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ater is Florida's most precious resource. We
Wdepend on a clean, reliable supply not only

when we turn on the faucet, but as the
foundation of our economy. The state’s 50,000 miles of
streams, 3,000 square miles of lakes, and 4,000 square
miles of estuaries support diverse habitats, plants, and
animals as well asfood crops, industry, and recreation.

Currently the fourth most populated state in the
United States, Florida continues to grow rapidly, and the
pressures of population growth and development are
serious threats to our water resources. Although issues of
water quality and quantity are usually considered
separately, they are inextricably linked, and maintaining
both is critical to our future well-being.

Recognizing the value of our water resources, Florida
has acted to protect them. Chapters 403 and 373, Florida
Statutes, define the authority for preventing pollution and
managing water resources. Both the Water Quality Assur-
ance Act and Surface Water Improvement and
Management Act address water-resource planning and the
restoration of degraded waters, respectively. Legislation
in the mid-1980s required domestic wastewater discharges
from Tampa Bay to Sarasota Bay to receive advanced
treatment. 1n 1990 legislation also mandated the removal
of all surface discharges of wastewater from the Indian
River Lagoon, effective April 1, 1996. A more recent
initiative introduced ecosystem management or place-
based management of watersheds. This allows the state to
evaluate impacts to a watershed in a comprehensive,
integrated way, rather than simply review individual
permit requests.

The 1996 Water-Quality Assessment for Florida,
usually called the 305(b) report, summarizes the quality of
our water resources, regulatory developments, impacts to
surface water and groundwater, water-quality trends, and

current restoration anaj protection programs. The report’s
Technical Appendix gontains detailed information on the
status and quality of individual hydrologic units and
watersheds.

Assessing Florida’s
surface-water quality

For each 305(b) reporting cycle since 1976, the
Florida Department of Environmental Protection (FDEP)
has refined and improved its ability to assess Florida's
surface-water quality. The 1996 report moves further
toward a comprehensive assessment.

For this report, we evaluated 4,534 watersheds and, of
that number, assessed about 2,500, first using a Water-
Quality Index or Trophic State Index to calculate water
quality on a broad scale.® Next, when available, we eval-

1Water-chemistry information comes from the U.S. Environmental Po-
tection Agency’s STORET database, which contains information from
numerous Florida agencies. Thirty-three different agencies conti-

uated FDEP' s quantitative biological data, exceeded state
criteriafor conventional pollutants and toxics, information
from FDEP's qualitative 1994 Nonpoint Source Assess-
ment, and fish consumption advisories. We assigned each
water body a water-quality rating for each of the five
categories. The final rating was calculated by averaging
ratings from all categories, except for surface waters rated
poor. For these, information on biological health,
nonpoint source pollution, and water chemistry all had to
agree.

Most water-quality assessments were based on water-
chemistry indices, nonpoint source information, and
exceeded state criteria for conventional pollutants. We
used water-chemistry data collected from 1990 to 1995 to
assess 1,500 water bodies, and older data from 1980 to
1989 to assess about 1,000 water bodies.

Significant findings

The map on this report’s cover graphically displays
two important conclusions on Florida's surface-water
quality: first, most surface water is good quality and,
second, most problems are found in Central and South
Florida

Water quality in the sparsely populated northwest and
west-central sections of the state is better than in other
areas. Problems are evident around the densely
populated, major urban centers, including Jacksonville,
Orlando, Tampa, Pensacola, Cape Kennedy, and the
southeastern Florida coast. Poor water quality not
associated with population is also found in basins with
intense agricultural and industrial use.

Support for designated use

The process of determining support for designated use
continually evolves. Designated use is the functional
classification given to each Florida water body, as fol-
lows:

Class| Potable water supplies
Classl| Shellfish propagation or harvesting
ClassllIl Recreation, propagation, and
maintenance of a healthy,
well-balanced population
of fish and wildlife
ClasslV  Agricultural water supplies
ClassV Navigation, utility,

and industrial use

For this report, we summarized water quality by
determining the degree of support for designated use for
the state’ s different waterbody types. We assessed 11,858
miles of rivers and streams, 2,004 square miles of lakes,

uted data to this report, representing about 8,000 unique STORET
stations.



and 3,939 square miles of estuaries. Of the assessed
miles, 61 percent of total river miles, 45 percent of total
lake areas, and 54 percent of total estuarine areas fully
supported their designated uses. Another 32 percent of
river miles, 49 percent of lake areas, and 41 percent of
estuarine areas only partially supported their designated
uses.

Pollution problems

Pollution problems in Florida vary. In the past, most
water-quality problems came from domestic and industrial
point sources. These are specific, identifiable sources of
pollution discharged to surface waters. By implementing
new technologies, treating wastes better, and putting into
place regulatory controls, point source pollution has
diminished. While the state does not have extensive
industrialization, localized concentrations of heavy
industry that contribute point source pollution are centered
mostly in urban areas.

Nonpoint sources, or nhonspecific pollution from large
areas, now account for most water-quality problems. Be-
cause Florida is so populous and has grown so rapidly—
especially over the last two decades—much nonpoint
pollution in urban areas is caused by runoff from
residential development and suburban sprawl. In
addition, silviculture, agriculture, and various kinds of
animal farming, all of which generate nonpoint pollution,
are a large part of the state's current and historical
economy.

Causes. The main causes of water bodies not fully
supporting their designated uses vary, but all are classified
as moderate/minor. That is, they are either small contribu-
tors to the problem or one of a number of causes.
Nutrients and subseguent eutrophication (the rapid aging
and filling in of water bodies) were mgor causes of
impairment for all waterbody types. For rivers, significant
causes include nutrients, organic matter/low dissolved
oxygen levels, siltation, habitat alteration, and bacterial
contamination. Problems in lakes result from metals and
other toxics, ammonia, and nutrients. Lake Okeechobee
contributes most of the area attributed to metals and
toxics, while for estuaries, the main causes are nutrient
enrichment, habitat alteration, and siltation.

SOUrCes. Florida's major surface-water problems
fall into five general categories, as follows:

1. Urban stormwater

Stormwater carries many different pollutants, from
nutrients to toxic pollutants, and adds biochemical
oxygen demand. As a major nutrient source, it
accelerates eutrophication. Urban stormwater and
siltation and turbidity from construction are major
sources of impairment for all waterbody types. Problems
obviously concentrate around the state’'s urban centers,

mimicking the population map. Although current
stormwater rules and growth management laws restrict
pollution from new sources, regulations are difficult to
monitor and enforce.

2. Agricultural runoff

Major agricultural pollutants include nutrients,
sediments (increased turbidity), biochemical oxygen
demand, bacteria, and pesticides. These generally do
their worst damage in lakes, slowly moving rivers and
canals, and sometimes receiving estuaries. Agricultureis
an important source of impairment for all waterbody
types. Problems are concentrated in the central and
southern portions of the state and in several rivers
entering Florida from the north. Although agricultural
operations have traditionally been regulated far more
leniently than point sources, the need is increasingly
realized for improved treatment of runoff and better
implementation of best management practices.
Significant restoration projects to treat stormwater by
marsh filtration or retention are under way in the
Everglades, Upper St. Johns River Basin, and Upper
Oklawaha River Basin.

3. Domestic wastewater

Wastewater, which mainly contributes primarily
nutrients and pathogens, can also be a source of toxics.
Sources include municipal wastewater treatment plants,
package plants, septic tanks, and runoff from land
application. In particular, septic tank leachate
contributes to the degradation of many water bodies,
including Suwannee Sound and tributaries into Sarasota
Bay. Controls in domestic wastewater plants have
improved significantly in the last decade. In fact, most
improving water-quality trends can be traced to plant
upgrades. Further advancements are being encouraged
using design innovations such as wastewater discharges
to wetlands, water reuse, and advanced treatment. A
problem still exists in rural areas, however, where
financial and technological resources are limited and
where several poorly operating facilities continue to
pollute relatively pristine waters.

4. Industrial wastewater

Most notably, these industrial sources include pulp
and paper mills. Because of the volume and nature of
their discharges, all pulp and paper mills operating in
Florida seriously degrade their receiving waters. The
phosphate and fertilizer industries generate major point
and nonpoint pollution in several basins, and phosphate
mining also creates hydrologic modifications in surface
waters and land. Industrial discharges contribute about
10 percent to the total miles of impaired waters.



5. Hydrologic modifications

These include damming running waters; channeling
slowly moving waters; or dredging, draining, and filling
wetlands for flood control, agriculture, drinking-water
supplies, and urban development. While such modifica-
tions are not strictly pollution sources, in most cases
where natural hydrologic regimes are modified, water-
guality problems ensue. Rating the effects of hydrologic
modifications is difficult. Dredging and filling destroy
habitats. Disrupting wetlands and causing a net loss in
their areas reduces buffering and filtering capacities and
biological potential. This is a particularly important
problem in estuaries. Losses of seagrasses, which
provide crucial juvenile habitat for many commercial and
recreational species, and other marine habitat losses can
serioudly affect the long-term viability of fisheries.

A revitalized water-quality trend-monitoring program
will allow water-quality changes over afive-year period to
be detected with an 80 percent confidence level. Thefive-
year cycle will allow the results to be incorporated into
future 305(b) reports. The network, which to date
includes 350 stations, is a collaborative effort with the
water management districts and local programs.

Water-quality trends

Changes in water quality are an important indicator of
the health of surface waters. We analyzed water-quality
trends in 627 water bodies over the past ten years. Most
(about 71 percent) showed no significant trends, while 20
percent improved and 9 percent worsened. The improve-
ments generally resulted from wastewater treatment plant
upgrades or new regional wastewater plants and nonpoint
source controls in Tampa, Orlando, and several other
cities. Twenty water bodies showed worsening trends,
probably from silviculture and increased land
development.

We did not observe any regional patterns for
degrading trends similar to the improving trends.
Degrading trends were caused by both point and nonpoint
sources.

Of 136 lakes assessed, 15 percent showed an
improving trend, 14 percent showed a declining trend, and
71 percent remained the same. Water-quality declines
were attributed to nonpoint source pollution. Water
quality in 15 percent of the assessed lakes improved when
wastewater discharges were removed. This was
particularly true for Lakes Howell, Jesup, Harney, and
Monroe.

Monitoring

Six years of work have culminated in the
development of final protocols (procedures) for biological
assessments of streams and the implementation of a new
biological-monitoring program. Bioassessment focuses
on assessing the impacts of nonpoint sources. Biological
monitoring should not only increase Florida's ability to
monitor more water bodies but will also allow more
comprehensive assessments.

Public health/
aquatic life concerns

An assessment of public health and aquatic life
impacts found several concerns, many of which are
persistent in nature.

B The Gulf marine fishery has been hurt by
extended red tide blooms and an outbreak of
disease in hardhead catfish.

B During 1994 and 1995, statewide, shellfish beds
were closed for 2,111 days because of red tide.

B Fish with ulcerative disease syndrome are till
seen in the Lower St. Johns River, a problem
first identified in the early to mid-1980s.

B |n the Miami River, chronic and acute bacterial
contamination in the water and toxins in
sediments threaten Biscayne Bay. The bacteria
come from illegal sewer connections to the
stormwater system, leaking or broken sewer
lines, and direct discharges of raw sewage when
pumping stations exceed capacity. When sewage
is directly discharged, coliform bacteria counts
in the Miami River and the adjoining waters of
Biscayne Bay are hundreds of times higher than
state criteria, periodically closing bathing
beaches along the bay and Atlantic Ocean.

B Sediments in many urban estuaries such as
Tampa Bay, the St. Johns River Estuary, and
Pensacola Bay contain heavy metals and organic
contaminants. Continued habitat losses from
dredging and filling and construction also
threaten the viability of these fisheries.

B In Florida Bay, algal blooms and extensive
mangrove and seagrass die-offs are important
concerns. They likely stem from extensive
channeling and hydrologic modifications in the
watershed that have reduced freshwater flows to
the bay. The problems have been exacerbated in
recent years by a lack of flushing from
hurricanes, high water temperatures, and high
salinity.



B High concentrations of mercury in largemouth
bass were first discovered in the 1980s, and
consumption advisories for largemouth bass
have now been issued for two million acres of
fresh waters. The problem, however, is not
limited to freshwater fish. Advisories have also
been issued for several marine species in
estuaries and for shark and king mackerel
statewide. A no-consumption advisory has also
been issued for the Fenholloway River, where
elevated dioxin levels have been found in fish.

B A disturbing event is the decline of juvenile
alligator populations in Lake Apopka. Egg
viability has diminished and the numbers of
deformed embryos have risen. The problem may
stem from a 1980 spill of kelthane, a pesticide
that contains DDT, but the evidence is not con-
clusive. We do not know whether Lake Apopka
is an isolated occurrence or an indicator of
problemsin other surface waters.

Wetlands protection

Florida's 11 million acres of wetlands are threatened
by urban and agricultural growth. To address the
problem, surface water and wetlands permitting have
undergone major revisions. A new Environmental
Resource Permit implemented in October 1995 merges
with and replaces FDEP's dredge-and-fill Wetland
Resource Permits and the water management districts
Management and Storage of Surface Water Permits.
FDEP shares responsibility for the program with four of
the state’s five water management districts. In Northwest
Florida, the district continues to operate a limited M SSW
permitting process for agriculture and silviculture, and
FDEP administers a Wetland Resource Permit program.

Florida does not use the federal methodology to
define or delineate wetlands. Instead, FDEP has adopted
rules for determining wetlands jurisdiction. The landward
extent of a wetland is defined by the dominance of plant
species, soils, and hydrologic evidence of regular or
periodic inundation with water. This approach is required
by all local, state, and regional agencies.

Regulating pollution

Point source pollution is controlled by a discharge-
permitting process separate from, but similar to, the
National Pollutant Discharge Elimination System permit
process. Only recently did the Environmental Protection
Agency delegate NPDES permitting to Florida. Permits
containing effluent limitations must be obtained to build,
operate, and modify domestic and industrial facilities.

Florida contains 5,111 permitted facilities. Of these,
641 are permitted to discharge to surface waters, and an
additional 255 discharge to surface waters under general
permits. To improve water quality further, FDEP is en-
couraging the reuse of treated wastewater (primarily for
irrigation) and wetlands discharge. Currently, 18
wetlands treatment systems are operating in the state.

At the core of the nonpoint source program are
FDEP's Stormwater Rule and supporting stormwater
legislation enacted in 1989. The regulations require all
new developments to retain the first inch of runoff water
in ponds, which theoretically removes 80 to 90 percent of
pollutants before they enter surface waters. The program
is aso integrated with the state’s Surface Water
Improvement and Management Act as well as the
Comprehensive Planning Act. Current contracts focus on
best management practices for other nonpoint sources
such as agriculture, septic tanks, landfills, mining, and
hydrologic modifications.

B Regulatory actions in the 1980s and recent
efforts through the National Estuary Program and
Florida's Surface Water I mprovement and Management
Act have improved water quality in Tampa Bay. The
Grizzle-Figg legislation of the mid-1980s required that all
surface-water discharges of domestic waste to the estuary
be given advanced treatment. With improved water
guality, seagrass acreages have increased. Nitrogen
contributions to the bay are about half what they werein
the 1970s. Nitrogen is the critical nutrient fueling algal
blooms in the estuary. Although scallops disappeared in
the 1960s and 1970s because of poor water quality,
experiments indicate that they can once again survive,
and aggressive restocking is being carried out.

B The same regulatory actions have also helped to
improve water quality in northern and central Sarasota
Bay. The City of Sarasota has reduced its nitrogen con-
tribution by 80 to 90 percent with advanced wastewater
treatment, amounting to a 14 percent baywide reduction
in nitrogen contributions. Manatee County has removed
wastewater discharges by switching to deep well injection.
The county also reduced stormwater runoff into the bay
by diverting reclaimed water to a gladiolus farm.



Restoration and
protection programs

Florida has very active programs to restore and
protect surface waters. The state has been buying
environmentally sensitive lands since 1963, and at least
11 different programs actively purchase land. The two
primary programs are the Conservation and Recreation
Lands Program, administered by FDEP, and the Save Our
Rivers Program, administered by the water management
districts.

Most current restoration work is aimed at correcting
problems caused by excess nutrients. Restoration projects
under way in the Everglades, Upper St. Johns River, Lake
Griffin, and Lake Apopka require the construction of large
marsh flow-ways to filter nutrients and other pollutants.
Early results from Lake Apopka indicate that the marshes
improve water clarity by removing suspended particles,
and they may remove as much as 33 tons of phosphorus a
year.

Groundwater quality

Because groundwater supplies about 87 percent of
Florida's drinking water, groundwater protection programs
traditionally focused on monitoring wells for
contamination. Under the 1983 Water Quality Assurance
Act, the state began monitoring existing groundwater
quality. Data from over 1,900 wells that monitor all the
state’s major aquifer systems are collected and stored in a
database. Although a preliminary analysis indicates
generally good groundwater quality, particularly in the
Floridan Aquifer underlying all but the westernmost and
southernmost parts of the state, threats and sources of
contaminants do exist.

The major sources of contamination include under-
ground petroleum storage tanks, agriculture, landfills,
urban runoff, and septic tanks. Several hundred leaking
petroleum storage tanks are being investigated.
Agriculture uses large quantities of pesticides and
fertilizers that can contaminate groundwater supplies.
Several  chemicals—including  adi-carb, alachlor,
bromacil, simazine, and ethylene dibromide—have caused
local problems. With EDB, the contamination is regional.

Other pollutants threatening groundwater include
stormwater runoff laden with pesticides and fertilizers,
leachate from hazardous waste sites, and nitrates from
dairies and other anima farms. Groundwater contami-
nation in highly permeable sandy soils in aquifer recharge
areasis aparticular concern.

Florida has 26 programs, either established or being
developed, to protect groundwater quality. These range
from discharge-permitting programs, to the development
of standards and criteria, to aquifer mapping and charac-
terization.

For this report, the Environmental Protection Agency
asked states to assess the quality of a specific aquifer or
geographic area. We chose the North Lake Apopka Very
Intense Study Area to study agricultural impacts on the
surficial aquifer. The study found that agriculture has
affected that aquifer’s water quality. Nitrogen and phos-
phorus levels are the greatest concern.
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verse natural resources, some of which are unique

or exist nowhere else in the continental United
States. For example, nothing else like the Everglades
(called "the River of Grass' by author Marjory Stoneman
Douglas) exists on the planet, and Florida contains the
only emergent coral reef in the continental United States
(see Table I1-1 for a catalog of these resources).

Florida is rapidly growing and developing. Among
the 50 states, it ranks fourth in total population and third
in percentage of population growth, but only twenty-
second in total land area.l

Water is our most critical resource. The pressures of
population growth and its accompanying development
present serious problems. Maintaining overall good water
quality and an adequate, reliable water supply; protecting
public health; and ensuring healthy populations of fish
and wildlife are important challenges that we must soon
meet.

Florida's 58,560 square miles support abundant, di-

Population

In 1995, Florida had an estimated population of
14,162,331.2 It also has a large seasonal influx of tour-
ists; about 40 million people visit each year.3

The state’s population is projected to grow by 1.92
percent a year from 1992 to 2000,% and 1.61 percent an-
nually from 1992 to 2020. Population projections by the
year 2000 range from 15.5 million to 15.69 million. Total
population in 2010 is projected at 17.96 million to 18.35
million.>

The state has several large, expanding population cen-
ters, including southeastern Florida (Dade, Broward, and
Palm Beach counties), Jacksonville, Tampa-St. Peters-
burg, and Orlando. In contrast, other relatively large areas
are sparsely populated.

1Ferna|d, E.A., and E.D. Purdom, editors, J.R. Anderson, Jr., and P.A.
Krafft, cartographers, Atlas of Florida (Tallahassee: University Press
of Florida, 1992).

Florida Population Studies (Gainesville: Bureau of Economics and

Business Research, College of Population Studies, University of Florida,

1994).

3Fernald et al.,, 1992.

41994 state Profile (Washington, D.C.: Woods and Pole Economics,
1994).

SFlorida Population Studies, 1994, and 1994 State Profile.

