near Florida Bay.
The Everglades has an amost
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Figure 4. Physiographic provinces of south Florida. (Modified from Davis,

1943; and Parker and others, 1955.)

imperceptible slope to the south,
which averages less than 2 in. per
mile. Altitudes range from 14 ft near
Lake Okeechobee to sea level at
Florida Bay. Under predeveloped
conditions, the Everglades was sea-
sonally inundated, and water
drained slowly to the south through
what was referred to as the “River of
Grass” by Florida author and con-
servationist Marjory  Stoneman
Douglas.

The Big Cypress Swamp to the
west of the Everglades is on slightly
higher land. Water inundation and
peat deposition in the swamp are
less extensive than in the Ever-
glades. The land surface of the
swamp is flat except for numerous
low-mounded limestone outcrops
and small, circular, elongated
depressions in the limestone. Water
in the swamp drains slowly to the
south and southwest through a num-
ber of cypress strands into the
coastal mangrove forest.

The Mangrove and Coastal
Glades consists of a broad band of
swamps and marshes south of the
Everglades and the Big Cypress
Swamp. The land is at or near sea
level and is often flooded by tides or
by freshwater runoff. Salinities
range from freshwater to hypersa-
line, depending on the amount rain-
fall and runoff, and on tide levels.
The gradual slope of the land contin-
ues offshore across the broad west
Florida platform into the Gulf of
Mexico. Much of the southern Flor-
ida Gulf Coast receives low wave
energy which is favorable to the
development of tidal marshes, sea-
grass beds, and mangrove forests.

The Florida Keys are a series of
low limestone islands that extend
140 mi southwest of the mainland.
Altitudes in the islands rarely
exceed 5 ft above sea level. A nar-
row shelf is present along the Atlan-
tic Coast, where the seafloor drops
sharply into the Straits of Florida.



The Atlantic Coast is bathed in the
clear, tropical waters of the Florida
Current which is favorable to the
development of coral reefs several
miles offshore of the keys.

Climate

Annual average rainfall in south
Florida ranges from about 40 to 65
in. (fig. 6). The east coast usualy
receives the greatest amount of rain-
fall, whereas the Florida Keys and
the areas near L ake Okeechobee and
Charlotte Harbor usually receive the
least. More than half therain falsin
the wet season from June through
September (fig. 7) and is associated
with thundershowers, squalls, and
tropical cyclones. Afternoon thun-
dershowers are frequent over land,
where moisture-laden air from sea
breezes and wetlands warms, and
rises, and the moisture condenses to
form clouds (Pardue and others,
1992). The wet season often has a
bimodal rainfal pattern with two
maxima, one in early and onein late
summer (Thomas, 1974; Duever and
others, 1994). Rainfall during the
remainder of the year is usualy the
result of large frontal systemsand is
broadly distributed rather than local-
ized. April and May typically have
the lowest rainfall. Annual and sea-
sonal rainfalls, however, vary from
year to year, asshown infigure 8 and
the table below.

Duever and others, (1994) ana-
lyzed severe droughts at severa sta-
tions from 1910 through 1980 and
reported that, whereas some
droughts were fairly widespread,
others were more localized, even
over distances of only 30 mi. The
variability inrainfall is often charac-
terized by multiyear wet and dry
cycles (fig. 8). These cycles are
apparent in the average annual rain-
fal in the South Florida Water
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Figure 5. Generalized topography and bathymetry in south Florida. (Topog-
raphy generalized from U.S. Geological Survey 1:24,000 quadrangles
provided in digital form by South Florida Water Management District, 1992.
Bathymetry modified from Fernald, 1981.)

Mean, maximum, and minimum inches of rainfall for the lower east coast of
Florida, 1915-85 (South Florida Water Management District, 1993)

Period Mean Maximum Minimum

Annual 51.9 775 36.7
Wet season 345 53.5 234
Dry season 17.4 30.9 7.3
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Figure 6. Average annual rainfall in south Florida, 1951-80.
(Water Resources Atlas of Florida, 1984.)

Management District (SFWMD)
network where average annual rain-
fal decreased by 1.3 in/yr from
1900 through 1920, increased by 1.3
infyr from 1921 through 1970, and
decreased by 3 in/yr from 1971
through 1991 (Robert Hammeric,

South Florida Water Management
District, oral commun., 1994).
Analysis of the longest period of
rainfall record in south Florida (Fort
Myers) indicates, however, that the
trend for total annua rainfal and
variability in mean annual rainfall

for 10-year intervals, has not
changed at that location since the
late 1800's (Duever and others,
1994).

Tropical cyclones (hurricanes
and tropical storms) produce the
most severe weather conditions in
south Florida. The high tides and
heavy rains associated with these
storms can produce coastal and
inland flooding, and strong winds
can cause extensive damage. Rain-
fall often exceeds 5 in. Tropical
cyclones have repeatedly passed
through the region, most frequently
in late summer or early fall.
Between 1871-81, 138 tropical
cyclones, passed near or over the
region (Neumann and others, 1981;
Duever and others, 1994); some evi-
dence indicates that hurricane
strikes have declined during this
span (Robert Hammeric, South
Florida Water Management District,
oral communication, 1994). These
storms varied greatly in size,
amount of rainfall, and windspeed
and, thus, in their effects on the
region. Generally, cyclones have
had their greatest effects near the
coast and on coral reefs where storm
surges have eroded and buried natu-
ral communities (Tabb and Jones,
1962; Ball and others, 1967). Non-
coastal areas are primarily affected
by heavy rains that cause flooding
and by strong winds that damage
plant communities (Craighead and
Gilbert, 1962; Alexander, 1967;
Loope and others, 1994). Despite
the immediate damage, natural com-
munities in south Florida have
evolved with these storms and have
adapted to them (Pimm and others,
1994).

Evapotranspiration in south
Florida has been estimated to be
from 70 to 90 percent of the rainfall
in undisturbed wetlands (Kenner,
1966; Dohrenword, 1977). Evapora-
tion from open water is greatest in
late spring when temperatures and
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windspeeds are high and relative
humidity islow, and is least in win-
ter when temperatures, windspeeds,
and humidity are low (fig. 7).
Evapotranspiration is greatest dur-
ing the summer wet season when
water is available for surface evapo-
ration and vegetative transpiration
(Duever and others, 1994).

The climate in south Florida is
subtropical and humid. Average
temperatures are in the mid-708
annually, ranging from about 6&
in midwinter to about 80F in sum-
mer (Florida Department of
National Resources, 1974). Temper-
atures in coastal areas are moderated
by the Gulf of Mexico and the
Atlantic Oceartfig. 9). The summer
heat is tempered by sea breezes near
the coast and by frequent afternoon
and evening thundershowers. The
southern one-third of central Florida
and the lower two-thirds of the
coastline have nearly freeze-free cli-
mategfig. 10). Although freezes do
occur, their pattern and severity is
erratic from year to year (Duever
and others, 1994). The low fre-
quency of freezes has allowed a
number of tropical species to colo-
nize and survive in the area.

AVERAGE MONTHLY RAINFALL AND

PAN EVAPORATION
- & —

PAN EVAPORATION, IN INCHES
N W e a o ~ (o}
~
4

B

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

Figure 7. Average monthly rainfall (South Florida Water Management
District, 1993) for the lower east coast (1915-1985) and average pan
evaporation (Duever and others, 1994) at selected locations in south
Florida in 1988.
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stations in south
Florida, 1895-1990.
(Data from the
National Climatic
Center.)
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Base from U.S. Geological Survey digital data, 1:2,000,000, 1972
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Figure 10. Total numbers of hours where temperatures fell to 32 degrees
Fahrenheit or lower between November 1937 and March 1967.

(Winsberg, 1990.)
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Geology

20,000 ft, are almost pure limestone,
dolomite and anhydrite, and were

The surficial geology of south Florida (fig. 11) is a result of marine and
freshwater processes that have alternated with the rise and fall of sealevel. At
high sealevel, limestone was deposited and beaches and dunes were created.
The Atlantic Coastal Ridge (fig. 4), for example, resulted from marine depo-
sition that occurred during an interglacial age (about 125,000 years before

present) when sealevel wasas much
as 25 ft above the present level
(Scott and Allmon, 1992; Gleason
and Stone, 1994). At low sea level,
the limestone was dissolved and
eroded by drainage of acidic fresh-
water to create the riddled solution
featuresthat are characteristic of the
region.

With therecession of glaciersin
northern North America at the end
of the Pleistocene Epoch, sea level
rise began and has continued to the
present day. The rising sea level
retarded runoff and downward leak-
age in south Florida and, with abun-
dant rainfall, helped establish the
broad expansion of wetlands in the
region (Gleason and Stone, 1994).
The rise in sea level sowed about
3,200 years ago, and this slow rise
favored the expansion of coastal and
freshwater wetlands (Wanless and
others, 1994). The Atlantic Coasta
Ridge helped retain freshwater in
the Everglades Basin and this, in
turn, allowed thick layers of peat to
(up to 18 ft) to accumulate within
the northern parts of the Basin
(Gleason and Stone, 1994). Parts of
the present-day Everglades area had
become short-term flooded calcitic
mud marshes by about 6,500 years
ago. Peat deposition began in the
Everglades area about 5,000 years
ago, which indicates that conditions
favorable to long-term flooding had
begun (Gleason and Stone, 1994).
By the time Europeans came to
south Florida, Everglades peat lands
covered nearly 2 million acres.

South Florida is underlain by a
huge volume of shallow marine car-
bonate sediments (fig. 12). The
deeper sediments, which exceed

deposited from Cretaceous through
early Tertiary time as a carbonate
platform (Klitgord and others,
1988). During much of this time,
south Florida was isolated from the
mainland by the deep water of the
Suwannee Strait (Chen, 1965).
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Figure 11. Generalized surficial geology of south Florida.
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Figure 12. Generalized geohydrologic section A-A’ of south Florida. (Miller, 1986.) (Trace of section shown in

figure 11.)

Later, asthe strait filled, south Florida was connected to the
mainland and clastic sediments were transported to the south
to form the younger Tertiary deposits (fig. 12) that consist of
shallow marine sandy limestone, marls, and sands (Pinet and
Popenoe, 1985).

The marine carbonate sediments in south Florida con-
tain three major aquifer systems—the Floridan, the intert
diate, and the surficiaffig. 13). The confined Floridan
aquifer system is at or near the land surface in central Flc
but dips deeply beneath the surface to the south. The s
confined intermediate aquifer system overlies the Floric
and serves as a confined unit for the Floridan. The surfi
aquifer system includes the highly permeable Bisca
aquifer. The Biscayne aquifer is more than 200 ft thick un
parts of the Atlantic Coastal Ridge and wedges out ak
40 mi to the west in the Everglades. The shallow aqu
of southwest Florida is about 130 ft thick along the G
Coast and wedges out in the eastern Big Cypress Sw
(fig. 13; Klein, 1972). The surficial aquifers are recharged
abundant rainfall.
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Figure 13. Generalized subsurface section B-B’
showing aquifers of south Florida. (Klein and
others, 1975.) (Trace of section shown in
figure 11.)
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Hydrology

Wetlands are the predominant landscape feature of south Florida (fig. 14).
The prevalence of wetlands is a result of abundant rainfall and a low, flat
terrain. Rainfall becomesponded in wetlandswhereit isevapotranspired, infil-
trates shallow aquifers, or moves slowly by sheetflow toward tidal waters.
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Figure 14. Wetlands and deepwater habitats of south Florida. (U.S.
Department of the Interior, Fish and Wildlife Service, National Wetlands
Inventory, 1979-81.)

Peat develops in wetlands that are
flooded for extensive periods during
the year, and calcitic muds develop
in wetlands where hydroperiods
(timeland isflooded) are shorter and
limestone is near the surface (fig.
15). During the wet season, and for
severa weeks afterwards, much of
the land surface in south Florida is
inundated.

Before development, wetlands
were more extensive, and water
levelsfluctuated over awider range;
water management has tended to
reduce peaks and minimums in
water levels and to lessen flooding
and drought (fig. 16). Hydrologic
models developed by the South
Florida Water Management District
for south Florida indicate that, in
predevelopment times, surface
water covered larger areas for
longer periods of time than it does
today. The models also indicate that
the quantity and timing of surface
and ground-water flow were signifi-
cantly different than they are today
(Fennema and others, 1994).

The type of wetland drainage
varies from north to south in the
region. In the northern part of the
region, wetlands are drained by sev-
eral large rivers, which include the
Kissimmee, the Caloosahatchee, the
Myakka, and the Peace Rivers. The
Kissimmee River meanders through
a broad floodplain and discharges
into Lake Okeechobee. The Caloo-
sahatchee, the Myakka, and the
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Figure 15. Soils of organic and recent limestone origin in
south Florida (above). (Fernald, 1981.)

Figure 16. Long-
term hydrograph
showing water-level
fluctuations at well
S-169A in southern
Dade County, 1932-
39 and 1982-89
(right). (Data from
U.S. Geological
Survey.)