Natural setting

Water resources

Florida has 51,858 miles of streams and rivers (about
half of which are ditches and canals), more than 7,700
lakes (greater than ten acres in area) with a total surface
area of 3,258 square miles, and 4,298 square miles of es-
tuaries (see Table I1-1). A line running from the northeast
corner of the state to Key West and back up to the north-
west corner along the Gulf Coast would extend 1,300
miles. If the distance around barrier islands and estuaries
were included, the line would stretch 8,460 miles.

The state has more than 1,700 streams and rivers.
Differences in climate, hydrogeology, and location all af-
fect their water quality. The longest river entirely in the
state is the St. Johns, which flows north as a recognizable
stream about 273 miles from the St. Johns Marsh in North
St. Lucie County to its mouth at Jacksonville. The river
drains a land area equal to about one-sixth of Florida's
surface.® The Apalachicola River, in the Panhandle, has
the greatest discharge. Its basin, draining over 19,000
square miles, extends to North Georgia's southern Appa-
lachian Mountains.

Lakes occupy close to 6 percent of Florida's surface.
The largest, Lake Okeechabee, is also the ninth largest
lake in surface area in the United States. Most of the
state’ s lakes are shallow, averaging from 7 to 20 feet deep,
although many sinkhole lakes and parts of other lakes can
be much deeper.”

Climate

The state’s climate ranges from a transitional zone
between temperate and subtropical in the north and north-
west, to tropical in the Keys. As aresult, Florida's plants
and animals are a mix of those from more temperate
northern climates and the tropical Caribbean. Three hun-
dred native trees and 3,500 vascular plants have been re-
corded. More than 425 bird species can be seen—about
half the known species in the United States.8

Summers are long, with periods of very warm, humid
air. Maximum temperatures average about 90° Fahren-
heit, although temperatures of 100° F. or greater can occur
in some areas. Winters are generally mild, except when
cold fronts move across the state. Frosts and freezes are
possible, but typically temperatures do not remain low
during the day, and cold weather usually lasts no more
than two or three days at atime.

GHeath, R.O.C., and C.S. Conniver,Hydrologic Almanac of Florida
(7U.S. Geological Survey, Open File Report 81-1107, 1981).

U.S. Geological Survey, 1981.
8Fernald et al.,, 1992.



Table II-1
Atlas of Florida

1995 estimated population 14,162,331
Ranking by population among 50 states 4th largest
Ranking by land area among 50 states 22nd in size
Surface area 58,560 square miles
Number of U.S. Geological Survey hydrologic units 52
Total number of river/stream miles 51,858 miles
*Border river miles—total 191 miles
Chattahoochee River 26 miles
Perdido River 65 miles

St. Marys River 100 miles

Total density of rivers/streams 0.89 miles/square mile
Perennial streams 22,993 miles
Density of perennial streams 0.39 miles/square mile
Intermittent streams 2,956 miles
Density of intermittent streams 0.05 miles/square mile
Ditches and canals 25,909 miles

Density of ditches and canals

0.44 miles/square mile

*Number of lakes/reservoirs/ponds

7,712 (area > than or equal to 10 acres)

*Area of lakes/reservoirs/ponds”

3,258 square miles

*Area of estuaries/bays’

4,298 square miles

*Coastal miles

8,460 miles

*Freshwater and tidal wetlands

17,830 square miles

Area of islands greater than ten acres

1,314 square miles

Number of first-order magnitude springs

27

Largest lake

Lake Okeechobee

Longest river (entirely in Florida)

St. Johns River

Prominent wetlands systems

Everglades and Big Cypress Swamp,
Green Swamp, Okeefenokee Swamp,
Big Bend coastal marshes

*Numbers are from the 1990 Water Quality Assessment for the State of Floridaand the Environmental

Protection Agency from RF2 REACH files.

“State estimate for lake area is 2,191 square miles and for estuaries, 4,412 square miles.

Rainfall varies with season and location. On average
more than 60 inches per year can fall in the far northwest
and southeast, while the Keys receive about 40 inches an-
nually.® Because of this variability, local water shortages
can occur. The heaviest rainfall occurs in Northwest
Florida and in a strip 10 to 15 miles inland along the
southeast coast.10

Except for the northwestern part of the state, the year
contains a rainy season and a relatively long dry season.
In the peninsula, half the average annual rainfall usually
falls between June and September. In northwestern Flor-
ida, a secondary rainy season occurs in late winter to early
spring.11 The lowest rainfall for most of the state occurs
in fall (October and November) and spring (April and
May).12 The varying patterns of rainfall create differences

9Jordan, C.L., Florida's Weather and Climate: Implications for Water,
in Fernald, E.A., and D.J. Paten, Water Resources Atlas of Florida
(Tallahassee: Institute of Science and Public Affairs, Florida State Ui
versity, 1984), pp. 18-35.
1050rdan, 1984.
llMorris, A., The Florida Handbook 1993-1994(Tallahassee:
Peninsular Publishing Company, 1993).

2ys. Geological Survey, 1981.

10

in the timing of high and low discharges from surface
waters.

An approximate diagonal line drawn from the mouth
of the St. Johns River at the Atlantic Ocean to the bound-
ary of Levy and Dixie counties on the Gulf of Mexico
depicts a climatic river—basin divide.l3 North and north-
west of the divide, streams have high dischargesin spring
and late winter (March and April), and low discharges in
the fall and early winter (October and November). A sec-
ond low-water period occurs from May to June. South of
the climatic divide, high discharges occur in September
and October and low discharges from May to June, corre-
sponding to the wet and dry seasons.

13ys. Geological Survey, 1981.



Hydrogeology

The movement of Florida's groundwater and surface
water isinterrupted by a hydrologic divide, represented by
an approximate line from near Cedar Key on the Gulf
Coast to New Smyrna Beach on the Atlantic Coast.14
Little, if any, surface water or groundwater moves across
this barrier. Most major rivers north of the line receive
part of their discharges from outside Florida, in addition
to rain. South of the divide, rain is the sole water source.
Hydrologically, the half of Florida south of the divide is
anisland. About 75 percent of the state’s population lives
in this areain peninsular Florida.1®

Most of Florida is relatively flat. The highest ele-
vation, 345 feet, is near Lakewood, in Walton County in
the Panhandle. The longest river, the St. Johns on the east
coast, only falls about a tenth of a foot per mile from the
headwaters to the mouth. Farther south, below Lake
Okeechobee, land relief isless than six feet.

Surface drainage and topographic relief are greatest in
the streams and rivers entering North and Northwest Flor-
ida from Alabama and Georgia. Most streams here are
aluvial, that is, they carry sediments. As the land flattens
farther south, surface drainage becomes less distinct. Riv-
ers and streams are typically slower moving, noneroding,
and nonalluvial.

The land's low relief highlights Florida's wetlands.
Many rivers have their headwaters in wetlands. The
Green Swamp in Central Floridais the headwater for three
major river systems. the Withlacoochee, Oklawaha, and
Hillsborough. In North Florida, the Suwannee and St.
Marys rivers originate in the Okeefenokee Swamp.
Throughout the state, smaller streams often disappear into
wetlands and later reemerge as channeled flows.

Unfortunately, many wetlands were drained for agri-
culture and urban development, and humerous rivers were
channeled for navigation. The modifications were most
intense in South Florida where, beginning in the 1920s,
canals and levees were built to control flooding and drain
wetlands. Most notably, these modifications resulted in
the loss of much of the original Everglades wetlands from
Lake Okeechobee south and the channeling of the Kis-
simmee River.

Low relief coupled with Florida's geological history
has created unique hydrogeological features. Large areas
characterized by porous, water-soluble limestone forma-
tions, called karst topography, are dominated by sinking
streams (that is, they disappear underground), springs,
sinkholes, and caves. Florida's larger sinking streams in-
clude the Aucilla, Chipola, Santa Fe, Alapaha, and St.
Marks rivers.

The state has about 320 springs, whose combined dis-
charges are estimated at over eight billion gallons a day.
The largest springs by discharge are the Spring Creek
Springs in Wakulla County and the Crystal River Springs
Group in Citrus County. The United States has only 78

14Betz, J.V., Water Use (in Fernald et al, 1984).
15getz, 1984.
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first-order magnitude springs. These discharge on average
at least 64.6 million gallons per day. Florida has 27 such
springs.16

Because of Florida's karst terrain, groundwater and
surface water often interact closely. Most lakes and
streams receive at least some water from base flows,
springs, or seeps. By the same mechanisms, surface wa-
ters can recharge underground aquifers.

Surface water commonly drains through sinks and
caverns into groundwater and can later reappear as springs
and seeps, sometimes in a completely different basin from
where it entered the ground. For example, drainage from
a large karst area in Marion County provides water for
Silver Springs, which discharges to the Oklawaha River
and then to the St. Johns River and the Atlantic Ocean.
The same area also provides water for Rainbow Springs,
which discharges to the Withlacoochee River and then the
Gulf of Mexico.1?

Total waters

The estimates of Florida's total river and stream miles
in Table 11-1 are based on the U.S. Environmental Protec-
tion Agency’s River REACH File 3 (RF3). These map
files are derived from U.S. Geological Survey hydrologic
maps on a 1:100,000 scale. Accurate estimates of lake
and estuary areas were not available from the EPA. Areas
of lakes and estuaries in the table are based on REACH
File 2 (RF2) estimates.

Florida has also estimated lake and estuarine areas
with a new waterbody delineation approach that uses the
EPA’s RF3 files and geographic information system
techniques. Table I11-1 includes these figures for compari-
son.

Table 11-2 identifies the percentages of Florida waters
assessed, including monitored miles (STORET data for
1990 to 1995), evaluated miles (based on older data, pro-
fessional judgment, or other qualitative information), and
unknown miles. Total assessed areas for lakes and estuar-
ies represent the state’s rather than the EPA’s estimates.
Florida and the EPA estimate the total areas of Florida
lakes and estuaries using different approaches, with Flor-
ida using the higher resolution RF3 files. All estimates of
lake and estuary areas that support or do not support des-
ignated use are based on Florida s calculations. The EPA
has not provided Florida with new estimates of lake and
estuary areas based on RF3 files.

16y, Geological Survey, 1981.
7us. Geological Survey, 1981.



Table 1I-2
Miles of Florida waters assessed

Waterbody type Monitored | Evaluated* Unknown Total
(1990-1995
STORET data)
River (miles) 7,367 4,532 39,959** | 51,858"
Lake (square miles) 1,677 327 187 2,191%
Estuary (square miles) 2,451 1,510 451 4,412%

*Qualitative information or older STORET data (1980-1989).

**This number includes 25,909 miles of ditches and canals that have not been assessed.
*The Environmental Protection Agency’s estimate for river miles.

*Florida’s estimated lake and estuary areas.

Water Pollution
Control Program

Florida Water Plan

Florida depends on water resources in many ways—for
example, on its $7 hillion fishing and $32 billion tourism
industries. Water supply and quality have emerged as critical
issues for the 1990s. In 1950, the state’s population of 2.77
million used about 2.9 billion gallons per day. By contrast, in
1990, its 13 million people used 7.5 hillion gallons of fresh
water daily, of which groundwater provided about two-thirds.

Even though we have extensive water resources, most
Floridians live in coastal areas where less fresh water is
available. As population grows aong with development,
different users vie for water resources. The challenge is to
satisfy competing and rapidly increasing demands for finite
quantities of water and minimize damage to future reserves.

In 1972, the legidature, recognizing the importance of
Florida's water resources, passed the Water Resources Act,
Chapter 373, Florida Statutes, and the Florida Air and Water
Pollution Control Act, Chapter 403. Many goals and policies
in the State Comprehensive Plan, Chapter 187, Forida
Statutes, also address water resources and natural systems
protection. Section 373.036 outlines the requirements for
developing a comprehensive state water-use plan. Section
373.039 dtipulates that the water-use plan, together with state
water-quality standards, congtitutes the Florida Water Plan.

Under Floridas water management system, FDEP
oversees five regiona water management districts, an ap-
proach that balances the need for consistent statewide regu-
lations with regiona flexibility. As the primary stewards of
the state's water resources, FDEP and the districts often must
address competing public demands for water supplies, flood
protection, water quality, and protection of natural systems.
To accomplish this, they have developed comprehensive
water management plans for each region.

The Florida Water Plan builds on these regiona plans to
manage water resources. Itsoverall goa isto assure the long-
term sustainability of Florida's water resources to benefit the

dtate's economy, natural systems, and quality of life. The
most recent version of the plan, which FDEP adopted in
December 1995, identifies 16 issues as priorities, discusses
strategies to address those issues, and sets specific goals. The
issues are categorized into general issues, water supply, flood
protection, water quality, natural systems protection, and
intergovernmental coordination (see Appendix A).

Two fundamental principles guide the plan. First, water
resources must be managed to meet people’s water needs
while maintaining, protecting, and improving natural sys-
tems. Second, these resources can be effectively managed
only if all those affected collaborate and cooperate.

The plan emphasizes the need for interagency coordina-
tion in achieving statewide water management goals (Tables
[1-3 and 11-4 and Figure 11-1 summarize these coordination
mechanisms). The Florida Water Plan supports the State
Comprehensive Plan and is intended to coordinate and be
mutually compatible with the Florida Transportation Plan and
the Florida Land Development Plan.

The Florida Water Plan is not self-executing. Its pro-
visions guide FDEP and the water management districts
future actions, but are not binding unless adopted by rule.

Ecosystem management

Under the 1993 Florida Environmental Reorganization
Act, FDEP must develop and implement measures to ". . .
protect the functions of entire ecological systems through
enhanced coordination of public land acquisition, regulatory,
and planning programs.” This will be achieved through a
management concept known as “ ecosystem management.”
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Figure II-1
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Table 1I-3
Primary coordination mechanisms for managing
water resources: state, regional, and local

Function/entity

Primary mechanisms

FDEP’s general supervision over
water management districts
(policies, plans, and programs)

a
b.

c.
d.

e.
fol

Water Resources Coordinating Commission
Meetings of the water management districts’
executive directors

State Water Policy

(Chapter 62-40, Florida Administrative Code)
FDEP liaisons to the water management districts
Florida Water Plan/DWMP work group
ssue-specific work groups (policy and rule develgp-
ment)

g. Reuse Coordinating Committee

h. Memoranda of understanding

(delegation of programs and authorities)

i. Permit streamlining, mitigation banking

j. FDEP review of water management district rules
and budgets, auditing

Statewide ecosystem management
(FDEP)

a. Ecosystem management areas and teams
b. Adaptive management

State Comprehensive Plan
(governor’s office)

Overall coordination by governor’s office

State Land Development Plan
(Florida Department
of Consumer Affairs)

Interagency Planning Committees

Florida Transportation Plan
(Florida Department
of Transportation)

Interagency plan review process

Strategic regional policy plans
(regional planning councils)

a. Florida Water Plan/DWMP work group
b. Plan review process (Chapter 186.507[2], Florida
Statutes,

and Chapter 27E-5, Florida Administrative Code)

Agricultural interests
(Florida Department of Agriculture
and Consumer Services)

Agricultural Water Policy Committee

Local comprehensive plans

Plan review process
(Chapter 9J-5, Florida Administrative Code)

Local government water-supply planning,
wastewater management,

stormwater management,

solid waste management

FDEP and water management district programs
for technical and financial assistance

Reuse of reclaimed water

Reuse Coordinating Committee

Ecosystem management is an integrated, flexible ap-
proach to managing Florida's environment that allows better
integration of government and private programs. Its goa is
creating management techniques to protect the state’s envi-
ronmental resources, protect human health, encourage a con-
servation ethic and sustainable life-style, and stimulate a
healthy economy. The tools available include planning, land
acquisition, environmental education, regulation, and pollu-
tion prevention.

FDEP created 12 committees—made up of business-
people, environmentalists, land owners, and representatives
from other state agencies—to develop an ecosystem manage-
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ment strategy. An Ecosystem Management Implementation
Strategy Committee consolidated and set priorities for these
recommendations, laying four cornerstones. place-based
management, commonsense regulation, cultural change, and
the foundations of ecosystem management. A common
theme is stewardship. Because protecting and managing
Florida's resources requires a sense of ownership and
responsibility, the



Table 1I-4
Primary coordination mechanisms for managing
water resources. federal and interstate

Function/entity

Primary mechanisms

U.S. Army Corps of Engineers

00T

. Public works program

. State clearinghouse review process

. Quarterly meetings between FDEP and the Corps
. Joint FDEP/Corps permit application process

(Clean Water Act, Section 404)

. Memoranda of understanding

Potential delegation of Section 404 permitting to FDEP

U.S. Environmental Protection Agency

. EPA/FDEP yearly work plans and grants
. EPA technical assistance and special projects
. Delegation of EPA/Clean Water Act programs to FDEP

National Oceanic and
Atmospheric Administration

Grants

. Cooperative agreements and special projects

U.S. Geological Survey

. Contracts for technical services and data
. Cooperative agreements

U.S. Natural Resource Conservation Service
(formerly Soil Conservation Service)

e
f.

a
b
c

a
b
a

b
C

ontracts for technical services and data

U.S. Forest Service

Ecosystem management teams

U.S. Fish and Wildlife Service

Acquisition programs

. Ecosystem management teams

Special projects

National Park Service

Acquisition programs

. Ecosystem management teams

Alabama and Georgia

plop|e o

Memorandum of Agreement for Apalachicola-
Chattahoochee-Flint/Alabama-Coosa-Tallapoosa Rivers

Council

Comprehensive Study
b. Suwannee River Coordinating Committee
c. St. Marys River Management Committee
d. Florida-Alabama Water Resources Coordinating

preservation of natural resources is possible only with public
support and participation.

Place-based management.  Place-based
management is not a new concept. It focuses management
efforts on areas large enough to allow regional hydrologic and
ecological connections to be addressed. Florida's Surface
Water Improvement and Management Program, the National
Estuary Program, the Florida Department of Environmental
Regulation’s basin assessment, and park and recreational land
management were all early programs and activities that used
place-based management. What differs here, however, is the
process of formalizing long-term, statewide management and
integrating programs traditionally not viewed as part of land
management.

FDEP has defined 24 ecosystem management aress (see
Figure 11-2), taking into account watersheds and hydrologic
boundaries, existing conservation lands, human uses and
impacts, political boundaries, and size (for overal man-
ageability). Management teams for each area will set
priorities for issues and strategies and their implementation.
The goa of place-based management is allowing plans to be
modified to reflect new information.
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Fifteen ecosystem management areas need a compre-
hensive ecosystem management strategy and plan. Of thesg,
four plans are under development: the Apalachicola, Su-
wannee, and Lower St. Johns, and Oklawaharivers.

Commonsense regulation.  Commonsense
regulation is the move toward flexibility in regulatory
programs. Although a permit should focus on protecting the
environment, in some instances that focus was instead
directed toward meeting the law’ s requirements. By contrast,
the intent of commonsense regulation is to make permittees
accountable for the effects of their actions on the environment
by alowing alternative means of environmental protection in
addition to regulation. The goals of commonsense regulation
are improved efficiency, better stewardship of resources, and
more equitable treatment of permit applicants.

Cultural change. cuitural change applies to both
agency culture and society at large. Integrating programs by
removing traditional boundaries and shifting from an



Figure II-2
Ecosystem Management Areas (EMAS)
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16




adversarial to a cooperative relationship are part of such
change. These new approaches are essential for ecosystem
management to succeed. Although regulatory programs are
gtill needed, their focus is shifting more to preventing rather
than controlling pollution.

Foundations of ecosystem management.
These tools—which include a statewide natural resource atlas,
monitoring, education, and program audits and evaluations—
provide information for making informed decisions about
resource protection.

Water-Quality
Standards Program

Florida's water-quality standards and criteria are in-
tended to maintain the designated beneficial uses of wa-
ters of the state. All surface waters of the state have been
classified according to designated uses, as follows:

Class| Potable water supplies
Classl| Shellfish propagation or harvesting
ClassllIl Recreation, propagation, and
maintenance of a healthy,
well-balanced population
of fish and wildlife
ClasslV  Agricultural water supplies
ClassV Navigation, utility,

and industrial use

Table I1-5 lists the potential extent of Florida waters
classified for uses consistent with the goals of the federal
Clean Water Act. These numbers should not be inter-
preted as miles or areas of water bodies that support des-
ignated use.

Several changes in water-use classifications and cri-
teria have occurred since January 1, 1994. First, the
Florida Environmental Regulation Commission approved
the repeal of the Fenholloway River's Class V designa-
tion; it will become a Class 111 water body on December
31, 1997. Second, on January 16, 1996, the commission
approved new criteria for silver—2.3 micrograms per liter
based on acute toxicity—that apply to Class Il and Class
11 marine waters at all places and at al times, including
the end of an effluent pipe.

A water body with exceptional recreational or eco-
logical significance may also be designated an Outstand-
ing Florida Water. OFWs include waters in state and na-
tional parks, preserves, sanctuaries, rivers designated as
wild and scenic at federal or state levels, and "specia”
waters not already managed by other state or federal enti-
ties. Outstanding Florida Waters are listed in Section 62-
302.700, Florida Administrative Code. Table 11-6 lists the
water bodies designated since January 1, 1994.
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Point Source
Control Program

Facility permitting. Floridas well-established
permitting process for point source pollution was recently
revised when the Environmental Protection Agency
authorized FDEP to administer a partial National Pollutant
Discharge Elimination System program, beginning in
May 1995. While the federal program only regulates dis-
charges to surface waters, the state wastewater program is-
sues permits for facilities that discharge to either surface
water or groundwater. Of 5,111 facilities in Florida, 641
are permitted to discharge to surface water. An additional
255 discharge to surface water under a general permit.

FDEP's district offices handle most of the permitting
process, with the Tallahassee office overseeing the pro-
gram, providing technical assistance, and coordinating
with the EPA. The Tallahassee office also oversees the
relief mechanisms for applicants allowed under Florida
law, as well as permits for steam electric—generating
power plants that discharge to waters of the state.

Wastewater permits, issued for up to five years, set
effluent limits and monitoring requirements to provide
reasonable assurance that water-quality criteria will be
met. A permit may allow a mixing zone where water-
quality criteria are relaxed. Such zones are only granted,
however, when there is enough dilution to ensure that a
water body's designated uses will not be affected.

In other special cases, a variance or exemption allows
certain water-quality standards to be exceeded. Facilities
that cannot comply with new requirements may be issued
or reissued a permit containing the effluent limitations to
be met and an administrative order setting out the steps
required. This procedure applies only to facilities com-
plying with an existing permit, though, and is not used in
lieu of enforcement when a permittee is out of compliance
with an existing permit or without a required permit.

Any revision in the quantity or quality of a discharge
is reviewed and evaluated by the same procedures as new
facility applications or permit renewals. Although the ap-
plication process varies (depending on whether the revi-
sion is minor or substantial), all facilities must meet, at a
minimum, appropriate technology-based effluent limita-
tions. In many cases, water quality—based effluent
limitations may also be necessary. Two types are used (as
defined in Rule 62-650, Florida Administrative Code).
Level | limitations are generally more simplified evalua-
tions for streams and for permit renewals. In Level Il
limitations, which apply to more complicated situations, a
water body is generally sampled intensively and computer
models used to predict its response to point source pollu-
tion.



Table 1I-5
Waters classified for uses
consistent with
Clean Water Act goals*

Outstanding Florida Waters
designated from 1994 to 1996

Table 11-6

Acquired lands

Type of water Fishable Swimmable 1. Fort Caroline National Memorial
Estuaries (square miles) 4,407 4,407 2. Archie Carr National Wildlife Refuge
Lakes (square miles) 2,191 2,191 3. BMK Ranch
Rivers (miles) 19,638 19,638 4. Caravelle Ranch
5. Catfish Creek
*These include only waters assigned a Florida waterbody number. 6. Curry Hammock
They do not include about 25,909 miles of ditches and canals to 7. Econfina River
which numbers could not be assigned. 8. Emerson Point
9. Estero Bay
10. Florida first-magnitude springs
11. Fort Mose
In the past few years, FDEP's permitting staff have 12. Gills Tract
emphasized three main issues. First, since chlorine is 13. Homosassa Reserve/Walker Tract
toxic to aquatic life, domestic dischargers have been re- 14. Levy County Forest/Sandhills
quired either to dechlorinate their effluent or to disinfect it 15. Letchworth Mounds

by alternative methods that do not use chlorine. Second,
many recently renewed permits provide for testing a water
body's biological health to determine the effluent’s toxic-
ity on aguatic species. Third, with an emphasis on reusing
treated effluent, the total number of discharges to surface
waters has been decreasing.

Permit compliance. FDEP's objective in per-
mit compliance is to protect the quality of Florida's sur-
face water and groundwater by identifying pollution
sources that do not meet water-quality standards or spe-
cific permit conditions. To manage the state's wastewater
facilities safely and adequately, the agency's compliance
evaluation system, established as part of the annual state
program plan, is based on its wastewater facilities compli-
ance strategy. Staff in the Division of Water Facilities
schedule the plan based on each facility's permit expira-
tion date (permits are issued for five years).

While the type and frequency of inspections are based
on the staff available in each district office, al major fa-
cilities (as defined by the Environmental Protection Agen-
cy) will be inspected each year with at least a compliance
evaluation inspection (see Table I1-7 for the full compli-
ance strategy).

District compliance and enforcement staff make every
effort to work with a permittee to resolve minor problems
before beginning formal enforcement action. During in-
spections to determine compliance with, or violations of,
compliance schedules and permit conditions, staff verify
the accuracy of facility records and reports, plant opera-
tion and maintenance logs, and effluent-quality data; they
also evaluate the general reliability of the self-monitoring
program under the permit.
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. Miami Rockridge Pinelands
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. Apalachicola Bay acquired lands

=
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. Carlton Half-Moon Ranch acquired lands

=
(o]

. Timicuan National Ecological

and Historical Preserve

20.

Lower Econlockhatchee acquired lands

21.

Milton to Whiting Field

22.

Placid Lakes

23.

Point Washington

24.

Rainbow River/Springs

25.

Saddle Blanket Lakes Scrub

26.

Sea Branch

27.

Seminole Springs/Woods

28.

Snake Warrior Island (Oaks of Miramar)

29.

St. Martins River

30.

Topsail Hill

31.

Upper Black Creek

32.

Wekiva River buffers

33.

Wetstone/Berkovitz

Aquatic preserves

34.

Guana River Marsh Aquatic Preserve

Special waters

35.

Hillsborough River

36

. Wiggins Pass and Cocohatchee River




Table II-7
Wastewater facilities
compliance strategy

Permit
year

Inspection type

Performance Audit Inspection (PAI)
Compliance Evaluation Inspection (CEI)
Compliance Evaluation Inspection (CEIl)
Compliance Evaluation Inspection (CEI)

Compliance Sampling Inspection (CSI)
Toxic Sampling Inspection (XSI)
Compliance Biomonitoring Inspection
(CBI)

Impact Bioassessment Inspection (IBl)
Water-Quality Inspection (WQI)

A WIN[F

Enforcement. FDEP enforces Florida's water-
quality standards under a formal Memorandum of Agree-
ment with the Environmental Protection Agency. The
state follows the EPA's Enforcement M anagement System
and the guidelines set out in the Environmental Protection
Agency document, Technical Review Criteria and En-
forcement Response Guide. Using this structure, FDEP
has a training program for district staff who investigate
and document all violations, issue noncompliance and
warning letters, conduct informal conferences, prepare
case reports, and testify at administrative and judicial
hearings.

When formal enforcement is necessary, staff attempt
to negotiate a consent order—a type of administrative or-
der in which civil penalties (such as fines) for noncompli-
ance can be assessed. Consent orders also establish step-
by-step schedules for complying with permit conditions
and Florida law.

When consent orders cannot be negotiated, FDEP
seeks compliance through civil court proceedings, with
the assistance of the agency's Office of General Counsel.
When a serious violation endangers human health or wel-
fare or the environment, FDEP issues a complaint for in-
junctive relief or takes other legal action, including an
immediate final order for corrective action.

Nonpoint Source
Control Program

Florida established its first stormwater rules in 1979 and
its first stormwater-permitting program in 1982 (Chapter 17-
25, Florida Administrative Code). FDEP, which administers
the stormwater rule, delegated permitting authority to the
water management districts.  New developments, except
single-family dwellings, and modifications to existing dis-
charges must obtain stormwater permits. Projects must
include a stormwater management system that provides flood
controls. Best management practices such as retention,
detention, or wetland filtration must remove 80 percent of
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average pollutants. For Outstanding Florida Waters, some
other sengitive waters (such as shellfish-harvesting areas), and
waters that are below standards, 95 percent of pollutants must
be removed.

A 1989 stormwater law directed FDEP to establish
statewide goals for treatment and to oversee the implementa-
tion of regulatory programs, which were also delegated to the
water management districts. Delegation allows minor design
adjustments for Florida s diverse landscape.

In 1993, the legidature modified portions of Chapters
373 and 403, Florida Statutes, to allow streamlined
permitting. Permitting for wetland resources and
stormwater/surface-water management were unified into the
environmental resource permit to increase statewide
consistency in managing stormwater.

For federal fiscal years 1995 and 1996, Florida received
nearly $6.9 million in nonpoint source grant funds (Section
319[H]) from the Environmental Protection Agency. Surface
Water Improvement and Management water bodies received
priority for funding (see Tables 11-9 and 11-10). As in
previous years, nearly all these monies were used for the
following:

1. Tosupport continuing research on the effectiveness
of stormwater systems and the relationship between
design, best management practices, and the
efficiency of pollution removal.

2. To reduce pollution from older stormwater systems
and establish goalsfor reducing pollutantsin water-
sheds.

3. To improve the effectiveness of best management
practices, especially for controlling erosion and
sedimentation.

4. To educate the public on the importance of storm-
water management.

Recent major projects outside the traditional realm of
demonstrating best management practices include the fol-
lowing:

B In 1993 FDEP began developing a statewide
training and certification program for inspecting
erosion, sediment, and stormwater management
systems. A similar program is being developed for
supervisory contractors who build such systems.
The two programs, which are till being developed,
will likely be available through the state's com-
munity colleges.

To asess the effects of stormwater and other
nonpoint pollutants, and to assess the effectiveness
of controlsto protect or restore water bodies, FDEP
is modifying the EPA’s guidelines and procedures
for sampling sediments, water chemistry, habitats,
and biological communities for use in Florida
waters. Researchers have defined stream eco-
regions (that is, areas with smilar surface relief



and ecological characterigtics), and chosen refer-
ence sites from each ecoregion to represent the best
achievable quality for each stream type. They can
then compare a particular stream with thereference
sites to determine how much environmental damage
has been done. A similar project is under way to
standardize lake-sampling procedures, delineate
lake ecoregions, and select lake reference Sites.

Section 6217 of the 1990 Coastal Zone Reauthorization
Amendments required each state with a federally approved
coastal zone management program to develop a nonpoint
source program to restore and protect coastal waters by July
1995. Because the entire state is considered a part of the
coastal zone, it is included in the management plan. The
Florida Coastal Management Program’s proposal is under-
going federal review, and FDEP and the Florida Coastal
Management Program are now focusing on specific res-
toration and protection measures.

Beginning in fiscal year 1995, FDEP, the Florida
Department of Agricultura and Consumer Services, and
some water management districts began to enhance agri-
cultural conservation using improved best management
practices. FDEP will also work with the marina industry to
establish standards for a statewide certification program that
focuses on best management practices.

Coordination
with other agencies

Protecting Florida's water resources requires coordination
between governments and agencies both in Florida and across
state lines. Section 403.60 of the Florida Statutes authorizes
the governor to enter into interstate environmental agreements
or compacts. As pat of a formal Memorandum of
Agreement to stop an interstate civil lawsuit, Florida is
participating with the U.S. Army Corps of Engineers,
Georgia, and Alabama in the Apalachicola-Chattahoochee-
Hint/Alabama-Coosa-Tallapoosa Comprehensive Study (see
Chapter 3 for details).

In 1993 Nassau and Baker counties in Florida and
Charlton and Camden counties in Georgia formed the St.
Marys River Management Committee to identify water-
quality issues and protect the long-term environmental and
economic resources of the St. Marys River. Membership
comprises one county commissioner and four residents from
each county. Planned activities include trash cleanup around
and in the river and the development of a river management
plan.

Of a less formal nature are severa interstate working
committees. Several years ago the Florida and Alabama
legidatures created the Florida-Alabama Water Resources
Coordinating Council to collaborate in managing a shared
resource, the Perdido River. FDEP and the Alabama De-
partment of Environmental M anagement cochair the council.

The Suwannee Basin Interagency Alliance coordinates
interstate natural resource management in that basin. Florida
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and Georgia cochair the alliance, and a variety of federd,
dtate, and regional agencies participate. The alliance’s goals
are to complete and implement an interstate management
plan, improve communication and coordination between
agencies, and improve communication with stakeholders.

Within Florida, numerous state, federal, regional, and
local agencies are responsible for managing and protecting
water resources and preventing pollution (see Tables I1-3 and
[1-4 and Figure 11-1, which outline these agencies
responsibilities and how they coordinate their activities).
FDEP, in cooperation with the water management districts, is
generaly responsible for protecting Florida's water resources.
Sections 373.016 and 373.026, Florida Statutes, give FDEP
authority to oversee the water management districts, while the
districts have authority over managing water quantity for
flood control and protecting natural resources.

In many cases FDEP has formally delegated pollution
control and prevention to other agencies, including the
Florida Game and Fresh Water Fish Commission, Florida
Department of Community Affairs, Florida Department of
Health and Rehabilitative Services, Florida Department of
Transportation, and local environmental control programs.

The Game and Fresh Water Fish Commission conducts
research into the critical habitats and survival needs of fresh-
water and anadromous fish, endangered species, and game
and nongame animals. The commission also manages the
dtate’ s freshwater fisheries and identifies regionally significant
freshwater habitats.

Chapter 403 of the Florida Statutes, Floridas Air and
Water Pollution Control Act, gives FDEP the authority to
control and prohibit air and water pollution. FDEP delegates
enforcement to the commission. Wildlife officers can either
report to FDEP or arrest individuals they observe violating
Sections 403.161 or 403.727 in their presence or on lands
managed by the commission. FDEP may in turn report
violations of Chapter 372, which authorizes wildlife man-
agement and regulation, to the commission.

The Department of Community Affairsis responsible for
developing the State Land Development Plan, which must be
congistent with the State Comprehensive Plan and compatible
with the Florida Water Plan. The agency also reviews and
certifies loca government comprehensive plans for con-
formotu with state planning requirements.

The Department of Health and Rehabilitative Services
manages statewide programs to protect public health. FDEP
has delegated authority to the department to issue permits for
individua domestic wastewater disposal facilities and to
authorize applying pesticides to waters of the state for insect
control. FDEP also delegates authority for drinking-water
distribution systems to some county public health units.

The Department of Transportation prepares the Florida
Transportation Plan, which has significant implications for
protecting water resources and must be compatible with the
Florida Water Plan.

FDEP delegates permitting and enforcement of open-
burning rules, as well as the testing and certification of
gasoline tank trucks and storage tanks, to the Department of
Agriculture and Consumer Services.

Many FDEP regulatory programs share responsibilities
with the water management districts and local governments or



have delegated responsibilities to them under Chapters 253,
373, 376, and 403, Florida Statutes, and Chapter 62, Florida
Administrative Code. Local governments include counties
and municipalities. Chapter 62-101 and Section 62-113.100,
Florida Administrative Code, describe the delegations (see
Table 11-8 for a summary of local delegation).

FDEP coordinates and delegates pollution-control pro-
grams to the water management districts and local govern-
ments.

B Solid and hazardous waste is delegated as follows:.

1. The tanks program is delegated by contract to 67
counties along with funding.

2. Permitting of small solid waste management
facilities is delegated to two counties, and approval
is pending for a third.

3. Proposed 1996 legidation on disposing of con-
struction and demolition debris will encourage local
government participation.

4. Plans are being developed to increase local gov-
ernment involvement in waste tire abatement
through cotract or grant agreements.

5. The Environmental Protection Agency does not
allow the delegation of responsibility to local pro-
grams for federal Resource Conservation and
Recovery Act permits.

B FDEP has delegated air permitting to six counties;
delegation to another three is pending. Delegation
consolidates state, local, and federal permits into a
one-stop process. Eighty percent of the fees go to
the five programs accepting permit delegation, with
20 percent retained by the permit fee trust fund.

B To implement the Florida Safe Drinking Water Act,
FDEP delegates the adminigtration of public water
systems to the Department of Health and Rehabili-
tative Services. Many functions were delegated to
12 county public health units seven to eight years
ago. These agencies are responsible for permitting,
data collection, compliance, and enforcement, while
FDEP provides legal and technical assstance and
training. FDEP oversees permitting, compliance,
and enforcement for the remaining public health
units. HRS has authority over private and public
water-supply systems excepted from the Florida
Safe Drinking Water Act.

FDEP delegates the permitting and construction
of new potable drinking-water wells to the water
management districts, which report to FDEP.

B For domestic waste, FDEP can delegate authority for
issuing certain permits, including sewage collection
systems, domestic waste facilities, and inspection of
package sewage treatment plants. Two specific

21

operating agreements and seven general operating
agreements are complete, and negotiations are under
way to convert three of the general agreements to
specific agreements.  The programs with a specific
agreement receive 70 percent of the department fee.

For small distribution and collection systems, FDEP
has delegated permitting authority to three counties
and two cities to regulate the construction of drink-
ing water distribution lines and wastewater collection
lines ten inches or smaller in diameter. Since
Florida does not require permit fees, they are
collected at the discretion of local programs.

In October 1995, both FDEP and the water manage-
ment districts began implementing the environmen-
tal resource permitting program, which consolidated
management and storage of surface water and
wetland resource permits. MSSW permits regulate
surface-water flows in both uplands and wetlands
(including isolated wetlands), while wetland resource
permits, issued independently of Corps permits,
regulate dredging and filling in connected, named
waters of the state, including wetlands.

Because of dual permitting requirements, an
applicant with a piece of land containing both
wetlands and uplands had to obtain a wetlands
resource permit from FDEP specifically for the
wetlands, and an MSSW permit from the water man-
agement district that included both uplands and
wetlands. Under the new permit, however, activities
affecting stormwater quantity and treatment and
wetlands or other surface waters are evaluated at one
time under one permit. The program includes water-
quality certification required by Section 401 of the
Clean Water Act.

FDEP and the South Florida, St. Johns River,
Southwest Florida, and Suwannee River water
management didricts divide responshbility for
implementing environmental resource permitting,
compliance, enforcement, and formal wetland
determinations. Because of funding limitations, the
Northwest Florida Water Management District



Table 11-8

Interagency coordination agreements

Specific
operating
agreements
for air

Drinking
water

Pre-1985
general
operating

agreements for

wastewater

Specific
operating
agreements
for waste-
water

Tank in-
spection

Solid
waste
manage-
ment
facilities

Mangroves

Aquatic
plant
manage-
ment

Beaches
and
coastal
systems

Sewage
collec-
tion
lines

Water
distribu-
tion lines

County prog

rams

All 67 counties

Broward

Pending

X

Palm Beach

X

X

Dade

Pending

Pending

Hillsborough

XXX ([>

X

Pinellas

Pending

Sarasota

Pending

XX XX XX

Pending

Orange

X

Duval

X

Pending

Manatee

Pending

Volusia

Lee

Polk

XX XXX

Collier

Escambia

Hernando

Pasco

XXX

Lake

Brevard

Citrus

XXX ([>

Highlands

City programs

Gainesville

Tallahassee

Tampa

Sanibel

Indian River
Shores

Jupiter Island

Vero Beach

Water management d

istrict p

rograms

St. Johns River

Southwest Florida

South Florida

292




continues to operate only a limited MSSW program
for agriculture and sdlviculture, while FDEP
administers a wetland resource permit program in
Northwest Florida. The Southwest Florida Water
Management District has an interim agreement with
Pinellas County for stormwater management in
uplands.