MONTHLY MEAN GROUND-WATER ALTITUDE AT WELL
S-169A, IN FEET ABOVE OR BELOW SEA LEVEL

Peace Rivers discharge into Char-
lotte Harbor and into the Gulf of
Mexico. In the southern part of the
region, streams are smaller, and
freshwater discharge to coastal
waters is more dispersed.

With the exception of the Peace
River, which drains a phosphate-
rich area in central Florida and
discharges large amounts of phos-
phorus to coastal waters, nutrient
concentrations of water that drains
south Florida's wetlands are
typically low, and loading of nutri-
ents to coastal waters is dispersed
over broad areas by sheetflow. The
freshwater typically flows through
extensive mangrove forests into
numerous tidal creeks, estuaries,
and bays where it mixes with salt-
water and becomes brackish. Man-
grove trees contribute detrital
materials that enrich the brackish
water with nutrients that support a
highly productive estuarine system.

Along the southwestern Gulf
Coast, the gentle slope of the West
Florida Shelf provides a broad, shal-
low zone where brackish water
mixes with marine water of the open
Gulf of Mexico. This shallow zone
extends south to the Florida Keys.
Several miles south and east of the
Keys, the Florida Current flows
north in the deep Straits of Florida.
Water of the Florida Current is
warm, clear, and salinity is constant.
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Watersheds and Coastal Waters was on peatland in the northeastern

Everglades in the Hillsborough
Lake Slough. The peatland was
bounded by peripheral wet prairies,
southern marl marsh, and, cypress
(Taxodium distichum) forest. The
peripheral wet prairies were sand-
bottomed wetlands of mixed grasses,
sedges, and other macrophytes that

Kissimmee—Okeechobee—Everglades Watershed

The Kissimmee-Okeechobee-Everglades watershed, an area of about 9,000
mi2, once extended as a single hydrologic unit from present-day Orlando to
Florida Bay, about 250 mi to the south (fig. 17). In the northern half of the
watershed, the Kissimmee River and other tributaries drained slowly through

large areas of wetlands into Lake
Okeechobee, a shallow water body
of about 730 mi2. The lake periodi-
caly spilled water south into the
Everglades (Davis, 1943; Parker,
1974), a vast wetland of about
4,500 mi2. Under high water-level
conditions, water in the Everglades
moved slowly to the south by sheet-
flow, thus forming the area known
as the River of Grass. Water dis-
charged from the Everglades into
Florida Bay and the Gulf of Mexico,
and under high-flow conditions,
aso into the Atlantic Ocean through
small rivers or transverse glades in
the Atlantic Coastal Ridge or as
seepage and spring flow into Bis
cayne Bay.

The Everglades was a complex
mosaic of wetland plant communi-
ties and landscapes with a central
core of peatland that extended from
Lake Okeechobee to mangrove for-
est that border Florida Bay (Davis
and others, 1994). The peatland was
covered by aswamp forest of custard
apple (Annona glabra) and willow
(Salix caroliniana) aong the south-
ern shore of Lake Okeechobee and
by a vast plan of monotypic
sawgrass (Cladium jamaicense) to
the south and east of the swamp for-
est. Farther southeast, the sawgrass
was broken by sloughs and small
islands of brush. Tree idands and
doughs became increasingly numer-
ousto the south where the vegetation
formed a mosaic of sawgrass strands
interwoven with lily-pad-covered
doughs, wet prairies, and treeidands
in Shark River Slough (fig. 18).
A smilar mosaic of sawgrass,
dough, wet prairie, and tree idands
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Figure 18. Aerial photograph of Everglades wetlands in the Shark River
Slough (above), and a generalized section of the slough (below).
(McPherson, 1973a.)
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intermingled with higher dtitude
pine flawoods and extended as
transverse glades through parts of the
Atlantic Coastal Ridge. To the south,
the peatland and prairie vegetation
blended into marl and rock-bot-
tomed marshes of herbaceous
plants, short sawgrass, and bay head
tree islands and tropical hammocks.

Water levels and flows in the
Everglades fluctuated seasonally in
response to rainfal and runoff.
Much of theland wasinundated dur-
ing the year, and during heavy rains,

T
T
118 157 197 236

all but the highest tree islands were
flooded. During flood periods,
water moved with enough force to
cause tree idands to develop an
alignment pattern that was parallel
to the lines of surface-water flow
(Parker, 1974). During the dry sea
son, water levels generally were
close to the land surface, but
extreme droughts during some years
lowered water levels substantialy
below the land surface, and severe
fires swept over the land, burning
vegetation and peat’ (Craighead,
1971).

Anima populations in the
Everglades have adapted to and are
dependent upon the seasonal hydro-
logic fluctuations (McPherson and
others, 1976). Fishes and macroin-
vertebrates, which form the centra
link in the food chain, require
flooded conditions for their growth
and survival. Aswater levelsdecline
during the dry season, fishes and
other aguatic animals concentrate in
deeper parts of the marsh and
sloughs where they become prey for
several groups of predators, espe-
cially wading birds (fig. 19) whose
nesting season is especially timed to
coincide with the high availability
of food in the remaining pond water
(Kushland, 1991). Theanimal popu-
lations in the adjacent tidal waters
also are dependent upon the sea
sonal flows of freshwater that create
the salinity conditions that support
productive estuarine and marinefish
populations (Lindall, 1973).

The Everglades has been
dynamic during the approximately
5,500 years of its existence (Davis
and others, 1994). Numerous shifts
have occurred between . marl- and
peat-forming marshes and between
sawgrass | marshes and water-lily
sloughs (Gleason and Stone, 1994).
Fire, climate, sealevel, topography,
hydroperiods, aligator activity, and
recently, man, have had long-term
effects on the vegetation (Craig-
head, 1971; Parker, 1974; Gunder-
son and Snyder, 1994).
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“When 1 first came to Florida, about 50 yrs ago, | found the country an
almost untouched wilderness filled with beautiful wild life. Wild life fairly
swarmed, especially the birds. Vast numbers of roseate spoonbills,
snowy herons, American egrets, and the great white heron....winged
their way far out over the pineland as they visited swamps in search of
food. And food was abundant. In the Gulf of Mexico....there were schools
of mullet, packed like sardines in a box and reaching away up and down
the coast as far as the eye could carry.”

Charles Torrey Simpson, 1920

Figure 19. Wading birds in south Florida.




Big Cypress Watershed

The Big Cypress Watershed covers
about 2,470 mi? of southern Florida
west of the Everglades and south of

19

acterized by an abundance of small,stone is at the surface. Muck and
stunted cypress trees and by cypresgeat, however, accumulate to depths
trees of moderate size associatedof 3 ft or more in depressions in the
with depressions in the bedrock. bedrock (Davis, 1943).

Pine and hammock forests occur on

land slightly higher than cypress
forest land. Numerous ponds and Charlotte Harbor Watershed
cypress domes are in deeper water,
areas(fig. 20). Water levels fluctu- The Charlotte Harbor watershed is
ate seasonally, and during prolongedan area of about 4,685 that
droughts, water levels fall below drains into the 270 rhiCharlotte
S . . even the deep pondfg. 20). Natu-  Harbor Estuaryfig. 1). Three major
?#;d\:ve:t;rﬁe'g déraénit% h:slttltggeﬁtéz ral drainage is by slow, ove_rland rivers flow into the estuary—the

. flow to the south. Well defined Peace, the Myakka, and the
Immokolee Rise (25-42 ft),_a Sandystreams: do not exist except along theCaloosahatchee. The Peace River,
ridge that was formed at higher sedy,, ihestern coast where the draining an area of 2,350 flows
levels and which now contains thegyamp merges with the estuarine southward for about 75 mi from a
divide that separates the Caloosamangrove forest. The soil in the group of lakes at its headwaters to
hatchee River drainage from that ofswamp is usually a thin (less than Charlotte Harbor. Land-surface alti-
the Big Cypress. In the northwestern; ft) Jayer of marl, sand, or a mixture tudes range from about 200 ft above

part of the watershed, water drainsof the two or is absent where lime- sea level at the headwaters of the
westward into Estero Bay. On the

Immokolee Rise and to the south, the
sandy flatlands are dissected by sev-
eral drainage ways that include the
Okaloacoochee Slough, the Devil's
Garden, and the Corkscrew Swamp
(fig. 17). The Okaloacoochee Slough
extends southward about 50 mi from
the vicinity of the Caloosahatchee
River into the Big Cypress Swamp.
Its average width is a little more than
2 mi. The Okaloacoochee Slough
drains northward and southward from
about the latitude of the Devil's Gar-
den, a prong of the Slough that
extends to the northeast. The Devil's &%
Garden normally drains westward to
the Okaloacoochee Slough, but in
times of high water, it may overflow
in all directions. The southern end of
the Okaloacoochee Slough drains into
the Fakahatchee Strand in the Big
Cypress Swamp.

Corkscrew Swamp, which begins
near Lake Trafford and extends south-
westerly, contains one of the last virgin
cypress forests in north America.
Some trees tower 130 ft and have a
girth of 25 ft. Part of Corkscrew
Swamp is a National Audubon Society
Sanctuary.

The Big Cypress Swamp lies

south of the sandy flatlands and west
of the Everglades. The swamp is char-

the Caloosahatchee River (fig. 1). The
northern part of the watershed is
poorly drained sandy flatlands. Much
of this areais dotted with small, shal-
low circular ponds, which generally
are less than a foot deep and severa
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Florida Bay is a triangular area of about 850 mi?
(fig. 1) whose western side opens directly to the Gulf
of Mexico (fig. 21). Except for tidal channels between
the Keys, it isalmost completely enclosed to the south
and east. The rock under Florida Bay is porous lime-
stone, which is similar to the bryozoan facies of the
Miami Limestone in the eastern Everglades to the
north. As much as 16 ft of marine sediments, mud,
peat, and sand has accumulated on the limestone and
formed alatticework of mud banksin FloridaBay. The
banks enclose more than 40 shallow depressions,
locally termed “lakes” that are between 4 and 6 ft deep
(Enos and Perkins, 1978). Mangroves grow where the
banks come near the surface and create small island
(Enos, 1989). The irregular lattice pattern was created
by a complex process of erosion and deposition during
the slow inundation of an Everglades-like marsh by a
rising sea (Davies and Cohen, 1989). Mangroves that
grow inland along storm berms, rills, and sloughs
joined with mangroves on elevated shorelines to form
a perpendicular meshwork that trapped marine sedi-
ments, thus forming the lattice pattern of banks and
depressions (Wanless and Tagett, 1989). Thin layers o
freshwater mud and peat that fill depressions in the
limestone indicate that Florida Bay was similar to the
Everglades when sea level was lower (Davies and
Cohen, 1989).

Numerous interconnected bays and estuaries als
lie along the western coast between Florida Bay and
Charlotte Harbor, including the Ten Thousand Islands.
In the Ten Thousand Islands area, oyster bars and man
grove islands create an intricate pattern of protected
backwaters. Longshore currents from the north have
deposited silica sand to form offshore bars that are
parallel to the coastline. On top of these sandbars,
dense mats of oysters grow perpendicular to the tidal
flow and thus gain a feeding advantage. Mangroves
grow on these intertidal bars and with time deposit
tough, fibrous layers of peat. Eventually, further
growth of the oyster bars may so restrict tidal flow that
oyster growth declines. The mangroves, however, will
continue to cover the bars and to connect adjacent
islands. Later, sediments will fill the lagoons between
the bars. Even so, mangrove land building appears to
be balanced by the gradual drowning of offshore
islands by a rising sea (Scholl, 1964; Scholl and others,
1969; Parkinson, 1989).

Figure 21. Western Florida Bay at Cape Sable.



Figure 21—Continued.