Chapter 62-344, Florida Adminigtrative Code, and
Section 373441, Florida Statutes, allow the
delegation of all or part of the environmental
resource permitting program to local governments.
FDEP or the water management digtricts, or both,
can delegate, depending on which has authority.
Lessthan ten of the state's larger local governments,
however, are expected to have the resources to accept
full delegation.

B Wetland resource permits are currently only in effect

for dredging and filling in the Northwest Florida
Water Management District and for grandfathered
dredging and filling in the rest of the state. FDEP
has never truly delegated the program to any county.
Although Palm Beach County processed specified
permits, FDEP retained final authority.

The management and storage of surface water
permitting program, which manages impacts to
water quality and quantity in wetlands and other
surface waters, has been incorporated into the
environmental resource permit.  Grandfathered
activities in Subsection 373.414 (11)-(16), Florida
Statutes, continue to be regulated under the pro-
gram. In Northwest Florida, where the environ-
mental resource permitting program has not been
implemented, the water management district
operates a limited MSSW program for agriculture
and silviculture.

The MSSW permit regulates all surface-water
flows in both uplands and wetlands; it includes but
is not limited to resdential and commercial land
development, canal construction, the construction
of stormwater management systems, alterations for
agriculture and silviculture, and dredging and
filling in wetlands.

Stormwater permitting is now part of the
environmental resource permitting program for
four of the state’s five water management districts
(St. Johns, Suwannee River, South Florida, and
Southwest Florida). A separate rule only covers
stormwater treatment in  Northwest Florida
(Chapter 62-25, Florida Administrative Code).

Before 1995, FDEP did not delegate mangrove
permitting, which regulates mangrove trimming
and alteration. Following 1995 revisons to the
dtatute, FDEP delegated responsibility to three
counties and three cities.

Aquatic plant permitting has not been delegated.
FDEP's regional biologists, operating from seven
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offices throughout the state, issue permits. FDEP,
the water management districts, local governments,
and private businesses enter into contracts to
control noxious aquatic vegetation. FDEP is solely
responsible for managing noxious growths of
aquatic plants in intercounty waters, while local
governments manage noxious aquatic plants within
each county’ swaters. FDEP's Aquatic Plant Man-
agement Program has established financial and
operational partnerships with federal, state, and
local governments, administered under the coop-
erative funding program for aquatic plant control.

FDEP has not currently delegated authority for
approving mine reclamation plans.

B Two kinds of permits are issued for beaches and
coastal systems. first, for construction seaward of
the coastal construction control line and, second,
for activities waterward of mean high water. FDEP
delegated dune maintenance and repair to the City
of Vero Beach. Although Dade County received
authority for permitting minor structures seaward
of the control line in unincorporated areas, that
authority was revoked because it was not properly
implemented.

B Other delegationsinclude the following:

1. Southwest Florida Water Management District—
Delegation of permitting authority for aquaculture
facilities.

2. South Florida Water Management District—
Delegation of permitting authority for construction
of worksthat discharge into waters of the state.

Surface Water
Improvement
and Management Act

In 1987, the Florida legislature passed the Surface
Water Improvement and Management Act, Sections
373.451-373.4595, Florida Statutes. The act directed the
state to develop management and restoration plans for
preserving or restoring priority water bodies. The legis-
lation designated a number of SWIM water bodies, includ-
ing Lake Apopka, Tampa Bay, Indian River Lagoon, Bis-
cayne Bay, St. Johns River, Lake Okeechobee, and the
Everglades (see Table 11-9 for approved water bodies cur-
rently on the list).

The SWIM program's goals are protecting water
quality and natural systems, creating governmental and
other partnerships, and managing watersheds. While
FDEP oversees and funds the program, the five water
management districts are responsible for its implementa-



tion—including developing lists of additional high-
priority water bodies and waterbody plans (outlined under
Chapter 17-43, Florida Administrative Code). The dis-
tricts also provide matching funds for state revenues. In a
collaborative effort, other federal and state agencies, local
governments, and the private sector provide funds or in-
kind services.

Waterbody plans must contain the following informa-
tion (see Table I1-10 for examples of work performed un-
der the SWIM program):

A description of the water body.

A list of governmental agencies with jurisdiction.
A description of land uses.

A list of point and nonpoint source discharges.
Restoration strategies.

Research or feasibility studies needed

to support restoration strategies.

A restoration schedule.

An estimate of costs.

Plansfor interagency coordination

and environmental education.
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Table 11-9
Priority SWIM water bodies
(by water management district)

SOUTHWEST FLORIDA

. Tampa Bay

Rainbow River

Crystal River/Kings Bay

Lake Panasoffkee

Charlotte Harbor

Lake Tarpon

Lake Thonotosassa

Winter Haven Chain of Lakes
Sarasota Bay

ST. JOHNS RIVER

*1. Indian River Lagoon
(middle and upper sections)
Lower St. Johns River
Lake Apopka
Upper Oklawaha River
Middle St. Johns River
Lake George Basin
Halifax River
Nassau River
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Table 11-9 (continued)

ST. JOHNS RIVER (CONTINUED)

9. St. Mary's River

10. Palatlakaha River

11. Lower Oklawaha River

12. St. Augustine

13. Florida Ridge

14. Wekiva River

15. Orange Creek

16. Upper St. Johns River Basin

SOUTH FLORIDA

*1. Lake Okeechobee/Kissimmee River

*2. Biscayne Bay

*3. Indian River Lagoon

*4. Everglades/East Everglades/
Holey Land/Rotenberger

5. Upper Kissimmee Chain of Lakes

6. Florida Keys

NORTHWEST FLORIDA

. Apalachicola River and Bay

. Lake Jackson

. Deer Point Lake

. Pensacola River and Bay

St. Marks/Wakulla rivers

Choctawhatchee River and Bay

Santa Rosa Sound

St. Joseph Bay

o|lo|(~|o|o|slwN|e

. St. Andrews Bay

10 Lake Munson

11. Ochlockonee River and Bay

12. Lake lamonia

13. Lake Lafayette

14. Lake Miccosukee

15. Sandhill lakes

SUWANNEE RIVER

Suwannee River

Santa Fe River

Coastal rivers

Alligator Lake

Aucilla River

S I B I I L

Waccasassa River

*Named in the SWIM statute as a priority water body.

Note: For water bodies listed in boldface type, the SWIM plan has
been approved and the water management district has

begun restoration.




Table 1I-10
Summary of work by SWIM projects

Southwest Florida Water Management District

Tampa Bay Protection and Restoration:

. Restoring wetlands and seagrass habitats.

Removing nonpoint sources of pollution and setting goals for pollution limits.

Protecting freshwater flows to the bay.

Monitoring the bay’s water quality and habitat.

Educating the public on the importance of restoration and protection efforts.

Supporting overall bay management with the Tampa Bay Regional Planning Council and Tampa Bay
National Estuary Program.
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Lake Thonotosassa Protection and Restoration:
1. Controlling point and nonpoint sources of excess nutrients.

2. Restoring wetlands habitat.

3. Enhancing recreational fishing.

Crystal River Protection and Restoration:

1. Controlling sources of excess nutrients.

2. Improving stormwater controls.

3. Identifying and assessing sources of septic tank pollution.
4. Protecting manatees.

Rainbow River/Blue Run Protection and Restoration:
1. Managing public use.

2. Controlling aquatic plants.

3. Controlling sources of excess nutrients.

Lake Panasoffkee Protection and Restoration:
1. Analyzing and mapping sediment accumulation.
2. Controlling sources of excess nutrients.

Lake Tarpon Protection and Restoration:
1. Controlling aquatic plants.
2. Controlling sources of excess nutrients.

Winter Haven Chain of Lakes Protection and Restoration:
1. Controlling stormwater runoff.

Sarasota Bay Protection and Restoration:
1. Implementing priority projects to follow up on the Sarasota Bay National Estuary Program.

St. Johns River Water Management District

Indian River Lagoon Protection and Restoration:

Restoring wetlands and seagrass habitats.

Establishing pollution limits and removing nonpoint sources of pollution.

Managing freshwater flows to the lagoon.

Monitoring water quality to evaluate the effectiveness of controls .

Educating the public to increase awareness of and support for lagoon protection.

. Maintaining intergovernmental working relationships and oversight to protect the lagoon.

ouMwNE

Lake Apopka Protection and Restoration:
Enforcing agricultural discharge limits to the lake.
Establishing pollution limits.

Completing a large-scale marsh restoration project.
Conducting wetlands demonstration projects.
Increasing public awareness of restoration efforts.
Removing gizzard shad from the lake.

ouMwNE
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Table 1I-10 (continued)

St. Johns River Water Management District (continued)

Upper Oklawaha River Basin Protection and Restoration:
1. Restoring the historic Oklawaha River and floodplain at Sunnyhill Farm by converting 16,000 acres to
native wetlands and marshes.
2. Establishing pollution reduction targets and controlling nutrient levels by
Reducing agricultural discharges.
Adopting nutrient loading limits.
Controlling septic systems.
Developing marsh flow-ways to filter lake waters.
3. Coordinating activities with local governments through the Upper Oklawaha Basin Board.
4. Educating the public to increase awareness of and support for protection efforts.
5. Adopting more natural schedules for fluctuations and discharges from the headwater chain of lakes.

Lower St. Johns River Protection and Restoration:

1. Monitoring water quality and analyzing trends.

2. Mapping and analyzing contaminated sediments.

3. Analyzing fish for contaminants.

4. Increasing public awareness of and participation in restoration and protection efforts.

South Florida Water Management District

Lake Okeechobee Protection and Restoration:

1. Managing the ecologically destructive melaleuca tree in the lake’s shallow waters.

2. Determining ecological relationships among the lake's plants and animals and how nutrients and lake
levels affect these relationships.

Analyzing the phosphorus contributed by tributaries and reducing sources to meet goals.
Improving modeling accuracy for different phosphorus management alternatives.
Developing best management practices for cattle production.

Restoring wetlands in the watershed to retain water and nutrients.

Developing strategies to control torpedo grass.

Monitoring nutrient discharges from agriculture.

Reviewing the schedule for regulating flood control and water-supply needs.

10 Helping local governments implement nutrient management plans.
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Florida Everglades Protection and Restoration:

1. Controlling stormwater runoff.

2. Collaborating with other state agencies to address mercury contamination.

3. Implementing structural and operational changes to improve freshwater flows.

4. Monitoring water quality and water levels to protect native plant communities and control exotic plants.

5. Educating the public to increase support for protecting the Everglades.

6. Developing water quality and landscape models to test management options.

7. Evaluating historical phosphorus levels to determine what concentrations are low enough to protect
plants and animals.

Indian River Lagoon System Protection and Restoration:

Upgrading stormwater systems in watersheds adjacent to the lagoon to improve water quality.
Restoring and reconnecting nursery fisheries habitat in mosquito control impoundments.
Developing pollution reduction goals for basin management.

Assessing the effects of septic tanks on the lagoon.

Educating the public and involving the community in protection and restoration efforts.

. Restoring biological productivity to the St. Lucie Estuary by better managing freshwater flows.

iscayne Bay Protection and Restoration:
. Restoring sheet flow to mangrove wetlands.
Eliminating sewage contamination of stormwater systems.
Improving stormwater treatment .
Identifying the largest sources of polluted stormwater.
Protecting seagrasses and other submerged habitats.
Monitoring water quality and sediment quality.
Implementing best management practices to control agricultural runoff.
Educating the public on the importance of restoration and protection efforts.

PNOORONE@DOOARONE

26




Table 1I-10 (continued)

Northwest Florida Water Management District

Apalachicola River and Bay Protection and Restoration:

1. Participating in Florida’s initiative with the Corps of Engineers, Alabama, and Georgia in negotiations
over Georgia’s request for additional water withdrawals.

2. Studying the bay’s freshwater needs, as required by the Florida legislature, to protect Florida's interstate
water interests.

3. Rejuvenating sites covered by dredging spoil and planning for the proper disposal of dredged materials.

4. Maintaining buffer zones throughout the watershed to prevent land use from degrading water quality.

Lake Jackson Protection and Restoration:

1. Preserving undisturbed portions of the lake.

2. Restoring polluted areas of the lake by expanding the Megginnis Arm stormwater treatment facility.
3. Constructing additional stormwater treatment facilities.

4. Removing polluted sediments.

Deerpoint Lake Protection and Restoration:
1. Preserving critical areas such as wetlands, floodplains, and springs.
2. Providing baseline data for future assessments of water quality, biological health,
and land use/land cover.
3. Collaborating with local, state, and federal initiatives to control stormwater discharges.

Pensacola Bay Protection and Restoration:

1. Controlling stormwater discharges.

2. Restoring wetlands, including seagrasses and salt marshes, and reestablishing oyster bars.
3. Increasing purchases of undeveloped shoreline to protect the bay.

Suwannee River Water Management District

Suwannee River System Protection and Restoration:

1. Maintaining water-quality and biological-monitoring networks.

2. Enhancing local comprehensive plans to protect the Suwannee River Basin.

3. Determining minimum flows and levels needed to maintain water quality and ecological integrity.
4. Developing a geographic information system database for mapping.

Santa Fe River System Protection and Restoration:

1. Monitoring surface-water quality and aquatic biology.

2, Determining minimum flows and levels to maintain water quality and ecological integrity.
3. Developing a geographic information system database for mapping.

Coastal Rivers System Protection and Restoration:
1. Monitoring surface-water quality and aquatic biology.

2. Developing a geographic information system database for mapping.
3. Monitoring timber industry activities in the basin.

Alligator Lake Protection and Restoration:
1. Helping local governments acquire land to create a stormwater control system .
2. Analyzing water quality to establish a database on baseline hydrology.

Aucilla River System Protection and Restoration:
1. Monitoring surface-water quality and aquatic biology.
2. Developing a geographic information system database for mapping.

Wacasassa River System Protection and Restoration:
1. Monitoring surface-water quality and aquatic biology.
2. Developing a geographic information system database for mapping.
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Pollution load
reduction goals

The 1987 Surface Water Improvement and
Management legislation required that pollution load
reduction goals be established for Surface Water
Improvement and Management priority water bodies. A
PLRG is an estimated reduction in pollutant
concentrations needed to preserve or restore beneficial
uses in receiving waters. Both point source and nonpoint
source contributions must be considered. Ultimately,
water quality in areceiving water should meet state water-
quality standards, and PLRGs provide benchmarks toward
which specific strategies can be directed.

Interim PLRGs are best-judgment estimates of the
pollution reductions from specific corrective actions.
Fina PLRGs are goals needed to maintain water-quality
standards.

A joint work group from FDEP and the water
management districts produced recommendations, guide-
lines, and a schedule to develop regional water
management plans that included PLRGs. The
recommendations were incorporated into the revised State
Water Policy (Chapter 62-40, Florida Administrative
Code) effective July 1995. Work is still proceeding on
the development of PLRGs for Surface Water
Improvement and Management water bodies. Nutrient
budgets and preliminary loadings and loading reduction
goals have been developed for Crystal River/Kings Bay,
Sarasota Bay, the Indian River Lagoon, the Tampa Bay
system, Lake Apopka, Banana Lake, and Lake
Okeechobee (see Chapters 4 and 5 for more complete
details for these water bodies). Preliminary numbers for
stormwater only were developed for the Indian River
Lagoon.
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Cost/benefit assessment

This section documents the true costs and attainable
benefits of achieving the federal Clean Water Act's objec-
tives for controlling water pollution since 1972.18

Costs

These costs include capital investment in municipal
and industrial facilities, investment in nonpoint source
controls, and facilities operation and maintenance. Costs
are shown as they are available for tracking through FDEP
databases or from private sector data (see Table I1-11).

Federal grants program. Federal funding
began with the Water Pollution Control Act of 1956
(Public Law 84-660). Initially, the federal share was 30
percent of eligible project costs, and funding was limited
to $250,000 per project. In 1966, legislation increased the
federal funding share to 55 percent.

The 1972 Water Pollution Control Act (Public Law
92-500) further increased funding and raised the federal
share to 75 percent of eligible costs for structural improve-
ments such as treatment facilities, collection systems, or
sewer line rehabilitation through Step 1 (planning), Step 2
(design), and Step 3 (construction) grants.

The 1977 Clean Water Act (Public Law 95-217)
maintained the 75 percent funding for planning, design,
and construction. In addition, a public works bill pro-
vided appropriations for building wastewater treatment
works.

The 1981 Municipal Wastewater Construction Grants
Act Amendments (Public Law 97-117), however, reversed
the trend. Congress reduced annual appropriations and
eliminated Step 1 (planning) and Step 2 (design) grants.
States were ordered to reduce the federal share. Begin-
ning in fiscal year 1983, Florida cut grants to 55 percent
of eligible project costs, except for innovative and alter-
native technology projects.

The new amendments also restricted the funding eli-
gibility of reserve capacity for population growth, ad-
vanced treatment facilities, major sewer rehabilitation, and
collection sewers as of 1984. They encouraged the dele-
gation of administrative responsibility to the states by the
Environmental Protection Agency. Funds for state admin-
istrative expenses were allocated from annual appropria-
tions.

Table 11-12 shows federal construction grants in
Floridafor fiscal years 1972 to 1988.

18epEp's Office of General Counsel, Economic Analysis Section, Té
lahassee, provided the information in this section. Sources: Grants
Information Control System database, FDEP; Local Government
Wastewater Financial Assistance, Bureau Report,Federal and State
Monies Awarded for the Construction of Wastewater Treatment
Facilities in Florida; Florida Phosphate Council; andReport of the
Chairman, Florida Electric Power Coordinating Group.



Table II-11
Summary of costs for controlling water pollution

Report Total projects Amount
Federal construction grants in Florida 1,245 $1,966,391,714
(federal fiscal years 1972-1988)

State grants (federal fiscal years 1985-1988) 66 103,723,873
State legislative appropriations (1987-1992) 14 7,851,184
State bond loans 38 municipalities 485,420,000
State small community preconstruction loans (1994-1995) 17 22,598,178
State revolving-fund construction loans (1989-1995) 51 519,772,061
Private sector: 750,000,000
Florida's electric power companies (since 1980)

State grants program. About $100 million
was made available for 55 percent grants under the 1983
Florida Water Quality Assurance Act. At least 45 percent
of this was earmarked for Steps 2 (design) and 3 (con-
struction) grants for communities of 35,000 or less. Con-
struction grants were available regardless of a municipali-
ty's size. The awards were generally made by the end of
1986. Reserve capacity for population growth was not
eligible. Table I1-13 shows the program's expenditures.
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Water pollution control projects. Table
[1-14 summarizes funding for water pollution control
projects by county, and lists the total of federal and state
awards for federal fiscal years 1972 to 1988. The analysis
does not include federal reimbursement grants (fiscal
years 1956 to 1972), which are not tracked by fiscal year.



Table 1I-12

Federal construction grants
awarded in Florida,
federal fiscal years

1972 to 1988

Federal fiscal year Amount
1972 $1,904,020
1973 58,403,418
1974 132,311,874
1975 231,753,781
1976 126,566,806
1977 199,190,080
1978 89,899,946
1979 176,116,401
1980 119,958,364
1981 169,685,272
1982 81,061,710
1983 111,789,002
1984 117,003,023
1985 64,349,837
1986 72,882,748
1987 106,898,937
1988 106,616,685
Total $1,966,391,714
Projects 1,245

Note: The facilities funded include publicly owned
wastewater treatment facilities, reclaimed water-reuse
facilities, major sewer rehabilitation transmission facilities, and

collection sewers.
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Table 1I-13

State of Florida grants,
federal fiscal years
1985 to 1988

Federal fiscal year Amount
1985 $77,674,464
1986 22,487,212
1987 1,849,767
1988 1,717,130
Total $103,728,873
Projects 66




Water pollution control projects

Table 1I-14

(funds summary by county, federal fiscal years 1972 to 1988)

ALACHUA BAKER BAY | BRADFORD BREVARD BROWARD CALHOUN
FY1972 $5,580
FY1973 $5,831,240 $216,610 $752,620 $13,191,725
FY1974 25,978 11,327,400
FY1975 104,930 345,350 865,736 $37,185 10,187,723 $24,820
FY1976 6,088,554 85,682 $658,674 4,476,238
FY1977 103,283 402,825 621,825 47,572,672 22,470
FY1978 402,376 16, 526 11,485,941 13,950
FY1979 8,742,193 34,232 67,946 28,656,450 11,090
FY1980 15,900 306,342 635,250 85,308 7,928,253 16,389
FY1981 32,469 7,725,920 4,952 49,093,863
FY1982 491,374 4,333,463
FY1983 593,986 12,530,981
FY1984 99,294 5,387,179
FY1985 52,200 61,657
FY1986 3,788,074 1,929,427
FY1987 517,395 768,781
FY1988 7,751,045 2,035,942 4,218,169
TOTAL* $20,396,447 $636,307 | $20,029,174 | $1,836,392 $6,640,896 $213,199,902 $88,719
CHARLOTTE CITRUS CLAY COLLIER COLUMBIA DADE DE SOTO
FY1972
FY1973 $2,669,400
FY1974 $559,200 40,500,000
FY1975 $82,613 $102,375 40,500,000
FY1976 45,884 125,475 7,221,851
FY1977 $135,750 98,779 $40,629 77,987,187
FY1978 199,840 13,221,431
FY1979 104,938 15,075 124,491 37,133,749 $37,828
FY1980 3,214 33,212,020
FY1981 1,299,468 4,924,687 295,076 33,080,663
FY1982 7,519,792 17,112 8,080,665
FY1983 1,894,292 6,358,461
FY1984 3,025,000 12,845,706
FY1985 306,327
FY1986 530,790 1,547,963 6,360,569
FY1987 10,194,221 1,098,890 19,797,826
FY1988 2,457,591 6,230,594 21,132,278 1,116,861
TOTAL* $13,942,621 $5,366,878 $43,843 $17,109,490 $6,210,907 $360,408,133 $1,194,689
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Table 1I-14 (continued)

DIXIE DUVAL ESCAMBIA FLAGLER FRANKLIN GADSDEN GILCHRIST
FY1972
FY1973 $6,491,851 $851,625 $114,300
FY1974 19,086,750
FY1975 18,303,261 43,103 $29,820
FY1976 $23,260 24,732,427 18,862,609 107,625 298,678
FY1977 19,773,252 44,711 42,750
FY1978 523,624 8,352,672 22,751
FY1979 2,625,460 489,455 122,334 3,300
FY1980 3,514,188 547,692 625,859 51,973
FY1981 792,494 145,485 47,515 808,864
FY1982 233,141 26,543 206,908 63,117
FY1983 72,003 915,323 2,180,250
FY1984 1,109,354 5,644
FY1985 764,000
FY1986 720,640
FY1987 2,112,073 357,454
FY1988 2,606,403 237,278 263,966
TOTAL* $23,260 $84,374,171 $49,515,432 0 $3,756,571 $1,684,351 0
GLADES GULF HAMILTON HARDEE HENDRY HERNANDO HIGHLANDS
FY1972
FY1973 $177,820 $88,500 $254,620
FY1974
FY1975 56,100
FY1976 43,630 $23,820 86,250
FY1977 $32,100 48,000 519,699
FY1978 4,048,374 6,000
FY1979 101,715 $72,265
FY1980 199,799
FY1981 92,250 126,840 $57,769
FY1982
FY1983 43,164
FY1984
FY1985
FY1986
FY1987 132,269
FY1988 495,779
TOTAL* $32,100 $4,596,058 $144,600 $568,044 $71,820 $1,236,372 $57,769
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Table 1I-14 (continued)

HILLSBOROUGH HOLMES INDIAN JACKSON JEFFERSON LAFAYETTE LAKE
RIVER
FY1972
FY1973 $8,958,219 $1,545,750
FY1974 34,191,376
FY1975 34,633,037 $18,525 183,077 $69,975 $148,726
FY1976 2,260,141 572,750 863,250 112,985
FY1977 18,862,525 25,965 33,300 $28,005 1,260,631
FY1978 902,830 26,003 5,821,099
FY1979 16,404,991 1,058,372
FY1980 4,323,274 6,539 217,170
FY1981 13,640,242 1,398,000 726,839
FY1982 24,036,045
FY1983 10,618,955 209,804 7,479,604
FY1984 14,297,988 776,480
FY1985 6,728,810 621,495
FY1986 4,067,454 287,479
FY1987 17,611,725 1,241,303 65,540
FY1988 14,286,369 1,836,570 24,315
TOTAL* $225,832,981 $44,990 $5,379,450 $2,606,871 $28,005 0 | $18,600,735
LEE LEON LEVY LIBERTY MADISON MANATEE MARION

FY1972
FY1973 $2,228,160
FY1974
FY1975 $193,282 69,488 $59,074
FY1976 18,769 5,380 $96,000
FY1977 447,120 $31,868 67,500 26,234
FY1978 20,100 366,239
FY1979 11,598,891 8,501,418 3,644,035 185,372
FY1980 2,305,539 13,056,103 74,280 81,013
FY1981 1,599,134 2,873,273 9,384 261,837 13,282
FY1982 15,522,364
FY1983 17,188,389
FY1984 53,260 23,811,480
FY1985 16,500,000
FY1986 18,299,258
FY1987 10,971,763 7,187,301
FY1988 642,677
TOTAL* $60,561,288 $26,728,442 $115,532 0 0 $70,283,117 $320,888




Table 1I-14 (continued)

MARTIN MONROE NASSAU OKALOOSA OKEECHOBEE ORANGE OSCEOLA
FY1972 $1,782,000 $112,200
FY1973 172,910 $94,800 $4,944,750
FY1974 $439,650 363,730
FY1975 264,546 5,767,000
FY1976 5,908,438 194,342 5,636 $37,500 1,392,757 $121,549
FY1977 16,244 7,793,804 13,294 13,271,729
FY1978 1,007,639 69,522 400,396 164,540 28,911,213 119,250
FY1979 2,889,142 7,421 1,289,107 13,113,667
FY1980 3,995,954 7,093,334 1,177,757 100,434
FY1981 931,036 7,250,201 5,042,668
FY1982
FY1983 71,546 6,562 909,700 36,577,106 302,500
FY1984 430,000 33,000,000 27,585
FY1985 137,409 31,080,870
FY1986 15,200,135 285,537 9,051,629 6,105,000
FY1987 663,926 44,971 6,173,785 1,696,222
FY1988 315,345 2,811,837 146,211 18,976,970 124,091
TOTAL* $7,690,438 $24,042,207 $1,790,245 $27,668,913 $2,169,162 | $208,481,901 | $8,596,631

PALM BEACH PASCO PINELLAS POLK PUTNAM ST. JOHNS ST.LUCIE

FY1972 $4,240
FY1973 $1,980,248 2,136,970 $906,900 $571,200
FY1974 9,189,600 14,318,100
FY1975 23,807,664 $246,314 35,945,921 8,337,202 $220,736
FY1976 25,761,897 198,837 9,355,848 1,922,436 223,487
FY1977 4,341,905 1,091,912 187,859 241,500
FY1978 354,942 125,573 8,141,797 34,807
FY1979 8,496,169 29,848,393 2,250
FY1980 6,634,358 22,171,049 1,882,523
FY1981 5,639,591 103,802 10,843,424 2,630,608 $32,468 1,280,229
FY1982 511,105 6,936,138 9,682,028
FY1983 911,803 131,366 1,288,459
FY1984 54,170 13,954,170 4,125,000
FY1985 512,416 7,151,261
FY1986 13,137 1,679,461 431,873
FY1987 9,832,986 3,566,514 1,908,384
FY1988 3,293,273 183,378 3,211,948 1,316,773
TOTAL* $90,989,862 | $10,822,256 $165,006,760 [ $26,243,946 $4,589,341 | $1,073,244 | $11,182,993
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Table 1I-14 (continued)

SANTA ROSA SARASOTA SEMINOLE SUMTER SUWANNEE TAYLOR UNION
FY1972
FY1973 $3,495,000
FY1974 2,310,000
FY1975 $63,750 1,671,735 $65,238
FY1976
FY1977 $85,387 262,587 $75,000 $43,300 45,980 $24,142
FY1978 11,650 84,256 36,158
FY1979 15,220 65,886 489,487 6,777
FY1980 126,740 40,742 158,212 2,797
FY1981 270,152 914,643 11,886,724 1,064,270
FY1982 27,237
FY1983 2,348,163 8,588,824
FY1984 27,156 1,528,823 1,646,000
FY1985 382,066
FY1986 733,250 473,346
FY1987 10,576,103 379,505
FY1988 86,251 6,812,372 2,127,625
TOTAL* $3,703,969 $28,618,380 $22,867,692 $77,797 $2,542,191 $154,153 $1,088,412
VOLUSIA WAKULLA WALTON WASHINGTON OTHER**
FY1972
FY1973 $728,200
FY1974
FY1975 589,917 $41,521
FY1976 14,505,242 $75,900 $43,005
FY1977 3,434,482 31,875 $250,000
FY1978 4,920,826 57,336 30,285
FY1979 151,370 5,912
FY1980 9,344,853 22,247 41,279
FY1981 2,738,318 6,826
FY1982 2,271,211 1,048,500 3,783,400
FY1983 337,014 6,401,867
FY1984 798,734 8,517,491
FY1985 51,326 825,770
FY1986 1,377,726 3,640,975
FY1988 904,190 970,484 6,971,214
TOTAL* $42,153,409 $107,775 $2,141,572 $125,823 $30,390,717

TOTAL*—Federal and state awards for fiscal years 1972 to 1988 by county = $2,070,120,587 (no calculations
for decreases).

OTHER**—$30,390, 717 (grants for administrative expenses, water-quality planning, advance allowances, and
training facilities for fiscal years 1972 to 1988).

FEDERAL DECREASES—$276,829,072

STATE DECREASES—$16,346,392

TOTAL FEDERAL AND STATE DECREASES—$293,175,464

(decreases are caused by factors such as cost underruns and undocumented costs)

GRAND TOTAL NET—$1,776,945,123 (dl federal and state awards for federal fiscal years 1972 t01988 nit
nus federal and state decreases).
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State revolving-fund construction loans
for domestic wastewater and stormwater facilities

Dates: 1989-1995
Loans: 51
Participating local governments: 36

Arcadia, Bal Harbour Village, Cape Canaveral, Cape Coral, Casselberry, Charlotte County, Collier County, East
Central Reg Board, Edgewater, Haines City, Hollywood, Jacksonville, Kissimmee, Lake Alfred, Lakeland, Largo,
Lee County, Manatee County, Metro-Dade, Niceville, North Bay Village, Okaloosa County, Oldsmar, Opa-Locka,
Plantation, Port Orange, St. Cloud, St. Petersburg Beach, Sanford, Sarasota, Sarasota County, South Pasadena,
Tampa, West Miami

Loan total: $519,777,961
Projects: Treatment facilities, influent transmission facilities, collection system, reuse facilities, outfall facilities,

treatment and dechlorination facilities, reclaimed water reuse facilities, major sewer rehabilitation, sludge facit
ties, injection facilities, and deep well injection

Table 1I-15
Projects funded by state legislative appropriations
County City Source Award Amount
Escambia Century SP190 10/23/89 $3,000,000
Franklin Apalachicola SP140 7/01/87 500,000
Apalachicola SP141 7/01/87 150,000
Carrabelle SP187 10/02/89 200,000
Lanark Village SP137 7/01/87 47,000
Lanark Village SP151 6/27/88 453.00
Gadsden Quincy SP136 1/13/88 125,000
Highland Sebring SP228 10/24/90 100,000
Levy Cedar Key SP165 1/12/89 100,000
Cedar Key SP186 9/20/89 2,500,000
Cedar Key SP287 6/29/92 128,731
Okeechobee Okeechobee SP236 10/25/90 100,000
Putnam Crescent SP189 11/21/89 500,000
Wakulla St. Marks SP138 1/04/88 400,000
Total $7,851,184
Dates: 1987-1992
Projects: 14
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Small community
preconstruction loans

Dates: 1994-1995
Preconstruction loans: 17
Participating local governments: 17

Apalachicola, Belle Glade, Callaway, Casselberry,
Haines City, Marion County, Naples, North Bay
Village, Orange Park, Oviedo, Palm Beach Shores,
Royal Palm Beach, St. Johns County, Sanibel,
Volusia County, Wachula, Wildwood

Loan total: $22,598,178

Projects: Reclaimed water reuse, sludge facilities,
collection and transmission facilities, collection and
reuse facilities, major rehabilitation transmission
facilities

State legidlative appropriations. Table I1-
15 shows special, specific appropriations by the Florida
legislature, usually administered by FDEP, to build
wastewater treatment facilities of statewide importance.

State revolving-fund  construction

loans. Floridas revolvi ng-fund program provides low-
interest loans to local governments, regardless of size, to
build wastewater treatment facilities, including sewers and
reuse systems. The program replaced the Environmental
Protection Agency's construction grants program (see
Table I1-16 for statistical details). The box on the preced-
ing page lists the participating local governments and
projects.

Small community preconstruction

loans. Available only to communities of less than
20,000, the program provides low-interest loans for proj-
ect planning, design, and administrative services. It aso
provides a mechanism for continued construction funding.
Total costs must be less than $10,000. The box above
lists participating local governments and projects.

Bond loans for building wastewater

facilities. The state bond loan program was devel oped
in 1970 to finance or refinance the construction of water
pollution control, solid waste disposal, and water supply
and distribution facilities. The state lends bond proceeds
to local governments to finance FDEP-approved facilities.
The principal amount of bonds issued during any one fis-
cal year was initialy limited to $200,000, and 1987 legis-
lation raised that figure to $300,000. Table I1-17 lists the
bond issues and amounts from fiscal years 1974 to 1988.
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Table 1I-17
State of Florida bond loans for
building wastewater facilities

Bond series Fiscal year Amount
A 1974 $1,530,000
A 1974 29,640,00
A 1974 1,000,000
A 1974 7,475,000
A 1974 195,000
B 1974 32,410,000
C 1974 18,130,000
C 1974 2,245,000
C 1974 1,970,000
D 1976 8,940,000
D 1976 19,060,000
D 1976 8,755,000
D 1976 5,000,000
E 1977 6,900,000
E 1977 7,585,000
E 1977 12,650,000
E 1977 1,330,000
E 1977 1,800,000
F 1977 705,000
F 1977 26,490,000
F 1977 1,490,000
F 1977 30,905,000
F 1977 410,000
G 1977 15,000,000
H 1978 1,540,000
H 1978 330,000
H 1978 36,375,000
I 1978 1,305,000
I 1978 17,000,000
K 1979 $ 28,000,000
L 1981 5,700,000
L 1983 1,000,000
Q 1985 1,500,000
R 1986 8,520,000
S 1986 2,300,000
U 1988 4,755,000
\Y 1988 83,000,000
W 1988 50,505,000
Total $485,420,000
Fiscal years: 1974, 1976, 1977, 1978,

1979, 1981, 1983, 1985, 1986, 1988

Participating municipalities: 38

Private sector. For this report, the private sector
(specifically, Florida's electric power companies and the
phosphate and pulp and paper industries) was asked,
"What have been your capital investments to meet the
objectives of the Clean Water Act in the past two years,
past ten years, and since 1972?7"



Table 1I-16

State revolving-fund statistics, federal fiscal years 1989 to 1995

Funds for projects and binding commitments (loans)

Fiscal Balance | Federal capital State appropriation Investment Loan repayments (+) Loan decreases Loans (-) Year-end
year forward (+) (+) earnings (+) (+) balance
1989 0 $56,723,414 $15,200,000 $1,217,370 0 0 $53,437,000 $19,703,784
1990 $19,703,784 58,319,281 12,000,000 2,250,192 0 $2,246,437 81,662,000 12,857,694
1991 12,857,694 66,504,050 12,000,000 2,256,113 $1,446,836 155,000 44,231,000 50,988,694
1992 50,988,693 62,962,765 12,000,000 2,093,112 6,789,428 1,992,126 129,968,000 6,858,124
1993 6,858,124 53,756,179 7,000,000 1,862,114 12,770,885 95,713 40,119,204 42,223,811
1994 42,223,811 47,174,590 23,894,617 1,819,282 14,689,839 728,011 110,840,060 19,690,090
1995 19,690,090 39,913,569 6,146,867 2,836,960 22,339,145 586,006 84,441,778 7,070,859
TOTAL $385,353,848 $88,241,484 $14,335,143 $58,036,133 $5,803,293 | $544,699,04
2
Capitalization grants, state matching funds,
and reserve for program administration

Fiscal year Capital grants Required match State appropriation Reserve for administration

1989 $59,086,890 $11,817,378 $15,200,000 $2,363,476

1990 60,749,251 12,149,850 12,000,000 2,429,970

1991 69,275,052 13,855,010 12,000,000 2,771,002

1992 65,586,213 13,17,243 12,000,000 2,623,448

1993 56,351,353 11,270,271 7,000,000 2,595,174

1994 48,784,865 9,756,973 23,894,617 1,610,275

1995 41,576,634 8,315,326 6,146,867 1,663,065

TOTAL $401,410,258 $80,282,052 $88,241,484 $16,056,410

Note: The federal fiscal year 1995 capitalization grant amount does not include the $14,695,740 increase awarded September 27, 1995, and scheduled for

payment in the first quarter of federal fiscal year 1996.
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The phosphate industry reports no capital investments
for the period but estimates 1996 capital investments at
$1,168,000. The pulp and paper industry did not respond.
Florida's electric power companies report the following
investments:

$275,000,000
$450,000,000
$725,000,000

Past two years
Past ten years
Since 1980

Benefits

Because our environment and economy are intertwined,
environmental damage harms the economy, as exemplified
by the Everglades and Florida Bay. The value of protecting
Florida's environment, however, cannot be measured in
dollars, for the benefits of a functioning environment are not
adequately valued under our current method of economic
accounting. Many benefits of environmental protection are
intangible or aesthetic.

Tourism, recreation, and fisheries—all important
contributors to Florida's economic well-being—depend on a
healthy environment. Between 11 million and 12 million
people vist Floridas parks and recreational areas every
year.19 In 1989, Floridians spent $1.2 billion on boating
equipment and registered nearly 711,000 boats20 On
average, out of 40 million people who visit Florida annually
as tourists,2! more than 75 percent spend more than two
weeks here.22

Floridas coastal environments are a particularly
important asset. Based on 1985 data, as much as 62 percent
or $158 hillion of our Gross State Product is generated in
coastal areas.?3  Losses of wetland habitats and beaches and
declines in water quality from stormwater runoff and point
source discharges decrease the value of our natural resources.
For example, when a swimming beach is closed because
sawage contaminates the water, the state loses revenue.

Environmental protection is not cheap. The Tampa Bay
National Estuary Program, for example, estimates that $260
million is spent each year for regulatory controls on pollution,
restoration, and stormwater management. One important
change was upgrading wastewater discharges to advanced
treatment or reusing wastewater. As a result, water quality
has improved, seagrass acreages have increased, and nutrient
contributions have declined. For the first time in severa
decades, it may be possible for bay scallops to thrive. All
these changes benefit the fishery and recreational users.

Changes in the states approach to environmental
protection from permitting to managing watersheds or

191995 Florida Statistical Abstract, Bureau of Economic and Business
Research, College of Business Administration (Gainesville, Florida: Unive
siB/ Press of Florida, 1995).
20F10rida Keys and Key West Area of Critical State Concern, R-
port to the Administration Commission(Tallahassee: Florida De-
B?rtment of Environmental Protection, 1993).

Fernald et al., 1992.
22The 1996 Florida Almanac.