Coral reef in south Florida (at
left) and generalized section
from the Florida Keys to the
reef (below). (Shinn, 1993.)
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The reef tract is not uniform, but 0 M‘I‘LES

consists of a series of ridges and EXPLANATION

channels parallel to the Keys. Two ] PLEISTOCENE LIMESTONE LIME SAND
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zones of discontinuous, but parallel,
ridges are evident—the inner ridge,

\s/\;?]'éeaﬁgngéa%%r;%ozﬁcﬁfr:;esl,eglwgare sand, are scattered on Whitemov_e onto nearby grass beds to feed
the outer ridge, a discontinuous s’helf ank. Most of the common life at night. Pa_tch reefs often have.a
margin of reefs, and hard banks, com- 0rms of the outer reef occur on the halg of Wh't.e .sand around their

i patch reefs with the interesting perimeter; this is usually caused by

posed of coral rubble and skeletal . 20 ! .
sand that form the seaward edge of€Xception of elkhorn coral, which is the browsing of the black-spined sea

the reef tract (Ginsburg and James,absent in patch reefs and in the Key urchins on the adjacent seagrasses
1974). The corals that formed the Largo Limestone, but is a prominent (Ogden and others, 1973).
Key Largo Limestone and built the reef-building coral of the outer reefs The greatest variety of corals
upper Florida Keys are living today (Shinn, 1963). Also, the dominance gng coral-reef animals live on the
on the reefs. The best examples ofof marine species differs between the gter reefs (Jaap, 1984). Dustin
living reefs exist off Key Largo outer reefs and the patch reefs, as(1985) listed more than 40 species of
where the islands retard exchangedoes the growing shape of some cor-stony corals from the Florida Reef
with Florida Bay and the offshore als. Sea fans and whips seem moreTract. The outer reefs have the most
water is dominated by the waters of common on the patch reefs than onstable temperature and salinity and
the Florida Current (Ginsburg and the outer reef. The percentage ofthe clearest water because of the
Shinn, 1964; Hoffmeister, 1974, grass.-feeding fishes is higher on proximity of the Florida Current.
Lidz and Shinn, 1991). patch reefs than on the outer reefs.Most reef-building corals require
Small patch reefs and large These fishes utilize the patch reefs asclear water for photosynthetic algae
grass beds, as well as large areas o daytime resting place and then living in their soft tissues. The corals,



in turn, benefit from the oxygen and
nutrients produced by the agae
(Muscétine, 1990). The Florida Cur-
rent, which moves northward paral-
lel to the reef tract, provides arich
source of plankton, an important
food source for many fishes and
invertebrates of the outer reefs. The
fish population on the outer reefs,
whichisone of themost variedin the
world, contains more than 500
recorded species (Starck, 1968). The
varied morphologies of reef corals
provide a haven for fish, crusta-
ceans, mollusks, worms, and sea
urchins. Also, the dead coral lime-
stone offer attachment surfaces to a
multitude of marine algae and inver-
tebrates. Nearly 1,400 species of
marine plants and animals were
recorded for asmall area of the Flor-
ida Reef Tract (Voss and others,
1969).

These coral reefs are, perhaps,
the most diverse and colorful marine
habitats within the continental
United States. Although they have
developed near the northern limit for
coral reefs (Mayor, 1914) and are
subjected to winter water tempera-
tures that can be fatal to coras
(Vaughan, 1918), the reefs of Florida
rival those of many other areas of the
Caribbean in diversity and beauty.
Like coral reefs elsewhere, they are
among the most highly productive
marine ecosystems (Erez, 1990).
They thrive in regions typicaly low
in nutrients because they have
evolved mechanisms for conserving
and efficiently recycling food. This
ability of reefsto thrivein anutrient-
poor setting led Odum (1971) to

describe a coral reef as “an oasis in aAlthough the result of sea-level rise

desert ocean.”

Coral Reefs and Sea Level

| n south Florida, most luxuriant reef

growth has long been observed to be

located near the shelf edge seawarigure 22. Sea-level fluctuations on
of the largest Florida Keys. Ginsburgthree time scales. (Sea level is relative
and Shinn (1964, 1994) noted thato 1992in graph C.)

this distribution, as well as similar

relations between reefs and island 2rPanks, 1989 (graph A); Scholl and
others, 1969 (graph B); Maul and Martin,

3993 (graph C).]

in the Bahamas, indicate that reef
grow best where islands protect
them from extremely shallow bay
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waters. Reefs are absent in FloridaBay, on average, is about 5 ft deep,
Bay because the water is too cold in so the natural increase represents a
the winter, too hot in the summer, 25-percent increase in depth and,
and too variable in salinity to support presumably, a significant increase in
the growth of reef-building coral water exchange between the bay and
(Tabb and others, 1962; Holmquist reef tract. Water depth also is deter-
and others, 1989; Robblee and oth-mined, in part, by sedimentation
ers, 1989). Similarly, reef growth is rates in the bay that are, to date,
limited where bay water passes undetermined. The relation between
between the Keys to the shelf (Shinn current sea-level rise and the health
and others, 1988; Ginsburg and of reefs is a topic that requires more
Shinn, 1994). study before specific forecasts of

During a rising sea level, circu- these processes can be applied to the
lation increases between shelves andFlorida Keys. If sea level continues
coastal bays on low-relief carbonate to rise for geologically significant
platforms because water depths periods, however, then the long-term
increase and larger areas of the plat-fate of the coral reefs of Florida is
forms are flooded, thus increasing toward continued decline.
the volume of the tidal wedge. On
platform tops, water may become
increasingly warm, saline, or, in the 0
case of the Bahama Platform, cold in
the winter (Roberts and others,
1982). Reefs that become estab-
lished along the margins of plat-
forms may thrive for thousands of
years until the platform is flooded
and bays develop water conditions
that limit the growth of coral. During
thousands of years of sea-level rise,
shelf margin reefs may be “shot in
the back” by their own bays and
lagoons as circulation increases
between the platform interior and
shelf edge (Neumann and Mcintyre,
1985).

Sea level is continuing to rise in
south Floridg(fig. 22), and the mea-
sured rise at Key West has been
almost 6 in. since 1913 (Emery and
Aubrey, 1991) and about 1-ft since
1850 (Maul and Martin, 1993).
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The south Florida ecosystem has
been greatly altered by man (fig.
23). Although the hydrology, water
quality, and ecology of much of the
region has been changed by drain-
age and development, parts of the
old ecosystem remain, primarily on
protected lands and in protected
waters at the southern end of the
peninsula.

Drainage and
Development

D rainage of the Everglades water-

shed began in the early 1880’s a
continued into the 1960's. The firs
drainage canals were dug in th
upper Kissimmee River and
between Lake Okeechobee and t
Caloosahatchee River. Beginnin
with the Miami River in 1903,
canals were cut through the Atlanti
Coastal Ridge and into the northe
Everglades. By the late 1920’s five
canals had been dug between La
Okeechobee and the Atlantic
Ocean-one that passed north of t
Everglades and connected the lal
with the St. Lucie River, and fou
that passed through the Everglads
(figs. 23, 24). Drainage has enablec
agriculture to develop south of Lake
Okeechobee. In the late 1920's,
low, muck levee was constructe
along the southern and southweste




shore of the lake to prevent flood-
ing; but during the hurricanes of
1926 and 1928, the levee was
breached, which resulted in the
destruction of property and lives. In
response to these catastrophes, the
Federal Government initiated flood-
control measures, which included

the construction of a levee around
the southern shore of the lake and
the enlargement of the Caloosa-
hatchee and the St. Lucie Canals.

Drainage and development irre-
versibly altered the natural Ever-
glades watershed and had severe
environmental consequences. Early
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Figure 23. Major canals, control structures, direction of water flow, and
other hydrologic features in south Florida.

drainage lowered water tables up to
6 ft below predevelopment levels
and resulted in conditions favorable
for severe fires that damaged and
eliminated vegetation (Alexander
and Crook, 1973; 1975). Peat burned
and oxidized, and the land subsided
as much as 6 ft below predevel op-
ment levels. Saltwater from the
ocean intruded inland via canals and
filtered into the previously freshwa-
tersof the aquifer (Parker and others,
1955; Klein and others, 1975).

In 1948, Congress authorized
the Central and Southern Florida
Project for Flood Control and other
Purposesto provide flood protection
for urban and agricultural develop-
ment and an adequate water supply
for development. A water-manage-
ment plan was adopted that included
Lake Okeechobee and three water
conservation areas (WCA's) and
that provided flood protection and
water supply through a complex
series of canals, levees, pumps, and
control structures. The northern
Everglades was identified as an area
that was suitable for agricultural
development on the basis of soil
thickness and geologic formations.
As a result, 800,000 acres was des-
ignated agricultural land and termed
the “Everglades Agricultural Area”
(EAA). Subsequently, most of this
land was drained and farmed. The
WCA's were constructed in the cen-
tral Everglades and consisted of
levees and canals that enclosed
areas that total about 900,000 acres
(fig. 23). These areas, which were
completed by 1962, provided flood
protection during the wet season by
storing water and discharging
excess water to the ocean and sup-
plied water during the dry season for
irrigation and municipal uses (Klein
and others, 1975).

Congress authorized the chan-
nelization of the Kissimmee River
for flood control in 1954. Canal con-
struction began in 1961 and was
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completed 10 years E
later. The 90-mi-long |
meandering river was e

replaced by a 52-mi-
long canal, and seasonal
flooding of much of the
river's flood plain,
which averaged about
2 mi in width, was elim-
inated. Flow into Lake
Okeechobee was con
trolled by six locks and
dams along the rivers
(Carter, 1974).

Construction of the
Kissimmee River Canal
(C-38) considerably
altered the hydrology,
water quality, and wet-
lands in the Kissimmee
Basin. The dams in the
canal created pond
areas that were perma-
nently flooded, whereas
farther upstream from
each dam, wetlands
were drained and replaced by terres-all of which have contributed to the filling 22 mi of C-38, recarving 9 mi
trial vegetation. As a result, about increased nutrient loading to Lake of river channel, removing two
40,000 to 50,000 acres of flood plain Okeechobee (Lamonds, 1975; Fed-water-control structures, and remov-
marsh disappeared, resulting in aerico, 1982). The environmental ing flood-plain levees. Construction
significant loss of habitat for wading impacts of channelization were Will require approximately 15 years
birds and other aquatic animals quickly recognized, and calls for (South Florida Water Management
(South Florida Water Management restoration of the river began even District, written commun., 1993).
District, 1989) and in a loss of the during canal construction. Plans are A large percentage of the water
natural nutrient-filtering effects of underway to restore the river and its that originally flowed from the
these wetlands. Drainage also elimi- flood plain by increasing water stor- Kissimmee River and Lake Okee-
nated the river’s natural oxbows and age in the upper Kissimmee Basin chobee into the Everglades is now
stimulated agricultural development and by physical modifications to the diverted directly to the Gulf of
in flood plain and adjacent wetlands, lower basin. This will include back- Mexico by the Caloosahatchee Canal
and to the Atlantic
Ocean by the St. Lucie
Canal. The remaining
outflow from the lake
is released in canals
that pass through the
EAA (South Florida
Water Management
District, 1989). Water
is pumped from the
EAA into the WCA’s,
but the timing and spa-
tial distribution of this
water delivery is
altered from natural
flows, and the amount

Figure 24. Miami Canal in Water Conservation Area 3.



of water discharged is greatly Public Lands
reduced. As aresult, water levelsin

the Everglades generally are shal-
lower and have shorter hydroperi-
ods than those of predevel opment
time, and thetiming and distribution
of flows have changed (Parker,

Today, a fragmented part of the into the park from these sloughs
old, predevelopment landscape have been greatly altered. Federal
exists in south Florida at the south- |egislation was passed in 1968 to

) ern end of the peninsula. Most of 355ure that a minimum monthly
|1,? z:e I?,eonr?ﬁgi anadrtgtroufartsr,]el %@AS this area is wetland§ig. 14) and is \ater delivery be made to the park.
P ' in public ownership or under public

water levels are drawn down rapidly control (fig. 3). These lands include With the minimum flows, hpweyer,
by canals, and in the southern parts, Everglades National Park, Big .the Wetlands.and the aquatic animals
water por?ds as flow is impeded .by Cypress National Preserve, Loxa- in the park still s.uffered from lack gf
levees (Dmeep, 1972).'The pondmg hatchee National Wildlife Refuge, water in dry periods. Also, the legis-
effect began in the mid-1960's in o \yater-conservation areas, the lation did not protect the park from
WCA-3 and resulted in extensive payanatchee Strand State Preservel€Ceiving too much water in
flooding of tree islands. During  4nq other State lands. extremely wet years. Water delivery
droughts, water is released from Parts of the Everglades were sett0 the park is now based on rainfall
Lake Okeechobee to the EAA and 0 g, preservation and protection measurements to the north of the
the WCA's. Most of this water, how- A .

0 of wildlife by the Federal Govern- park and mimics natural seasonal
ever, never reachgg the njterlor ment in the mid-1900’s. The Ever- flow, but does not provide the pro-
marshes, beca_luse it is confined to glades National Park was establishedlonged flows and hydroperiods of
canals and their nearby marshes. ;1947 on marshland south of the the predevelopment Everglades

Drainage of the Big Cypress W_CA’S and now covers about 1.4 \yhen flows were attenuated from
Swamp began in the 1920’s with the million acres. The Loxahatchee g \yet season into the next dry
construction of the Barron River National Wildlife Refuge was estab-
Canal(fig. 23). Subsequently, the lishedin 1951 in WCA-1 and covers
Turner River Canal was dug 5 mi to 145,000 acres. The refuge, park, and
the east. Even though these canalsthe other WCAs contain most of the
have not been effective in lowering rémaining natural Everglades.
water levels, both intercept substan- Everglades National Park
tial quantities of water from the depends on seasonal flows of good- :
Okaloacoochee Slough and divert quality freshwater from outside its Northern Everglades through nutri-
them directly to the estuaries. A boundaries from such sources as theent enrichment also threatens the
major drainage system, the Golden headwaters of the Shark River and integrity of the pafk (Amador and
Gate Canals, was started in the Big the Taylor Sloughs. However, flows others, 1992).

Cypress in the early 1960’s. As a
result of this system, water levels in [ 3
the western part of the swamp have
been lowered an average of 2 ft, and
seasonal flooding has been reduced.

season (Davis and others, 1994).
Also, water releases to the park are,
for the most part, outside the natural
flow path in the Shark River Slough.
In addition to alterations in flow,
deterioration of water quality in the

Observation tower (looking south)
at Everglades National Park;
Shark River Slough

on the horizon
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Ag riculture organic soil. As water levels are reg-
ulated for agricultural development,
muck is alternately covered by
water and exposed to the air. During

D . ) ) ) low-water periods of drying, the
espite the obvious benefit of a year-round growing season, most of south  myck oxidizes and the probability of

Floridawas originally not suited to farming because of annual flooding. Agri-  fire increases. Subsidence rates in
cultural activity increased in the 1920’s as more and more peat soil in thge EAA have averaged about
northern Everglades was drained. Drainage also opened land for farmihin/yr. An elevated water table

between the Everglades and the Atlantic Coastal Rfdgel) and in parts of reduces oxidation, and in recent
the Western Flatlands. Increasing availability of farm machinery, fertilizerggars, management to maintain ele-
and pesticides allowed for intensive farming and farming of marginal landgated water levels in the soil has
On rock land, for example, machinery was used to break up the original rq@tebably reduced the average rate of

surface and produce a coarse soil suitable for farming (Nicholas, 1973). soil subsidence (Barry Glaz, Depart-

. . . ment of Agriculture, written com-
Today, farming is concentrated primarily in the northern Everglades, thg,n. 1994). Forced abandonment

Western Flatlands, and the rocky glades west of the Atlantic Coastal Ridgefarms is predicted in the inten-
(figs. 2 and 4). Sugarcanéig. 25), vegetables, and citrus are the most impor'sively farmed muck land because of
tant crops. Vegetables from the region provide a large part of the NatioRgj subsidence. Other farms will be
winter supply. More than $750 million is earned annually from production ofpandoned or sold to urban and res-
sugarcane, vegetables, sod, and rice, and has provided more than 20,000;f{ghtial development as land taxes
time equivalent jobs (Snyder and Davidson, 1994). and land values increase (Alexander

and Crook, 1973).

Much of the farming in south Florida depends on the
rich muck land for the production of sugarcane, snap beans.
celery, cabbage, sweet corn, as well as other crops. Howe
oxidation is progressively removing this important ricl

" Lk

Figure 25. Sugarcane fields south of Lake Okeechobee.
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Pesticides are widely used in south Florida to control insects, fungi, unit were 7 tons/niifor nitrogen
weeds, and other undesirable organisms. These compounds vary in their tox- and 3 tons/niifor phosphate. The
icity, persistency, and transport. Some of the more persistent pesticides, such highest rates of application
asDDT, chlordane, dieldrin, and aldrin, have been banned for useinthe State, (19 tons/m# for nitrogen and
but their residues still occur in the environment. Although pesticidesareusu- 8 tons/mf for phosphate) were in
ally applied to specific areas and directed at specific organisms, these com- Palm Beach County.
pounds often become widely distributed and pose potential hazards to Cattle ranching and dairy
nontarget biota. farming are important agricultural

activities in south Florid#fig. 27).

The major pesticides used for agricultural cropsin south Floridaand their The total number of cattle in the

&ctimatgd applicat_ion raffe arelist.ed in table 1 H.erbic.id% having the hi-ghe;t study unit in 1994 was almost 1
application rates, including atrazine, bromocil, smgzmg, 2—4—Q, and diuron, million (U.S. Department of Agri-
are among the most frequently detected pesticides in Florida’s surface watg{ftyre, written commun., 1994).
(Shahane, 1994). Insecticides currently applied in south Florida, such &attle ranching and farming is most
ethion and endosulfan, are sometimes detected in Florida’s surface waters.iBtensive near and to the north of
far the greatest frequency of insecticide detection is from chlorinated hydrd-ake Okeechobee, where densities
carbon insecticides that are no longer used in the State, such as DDD, D¥@n exceed 200 head of cattle per
DDT, dieldrin, and heptachlor. These insecticides also are the most frequenfiguare milgfig. 28). High densities

detected pesticides in bottom sediments (Shahane, 1994). of cattle are a potential source of
nutrients that can degrade the sur-

Fertilizers are widely used in south Florida to maintain high levels oface and ground waters of the
agricultural productivity. Fertilizers sold in the study unit from July 1, 1990,region.
through June 30, 1991, con-
tained about 140,000 tonsy
of inorganic nitrogen and.
56,000 tons of phosphate
(U.S. Environmental Pro
tection Agency, written
commun., 1991). The rate|
of fertilizer application for
this period, which were
based on county sales, a
shown infigure 26. The
average rates of fertilizef* *
application for the stud

Table 1. Major pesticides used on agricultural crops in the south Florida study unit, listed in order of estimated
total pounds of active ingredient applied annually (1989-91)

[Based on data compiled by Resources of the Future, 1990; 1992]

I nsecticides Herbicides Fungicides
Ol oo 13,300,000 ALrazine ......cocoeeveveeeereireeereenne

Asulam ...

Bromacil ..
Methomyl ... 270,000 SIMAZINE ...coevveeeveereeee e
Aldicarb .......ccooovuieieiciiciene 240,000 24D e Fosatyl-Al ...coeiciieiceceees 170,000
Endosulfan ........ccccooeveieneinieins 230,000 Diuron ..... ManCozeb ........ccveveeeerenieieieeieiens 120,000
Chlorpyrifos ... 200,000 Dicamba .. .... 240,000 Metalaxyl .......cccoovevieeiieiinine 120,000
Fenbutatin oxide...........ccccccveveuee 191,000 Dalapon ... .... 210,000 Benomyl ... 65,000
Ethoprop ......cccceeevernreinesciene 170,000 Paraguat ....... .... 170,000 Ziram ......... .... 45,000
Methamidophos ........cccceeevereenene. 170,000 Metribuzin ........ .... 140,000 Captan .....oooeveriieee e 7,000

Dicofol ....ccovvveviiieieieceieccies 150,000 Norflurazon ..........ccceeeevieviceeeennns 130,000
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Urbanization

U rbanization in south Florida began aong the Atlantic Coastal Ridge where
theland is high and close to the marine transport that was essential to the orig-
inal coastal settlements. Extension of arailroad to Miami at the turn of the
century sparked phenomenal growth. Through the years, flood-control and
water-management practices have made some land west of the ridge available
for development. Today, more than 4 million peoplelivein an urban complex
along or near the eastern coast (fig. 29). A second urban complex of more
than 0.5 million people has developed along the Gulf Coast between Char-
lotte Harbor and Cape Romano. The Everglades and the Big Cypress Swamp
presented a formidable barrier to development between the two coasts.

The major effects of urbanization on water resources are reduction of
infiltration, increase of flood potential, and degradation of the quality of water
bodies receiving water. Trash and litter deposited on streets and parking lots,
erosion of exposed ground as aresult of construction, lawn and landscape fer-
tilization, pet wastes, automobile emissions, atmospheric deposition from
industrial and thermoelectric powerplants, and seepage from landfills, septic
tanks, and disposal wells have been identified as sources of urban stormwater
loads. These sources of generally distributed substances are grouped together

shallow aquifers. During the pro-
longed droughts of the 1930’s and
1940's, seawater moved inland along
canal channels and infiltrated aqui-
fers. At the end of the 1945 dry sea-
son, seawater intrusion had affected
large segments of the Biscayne aqui-
fer, and several of Miami’s municipal
supply wells yielded salty water.
Water levels in southern Dade County
and in what is now the eastern part of
Everglades National Park were as low
as 2 ft below sea level (Parker and
others, 1955).

Uncontrolled drainage in south-
eastern Florida was halted in 1946 by
the installation of control structures
(barriers) near the outlets of most
drainage canals. These structures mit-
igated the recurring problems of sea-
water intrusion and excessively low
water levels. During the rainy season,

under the classification of “nonpoint” to distinguish them from the mor¢he controls are opened to release

readily identifiable industrial-
and domestic-sewage plant efflu-
ents, called “point sources”
(fig. 30).

Consequences of drainage fo
urban and agricultural develop- g
ment have included seawate
intrusion into coastal parts of the

water for flood pre-

vention in the

urban and agricultur-
al areas, and during
the dry season, they
are closed to prevent
overdrainage and to
retard seawater intru-
sion. Canal flows

have been controlled
since 1946, and re-
gional water man-
agement in south-
eastern Florida was
begun in 1962 with

storage of water in
Conservation Area 3.
Water control in the

1950’s and manage-
ment in the 1960’s
reduced canal out-
flows from the Ever-

glades (Leach and
others, 1972) but re-
sulted in increased
water losses from the
coastal ridge area
where flood preven-
tion was necessary in
the rapidly expand-
ing urban areas.
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Water Use

M ost public water supplies in south Florida are withdrawn from shallow
aquifers, generally from wellsless than 250 ft deep. The most productive and
widespread of these aquifers are the Biscayne aquifer in the southeast and the
shallow aguifer in the southwest. The Biscayne aquifer has been designated
as a “sole-source water supply” by the U.S. Environmental Protect
Agency. Important also, but of lower yield, are the coastal aquifer, wh
extends northward from West Palm Beach, and the local aquifers that are
tered through the remaining area, particularly those that supply water to {ppqter Budget
western coast urban region.

The Floridan aquifer system is a source of water primarily north of Lal
Okeechobee. South of the lake, this aquifer is deeper and more brackish.
Although it is capable of large yields of saline water by artesian flow, it is n(The movement and storage of water
generally used as a source of water supply, but rather used for wastewaigjouth Florida is represented in a
injection. schematic diagram ifigure 31, and

Freshwater withdrawals within the Southern Florida NAWQA study unithe average annual flows from 1980
were about 4,110 Mgal/d in 1990. Most of this water was used for public suhrough 1989 in the area are summa-
ply (22 percent) and agriculture (67 percent). Public water supply for mostrided infigure 32. The Kissimmee
the 5.8 million people that live in the study unit is from ground-water sourc&iver annually discharged about 0.8
(table 2). Ground water supplied 94 percent (872 Mgal/d) of the water usedillion acre-ft to Lake Okeechobee.
for public supply in 1990. Water withdrawn for agricultural purposes is nearly turn, the lake annually discharged
divided between ground-water and surface-water sources. In 1990, growhdut 0.4, 0.2, and 0.5 million acre-ft
water accounted for 45 percent (1,230 Mgal/d) and surface water accourgedth into the EAA, east into the St.
for 55 percent (1,505 Mgal/d) (Richard L. Marella, U.S. Geological Survey,ucie Canal, and west into the
written commun., 1994). Caloosahatchee Canal, respectively.

Table 2. Population characteristics, by hydrologic cataloging unit, in the south Florida study unit, 1990
[From Richard L. Marella, U.S. Geological Survey, written commun., 1994]

Served by public supply Self-
Name of unit Car:ill%%:rnit Total_ Ground Surface supplied
POPUIALON  Total water water water population

Kissimmee River 03090101 482,871 272,810 272,810 0 210,061
Northern Okeechobee inflow 03090102 24,466 17,035 0 17,035 7,431
Western Okeechobee inflow 03090103 5,036 0 0 0 5,036
L ake Okeechobee 03090201 4,152 0 0 0 4,152
Everglades 03090202 4268450 3,941,135 3,845,228 95,907 327,315
Florida Bay—Florida Keys 03090203 77,212 77,212 77,212 0 0
Big Cypress Swamp 03090204 233,601 211,917 193,172 18,745 21,684
Caloosahatchee River 03090205 250,712 190,103 163,043 27,060 60,609
Peace River 03100101 361,709 311,330 261,330 50,000 50,379
Myakka River 03100102 29,552 27,565 7,600 19,965 1,987
Charlotte Harbor 03100103 31,144 23,188 23,188 0 7,956

Total 5,768,905 5,072,295 4,843,583 228,712 696,610




Boundary of
modeled area

Kissimmee River

Fisheating
Creek

Peace River

Taylor Creek

Myakka River

§ N

N Taylor Slough Canal 111 Basi

7
7
7
7
d

Everglades National /7
Park Panhandle /

Caloosahatchge | Lake Okeechob \
i < ake Okeechobee .
e / T, StLucie
\ 4 \ 4 // r'y \\ Canal
(O] o // \
§ '8 /// T \\\\‘\
88 / Everglades Agricultural Area TS~
T 1 N
! I
! |
i v n
I Water \
Big Cypress i Conservation ||
Swamp L Area 1l |
1
| / :
I
/ | - Water - Water R
! »| Conservation > Conservation > |
! Area 2A Area 2B I
Everglades ] I :
National : |
Park 1 v I
! > Water Water L :
) | Conservation Conservation vy
: Area 3A Area 3B - |
! 0 I
_J 3 |
T - —» O :
@ L
Shark River Slough wof]
Everglades National Park g :
(o) I
5!
I
I
7

Figure 31. Water storage and movement in south Florida (arrows indicate dominate flow direction).
(Modified from South Florida Water Management District, 1993.)