Draft State of Florida Coastal Nonpoint Source Pollution Control
Program Environmental Assessment,(Washington, D.C.: National Oe-
anic and Atmospheric Administration, September 1996).

ecosystems will benefit both the environment and the
economy in the long run. Ecosystem management improves
the protection of natural resources, encourages the people of
Florida to practice a conservation ethic and sustainable life-
style, and stimulates a healthy economy.  Sustainable
development and environmental stewardship are two
cornerstones of a healthy economy.

Special state concerns
and recommendations

This section first addresses specia Florida concerns or
strategic issues that are not specifically discussed or identified
as specia concerns in other parts of this report. Second, it
provides recommendations that outline Floridas goals in
meeting the objectives of the federal Clean Water Act.

concerns

1. Although a few ecosystems stand out
in their significance and importance,
all Florida's rivers, lakes, and
estuaries are valuable to the people
of this state. The following ecosys-
tems are special state concerns:

Everglades system. Before the 1940s, the
Everglades ecosystem covered most of southern Florida, from
its headwaters in the Kissmmee River Basin to the coral reefs
of Florida Bay. Because of human alterations, however, the
once-vast “River of Grass’ has deteriorated and become
fragmented, threatening not only wildlife but also the water
supply, economy, and quality of life for Florida residents.24

Water quality in the Everglades is a special concern.
FDEP's review of data shows that nutrients are the biggest
water-quality problem; they have caused or contributed to at
least four major violations of Class Il criteria (for wildlife
and recreational use): imbalances of aquatic flora or fauna,
dominance of nuisance species, biologica integrity, and
dissolved oxygen levels.

The state spent five years embroiled in alawsuit with the
U.S. Department of Justice for alowing water-quality vio-
lationsin Everglades Nationa Park and L oxahatchee National
Wildlife Refuge. The lawsuit was settled in 1992.

The Everglades hill passed by the Florida legidature and
signed by Governor Lawton Chiles ended a lawsuit brought
by the sugar industry against the origina Everglades Surface
Water Improvement and Management Plan. The hill
authorizes immediate commencement of the Everglades
Congtruction Project to clean up and restore the Everglades
Protection Area, which includes the Loxahatchee Wildlife
Refuge, Everglades National Park and the three Water

243enator Patrick Leahy, Congressional Record, March 29, 1996.



Conservation Areas. Restoration consists of four key com-
ponents, and additional restoration is under way in the Kis-
simmee River Basin and in Lake Okeechobee (see Chapters 3
and 4).

First, water quality must be improved, and the amount of
water flowing to and through the Everglades system must be
increased. Over 40,000 acres of filtration marshes (storm-
water trestment areas) will treat agricultural runoff, reducing
the levels of phosphorus entering the Water Conservation
Areas. Farmers must reduce their runoff 25 percent by 1997.
The stormwater trestment areas will aso trest water
discharged to the Rotenberger Tract and Holeyland.

The nearly 4,000-acre Everglades Nutrient Removal
Project—the largest project of its kind in the world—
completed its first full year of operation in August 1995,
removing some 28,000 pounds of phosphorus from Ever-
glades Agricultural Area runoff that would have otherwise
gone directly into Loxahatchee. About 327 acres were aso
acquired for stormwater trestment areas, bringing the total
under public ownership to more than 14,000 acres out of
44,500 needed.

Second, a scientifically derived and numerically based
criterion for phosphorus must be established. A default value
was set at ten parts per billion if FDEP does not set a criterion
by the year 2003. The Everglades bill specifically says that
the criterion must not cause an imbalance in natural popu-
lations of floraand fauna

Since the federal lawsuit was settled in 1992, FDEP and
the South Florida Water Management District have imple-
mented research as quickly as possible to establish how much
phosphorus the Everglades ecosystem can absorb before
environmental damage occurs. The Everglades Nutrient
Threshold Research Plan provides a value for phosphorus
from the existing state criterion. The plan, created under
FDEP s direction, consists of field transect monitoring along
nutrient gradients, dosing experiments (field perturbations),
and laboratory experiments.

Third, best management practices must be implemented
to treat farm discharges on-site. The discharges must meet all
applicable water-quality standards and criteria (not just for
phosphorus) by December 31, 2006. The South Florida
Water Management District will amend its rules to require
certain lands to implement additional best management
practices.  Everglades Agricultura Area growers have
reduced phosphorus moving off their lands by more than 30
percent by using this approach.

Fourth, the Florida Bay restoration must begin. The
initiative consists of three components: research, water
management, and interagency cooperation. Water-quality
and biological monitoring are being used to assess the bay's
status and will detect changes in response to water
management practices.

Key features of the restoration include experimental
water deliveriesto Everglades National Park, the C-111 South
Dade Project, and the Emergency Interim Plan. These should
enhance the hydrology of approximately 900,000 acresin the
park's East Everglades. The acquisition of Frog Pond will
allow the C-111 South Dade Project to move forward. (Frog
Pond, best described as a wet area, is currently used to grow
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tomatoes. To keep the land dry enough for farming, water
levelsin neighboring canals are kept low.)

All these actions are part of a cooperative effort between
the Corps and the state to help restore Taylor Slough's
hydroperiod. The C-111 project will acquire an additional
5,000 acres north of Taylor Slough called the Rocky Glades
Agricultural Area, through which fresh water will be pumped
from canal L-31N into Taylor Slough.

The Emergency Interim Plan provides for more releases
of fresh water into Taylor Slough and Forida Bay.
Congtruction in 1996 will increase the fresh water flowing
into the slough by up to 800 cubic feet per second. The
acquisition of Frog Pond alows water levels to be raised,
reducing seepage losses from Taylor Slough. Phase 2 will
include the construction of a pumping station (S-332D) in the
northern stretch of Canal L-31W at or near the S174
structure.  This will maintain higher water levels in L-31W,
increasing the fresh water flowing into Taylor Slough and
eventually into Florida Bay.

The Everglades Construction Project will cost about
$690 million from 1994 to 2014: land acquisition will cost
about $163 million; design and construction, $421 million;
and operations and maintenance, $106 million.

Revenues from a number of sources will fund the project
during the next two decades:

W $233 million from agricultural privilege taxes.

B $202 million from ad valorem taxes at one-tenth of a
mil.

B About $47 million from Alligator Alley tolls.
B $33 million from Preservation 2000 funds.

B $14 million from Florida Power & Light mitigation
funds.

B About $26 million from interest earnings.

B $135 million from federal cost-sharing funds.



Florida Bay. Florida Bay is the last link in the
Kissmmee River—Lake Okeechobe-Everglades chain. Its
problems reflect extensive habitat and hydrologic modifi-
cations throughout the system. The Everglades restoration
will play an important role in revitalizing the bay. In turn, the
bay's hedlth is critical to maintaining the viability of the
Florida Keys, the country's only emergent coral reef
ecosystem.

The bay, an valuable recreational and fisheries resource,
provides critical nursery habitat for juvenile fish. Tourism, an
important source of revenue for Florida, is also vital to the
area. Both fisheries and recreation, however, are threstened
by continued die-offs of mangroves, seagrasses, and coral
reefs—as well as by year-round algal blooms in Florida Bay
and around the Keys.

The immediate causes include hydrologic modifications
in the watershed, lack of flushing of organic-rich sediments
from the bay by hurricanes, high water temperatures, high
salinity levels, and nutrient pollution. Historically, the sheets
of fresh water flowing dowly across the Everglades
eventually reached the bay. When channels were dug and
fresh water diverted to agriculture, much less fresh water
flowed to the bay, and this reduction is believed to be causing
the high salinity and water temperatures.

Florida Keys. The FloridaKeys are a state Area of
Critica State Concern and an Outstanding Florida Water.
Congress also designated the Keys a Nationa Marine
Sanctuary to protect and preserve special marine resources.
Because the Keys water quality is so important, Congress
required the development of a separate Water-Quality Protec-
tion Plan along with a comprehensive management plan.

Several problems are evident. During the 1960s and
1970s, more than 700 canals and access channels were
dredged and other areas filled, altering mangrove shorelines.
Coral reefs on the east side of the Keys have been plagued by
bleaching and die-offs. In addition, seagrass beds have been
lost to nutrient pollution.2>

Savannas State Reserve.  sormwater is
damaging this freshwater marsh system near the southeast
coast.

Apalachicola River and Bay. The system, an
Outstanding Florida Water, is currently in good condition.
Threats come from development and water demands outside
Florida's boundaries.

25¢pEP, 1993.
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2. Maintaining the quality of surface
water and groundwater by preventing
pollution is an important state
concern.

Significant pollution sources include urban stormwater,
agricultural runoff, dairies, septic tank leachate, and point
source discharges. Widespread groundwater contamination
by the pesticide ethylene dibromide has already occurred.
Although point source controls have successfully controlled
much pollution, greater attention needs to be given to
stormwater.

Because Florida's limestone topography (called karst) is
porous and much of the state contains porous, sandy soils,
surface water and groundwater interact. Surface waters
receive part of their discharges from groundwater, either
directly from springs or through seepage and base flows.
Conversely, agquifers recharge when surface water flows
underground. Protecting surface water indirectly protects
groundwater, and vice versa. Most Floridians depend on
groundwater for their drinking water.

Increased nitrate levels in spring discharges in severa
parts of Florida are a disturbing trend that indicates not just
groundwater contamination but aso the potentia for
additional nutrient pollution in surface waters.  The
contamination is a particular concern in waters of the state
whose productivity is nitrogen limited (based on low nitrogen
levels) that receive substantial quantities of groundwater.

3. Mercury contamination in fish is a
state concern because it affects
resdents health and socioeconomic
status, and has a major economic
impact on the fishing industry.

Consumption advisories have been issued for a large
number of water bodies, including fresh and marine waters.
Most major fresh surface waters have been inventoried to
determine mercury levels in fish tissues. Estuarine and
coastal waters have been sampled to a lesser extent, although
monitoring in several large estuarine systems is complete.

Priorities have shifted from defining the extent of the
problem to understanding why it exists. Addressing
unusually high levels of mercury in Everglades fish is
especially important, since the metal concentrates in wildlife
that eat the contaminated fish—including the endangered
Florida panther. Numerous studies are under way, including
monitoring trends in fisheries resources, investigating
atmospheric fluxes of mercury, and assessing aquatic systems
and wetlands.



4. Florida's coastal areas and estuaries
and their associated wetlands (both
fresh water and salt water) are
important economic and recreational
resources. Because about three
fourths of the state's population live
and work near the coast, demands on
these systems are enormous.

Coastal ecosystems comprise many different habitats,
including seagrass beds, mangrove swamps, salt marshes, and
hardbottom.  Each habitat harbors different plants and
animals, and each is important in maintaining an entire
ecosystem’s function.  Habitat losses directly threaten
valuable resources—for example, both freshwater and
saltwater habitat |osses affect fisheries. Changesin hydrology
are amajor threat, since hydrology and habitat are linked. To
remain healthy, these systems must maintain a delicate
balance between salt water and fresh water.

Every estuarine system in Florida has lost some habitat
from declining water quality (caused by point and nonpoint
pollution), dredging and filling for development, the effects of
recreational activities, and altered hydrology. As a result,
color and turbidity increase, and nutrients fuel algal blooms.
Seagrasses in particular have been drasticaly affected, a
problem exemplified by Florida Bay.

Because estuaries are at the downstream end of their
watersheds, any upstream hydrologic changes that remove or
divert water—such as dredging, channeling, or stormwater
runoff—degrade water quality. Stormwater not only carries
excess water but also brings pollutants. Altered hydrology
has affected many coastal systems. For example, Florida Bay
has periodically been too saline because fresh water flows
from the Everglades were reduced. The Indian River Lagoon
should have the salinity of seawater, but at times it receives
too much fresh water diverted from other basins and
stormwater runoff. To help regulate Lake Okeechobee's
levels, water is discharged to the Caoosahatchee River,
which delivers excess fresh water to Charlotte Harbor.

Intense use has created other water-quality problems.
Several estuaries have heavy metals and/or organic
contaminants in their sediments, including Tampa Bay, the
North Fork of the St. Lucie River, Miami River, Lower St.
Johns River, and Pensacola Bay. High coliform counts are a
problem in the Miami River, where problems with broken
sewer lines or overloaded sewer systems have increased
coliform bacteria and repeatedly closed swimming beaches.
The river's polluted discharge threatens Biscayne Bay. In
other estuaries, recreational houseboats illegally discharge
wastewater. To address this problem, Florida has received a
grant from the U.S. Fish and Wildlife Service to help marinas
install pumpout and waste receptacle facilities.

Many estuarine systems are being studied to determine
the extent of existing problems and plan rehabilitation work.
An integrated watershed or system approach alows the
development of partnerships between government and private
citizens and the integration of scientific knowledge and
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management practices. Examples of this approach include
the National Estuary Program, the National Marine Sanctuary
Act, dtate aquatic preserves, the Florida Surface Water
Management and Improvement Program, and ecosystem
management.

5. Aspopulation increases, so will water
demands. Water quantity and water
guality are linked by cause and
effect.

Many of the environmental problems discussed in this
report result from poorly timed or wrong quantities of water.
Managing and protecting water quality must be linked to
resource management and planning. For example, as
Florida's population grows, so will drinking-water demands,
and surface waters will increasingly be used to supplement
potable groundwater supplies. Water is aready being
diverted from the Peace River, atributary to Charlotte Harbor,
but if too much water iswithdrawn, it will affect the estuary.

Neighboring states will also demand more water. Florida
isaready participating in a study of the Apalachicola River as
aresult of the City of Atlanta’sincreasing water demands.

Some regions aready face water-supply problems—for
example, the Tampa area. Sdtwater intrusion into coastal
aquifersis growing as more groundwater is withdrawn.

Recommendations

A. Continue to implement ecosystem
management.

The 1993 Environmental Reorganization Act required
FDEP to develop and implement measures to " protect the
functions of entire ecological systems through enhanced
coordination of public land acquisition, regulatory, and
planning programs.” To this end, FDEP has implemented
ecosystem management, a holistic, integrated, flexible
approach to Florida's environment. In essence, it protects
and manages resources based on watersheds. Ecosystem
management conscioudy redirects FDEP away from react-
ing to environmental crises toward exploring ways to prevent
them, using tools such as planning, land acquisition,
environmental education, regulation, and pollution
prevention.

Six different systems have been selected as prototypes to
test ecosystem management: the Apalachicola River and
Bay, Suwannee River, Wekiva River, Lower St. Johns River,
Hillsborough River, and Florida Bay/Everglades. The
lessons from these pilot projects can be applied to the rest of
Florida.

B. Implement pollution prevention.

Environmental integrity is best protected when pollution
is not allowed to occur in thefirst place. In the past, FDEP
controlled pollution by permitting, compliance monitoring,



and enforcement. A broader strategy includes market incen-
tives and source controls that minimize the generation of
pollutants. Source controls, for example, can minimize im-
pervious surface areas to reduce stormwater runoff, encour-
age reuse rather than discharge of pollutants through more
efficient industrial operations, encourage wastewater reuse,
and lower fertilizer and pesticide use through integrated pest
management and best management practices.

Florida has made a tremendous effort to eliminate point
source pollution. Threats to surface water and groundwater
dill exist, however, from septic tanks, waste materials
discharged from boats, and domestic package plants.

An FDEP Enforcement Committee is addressing the
lack of pollution prevention projects and developing an
enforcement pollution prevention policy. One approach
being used allows a facility that is violating State water-
quality standards to offset part of its fine by implementing a
pollution prevention project.

C. Manage both water quality and water
quantity.

Although programs to control water quality have em-
phasized controlling or eliminating discharges, many prob-
lems stem from water withdrawals or altered hydrology.

Water quality and water quantity can no longer be
viewed independently. On occasion, regulations to protect
water quality may actually impede the management of water
quantity. Programs to protect water quality and manage
water resources need to be better coordinated and linked.

By taking a watershed approach through ecosystem
management, the Florida Water Plan (see Appendix A) and
State Water Policy provide a mechanism to link quantity and
quality. The state needs better, more comprehensive long-
range planning for water resources, and existing regulatory
programs need to be applied to water resource planning.
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D. Obtain good water-quality data.

Assessing surface waters and supporting a watershed
approach through ecosystem management cannot be accom-
plished without good, comprehensive water-quality informa-
tion. The 1983 Water Quality Assurance Act and State
Water Policy, as revised in 1995, appointed FDEP the lead
agency for water-quality issues and the central data
repository. The data are stored in the Environmental Pro-
tection Agency's STORET database.

Traditional water chemistry, assessments of biological
communities and habitats, and analyses of contaminants in
tissues and sediments form the backbone of a strong,
interdisciplinary approach to assessing environmental
integrity. FDEP has identified a network of stations to
monitor water-chemistry trends, the bioassessment program
has developed procedures to assess ecological integrity, and
techniques to analyze trends are being developed. By linking
different types of information on a particular surface water,
geographic information systems are key to developing the
Surface Water Ambient Monitoring Program.

FDEP's Strategic Plan and the Florida Water Plan
identify several strategies to collect and integrate data for
decison making. The agency needs to support monitoring
and assessment to the fullest extent possible, which includes
adequate staffing and funding. Because the State Water
Policy report identifies the 305(b) report as the first source of
information for a water body, continued support for the
report isalso essential.

Many other federal, state, and local governments and
water management districts have active monitoring
programs. By continuing its collaboration with these pro-
grams, FDEP can expand its data assessment capabilities for
more complete coverage of the state. Greater coordination
with the Environmental Protection Agency on monitoring
and assessment is needed to transfer information to the state
and provide mutual benefits.

Florida is now a member of the national 305(b)
Consistency Workgroup. A coordinated, expanded program
will enhance FDEP's ability to assess dtate waters in a
timely, accurate way. The National Estuary Program
provides a useful model of intergovernmental coordination.
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Chapter 1
SURFACE WATER

MONITORING PROGRAMS

abundant programs to check on the condition of those

resources. State and local programs and water
management districts control over 6,000 active surface
water—monitoring stations across Florida; some are
monitored by universities, environmental organizations,
and volunteer groups. A county or city’s economic
resources are an important factor in determining local
support for monitoring.

On the federal level, the U.S. Geological Survey,
National Oceanographic and Atmospheric Administration,
Fish and Wildlife Service, and Environmental Protection
Agency have either active monitoring programs or special
projects to evaluate resources.

Most monitoring networks contain fixed or targeted
stations. Stations are selected at a particular location for
specific reasons. In many cases they monitor pollution
sources or are integrator sites in larger watersheds. The
National Estuary Program has introduced probability-
sampling design, although only Manatee County has
adopted the approach for its estuarine stations. In this

I n addition to abundant natural resources, Florida has
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approach, sampling sites are randomly chosen to eliminate
or reduce statistical bias. The results are assessed for an
entire resource—such as a specific watershed or lakes as a
class of water bodies—rather than for a specific location.

Researchers usually collect data in the field for pH,
specific conductance, dissolved oxygen, and temperature.
Water clarity, bacterial contamination, nutrients, and less
often major ions (largely calcium, magnesium, sodium,
sulfate, and chloride) are also measured in the laboratory.
The concentrations of nutrients in surface waters are
particularly important, since excess nutrients cause eutro-
phication, the accelerated aging and filling in of water
bodies. A few counties and water management districts
also collect information on trace metals or organic
chemicals.

Given the number of agencies, organizations, and
individuals participating in monitoring efforts, collabora-
tion and coordination between programs are essential.
Even more important is a central data repository. FDEP
continues to use the Environmental Protection Agency's
STORET database to store the information.



State monitoring
programs

Events of the past few years will shape the form and
direction of future surface-water monitoring in Florida.
On July 1, 1993, the Florida Department of
Environmental Protection officially became a new agency,
formed from the merger of the Florida Departments of
Environmental Regulation (DER) and Natural Resources
(DNR).

FDEP's mission is to protect, conserve, and restore
the air, water, and natural resources of the state through
ecosystem management. The major goal of protecting and
managing Florida's ecosystems better can be
accomplished in two ways: first, by sharing the
responsibility with other governmental entities for
protecting resources and, second, by implementing a
permanent database on environmental resources and an
aggressive statewide monitoring network.