36

80°

28° -

27° -

Harbor b

EXPLANATION \\“9 S

STUDY-UNIT BOUNDARY
‘ SURFACE-WATER-

FLOW DIRECTION
26°|- AVERAGE ANNUAL DISCHARGE,
IN ACRE-FEET (1980-1989)

21,758
70,000

120,000
220,000

420,000

820,000

1,327,090

9 2a®

St Lucie
\/ River
81
)

50 MILES

0 25

50 KILOMETERS

|
Base from U.S. Geological Survey digital data, 1:2,000,000, 1972
Albers Equal-Area Conic projection
Standard Parallels 29°30" and 45°30", central meridian -83°00'

Figure 32. Average annual discharge from major canals in south Florida.

The average annual discharge to
coastal waterswas about 1.3, 0.3, and
1.4 million acre-ft, respectively, from
the Caloosahatchee and St. Lucie
Canals, and into the Atlantic Ocean
from 11 canals south of the St. Lucie
Canal. The average discharge under
the Tamiami Trail to the southern
Everglades and the Big Cypress
Swamp was about 1.2 million acre-ft.

The movement and storage of
water in southeastern Florida from
1980 through 1989 was evaluated
by the South Florida Water Manage-
ment District (1993) by using a
water-budget approach. Budgets
were developed for the region and
for subbasins in the region, which
includes Lake Okeechobee, the
three water conservation areas, the

The word, swamp, as we
understand it, has no application
whatever to the Everglades ... itis
a country of pure water ... [that] is
moving in one direction or another
depending on the natural topog-
raphy of the county; ... the air is
wholesome, pure, free from
disease ... Near the coast, the
mangroves and the mosquitoes
thrive; but deep in the Ever-
glades, in the winter time at least,
you can sleep comfortably with-
out a net. No stagnant pools exist
for the larvae to thrive in.

Hugh L. Willoughby, 1898

Everglades Agricultural Area, the
eastern part of Everglades National
Park, and the developed Atlantic
Coastal Ridge (fig. 33). Hydrologic
components used in developing the
water budgets were those estimated
directly from measurement data,
whichincluded rainfall, canal flows,
and consumptive pumpage, and
those estimated by using acomputer
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Figure 33. Major water budget subbasins of southeastern Florida. (South
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model, the South Florida Water
Management Model (SFWMM),
which includes evapotranspiration,
overland flow, ground-water flow,
levee seepage, and both surface-
and ground-water storage changes.
There are varying degrees of
uncertainty in the measured and
the model estimates. Model results
probably overestimate the coastal

outflows and underestimate the
evapotranspiration in developed
areas (South Florida Water Man-
agement District, 1993). Although
the model is capable of smulating a
25-year period, lack of contiguous-
structure-flow and canal-flow data
in the developed area of the lower
eastern coast prevented the devel-
opment of water budgets for longer

than the 10-year period (South Flor-

ida Water Management District,
1993, p. C-8). The 1980 through
1989 period includes typical hydro-
periods although the entire period is
considered to be somewhat dry com-
pared with the long-term average
(South Florida Water Management
District, 1993).
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ESTIMATED AVERAGE ANNUAL INFLOWS, 1980-89

RAINFALL GROUND-WATER
88.7 INFLOWS
0.1

OVERLAND INFLOWS

KISSIMMEE RIVER
INFLOWS
4.6

OTHER INFLOWS
5.7

TOTAL EQUALS 17.35 MILLION ACRE-FEET PER
YEAR OR 5,650 BILLION GALLONS PER YEAR

ESTIMATED AVERAGE ANNUAL OUTFLOWS, 1980-89

EVAPOTRANSPIRATION
66.0%

GROUND-WATER
OUTFLOWS
1.7%
(EVAPOTRANSPIRATION IS
LIKELY TO BE UNDERESTIMATED
AND COASTAL OUTFLOWS ARE
LIKELY TO BE OVERESTIMATED.)

PUMPAGE FOR
CONSUMPTIVE USE
4.1%

OVERLAND FLOWS
5.9%

STRUCTURE/CANAL FLOWS
22.3

TOTAL EQUALS 17.77 MILLION ACRE-FEET PER
YEAR OR 5,790 BILLION GALLONS PER YEAR

The average annual budget
summary for the modeled area
showsthat rainfall dominatesinflow
and that evapotranspiration domi-
nates outflow (fig. 34). Rainfall
directly accounts for 89 percent of
thetotal inflow, and river and stream
inflows indirectly account for
another 11 percent. Ground water
contributeslessthan 1 percent of the
total inflow, and evapotranspiration
accounts for 66 percent of the total
outflow. Canal discharge to tidewa-
ter is the next largest outflow (22
percent). Overland flow, which is
primarily to the Shark River and
Taylor Sloughs, and pumpage for
consumptive use contribute about 6
and 4 percent, respectively, to the
average total outflow.

A summary of the water budget
(table 3) shows a negative changein
storage, which indicates more

Figure 34. Comparison of esti-
mated average annual inflows
and outflows (as percentages) for
the modeled region in south
Florida. (South Florida Water
Management District, 1993.)

Table 3. Preliminary estimates of natural water budget, in 1,000 acre-feet, for the

lower east coast area, south Florida, 1980-89

[area, 5,814 square miles. From South Florida Water Management District, 1993]

SOEEE Aa\:ﬁ:jgle Wet season Dry season 1980-81 1988-89
(Jan—Dec) (June—Oct.) (Nov.—May)  (June-May) (June—May)
Rainfall 15,398 9,336 6,050 12,237 13,694
Evapotranspiration 11,729 5,668 6,024 11,359 11,285
Net groundwater outflow 298 150 151 274 289
Structure/tributary outflow 1794 904 934 473 1,113
Structure/canal outflow 3,956 1,953 2,032 2,857 3,015
Wellfield pumpage 723 301 424 663 847
Net overland outflow 905 583 326 753 1,212
Changesin storage _338 +1,632 -1,937 -3,526 -1,971
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Figure 35. Total discharge to Shark River Slough, Taylor Slough, C-111,
and the Atlantic Ocean, 1980-89. (Light and Dineen, 1994.)

outflow than inflow. Most of this  is estimated to have been dischargedthat capture or redirection of these
change (—338,000 acre-ft/yr) occurs to the Atlantic from 1980 through flows represents a potential for addi-
in the Lake Okeechobee part of the 1989, whereas the combined dis- tional water supply for Everglades
model and would amount to a lower- charges to the Shark River and Tay-restoration (Light and Dineen,
ing of the lake level by about 5 ft lor Sloughs and C-111 averaged 1994).
during the 1980s. According to the 813,100 acre-ft. (South Florida Models, like the SFWMM,
South Florida Water Management Water Management District, 1993; have proven to be extremely useful
District (1993), the negative change Light and Dineen, 1994). Annual management tools in the short term
in storage is merely the result of measured discharges to the Atlantic (periods generally less than a few
including a low-storage drought Ocean (1980-89) at the 12 canalsyears). Great care must be taken
year (1989) as the last year in the shown infigure 32, which repre- however, when interpreting the
model simulation. The report indi- sents a substantial but incomplete results of simulated decadal-scale
cates that, if a longer time period estimate of outflow to the ocean, processes from models that are
had been used for the simulation, thewas about 1.8 million acre-ft or designed for short-term manage-
change in annual storage would about 1.5 million acre-ft less than ment objectives. Oreske and others
have more nearly approached zerothe model estimate. Although (1994) observed that verification
(South Florida Water Management coastal outflows to the Atlantic and validation of numerical models
District, 1993, p. 11-10). Ocean may be overestimated by theof natural systems is impossible.
Most of the surface-water out- model because of uncertainties in They concluded that models are
flow from the modeled area goes the budget (South Florida Water most useful when used to challenge
into the Atlantic Oceaffig. 35). An Management District, 1993), the existing assumptions, rather than to
annual average of 3.3 million acre-ft magnitude of the outflows suggest validate them.
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Water and Environmental
Stress

As stated throughout this report,
drainage and development have had
severe environmental effects on the
natural system of south Florida. The
landscape has been greatly altered,
and its natural functions eliminated
or changed over large areas. Water
quality has deteriorated. The native
plant and animal communities have
been reduced and stressed by the
altered hydrologic system and by
competing exotic species. Changes
in the natural system also are
adversely affecting the growing
human population of the region.

Loss of Wetlands and
Wetland Functions

Drai nage and development have
eliminated or severely stressed wet-
lands in south Florida. About half
the original Everglades has been
eliminated (Davisand others, 1994).
All the custard apple and willow
swamps south of Lake Okeechobee
(148,260 acres), and most of the
peripheral wet prairie (289,110
acres) and the cypressforest (30,000
acres) in the eastern Everglades
have disappeared. About 50 percent,
or 897, 000 acres, of the sawgrass-
slough communities and 24 percent,
or 146,000 acres, of the southern
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marl marshes have been eliminated. Many of the remaining
wetlands have been adversely affected by a reduced hydrope-
riod that has been caused by accelerated runoff in drainage

canals. The increased frequency and spatial extent of wetland
drying has reduced aquatic production at all levels of the food
chain. Compared with the predrai nage system, surface-water ref-
ugiathat support popul ations of aquatic fauna and their predators
during droughts are smaller and fewer and are relocated and sub-
divided in the currently managed system. In addition, these
hydrologic changes have disrupted wading bird nesting, which
depends on concentrated food supplies that occur under normal
dry-season conditions (Kushland, 1991).

Loss of wetlands in south Florida has significantly reduced
landscape heterogeneity, habitat options, and long-term population
survival for animals with large spatial requirements. Wading birds,
snail kites, and panthers, for instance, have become increasingly
stressed by the fragmentation and loss of habitat (Robertson and
Frederick, 1994). Wildlife populations generally have declined. At
present, 18 species have been designated as threatened or endan-
gered by the U.S. Fish and Wildlife Service and 12 more are under
review to determine their status (South Florida Water Management
District, 1992). The number of wading birds has decreased from
about 2.5 million in 1870 to about 70,000 in 1973 (Crower, 1974).
The large decreases in wading birds is a direct result of hydrologic
alterations (Kushland and others, 1975).

Drainage and development in south Florida have increased the
opportunities for exotic species to become established. Exotic species
often compete with and replace native species. Perhaps the most dra-
matic invasion into the region is the rapid spread of melaleuca tree into
the Everglades (Kushland, 1991). Melaeucawasintroduced to Floridain
the early 1900's and now grows as dense strands that have
replaced native vegetation in parts
of the eastern Everglades. i

Photo courtesy O the Flof da P Natio dlife Refuge
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ment of water from north to south
now requires pumpage, and the
pumpage effort necessary to move

T . . . . . water continues to increase with
he intensive drainage and associated agriculture south of Lake Okeechoﬁ%% as the soil continues to subside

in the EAA has caused a tremendous loss of organic soils. The compacuﬁ]ne soil loss also has reduced water-
and oxidation of organic soils in the agricultural lands south of the lake wa . ;
one of the first observed environmentally destructive effects of Iarge-sca? oraqe cgpacﬂy, Wh'Ch has caused a
drainage. In most areas, 5 ft or more of organic soil had been lost by 1g§&iuctlon in the ability O,f the area to
(Stephens and others, 1984). A recent calculated rate of loss in the EAAfSOrb water and mediate seasonal
about 1 in/yr (Barry Glaz, Department of Agriculture, written commun. @nd long-term variations in rainfall.
1994). The maximum thickness of this soil, which is underlain by limestond he problems caused by soil loss
was initially only 12-14 ft. The process of oxidative loss of soil continuesre magnified by the enormous spa-

Soil Subsidence

although the process has been slowed in some locations by reflooding fallé@ extent of the loss. In fact, the

fields and maintaining a high water table.

loss is not confined to the EAA, but

Such a large loss of soil has affected hydrology and ecology of the Evéctually extends into the northern
glades in many ways. The altitude gradient from the upper to the central Evearts of WCA-1 and WCA-3A,
glades has been greatly affected by the soil loss. The loss of altitude has m&drgre additional soil has been lost
a loss of the hydraulic head that once caused water to flow south. The mosae-a result of the diversion of water.

Degradation of Water Quality

Water quality has been degraded by human activitiesin large areas of south
Florida. Water in urban and agricultural canals commonly has high concentra-
tions of nutrients and toxic compounds compared to water in marshesthat are
remote from canals. Figure 36 illustrates the wide variability in the concen-
tration of the nutrient, phosphorus, in south Floridawaters. Drainage of nutri-
ent and toxic-ladened water from urban and agricultural lands has degraded
lakes, streams, canals, estuaries, and bays of the region.