FDEP's ambient monitoring programs have been
cyclical. Strong in the 1970s and early 1980s, they then
mostly disappeared until the 1990s. Local programs and
to some extent the water management districts—
Hillsborough County and the Suwannee River Water
Management District are good examples—picked up
FDEP stations as part of their programs.

Although many local programs and water
management districts in the central and southern peninsula
carry out monitoring, by comparison northwestern Florida
has very little. FDEP, the water management districts
(under FDEP-funded contracts), or volunteer groups carry
out most sampling in the Big Bend and Panhandle. If
funding is cut, data collection in these areas will largely
cease.

Few agencies regularly collect information on
contaminants other than mercury in an organized fashion.
Although FDEP routinely collected data on contaminants
in sediments, fish tissues, and water at fixed network
stations through the mid-1980s, that effort has ceased. A
separate estuarine sediment-sampling effort from 1982 to
1991 resulted in useful tools to interpret results. The first,
a metal-to-aluminum tool to detect metal contamination,
focused on defining human-caused contamination above
natural levels. The second tool was the development of
guidelines to assess sediment quality. These were based
on biological responses to contaminants.  Although
Florida does not have sediment standards and criteria, the
sediment-quality guidelines allow data on contaminants to
be interpreted.

FDEP recognizes the need to monitor contaminants,
and work is under way to restart sampling. Information
about human effects on freshwater sediments and
sediment-quality guidelines for fresh water are both
urgently needed.
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Surface Water Ambient
Monitoring Program

As a result of the merger, FDEP was restructured in
1994. The Division of Water Management was dissolved
and the Bureau of Surface Water Management shifted to
the Division of Water Facilities as its fourth bureau. Over
the past year the Division of Water Facilities was
reorganized. Nonpoint source, surface-water, and ground-
water standards and criteria; the groundwater-monitoring
program; point source evaluation and total maximum
daily load program; and the Surface Water Ambient
Monitoring Program were brought into the new Bureau of
Water Resources Protection. Functions that were part of
SWAMP are still in the bureau but not necessarily in the
same section. The Surface Water Ambient Monitoring
Program’s work on surface-water chemistry was merged
with the Ground Water Ambient Monitoring Program,
while SWAMP' s biocriteria and bioassessment work were
moved to a separate section.

Over the next year, the Bureau of Water Resources
Protection will explore different designs for monitoring
programs and ways to integrate functions across section
lines. A pilot project is being designed using the St.
Marks River Basin.

Monitoring goals, objectives, and

strategies. Because of the reorganization, SWAMP's
specific goals, objectives, and strategies for implementing
monitoring will change over the next year. This section
instead summarizes program development and activities
and accomplishments to date.

SWAMP is a collaborative effort between various
agencies monitoring water quality. It provides informa-
tion to the public, elected officials, and ecosystem
managers on the health of Florida's water bodies; assesses
whether those water bodies meet standards and criteria;
and tracks changes in water quality. The program works
to accomplish these goals in a technically sound, timely
manner and easily understandable format using informa-
tion on water chemistry, sediments, and biological com-
munities. More specific goals include the following:

1. ldentifying and documenting the existing condi-
tion of surface waters.

2. Determining support of state water-quality
criteria.

3. ldentifying water-quality changes over time in
significant water bodies.

Documenting potential problem areas.



5. For streams and lakes, establishing relatively
pristine ecoregion reference sites for comparison
with affected waters.

6. Collecting biological data at the reference sitesto
establish preliminary techniques for measuring
biological integrity and establishing biocriteria.

7. Establishing a network of stations to monitor
trends.

8. Establishing a network of stations to monitor
water chemistry.

9. Providing information for managers, legislators,
other agencies, and the public.

SWAMP screens water bodies for a broad assessment
of water quality. It is not designed to identify the causes
of pollution, monitor compliance of point sources, or
allow a thorough understanding of an ecosystem.
Information from the program can be used to develop total
maximum daily loads (limits set on the amount of pollution
that can enter a water body) and identify water bodies
needing more detailed studies or restoration and
rehabilitation. When funds are available, SWAMP also
undertakes special projects to assess water quality.

Monitoring coordination

Under the 1983 Water Quality Assurance Act
(Section 373.026, Florida Statutes) and the State Water
Policy (Section 62-40.540, Florida Administrative Code),
FDEP is the state’s lead water quality—monitoring agency
through the Surface Water Ambient Monitoring Program.

It coordinates monitoring to improve data quality and re-
duce costs. All local governments, water management
districts, and other state agencies are directed to cooperate
by providing data, which are kept in STORET.
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FDEP is working to improve the use of resources,
reduce overlap, and increase information sharing. In
1993, six regional meetings with agencies and
organizations that monitor water quality helped us
inventory the extent and type of work performed. The
meetings culminated in a July 1993 monitoring workshop,
where staff from Colorado State University presented a
short course on the principles of water-quality monitoring.

The workshop was the first step in forming an
interagency network. SWAMP identified four major areas
where cooperation was needed and formed committees to
address indices and assessment techniques; sampling site
selection, sampling frequency, and water-flow measure-
ment; sampling variables and quality assurance; and data
management and reporting. Although meetings were held
at the beginning of 1994, the work has not progressed
because of the reorganization and staff changes.

FDEP has compiled information about other agencies
monitoring programs (see Table 1-1 for a list of those
programs, including the groups of measurements sampled
and monitoring frequency). Many local and regional pro-
grams have—in addition to their ambient water-chemistry
networks—biological and sediment chemistry sampling,
special projects, or their own assessment reports (see
Table 1-2 for an overview).



Table 1-1

Other agencies in Florida that perform monitoring*

Agency Number of Common Field Clarity|Phyto| Maj ions| Bios| Nutr| Bact| OxDem| Metals| Tide/flow
stations sampling /chl

frequency
Alachua County 15 3 0 1 0 5 2 2 0 0
Environmental Protection
Brevard County Office of Natural 54( 45 quarterly/ 6 0 6 0 6 6 6 0 0
Resource Management 9 monthly
Broward County Office 45 Quarterly 2 0 0 4 3 2 0 2
of Natural Resource Protection
Collier County Pollution Control 46 Quarterly 3 2 0 0 4 0 1 0 0
Dade County Department 45 Monthly 6 0 4 0 5 2 2 15 0
of Environmental Resource
Management
Jacksonville Regulatory and 149 Monthly/ 16 4 2 0 6 2 3 13 2
Environmental Services Depart- quarterly
ment
Hillsborough County Environ- 92 Monthly 8 4 1 0 8 2 2 6 1
mental Protection Commission
Indian River County 6 Monthly-3x 6 4 0 0 6 0 1 0 0
Environmental Health thru tidal cycle
Lake County Environmental 45 Quarterly 6 1 2 0 4 0 2 0 0
Management Division
Lee County 84 Monthly 4 1 1 0 7 1 2 3 0
Environmental Laboratory
Leon County Growth and 40 Monthly 5 1 0 6 8 0 3 8 0
Environmental Management
Manatee County Environmental 70| 48 quarterly/ 7 4 0 1 5 3 2 0 0
Action Commission 22 monthly
Orange County Environmental 201 Quarterly 3 3 3 2 8 6 1 19 0
Protection Department
Palm Beach County Environ- 60 Quarterly 10 0 0 0 4 2 1 0 1
mental Resource Management
Pinellas County 150 Monthly 5 1 1 0 6 2 3 1 1
Environmental Management
Polk County Water Resources 90 Semiannually 5 1 3 0 6 2 1 7 0
Sarasota County Environmental 40 Monthly 9 1 0 of 10 0 1 0 0
Lab
Volusia County 89 Monthly 11 4 0 0 4 3 1 0 0
Environmental Management
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Table 1-1 (continued)

Agency Number of Common Field Clarity|Phyto| Maj ions| Bios| Nutr| Bact| OxDem| Metals| Tide/flow
stations sampling /chl

frequency
Northwest Florida 28 Quarterly 8 5 1 3 0 5 2 1 4 1
Water Management District
Suwannee River 85 Monthly 10 5 4 2 2 7 3 2 5 0
Water Management District
St. Johns River 267 Monthly 10 5 4 2 0 6 2 2 18 1
Water Management District
Southwest Florida 100 Semi-anually 7 3 4 6 0 5 0 1 5 0
Water Management District
South Florida 600 Biweekly/ 11 5 4 9 0 9 0 1 21 0
Water Management District monthly
City of Orlando Stormwater 93 Quarterly 9 8 1 1 0 7 1 0 15 1
Utilities
City of Jacksonville Public 17 Monthly 14 3 1 1 0 6 2 3 0 1
Utilities, Wastewater Division
Lake Watch **1,200 Monthly 0 1 1 0 0 2 0 0 0 0
Florida Bream 93 Quarterly
Fisherman's Association
Miccosukee Tribe of Florida 24 Monthly 4 0 1 0 0 8 0 1 1 0
Seminole Tribe of Florida 54 Monthly 0 1 0 2 0 4 0 0 4 0
US Army Corps of Engineers, 38 Quarterly 4 4 0 6 0 9 0 5 15 0
Jacksonville District
Florida Game and Fresh Water 141 Quarterly 7 3 2 5 0 5 0 2 6 0
Fish Commission
Loxahatchee River Environmental 30 6 3 0] 0 1 4 1 2 0] 1
Control District
Lake Worth Drainage District 9 Monthly 3 0 0 3 0 0 2 2 4 0
St. Lucie County Mosquito 41 Monthly 9 1 0 0| Many 0 0 2 0 2
Control District
Baywatch 63 5 2 1 0 0 2 0 1 0 1
Okaloosa County 10 Monthly 8 4 2 0 4 2 2 0 0
Environmental Council
Myakka Wild and Scenic River 10 Monthly 6 1 0 0 0 2 0 1 0 0
Marine Resources Council 138 Weekly/ 3 3 1 0 0 4 2 1 0 0

quarterly
City of Lakeland 16 Quarterly 6 5 1 1 1 7 2 1 8 0
Reedy Creek Drainage District 8 Bimonthly 6 6 0 6 5 6 2 2 0 1
U.S. Fish and Wildlife Service Irregular 4 0 0 0 0 0 0 1 0 0
monitoring
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Table 1-1 (continued)

Agency Number of Common Field Clarity|Phyto| Maj ions| Bios| Nutr| Bact| OxDem| Metals| Tide/flow
stations sampling /chl
frequency
City of Winter Haven
Mote Marine Lab
U.S. Geological Survey, 3 Monthly 4 1 0 1 of 10 0 1 9 0
National Water Quality
Assessment Program, North
U.S. Geological Survey, 26 Monthly
NAQWA South
Dynamac—monitor for NASA 11 Quarterly 5 5 1 3 0 7 0 3 21 0
at Kennedy Space Center
Rookery Bay 30 Monthly 11 1 1 0 0 2 0 2 0 0
Harbor Branch
Greater Orlando 20 Bimonthly 6 2 0 1 1 4 2 2 6 0
Aviation Authority
City of Winter Park 27 Monthly, 3 2 1 0 0 3 2 0 0 1
bimonthly
TOTAL 4,504

Seminole County
Environmental Services

*Numbers listed with each parameter group represent number of @rameter types in that group that are sampled.

**Lake Watch samples three different locations in 400 individual lakes.

Definitions:

Field—In-situ measurements (dissolved oxygen,temperature, pH, conductivity).

Clarity—Water clarity, Secchi depth.

Phyto/chl—Phytoplankton, chlorophyll a.
Nutrients—Any form of nitrogen or phosphorus.

Bact—Bacteriology.

Metals—Trace metals in the water column.
Major ions—These can include calcium, magnesium, potassium, sodium, chloride, and sulfate.
Bios—Biology, macroinvertebrates/algae.
Oxdem—Oxygen demand (biochemical oxygen demand, chemical oxygen demand).
Tide/flow—Tidal stage or stream discharge.
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Table 1-2
Special monitoring, sampling,
and restoration programs and projects

Name/
monitoring activities

Alachua County Environmental Protection

Occasional sediment and contaminant monitoring.

Brevard County Office of Natural Resource Management

Occasional sediment and stormwater monitoring at about six stations. Ongoing monitoring at weirs going into
some canals, sedimentation basins, and inlet-and-outlet exfiltration pipes.

City of Jacksonville Public Utilities

Surface water and groundwater—quality sampling for permits. Some benthic monitoring. Working with
Jacksonville Regulatory and Environmental Services Department and St. Johns River Water Management District on
tidal survey.

City of Lakeland

Some biological monitoring of benthic macroinvertebrates and phytoplankton in Lake Hollingsworth. Hydraulic
dredging of Lake Hollingsworth will begin in January 1997 (a two-year project).

City of Orlando Stormwater Utilities

Nutrient budget and groundwater-seepage study being done on Lake Adair. Nutrient budget being developed
for Lake Rowena. Ongoing monitoring of stormwater runoff and nutrient contributions around city. Greenwood
urban wetland study.

City of Winter Haven

Some special stormwater projects on lake-by-lake basis. Lake Howard resuspension nutrient and chlorophyll study.
Occasional sediment core samples taken.

City of Winter Park

Alum injection program on Winter Park Chain of Lakes. Nuisance weed control program.

Collier County Pollution Control

Thirteen estuarine stations at which county plans to do routine sediment sampling in 1997.

Dade County Department of Environmental Resource Management

Intensive canal surveys, specifically transverse sediment sampling.

Dynamac

Monitoring for Navy and NASA around launch pad at the Cape. Monitoring of mosquito impoundments in
cooperation with St. Johns River Water Management District.

Game and Fresh Water Fish Commission

Routine monitoring provides data to support evaluation of fishery resources. Is developing indices of biological
integrity to characterize the ecological well-being of fish populations in streams. The indices will help fishery
managers detect environmental changes and their effects on fish populations. So far, an index has only been
developed for primarily blackwater small streams and large rivers in the Panhandle*

Greater Orlando Aviation Authority

Water-quality monitoring in Lake Nona, a reference lake, and Mud Lake, a sample lake. Water-quality monitoring
in on-site wetlands. Some pesticide monitoring.

Hillsborough County Environmental Protection Commission

Ongoing annual sediment sampling at 120 stations in Tampa Bay during summer, along with benthic
macroinvertebrate monitoring.

“The Game and Fresh Water Fish Commission document,North Florida Streams Research Project, Study |, Fish Community
Analysis, submitted by D. Gray Bass, provides complete details.
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Table 1-2 (continued)

Indian River County Environmental Health

Licor (light) work being done in cooperation with St. Johns River Water Management District. Investigating
pollutants in Indian River Lagoon and Blue Cypress Lake.

Jacksonville Regulatory & Environmental Services Department

Three-year nutrient study being done at six stations. Some phytoplankton and zooplankton collected at select
stations. Will begin macroinvertebrate sampling in some targeted tributaries in 1997. Collecting information on
reported fish kills in Duval County. Will begin sediment sampling in targeted tributaries in 1997.

Lake County Environmental Management Division

Some monitoring of inlet/outlet of Lake Griffin and Lake Apopka flow-ways. Domestic and industrial compliance
monitoring. Monitoring of stormwater and noncontact discharges. Groundwater monitoring for landfills.

Lake Worth Drainage District

Monitor for 17 pesticides and organic chemicals.

Lee County Environmental Laboratory

Tissue study done on mercury in largemouth bass.

Leon County Growth and Environmental Management

Monitoring of nutrients and pH in plants. Monitoring of fluoridone concentrations in Lake Jackson’s sediments,
plants, and water.

Loxahatchee River Environmental Control District

Set up continuous monitoring probes along Loxahatchee River. Some sediment sampling. Ten biological
monitoring stations. Some macroinvertebrate sampling.

Manatee County Environmental Action Commission

Biological monitoring of benthic community near Terra Ceia and Manatee River bays. Some sediment monitoring
for metals. Water-quality monitoring of land spreading and agricultural areas near Duette (northeastern Manatee
County).

Mote Marine Lab

May be doing some nutrient monitoring in St. Petersburg Beach and Long Boat Key area in the near future.

Myakka Wild and Scenic River

Keying of mollusks and mussels near water quality—-monitoring sites. Recording fish Kkills if they occur.

Northwest Florida Water Management District

Tates Hill Swamp restoration project. Apalachicola River Basin program for establishing best management practices
for different land-uses and setting pollution load reduction goals for stormwater runoff. Apalachicola Bay,
Carabelle, and East Point stormwater nonpoint source study. Stormwater and nonpoint source study/restoration

in Lake Jackson.

Orange County Environmental Protection Department

Contaminant monitoring (E. coli) in Clear Lake and Lake Fairview. Lake Holden restoration via alum injection.

Polk County Water Resources

Restoring Lake Cannon, Lake Conine, Derby Ditch, and Enwood Ditch. Quarterly benthic monitoring at Lake
Cannon.

Rookery Bay National Estuarine Research Reserve

Will add four stations with hourly autosampling for physical measurements and turbidity. Special monitoring of
effects of agricultural runoff, including pesticides and hydrocarbons.

Sarasota County Environmental Lab

Sampling to support Sarasota Bay National Estuary Program.

South Florida Water Management District

Monitoring of organic chemicals, pesticides, herbicides, and priority pollutants. Some biannual sediment sampling.
Some occasional tissue monitoring. Some monitoring of mercury in plants and fish. Kissimmee River restoration
project. Everglades restoration project.
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Table 1-2 (continued)

Southwest Florida Water Management District

Monitoring water quality in Tampa Bay bypass canal, which is being considered as a drinking-water source.
Studying water quality in Lakes Maggiore and Seminole. Sediment sampling (metals and organic chemicals) in
partnership with Hernando County. Studying Lakes Jackson and Persimmon.

St. Johns River Water Management District

Lake Apopka restoration and flow-way project. Lake Griffin restoration and flow-way project. Lake Jesup
restoration project. Upper St. Johns River Basin sawgrass viability studies. Indian River Lagoon seagrass studies.
Writing Orange Creek Basin restoration plan and proposed studies. Studying current Rodman Reservoir
drawdown.

St. Lucie County Mosquito Control District

Studying fish populations in impoundments. Studying dissolved hydrogen sulfide in water. Measuring substrate
subsidence in impoundments. Aerial monitoring of mangroves and wading bird activity.

Suwannee River Water Management District

Monitoring periphyton and macroinvertebrates at 17 sites. Regular sediment-sampling program.

U.S. Army Corps of Engineers, Jacksonville District

Some small restoration projects. Some sediment sampling at a few stations. Water-quality bioassays and
characterization studies on biology.

U.S. Geological Survey, National Water-Quality Assessment Program,
Georgia-Florida Coastal Plain

Biological monitoring of algae, fish, and larvae in Bullfrog and Lafayette creeks. Monitoring fish tissues and
sediments for metals and organic chemicals. Some pesticide monitoring.

U.S. Geological Survey, National Water-Quality Assessment Program,
South Florida

Monitoring fish tissues and sediments for metals and organic chemicals. Will intensively monitor for pesticides
beginning October 1997.

U.S. Fish and Wildlife Service

Some fish and mussel sampling. Extensive sampling for contaminated sediments and fish in St. Andrew Bay.

Volusia County Environmental Management

Monthly stormwater monitoring in Edgewater. Lake Macy restoration project, which includes three to four water
quality-monitoring stations. Same water-quality measurements as regular monitoring program sampled at Lake
Macy, plus biochemical oxygen demand and hardness.
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Data management and reporting

FDEP s full-time STORET coordinator in Tallahassee
coordinates data entry and provides technical assistance to
users. The coordinator also received funding to teach
other agencies staff how to use STORET. A part-time
consultant works exclusively with local programs to help
them upload to STORET. In addition, FDEP’s six district
offices each have an individual to manage data entry and
storage and provide technical assistance to local programs.

In the early 1990s, as part of an effort to obtain
historical water-quality data, FDEP used Clean Water Act
Section 205(j)(1) funds to develop contracts with four of
the five water management districts and Rookery Bay
National Estuarine Research Reserve. The contracts
allowed each organization to develop in-house computer
procedures to upload both recent and historical data to
STORET. The Southwest Florida Water Management
District developed a data-entry program, which many
local governments use, that prepares STORET-compatible
files. The St. Johns River Water Management District
also enters and uploads data for local programs.