Urban Lands

A degradation of water quality has been noticeable in recent years in the
urban-industrial areas along the eastern coast. Most degradation has been in
urban canals, especially during periods of low flow when many of these
canals are covered with algae and scum and are choked with aquatic weeds.
These conditions have been brought about through the discharge of nutrient-
laden sewage and stormwater runoff into canals. Runoff also carries bacteria,
viruses, oil and grease, toxic metals, and pesticides into urban canals from
which they can be discharged into coastal waters or can enter the ground-
water system and the public water supply (Klein and others, 1975).

An ample supply of dissolved oxygen is most important for water of good
quality, especially in urban areas where much of the oxygen is used in the
decomposition of sewage. In contaminated canals with a luxuriant growth of
plants, the dissolved-oxygen content is high during daylight. During the night,
however, the dissolved-oxygen content may approach zero as the oxygen is
depleted to oxidize sewage. Thus, many urban canals lack popular sport fish,

such as bass, and are inhabited
instead by gar and mullet, which are
able to tolerate low levels of dis-
solved oxygen (Klein and others,
1975).

Chlorine chemicals, such as
polychlorinated biphenyls (PCB’s),
dioxin, and furans, which are gener-
ated and used primarily in urban and
industrial areas, pose serious health
hazards to fish, wildlife, and human
populations (Colborn and others,
1993). PCB's are a diverse family of
compounds with a wide variety of
industrial applications, which
include use in transformers, plasticiz-
ers, rubber, adhesives, inks, sealants,
caulking compounds, and other prod-
ucts. Although most uses of PCB'’s
have been banned since the late
1970’s, these persistent chemicals are
still found in the environment. Diox-
ins and furans are byproducts of
chlorinated industrial processes,
which include incineration of hazard-
ous, medical, and solid wastes;
chemical manufacturing; plastic pro-
duction; and chlorine bleaching of
pulp and paper. Chlorine chemicals
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Floating aquatic plants
in a pond bordered

by cypress

trees.

have long been known to have toxic ~ ever, because contamination in
effectson fish and wildlife, butithas  ground water is less readily
been recently reported that these  detected than in surface water,
chemicals can disrupt the endocrine and because of the difficulties
systems of fish and wildlife, which  associated with working below
cause such problems asreproductive  |and surface, the contaminants
failure, birth deformities, demascu-  can become widely dispersed
linization, defeminization and  and quite expensive to remedi-
immune system disorders (Colborn  ate by the time the magnitude
and others, 1993). of the problem is recognized.

PCB's are widely distributed in [N past years, the prime threat
the south Florida environment t0 ground-water quality in
(Klein and others, 1975). The wide South Florida has been that of
distribution is probably a result of Seawater intrusion in coastal

volatization and transport by aero- areas and near heavily pumped _ _ _
sols and fallout with dust or rajn Municipal wells. In recent years, section of the Biscayne aquifer

(Pfeuffer, 1991). Concentrations, however, seawater intrusion gener- beneath the densely populated urban
are probably highest in industrial ally has been controlled by provid- parts of southeastern Florida con-
urban areas. For example, fish from ing sufficient freshwater so that tains nutrients and coliform bacteria
a canal at Miami International Air- a@dequate high-water levels are at shallow depths as a result of efflu-
port contained PCB’s in a concen- Maintained near the coast. ent from thousands of septic tanks
tration of 1,000ug/Kg (Freiberger Rapid urbanization of the lower and disposal wells and from seepage
and McPh.erson, 1972). Thg high eastern coast and growth of agricul- from polluted canals. These contam-
concentrations of these chemicals in 5| areas pose additional threats ofiNants presumably have accumu-
industrial urban areas could pose aground-water contamination by lated over the 60 years of
hazard for the drinking water supply manmade liquid and solid wastes Urbanization. Although septic tanks
by entering the shallow Biscayne 5,4 py fertilizers and pesticides. operate effectively in the southeast,
aquifer (Klein and others, 1975).  ggcause of the benefits of season-they provide only partial water treat-
Generally, ground water is less ally heavy rainfall and dilution, ment. Septic tanks can become inef-
susceptible to pollution than surface however, the level of contamination fective from the lack of periodic
water because it is filtered as it probably has been excessive only inmaintenance. In such cases, raw
moves through sediments. How- some areas. Ground water in the wastewater seeps into the aquifer
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and causes local pockets of pollu-
tion. The recent constraints on the
use of septic tanks and the con-
struction of sewer systems to ser-
vicelarge urban sectorswill further
curtail the use of septic tanks in
many areas and thereby reduce a
potential cause of contamination to
the ground-water system.

Solid-waste disposal in dumps
poses another, but less widespread,
source of pollution of shallow aqui-
fers by contributing |eachates from
garbage and trash. Many materials
in dumps are toxic and nonbiode-
gradable. Preliminary data from
widely scattered study sites in

southeastern Florida indicate that
local pollution plumes exist down-
gradient from the dump sites but
primarily in the shallow parts of the
aquifer. Contaminated ground wa-
ter near dumps also contains
coliform bacteria and nutrients be-
cause sludge from many septic
tanks and small sewage-treatment
plants is disposed at some dumps.
Traces of toxic metals and organics
also have been found in the shallow
ground water beneath the dumps.
Because of the high permeability of
the aquifer, contaminants can move
readily to wells and estuaries in
downgradient areas.

Agricultural Lands and
Everglades Region

The marshes in the northern Ever-
glades have been replaced, for the
most part, by the EAA which
includes about 700,000 acres of rich
organic soils, most of which has
been converted to intensively man-
aged agriculture; the crops are pri-
marily sugar cane and vegetables.
Nutrients from the EAA soils are
released as the result of periodic
drying and oxidation of these
organic soils by aerobic bacteria
(soil subsidence). Once the soil is
oxidized, large quantities of nitro-
gen and phosphorus are released and
transported from these fields during
subsequent rains. Nutrients are car-
ried from the field through drainage
ditches, water-control structures,
and flood-control pumps into EAA
canals. Water that drains the EAA
farmlands contains low dissolved-
oxygen concentrations; high con-
centrations of nitrogen, phosphorus,
chloride, sodium and trace metals;
high color; high specific conductiv-
ity; and occasional pesticides. Water
quality generally is worse during
periods of pumping than during
those of no discharge.

Present water-quality condi-
tions in some northern parts of the
Everglades are dramatically differ-
ent than conditions that existed at
the turn of the century. These
changes are aresult of thedisruption
of the natural flow patternsby drain-
age canals and the development
of agriculture south of Lake

45



46

Okeechobee. Nutrient concentra-
tions in water discharged from
canalsthat drainthe EAA are signif-
icantly higher than those in the
marsh at locations remote from the
canals. Average flow-weighted
phosphorus concentrations at canal-
control structures that discharge to
the northern Everglades from the
EAA range from 0.10 to 0.25 mg/L
and represent a tenfold increase in
nutrient levels compared with water
at the marsh sites remote from the

enriched conditions (Davis, 1991). 1976; Flora and Rosendahl, 1982).
Algal species and bacterial popula- No changes in metal concentrations
tions also have changed at nutrienthave been observed. Trace levels of
enriched locations in the northern Pesticides occasionally have been

Everglades. These changes includedetected in waters that enter the park.
loss of the native periphyton mat However, trace metals and pesticides

changes in algal species present, phy: are only slightly soluble in water and

.Y their presence in the park may be
toplankton blooms, and changes in mainly in sediments and biota

microbial populations that result in (Ogden and others, 1974). Average
prolonged low dissolved-oxygen flow-weighted phosphorus concen-
concentrations or anoxic conditions trations discharged into the park from
(Steward and Ornes 1973 a,b; Swift 1979 through 1988 was 0.011 mg/L
and Nicholas, 1987). These changesfor the four control structures (S—

in Everglades vegetation appear to be12's). Although these concentrations
enrichment, hydroperiod change, and €M Everglades, there is concern that

fire (South Florida Water Manage- nutrient concentrations at the S-12's
ment District, 1992) may increase unless delivery of

WCA's as a natural filtration system water by canals, such as C—67A, is

or nutrient sink that has a purifying, There is concern that the nutri- replaced or supplemented by natural

or “kidney effect,” by reducing inor- ent enrichment and ecological dis- sheetflow (South Florida Water Man-

ganic forms of nitrogen and phos- ruption in the northern Everglades agement District, 1992).

phorus to background levels as the Will spread south and adversely Water quality in the southeast-

waters flow through the marsh (Jones @ff€Ct the southern Everglades, ern Everglades (the northeastern

and Amador, 1992). Much of the which includes Everglades National part of the Shark River Slough, C~

Park. Long-term water-quality data 111 basin, and the Taylor Slough) is

or incorporated into sediment and JEVD SOmT eI IOEEES 1N ElpSic ezl goetl (o end Resend )
P - conductance and major ion concen-(1982) and Waller (1982) reported

marsh vegetation. The marsh vegeta-yrations within the Shark River ow nutrient concentrations within

tion of the Everglades, however, has sjough in the southern Everglades. the northeastern part of the Shark

a limited capacity for nutrient uptake These increases are due to changeRiver Slough and the Taylor

and is sensitive to small increases infrom the natural sheetflow regime to Slough. :

nutrients which are measured in the one dominated by canal delivery

parts per billion range. Historically, (McPherson and oth-

the Everglades was a low-nutrient €rS,

system, limited primarily by

phosphorus. The algae and vas:

cular plants that comprise the

marsh system have developed

under conditions of low nutrient

inputs that are characteristic of

pristine rainfall. Sawgrass, a

major plant component of the

Everglades system, has a low nutri-

ent requirement and is competitive

with other vascular plants in a low

nutrient environment (Steward and

Ornes, 1973 a,b). Sawgrass has bee

replaced by cattail in parts of the

northern Everglades, particularly in

WCA-2 where nutrient concentrations

are high. Cattails thrive under high-

nutrient conditions and have an advan,

tage over sawgrass under nutrient

canals (South Florida Water Man-
agement District, 1992).

A number of studieshaveidenti-
fied the Everglades marshes of the

introduced nutrients are assimilated




Current data collected by the  runoff. During high-water periods, phosphorus, which threaten the
SFWMD from 1979 through 1988  excess water is sometimes back-overall health of the lake resources.
indicate that flow-weighted total pumped from the EAA into Lake Preliminary evidence indicates that
phosphorus concentrations at S—3330keechobee to prevent crop dam-the lake’'s sediments may be losing
in the northeastern part of the Sharkage. The average concentration oftheir ability to assimilate additional
River Slough(fig. 23) averaged dissolved solids of the inflow from phosphorus loadings. Lakewide
0.026 mg/L over the 10-year period the north and from the EAA is nitrogen-to-phosphorus ratios also
of record. Concentrations were higher than anywhere else in south have declined over the same period
highest (0.043 mg/L) during the Florida, excluding the saltwater and may have favored the shift from
drought of 1985 as a result of water areas, and at times, it is more thanthe normal algal flora of the lake to
being routed from Lake Okee- three times the average in the Big less desirable blue-green species.
chobee to western Dade County Cypress Swamp. The high concen- These data suggest the lake may be
well fields through L—29 for water- tration of dissolved solids is partly in a phase of transition from its
supply purposes. Total phosphorus the result of irrigating with highly present eutrophic condition to a
values within C-111 at S—18C aver- mineralized water (Klein and others, higher trophic (hypertrophic) state.
aged 0.007 mg/L from 1985 through 1975). Loss of the lake as a recreational
1987 and were comparable to values  \ater-quality and biologic data fishery or potable water supply
recorded at interior marsh sites. C— gjlected in 1969 and 1970 indicate Would be a major economic loss to
111 water, however, contained mod- that Lake Okeechobee was in an the region. Phosphorus has been
erate concentrations of dissolved gayly eutrophic condition by the late considered to be the key element
minerals compared with the Miami 19g0°’s (Joyner, 1971; 1974). The that controls the growth of these nui-
and Hillsborough Canals. Canals 5te of eutrophication is of major Sance algae. Therefore, to prevent
that drain the urban and agricultural ¢oncern because the lake is the pri-further eutrophication of the lake,
lands that lead to C-111 had detect- mary surface reservoir in southeastthe primary water management
able levels of such pesticides as atra-g|grida. Overenrichment could seri- Strategy has been to limit and con-
zine and chlordane (South Florida qgly impair its water quality and, trol phosphorus inflows (South
Water Management District, 1992). thereby, affect downstream water Florida Water Management District,
The most significant water-quality ysers. Joyner (1971) reported that 1992). Recent research, however,
effects observed within the C-111 {p¢ growth of algae increased has shown that primary productivity
basin has been the periodic removalgr(_:.auy between January and July is most often limited by nitrogen or
of the S—197 structure from the 1970, The dominant species also light (N.G. Aumen, South Florida
mouth of the canal to alleviate changed from a green alga, which is Water Management District, written
upstream flooding. This removal jndicative of early eutrophic condi- commun., 1994).

released large amounts of fresh-ions, to a blue-green alga, which is
water into Manatee Bay, Barnes jpgjcative of late eutrophic condi-
Sound, and other surrounding estua-tions. Inflow to the lake increased at Big Cypress Swamp

rine areas and caused severe impactgphis time because of channel

s Ao i 1909, [mprovement and accelerated T e qualy of waterin the remoe

' m_floyv from |t§ major tributary, t_he undrained parts of the Big Cypress
KlSSlmmee R_lvc_er. After c_hannellza— Swamp is good and probably best
tion of the Kissimmee River, water reflects south Florida’s pristine
flow through the flood plain ater-quality conditions. The Ever-
marshes was reduced. glades, on the other hand, has been
Water quality in Lake Okeechobee During the last 15 years, phos- affected more than the Big Cypress
has been degraded by large-scalephorus concentrations have in- Swamp by land-use and water-man-
inflow from streams that drain agri- creased 2 times in Lake Okee- agement practices, and water qual-
cultural land on the northern side of chobee; peak levels were reached inity, particularly in the northern part
the lake and by backpumping from 1987-88. Recent occurrences of of the Everglades, is of poorer qual-
canals in the EAA to the south massive, lakewide blooms of blue- ity than that in the swamp. Most of
(Klein and others, 1975). Agricul- green algae are viewed as anotherthe water-quality data described
tural wastes are washed from farm- sign that the lake is receiving exces- below were collected more than 20
lands into canals during heavy sive amounts of nutrients, primarily years ago.

Lake Okeechobee
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Theconcentrationsof dissolved  others, 1970). Magnesium, iron, in the undrained areas. The Faka
solidsindicate general water-quality ~ cobalt, cadmium, copper, zinc, and Union Canal(fig. 23) transports to
conditions of a freshwater environ-  lead have been concentrated abovelhe estuaries almost 5 times as much
ment. In samples collected in the  natural levels in Chokoloskee Bay Kiéldahl nitrogen (ammonia and
Big Cypress Swamp in the 1960's, presumably because of transport 2r9anic nitrogen), 10 times as much

. . total phosphorus, and 7 times as
concentrations averaged about 250down the Barron River and the :

. ) ) much organic carbon as the Faka-
mg/L (Klein and others, 1970). In Turner River Canals from agricul- hatchee Strand transports by sheet-
the northern Everglades, for com- tural land to the north (Horvath, o (Carter and others, 1973).
parison, concentrations at three 1973; Mattraw, 1973). Concentra- Trace elements concentrated in fine-
long-term stations (1950-70) aver- tion of pesticides are low in surface grained organic sediments (less than
aged 471 to 541 mg/L (McPherson, water of the Big Cypress Swamp, 20 microns), also are transported to
1973). Sources of dissolved the estuaries by canals that ex-
solids include limestone, agri- tend to agricultural land in the
cultural and urban runoff, north (Mattraw, 1973). Fine-
salty artesian ground water, grained sediments are readily
and seawater. In the northern transported when canal flow
Everglades, dissolved solids is high and are deposited with
are attributable primarily to mangrove detritus in the estu-

; . aries. Because mangrove de-
saline ground water and agri- L . g
. tritus is a major food source,
cultural runoff, whereas in the

Big Cypress they are attribut-
able to exposed, soft
limestone. Interestingly, dis-
solved-solids concentrations
from samples collected at a
long-term station (1950-65,
1969) in the southern Ever-
glades averaged 205 mg/L
(McPherson, 1973). The rela-
tively low value probably

reflects an environment with
little exposed limestone. Con-
centrations of nitrogen and
phosphorus in the surface
waters of the Big Cypress also
are usually low compared

its enrichment may provide a
pathway for the metals to en-
ter into the estuarine and ma-
rine food chains (Mathis,
1973).

Metals transported from
the drained parts of the Big Cy-
press Swamp to the estuaries
also exceeded those transport-
ed by overland sheetflow in the
undrained areas. Chokoloskee
Bay, which receives heavy
metals from the Barron River
Canal, has greater loads of
these metals in its waters and
sediments than more remote
bays and estuaries to the south

with concentrations in water in the but are concentrated in soils and that do not receive canal flows (Hor-
urban and agricultural canals of biota (Klein and others, 1970). vath, 1973; Mattraw, 1973).
south Florida (Klein and others, Although chloride concentrations
1970). tend to be low (averaging about Charlotte Harbor Watershed

_ Although water quahty |n'the 2Q mg/L) in the |_nter|0r parts of_the M uch of the Charlotte Harbor
Big Cypress Swamp is good, it has Big Cypress, high concentrations watershed has been altered by
been degraded to some extent by(as much as 5,350 mg/L) have beenhuman activities. Streamflow has
human activities. Canals in the detected around several exploration 4. qjined significantly during 1934—
western part of the swamp transport oil-well sites (Wimberly, 1974). 84 in sections of the Peace River,
potentially toxic metals to the estu- Nutrients transported from probably as a result of ground-water
aries in concentrations and amountsdrained parts of the Big Cypress pumping in the upper basin. Nutri-
that are greater than those trans-Swamp to the estuaries exceed thoseent concentrations generally have
ported by overland flow (Little and transported by overland sheetflow increased in the rivers over the last



15 years because of an increase in
wastewater effluent and agricultural
runoff. In 1984, 114 facilities were
permitted to discharge domestic or
industrial effluents to waters tribu-
tary to Charlotte Harbor. One of
these facilities is in the Myakka
River Basin, 11 are in the coastal
basin, 14 are in the Caloosahatchee
River Basin, and 88 arein the Peace
River Basin. Citrus and phosphate-
ore processing account for most of
the industrial effluent. Several loca-
tions in the headwaters of the Peace
River show significant effects of
receiving wastewater effluent. At
some locations, dissolved-oxygen
concentrations were lower than 2.0
mg/L, which is the minimum State
standard for any class of surface
water (Hammett, 1990).

The water quality of several
lakesin the headwaters of the Peace
River has been affected by citrus-
processing effluent (Hammett,
1990). Citrus processing produces a
strongly buffered, high carbon
waste that can contain inorganic
debrisfrom washing, and can have a
residue of pesticides and toxic peel
oils (Lackey, 1970). The degrada-
tion of the waste produces objec-
tionable odors and a high
biochemical oxygen demand. Citrus
production involves the use of
numerous chemicals that include
fertilizers, insecticides, herbicides,
and fungicides. Benomyl, bromocil,
diuron, dicofol, chlorobenzilate,
ethylene dibromide, and aldicarb
have been used or are currently in
use. The trace elements copper,
manganese, and zinc also are
applied to citrus (Rutledge, 1987).
Runoff or ground-water seepage
from citrus groves has the potential
of transporting any of these sub-
stances to the stream system.

The concentrations of phospho-
rus are naturally high in the Peace
River because of extensive phos-
phate deposits in its basin. The
phosphate deposits also are rich in

radionuclides of the uranium—238 the rivers and Charlotte Harbor is an
series, including radium—226. In the apparent source of radium-226
upper basin, these deposits are(Miller and Sutcliffe, 1985; Miller
exposed in the riverbed. Extensive and others, 1990). Background lev-
phosphate mining and processing €ls of radium—226 in the rivers and
have exposed additional deposits toHarbor reported by Miller and oth-
surface runoff. Periodic spills of €rs (1990) are an order of magnitude
phosphate industry sediments arehigher than those found in other
caused by the structural failure of Parts of the United States (Elsinger

retaining dikes and have resulted in @nd Moore, 1980; 1983; 1984).
the discharge of clayey wastes, Runoff from pastures and cropland

known as slime. to the Peace RiVercarries nutrients and, in some cases,

and has contributed additional phos- Ei?:;::]dkesd :gim?erllc\ilgrasrftgrr?d tﬁg?'
phorus and radium—-226 to the river . ;

. . source of nutrients and a potential
and estuary. A single spill can con-

tribute a phosohorus load equal to source of bacterial contamination.
Ibu phosphorus. qu Runoff from urban areas may carry
the annual loading in the Peace

. } . heavy metals, nutrients, bacteria,
River at Arcadia (Miller and y

viruses, and pesticides. Marinas
McPherson, 1987). The effects of cqntribute oil and gas, as well as

these slime spills have been seen asyastewater and metals, to the rivers
long as 2 years after the event (Mar- gnd estuarine system. Rainfall and
tin and Kim, 1977). dustfall bring contaminants and
In phosphate ore processing nutrients by air to the river system
plants, a mixture of organic chemi- and estuary.
cals, which include kerosene and Numerous deep wells under
fuel oil, is used to facilitate separa- high artesian pressure, drilled into
tion of phosphate ore from the Floridan aquifer system many
unwanted sands and clays. Runoffyears ago, have been a source of
from sand tai”ngs may represent brackish Wa..ter CQntamination of
diffuse sources of organic-chemical Shallow aquifers in southwestern

contamination (Rutledge, 1987). Florida and south of Lake
The chemical processing of phos- Okeechobee (Parker and others 1955;

phate ore into phosphoric acid pro- Eﬂacscé%yaé?lz)'ezgisivgflssvﬁ[;T:S_
duces a highly acidic process water. Py 9

0 ic chemical hich includ ings have corroded, allowing brack-
rganic chemicals, which InCIUGE jop \yater that is under pressure from

phenols, also are used in processing ihe Fioridan aquifer system to move
The gypsum stacks, cooling ponds, ypward along open well bores or
and recirculation ditches of the through corroded sections and seep
chemical-processing plants are aoutward to contaminate large parts
potential source of contamination of shallow aquifers (Klein and oth-
of the surficial aquifer (Miller and ers, 1964; Sproul and others, 1972).
Sutcliffe, 1984). Runoff
from phosphate mines
may increase turbidity
and significantly reduce
light in the receiving
bodies of water (Miller
and Morris, 1981).

There are other
potential sources of
nutrient and pollutant
loads to the Charlotte
Harbor watershed.
Ground-water inflow to
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Mercury Contamination High levels of mercury have
been measured in figffig. 37) and
wildlife in south Florida, particularly
M ercury contamination is a significant problem for aguatic organisms and  in the Everglades. Roughly 1 million
predators as well as a potential health risk for humans. Many lakes in the  acres of the Everglades are under a
northern United States, southern Canada, and Scandinavia are affected by  health advisory that recommends that
mercury contamination (Mierle, 1990; Hurley and others, 1991; Lindquist, —anglers and others completely avoid
1991). Florida and 27 other states have issued health advisories that restrict  consuming large mouth bass and sev-
consumption of fish because of high levels of mercury (Tom Atkeson, Florida  eral other species of fish (Lambou
Department of Environmental Regulation, written commun., 1992). The and others, 1991). Mercury body
problems with mercury relate to two factors—mercury biomagnifies in theirdens of large mouth bass col-
food chain to toxic concentrations, even though it is found at very low (sidsted in the Everglades were higher
nanogram-per—liter) concentrations in water; and mercury is transported tragh those taken at Superfund sites
deposited through atmospheric processes and is, thus, widely distribubeded for mercury contamination
Methylmercury is the more toxic bioaccumulative spe-

cies. As a result of environmental changes, increag
rates of methylation may be contributing to toxic me
cury problems. For example, a change from an aet
bic to an anaerobic environment would favo
increased mercury methylation (Winfrey and Rudg
1990; Gilmour and Henry, 1991) and mercur
uptake in the biota. Because of the existing burdg
of mercury in the environment, recycling of merg#
cury between demethylated and methylated for
can provide a source of methylmercury even &
atmospheric deposition ceased. However, esfi
mates indicate that atmospheric mercury co
centrations have nearly doubled over the last 3048
years (Fitzgerald and others, 1991; Slemr and
Langer, 1992). Increasingly evident is the fa
that even modest increases in atmospheric
deposition can translate into mercury levels
in organisms that are of ecological and, per-
haps, toxicological concern.

(Dan Scheidt, U.S. Environmental
Protection Agency, personal com-
mun., 1992). Alligatordarvested
from the Everglades cannot be sold
for human consumption because of
elevated mercury levels in their tis-
sue. In 1989, a Florida panther died
from mercury toxicosis (Lambou
and others, 1991), and mercury is
suspected as the causative agent in
the deaths of two other panthers.
Analysis of raccoons, a major prey
of panthers, from certain areas of
south Florida revealed very high
concentrations of mercury in liver
and muscle tissues (Lambou and
others, 1991).
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Figure 37. Areas in south Florida where mercury concentrations in large-
mouth bass tissue equaled or exceeded one-half parts per million.
(Lambou and others, 1991.)

The result of a recently completed study in which 50
sediment cores were taken across the Everglades indicate
that mercury accumulation rates increased about sixfold
between 1900 and 1992 (Delfino and others, 1993). The
greatest increases in mercury concentrations were in the
northern Everglades, and the timing of the increases corre-
sponded fairly well with alterations of Everglades hydrol-
ogy and with agricultural and urban development in south
Florida.

The severity of the mercury
problem in the Everglades may be
the result of a combination of fac-
tors. Concerns are focused on two
potential sources of the problem—
local effects of municipal incinera-
tors and other emission sources on
the southeastern coast of Florida,
and possible increased release of
mercury or increased methylation of
mercury from soils in the Everglades
as a result of drainage and soil distur-
bance (Tom Atkeson, Florida
Department of Environmental Regu-
lation, written commun., 1992).

Additional research on mercury
in south Florida continues. The
Electric Power Research Institute,
Florida Power and Light, and the
Florida Department of Environmen-
tal Protection are currently funding
a project to determine atmospheric
deposition patterns and rates of mer-
cury deposition in the region. The
U.S. Environmental Protection
Agency has initiated a study of mer-
cury in the Everglades with the goal
of establishing spatial trends of mer-
cury concentrations in water, sedi-
ment, and biota. The USGS is
planning research in the Everglades
on processes that control mercury
transport and cycling. Research
studies are being planned by the
State in the northern Everglades
where a nutrient-removal project is
underway as a result of concern that
the effects of nutrient removal will
promote the release of sediment-
bound mercury or an increase in the
methylation of mercury.
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Effects on Estuaries, Bays, and Coral Reefs

Changes in coastal estuaries are due, in part, to such factors as an overall
reduction of the amounts of freshwater flow through the Everglades, the
effects of constructing levees and canals near the coast to provide drainage
and flood protection, the changesin the quality of runoff water, and the main-
tenance of lower ground-water levels along the southeastern coast (Smith and
others, 1989; Halley and Hudson, 1993). Although the amount of flow reduc-
tion is disputed, the effects of drainage activities are observed in the
encroachment of mangrove forests into northern Everglades National Park in
recent years, the replacement of freshwater marshes by saltwater marshes,
and the decline of coastal mangrove forests in areas that have been deprived
of natural overland flow. Today, many of these coastal estuaries, especialy
along the southeastern coast and the central part of Florida Bay, frequently
experience hypersaline conditions during the dry season (Davis and Ogden,
1994; Mclvor and others, 1994).

Water management has resulted in more short-duration, high-volume
water flow and less life-sustaining base flows to estuaries. Regulatory
releases to control lake and ground-water levels according to prescribed
flood-prevention formulae result in pulses of freshwater entering estuaries,
causing rapid, drastic decreases in salinity that stress estuarine organisms. In
addition, water flows have been diverted from one receiving basin to another,
which changes the long-term salinity regimesin both systems. The combined

and stability (Bancroft, 1993; Boe-
sch and others, 1993). Seagrasses
have died in large areas (Robblee
and others, 1991) and microscopic
algae have bloomed with increasing
frequency and intensity, thus turning
the once clear waters a turbid green.
Populations of water birds, forage
fish, and juveniles of species of
game fish seem to have been signifi-
cantly reduced, catches of pink
shrimp have declined, and many
sponges have died, causing a poten-
tial threat to the catch of spiny lob-
sters. These and other ecological
alterations in the Bay were recently
summarized in a research plan by the
Interagency Drafting Committee
(unpublished, 1994). Because the
freshwater flow through the Ever-
glades into Florida Bay has been
greatly reduced by consumptive use
and watershed drainage (Mclvor and
others, 1994), much concern has

effects of reduced freshwater inflow to Florida Bay as a result of man’s altepeen directed to flow reduction as
ation of the natural flow regime and the natural evaporation of water in thite root cause of the deterioration of
semiconfined embayment, have resulted in salinities that can be more tithp bay ecosystem. However, other
double those of the open ocean. Widespread chronic hypersalinity in the beauses may be implicated in changes
is extreme and frequently reaches 50 ppt over large areas, with known maxi-the bay; for example, nutrient
mums of 70 ppt in small areas during severe drought (Tabb and others, 196&mulation from internal sources
Tabb, 1963). Biscayne Bay sometimes exhibits negative, or reverse, salinfbenthic sediment releases) and ex-
gradients, with hypersaline conditions inshore. On the other hand, salinitigsrnal sources (runoff and seepage
in Manatee Bay have declined from 36 to O ppt in a matter of hours as a redudim the land) (Lapointe and Clark,
of an abrupt release of freshwater. 1992) and natural influences, such as
Florida Bay has undergone changes during the last decade that are unptiee-diminished frequency of tropical
edented within the period of recorded observation and that reflect a degradatsdnrms in the vicinity of the bay
of the ecosystem, in terms of its productivity of living resources, biodiversitf,Boesch and others, 1993).



The amount and distribution of
nutrientsthat flow into coastal waters
of south Florida are extremely
important to the health of the bays,
estuaries, and reefs (Lapointe and
others, 1990; Fourqurean and others,
1992; Lapointe and Clark, 1992).
Denitrification in Everglades sedi-
ments is not an effective means of
removing excess nitrogen that may
be introduced as nitrate into coastal
waters (Gordon and others, 1986).
The flow of freshwater and nutrients
from urban and agricultural lands,
extensive mangrove and marsh wet-
lands, and phosphate-rich river
waters of southwestern Florida may
create a blend of water that contains
adequate concentrations of nutrients
to support algal blooms and enrich-
ment in the western part of Florida
Bay. Inaddition, if freshwater flow to
the Atlantic Ocean is rediverted to
the Gulf of Mexico and Florida Bay,
as is being discussed as part of the
Everglades restoration plan, then
nutrient loading to the bay and gulf
might substantially incresse.

In much of FloridaBay, the Flor-
idaKeys, and the reefs, the quality of
marine water iswidely recognized as
important, if not more important,
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than restoring freshwater flow to Florida Bay (Hallock and others, 1993). Con-
tinued residential development in the Florida Keys will intensify problems of
increased stormwater runoff, septic tank and disposal well leachate, and nuitri-
ents and heavy metal contamination from marinas and live-aboard vessels
within the Florida Keys area. The EPA and NOAA Florida Keys National
Marine Sanctuary prepared aplan to deal with the continuing development and
associated water-quality changes (U.S. National Oceanic and Atmospheric
Administration, 1995). However, significant changesin water quality may have
already taken place, as indicated by the seepage of sewage components in
marine ground water offshore from the Keys (Shinn, 1993; Shinn and others,
1994).

Changesin Florida coral reefs (fig. 38) have received increasing attention
during the last decade (Ward, 1990). Some damage to the reef corals by ships
or divers, for example, may be easily related to human intervention (Hudson
and Diaz, 1988; Talge, 1992). Other changes, however, are lower and pose dif-
ficulties in determining their ultimate cause. For example, coral mortality is
often the result of disease, such as “bleaching” that results when symbiotic
algae are expelled from the coral tissue, thus causing the corals to lose their
color (Brown and Ogden, 1993).

In the last two decades, coral diversity and the amount of seafloor inhab-
ited by coral has declined in the reef tract off the northern Florida Keys (Dus-
tin and Halas, 1987; Porter and Meier, 1992). The decrease in general coral
health has been variously attributed to global warming, nutrient increases,
disease, and hypersaline water. These possible causes have not been fully
documented. Some changes on the reefs are difficult to identify with local,
regional, or global change. Some of the observed change may be related to
widespread change throughout the Caribbean (Rodgers, 1985) or may be the
result of more local causes. The U.S. Environmental Protection Agency is cur-
rently funding studies to monitor reef and hard-bottom community changes in
the Florida Keys National Marine Sanctuary (Continental Shelf Associates,
Inc., 1995).

Figure 38. Long-term changes on a coral reef community are illustrated by photographs taken in 1976 and 1992 at
the same location on a reef near Key Largo. The thick growth of staghorn coral (Acropora cervicornis) evident in
1976 had largely disappeared in 1992. This change may be natural or related to human activities. (E.A. Shinn,

written commun. 1993.)



When Europeans first arrived in south Florida, the region was a lush,
subtropical wilderness of pine forest, hardwood hammocks, swamps,
marshes, estuaries, and bays. Wetlands dominated the landscape. The

region contained one of the largest wetlands in the continental United
States, the Everglades, which was part of the larger Kissimmee—
Okeechobee—Everglades watershed that extended more than half the
length of the Florida Peninsula. The Everglades and the Big Cypress
Swamp stretched as a continuous wetland across the southern part of the
peninsula south of Lake Okeechobee. These wetlands and the entire
watershed provided the freshwater that sustained highly productive estu-
aries and bays of the region.

Summary and
Research Needs

Drainage of the Everglades watershed began in the earRecently, a consensus has begun to
1880's and continued into the 1960’s. The first drainage canaisnerge among Federal and State agencies,
were dug in the upper Kissimmee River and between Lal&s well as among environmental groups,
Okeechobee and the Caloosahatchee River. Beginning with #hé@t the Everglades should be restored to
Miami River in 1903, canals were cut through the Atlantid®atterns similar to the original system. For
Coastal Ridge and into the northern Everglades. By the laf@ncerned parties to discuss, let alone to
19207, five canals had been dug between Lake Okeechobee 4f@!/ement, such recommendations
the Atlantic Ocean—one that passed north of the Everglades dfguires a substantial increase in available

scjentific data and understanding of Ever-

connected the lake with the St. Lucie River and four that passeﬁiIdes hydrology, geology, and ecology

through the Everglades. Drainage opened land for agrir':ulture%e investigations needed to support
develop south of Lake Okeechobee. In the late 1920’s, a l%storation, which have been developed by
muck levee was constructed along the southern and southwggk gcience Sub—Group of the South Flor-
ern shore of the lake to prevent flooding, but during the hurrjg4 Ecosystem Task force, include hydro-
canes of 1926 and 1928, the levee was breached, which resuligglcally characterizing the predrainage
in destruction of property and lives. In response to these cataystem and comparing it to the present
trophes, the Federal Government initiated flood-controdystem; determining the key characteris-
measures that included construction of levees around the soutits of the former natural hydrologic
ern shore of Lake Okeechobee and enlargement of the Caloosgstem that supported the rich diversity
hatchee and the St. Lucie Canals. and abundance of wildlife that has been
lost; designing structural and operational

Dramage and development altered most of south Florida a@o@ﬁcatlo'ns of the Central and Southern
. . rida Project for Flood Control and other

caused severe environmental changes. These changes mcllg e
: L . urposes (C&SF) that would recreate the

large losses of soil through oxidation and subsidence, degrada-

. . ) , C y characteristics of the natural hydro-
tion of water quality, nutrient enrichment, contamination b3fogic system: assessing the hydrologic and
pesticides and mercury, fragmentation of the landscape, 'argéological results of these modifications
losses of wetlands and wetland functions, and widespread in‘{ﬁrough pre- and post-modification moni-
sion by exotic species. Additionally, the large and growingoring; and modifying the design of the
human population and the active agricultural development in the.SF project based on the assessment and
region are in intense competition with the natural system fanonitoring of the hydrologic and ecologi-

freshwater resources. cal results of the changes.
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TheUSGSisproviding some of the scientificinformationnecess  ®  Determining the “natural state” of
sary for protection and restoration in south Floridathrough several  the south Florida regional ecosystem,

of its programs, which include the South Florida Initiativeand the ~ Which include the estuaries, bays, and

NAWQA Program. The U.S. Geological Survey is coordinating coral reefs and their watershed.

these efforts with other Federal agencies through the South Flor- . . .

. . . Developing a comprehensive and
ida Ecosystem Interagency Working Group and the Science SuP@adin accessible quality-assured rela-
Group and through regularly scheduled liaison meetings of the, o1 qata base for spatial and point
Southern Florida NAWQA study unit. The South Florida Initiativeyata, which include water, geology, soils,
is a collaborative effort by the U.S. Geological Survey, the fromefopography, vegetation, and remotely
National Biological Service, and other Federal and State agencissnsed data to support scientific investi-
to provide scientific insight into conflicting land-use demands angation.

water supply issues in the south Florida, Florida Bay, Florida Key,

ecosystem (McPherson and others, 1995). The proposed U.Btegardless of the information obtained

Geological Survey contributions include the following: and the effort expended, the success of
ecosystem restoration is uncertain

) o ) ~ because of the complexity of the interac-
® Assessing the availability of water for competing require+jgn petween the biological and abiotic

ments (public water supply, agriculture, fisheries, ecosystemomponents of the system. In writing
protection/restoration) in south Florida and the Florida Bay areabout the Everglades, Davis and Ogden

by measuring and modeling the movement of water. (1994, p. 789) state “This uncertainty of
information becomes another force in

® Assessing the water quality within south Florida, Florida Bayfgst%?;ttgnaot;rﬁi‘g rﬁitg;agf,g F:]raetrS'rZT;

and the Keys/Reefs by collaborating with other planned eﬁort@nvironmental fluctuations is an appro-
and focusing on the additional needs for information, such as ideﬁfiate target in the stepwise and still
tifying processes that transform and transport nutrients anghprecise process of attempting to
mercury. produce ecological restoration.”
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