Since SWAMP data are mainly published in the
305(b) report, any new network or stations must consider
its requirements. The 305(b) report is intended as a
general guide to water quality and the basis for assessment
unless more accurate or detailed information is available.
We plan to publish a short version of the 1996 report in
1997 for the public. Largely graphical, it will quickly
summarize Florida' s water quality.

Special projects under the Surface
Water Assessment and Monitoring Pro-

gram. FDEP uses Section 205(j)(1) funds for special
monitoring projects, which are problem-specific or water-
body-specific monitoring programs. Examples include
the following:

B For the past four years, the Suwannee River
Water Management District received funding to
obtain water-chemistry data from springs. This
background information was critical to evaluating
the effects of agricultural and dairy practices on
the Suwannee River and estuary. The basin
contains extensive porous karst formations that
speed the transfer of pollutants between ground-
water and surface water. High nitrate levels were
found in groundwater wells on agricultural lands
near theriver and in springs.

A project completed in 1994 with the Northwest
Florida Water Management District inventoried
spring water quality in northwestern Florida.

Because many Panhandle springs lie in karst
areas where intensive agriculture is practiced, the
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potential exists for the same kind of contamina-
tion asin the Suwannee Basin.

B A contract with the South Florida Water
Management District provides two years of water-
qguality monitoring for Florida Bay. Florida
International University will collect water-quality
data on the southwest Florida ocean shelf, better
defining nutrient contributions to Florida Bay.

Quality assurance/
quality control

The Environmental Protection Agency specifically
requires quality assurance plans for contractors and gran-
tees. The plans must address 16 specific areas.? FDEP
administers the State Quality Assurance Program, which
was approved by the EPA’s Region IV.

FDEP's Quality Assurance Section defines how
chemical and biological data are determined to be
scientifically sound and develops quality assurance
procedures (Chapters 373 and 403, Florida Statutes).
Specific requirements stipulate that solid waste, hazardous
waste, and water-related monitoring projects must be
conducted under a specified quality assurance category
(Chapter 62-160, Florida Administrative Code). Some
projects require the approval of a forma Quality
Assurance Plan that documents measurement methods,
sampling activities, and procedures for assessing data
quality.

An FDEP manual on standard operating procedures
details how we collect and analyze samples.®* Public and
private organizations and agencies can adopt this
approach as part of their quality assurance procedures
instead of producing their own.

Different types of monitoring require different plans,
asfollows:*

B Comprehensive Quality Assurance Plans describe
the sampling and analysis capabilities of public or
private organizations. The plans must be
developed if a consultant is hired for an FDEP
program that requires the plan, or if a specific
project plan is required. Once approved by
FDEP's Quality Assurance Section, the plan
becomes a

These are outlined in the Environmental Protection Agency dou-
ment QAMS-005/80, Interim Guidelines and Specifications for Prepa-
ing Quality Assurance Project Plans.

SFDEP publication number FDEP-QA-001/92, FDEPStandard Operat-
ing Procedures for Laboratory Operations and Sample Collection A-
tivities.

“The specific requirements for each are documented in FDEP publie-
tion number FDEP-QA-001/90, FDEP Manual for Preparing Quality
Assurance Plans, and publication number FDEP-QA-001/92,FDEP
Standard Operating Procedures for Laboratory Operations and Sample
Collection Activities.



reference document for project-specific plans
called Quality Assurance Project Plans.

Quality Assurance Project Plans are required for
direct contracts to private and public
organizations, studies under the state’s Surface
Water Improvement and Management Act,
compliance monitoring under the federal
Resource Conservation and Recovery Act (gov-
erning hazardous waste disposal), wetland
resource permits, and industrial and powerplant
pre-permitting studies. The plans outline quality
assurance criteria, sampling and analysis
methods, and quality-control measures for
maintaining data quality. FDEP must approve
plans before monitoring can proceed.

Research Quality Assurance Plans are required
for experimental projects using methods that are
not currently approved. Many FDEP contract
research grants, method development studies, or
other research-oriented studies fall into this
category.

Stream ecoregion
and community
bioassessment project

In cooperation with the Environmental Protection
Agency, FDEP established a biological monitoring and
assessment (bioassessment) program. The EPA’s em-
phasis on developing quantitative and qualitative bio-
logical criteria for measuring water quality provided the
impetus.

Two concurrent projects began: first, to develop pro-
tocols (procedures) for bioassessments and, second, to
define Florida's stream ecoregions (regions of general eco-
logical similarity). Both will give managers information
to make decisions on protecting and maintaining
ecosystems statewide.

Developing protocols for bioassess-

ments. We chose macroinvertebrates for assessing the
health of biological communities in surface waters. These
animals, large enough to be seen with the naked eye, live
in and on the bottoms of water bodies. They consist
mainly of insects, along with worms, snails, clams,
amphipods, and shrimp. The number and kinds of
macroinvertebrates in different surface waters serve as
useful indicators of water quality. Some species are
extremely tolerant of pollution, while others are sensitive
even to small shiftsin water conditions.

FDEFP's protocols include a new methodology for
evaluating Florida's streams, the Stream Condition Index.
The index contains seven measurements taken from col-
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lected samples: number of total taxa, number of EPT
taxa, number of Chironomidae taxa, percent dominant
taxon, percent Diptera, Florida Index, and percent
filterers.

To help researchers identify macroinvertebrates ac-
curately, FDEP is producing taxonomic keys.* Because an
important goal is developing uniform procedures for
sampling and quality assurance, a standard operating
procedures manual published in June 1994 defines pro-
cedures for collecting samples and assessing them in the
laboratory.  The stream bioassessment project also
adopted FDEP's operating manual.” Finally, the Florida
Association of Benthologists has compiled information on
the environmental requirements, habitats, taxonomy, food
habits, and distribution of Florida's aquatic macroinverte-
brates. Volunteer experts update the information
annually.

| dentifying stream regions. we completed
the subregionalization of Florida, expanding the number
of ecoregions from three to 13 (see Figure 1-1) and chose
83 stream reference sites for developing community
bioassessment protocols. These were the least-affected
sites that could be found for each subregional type
(excluding southern Florida, Ecoregion 76, which has no
natural streams) (see the box later in this chapter for more
information on this area). Reference sites have been
sampled twice yearly (winter and summer) since 1992 to
determine the best-quality macroinvertebrate community
for representative habitats and water-chemistry conditions.

Although we originally thought that all 13 subeco-
regions might be needed to discriminate between stream
macroinvertebrate communities statewide, the data indi-
cate that communities in Florida streams fall into three
bioregions: the Panhandle (Subecoregions 65f, 65g, 65h,
and most of 75a), the peninsula (Subecoregions 75b, 75c,

SNumber of total taxameasures the overall variety of the macron-
vertebrate community. Number of EPT taxais the sum of the num-
ber of taxa that are Ephemeroptera (mayflies), Plecoptera (stoneflies),
and Trichoptera (caddisflies). Number of Chironomidae taxais the
number of taxa of chironomid (midge) larvae. Percent dominant
taxon measures the dominance of the single most abundant taxon.
Percent Diptera measures the abundance of individuals classified as
dipterans, or two-winged flies. TheFlorida Index is the weighted
sum of pollution-intolerant taxa, which are classified as 1 (least tole-
ant) or 2 (tolerant) (Florida Index = 2 x Class 1 taxa + 1 x Class 2 taxa).

Percent filterers measures the percentage of filter feeders.

A copy of the document, Development of the Stream Cond-
tion Index (SCI) for Florida, can be obtained by calling FDEP's Nan-

oint Source Management Section at (904) 488-0782.

The first key, Identification Manual for the Larval Chironomidae
of Florida, by J.H. Epler, was completed in 1992. A second,ldentifi-
cation Manual for Marine Amphipoda: |. Common Coral Reef
and Rocky Bottom Amphipods of South Florida by J. D. Thomas,
followed in 1993. Two additional keys were completed in 1994:
Taxonomy of the Caddisflies of Floridaand Identification Manual
for the Freshwater, Estuarine, and Near Shore Marine Olig-
chaetes of Florida. Work on a key to the aquatic beetles was can-
g)leted in 1996.

FDEP Standard Operating Procedures for Laboratory Operations
and Sample Collection Activities, Publication Number FDEP-QA-
001/92,.



Figure 1-1

Subecor egions and stream bior eference sites of Florida
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Figure 1-2
Bioregions of Florida
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A special case:
assessing biological communities
in Dade County canals

The indices developed for natural streams did not
cover southern Florida, including Dade County. This
area was eliminated from the assessment because no
natural freshwater streams remain and because develop-
ing criteria for altered and managed canal systems is
extremely complex.®

In April 1995, the Environmental Protection Agency
approved a $200,000 grant for Dade County to develop a
water shed-based index based on macroinvertebrates. The
index will measure biological integrity in canals and
rockmine lakes, taking into consideration that they are
altered and managed systems. While not natural, canals
do provide habitat and, more important, can pollute
drinking-water supplies and Biscayne and Florida bays.

The county’'s Department of Environmental Re-
source Management will provide information on water
and sediment quality and toxicity. Forty-two canal
stations and three lake stations are proposed for
investigation. An index based on the Environmental
Protection Agency’'s guidelines should be available in
1997, when the county will make recommendations for
long-term macroinvertebrate monitoring.

Using another $350,000 from Dade County's De-
partment of Environmental Resource Management,
FDEP and the National Oceanic and Atmospheric Ad-
ministration are characterizing canal sediments and
testing water chemistry and toxicity. The project will
allow FDEP to establish background reference condi-
tions and site-specific sediment criteria for Dade County
canals. Sampling for both projects began in 1995.

75d, and part of 75a), and northeastern Florida (Subeco-
regions 75e and 75f) (see Figure 1-2). Grouping the
subecoregions into larger bioregions helps to reduce the
natural variability of the individual metrics comprising the
Stream Condition Index.

In analyzing the data from 1992 on, we concluded
that year-to-year variations were not large enough to
warrant separating reference condition among years. We
detected seasonal differences, however, in three of the
seven measurements in the Stream Condition Index.
Therefore, we provisionally kept the index periods of
winter (January through March) and summer (July
through September) as distinct sampling periods for
freshwater streams.

8FDEP, 1994.
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Lake ecoregion
and community
bioassessment project

FDEP received a Section 319(H) grant supplemented
by Clean Lakes funds to develop a monitoring program
for nonpoint source pollution in priority watersheds—
including six district biologists positions who are
primarily working in nonpoint source priority lake
systems. Since many priority watersheds are lake basins,
this resulted in Florida serving as a test state for
developing lake bioassessment procedures.

FDEP's project manager is also a member of the
Environmental Protection Agency’s Lake Bioassessment
Workgroup, which is developing national guidance for
Florida's lake bioassessment and biocriteria protocols.
The workgroup approved the final design and will help
evaluate the study results.

Identifying lake regions. The project
compiled and reviewed maps and data, outlined regional
characteristics, drafted lake region boundaries, created
digital boundary coverages, and produced maps. The
maps were revised as needed after state managers and
scientists collected and reviewed additional data. We
used mainly qualitative methods—that is, expert
judgment—in selecting, analyzing, and classifying data to
form the regions. Our decisions were based on the
guantity and quality of data and on interpreting the
relationships between the data and other environmental
factors.’

We attempted to define a reasonable number of lake
regions that appeared to have some meaningful differ-
ences. In our first draft, we defined 41 regions, mainly by
evaluating the patterns of features that influence lake
characteristics (see Figure 1-3). Each lake region is
assigned two numbers: the first (65, 75, or 76) relates to
the numbering scheme of U.S. ecoregions® and the
second, to the Florida lake regions within an ecoregion.

“More detailed descriptions of the methods, materials, rationale, and
philosophy for our regionalization process can be found in Omernik,
J.M., Ecoregions of the Conterminous United States,Annals of the
Association of American Geographers,77(1): 118-125, 1987;
Omernik, J.M., Ecoregions: A Spatial Framework for Environmental
Management, in Biological Assessment and Criteria: Tools for
Water Resource Planning and Decision Making,W. Avis and T.P.
Simon, editors (Boca Raton: Lewis Publishers, 1995), pp. 49-62; G&
lant, A.L., T.R. Whittier, D.P. Larsen, J.M. Omernik, and R.M. Hughes,
Regionalization as a Tool for Managing Environmental R-
sources (Corvallis, Oregon: U.S. Environmental Protection Agency,
EPA/600/3-89/060, 1989); and Omernik, J.M. and A.L. Gallant,Defin-
ing Regions for Evaluating Environmental Resources,in Global Natu-
ral Resources Monitoring and Assessments, Proceedings of the
International Conference and Workshop,Venice, Italy, pp. 936-
947.

®Omernik, 1987.



Figure1-3

L ake ecoregions of Florida
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To delineate the boundaries of lake regions, we
measured water chemistry and physical conditions in 340
lakes in 31 lake regions, beginning in December 1994.
Because the information suggested that some boundaries
needed to be adjusted, new maps with 47 lake regions
were completed in 1996.

Choosing reference lakes. we focused on
choosing representative yet relatively undisturbed
examples of the various lake types in each of the original
41 proposed lake regions, trying to avoid unusual lakes.
Of 231 candidates identified, about 120 were sampled.

We also sampled nearly 50 impaired lakes to develop
measurements that help differentiate between healthy and
affected systems. The sampling included bioassessment
methods as well as conventional water-chemistry and
physical measurements.

Conducting bioassessments. The 1993
sampling of 13 |lake pars demonstrated that
bioassessment can help determine the biological health of
lakes. Benthic taxa richness, benthic diversity, Hulbert's
Lake Condition Index, percent suspension feeders, percent

mayflies, percent ETO (for mayflies, caddisflies,
dragonflies, and damselflies), percent amphipods,
phytoplankton density, and chlorophyll a levels

effectively distinguished between reference and impaired
conditions.* Physical measurements that were good
indicators included the quantities of organic matter, silt,
and clay in sediments.

An analysis of 62 reference lakes in 29 lake regions—
sampled in the summers and winters of 1993 and 1994—
showed that most of the 41 originaly proposed
geographic lake classes could be combined into two
biological groups. These consisted of lakes of similar
origin, hydrology, and natural water chemistry: upland
and lowland lakes and, in each group, clearwater and
darkwater lakes.

We identified biological measures associated with
human disturbance or pollution by comparing biological
data from another 29 degraded test lakes with the
reference lakes. The test lakes were stressed by
combinations of nutrients, organic matter, and
contaminants from agricultural and urban nonpoint runoff.

Many Florida lakes are naturally mesotrophic or
eutrophic, resulting in controversy over what causes
eutrophication in individual lakes. Properly classifying
the reference lakes allowed us to distinguish presumed
human effects (from all stresses) from the effects of
natural eutrophication and accumulated organic matter.

Further work using the larger database collected since
1994 will determine how valid our findings were. We

MBenthic taxa richnessand benthic diversity measure the number
and kinds of bottom-dwelling species. Hulbert's Lake Condition In-
dex measures the numbers of pollution-sensitive species. Percent
suspension feeders, percent mayflies, percent ETO(for mayflies,
caddisflies, dragonflies, and damselflies), andpercent amphipods
measure the proportions of these species out of the total number.
Phytoplankton density and chlorophyll a levels measure the
amount of algal biomass.
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have now performed detailed bioassessments on over 200
lakes.

The Environmental Protection Agency submitted the
final draft of the Lake and Reservoir Bioassessment and
Biocriteria Technical Guidance Document to the Science
Advisory Board in Washington, D.C. Florida's lake proj-
ects are reported in and influenced that document.

Water Chemistry
Trend Network

Trend monitoring requires statistically sound
sampling frequency, locations, and analysis. The first
Florida trend program was established in 1973 as the
Permanent Network Station Program, later renamed the
Fixed Station Monitoring Program. The Water Chemistry
Trend Network has the following goals:

1. Determining trends in mean annual water
quality in surface waters of special interest.

2. Determining how frequently surface waters must
be sampled to detect a specified percentage
change in the annual mean water quality, with
an 80 percent confidence level.

3. Determining current water quality by systemati-
cally and uniformly collecting, analyzing, and
reporting data.

4. Describing spatial variations and patterns in
water quality.

5. Characterizing individual monitoring stations
and developing working databases on water
quality.

Since it was recognized early on that FDEP could not
do the work alone, a collaborative effort began with the
Florida Game and Fresh Water Fish Commission, local
governments, water management districts, and volunteer
groups. The work also fulfills FDEP's statutory
requirement to coordinate with other agencies in
monitoring water quality.

The network currently contains 350 fixed monitoring
stations, chosen in 1994 during a series of meetings
between staff from FDEP's districts and other agencies
(see Figure 1-4 for a list of the stations). It is still being
modified. In many cases FDEP uses stations that are also
part of a local or regional monitoring network. The
criteriafor inclusion are the following:

1. The water body containing the station covers
more than one state, with the monitoring station
at the Florida boundary.



Figure 1-4

L ocation of Florida Department of Environmental Protection
surface water trend network stations
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Figure 1-5
L ocation of shellfish-harvesting areasin Florida

HOLMES
SANTA
ROSA JACKSON
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NUMBER AREA NAME

01 PERDIDO SYSTEM

02 PENSACOLA BAY

03 BLACKWATER RIVER

04 SANTA ROSA SOUND

05 EAST BAY RIVER ﬁ

>

06  CHOCTAWHATCHEE BAY
07  PHILLIPSINLET

08  WESTBAY

10  NORTH BAY, WEST

11 NORTH BAY, EAST

12 EASTBAY

13 CROOKED ISLAND

14 ST.JOSEPH BAY

15  INDIAN LAGOON

16 APALACHICOLA BAY NUMBER AREA NAME
18  ALLIGATOR HARBOR

AREA

20 OCHLOCKONEE BAY 60  MYAKKA RIVER

22 WAKULLA COUNTY 62  PINEISLAND SOUN D

25 HORSESHOE BEACH 64  ESTEROBAY

28 SUWANNEE SOUND 66 ~ TEN THOUSAND ISLANDS
30 CEDAR KEY 67 ROOKERY BAY

32 WACCASASSA BAY 65  EVERGLADES

34 WITHLACOOCHE BAY 68 MARTIN COUNTY

37 CITRUS COUNTY 69  SOUTH ST.LUCIE

42 BOCA CIEGA BAY 70  INDIAN RIVER/ST. LUCIE
46 COCKROACH BAY 72 NORTH INDIAN RIVER
48 LOWER TAMPA BAY 74 BODYF

50 PASSAGE KEY 75 BODYE

52 PALMA SOLA BAY 76  BODYD

53 ANNA MARIA SOUND 77  BODYC

54 SARASOTA BAY 78 BODYB

56 LEMON BAY 80 BODY A

58 GASPARILLA SOUND 82  VOLUSIA

86 FLAGLER

88 ST. JOHNS, SOUTH
92 ST. JOHNS, NORTH
96 DUVAL COUNTY
98 NASSAU COUNTY




2. Changing water quality has a geological basis.

3. The water body is an Outstanding Florida Water
or in the Surface Water Improvement and
Management program. OFWs should have no
decline in water quality over time, while SWIM
water bodies must either be preserved or restored.

4. The station is upstream of or downstream from a
point or nonpoint pollution source—existing or
potential.

5. The station is in an established lake or stream
ecoregional reference site.

6. The station is outside a mixing zone.

Other factors include the availability of U.S.
Geological Survey data on discharges, a moderate-to-long
record of data, and accessibility. Although the stations
must be sampled quarterly at a minimum, in some areas,
many agencies sample one site to gather data more often.

The water management districts and a volunteer
group, the Florida Bream Fisherman's Association,
sample about half the network under 205(j)-funded
contracts with FDEP. FDEP's districts sample about
another quarter of the stations.

During the past year, under 205(j)-funded contracts,
FDEP aso worked with the St. Johns River Water
Management District and a statistician to develop tools for
analyzing trends, determine methods for frequency analy-
sis, and refine goals and objectives. One bonus was the
development of procedures for analyzing geographic
information system data on mean 30-year annual rainfall,
land uses, physiographic provinces, and drainage basins.
These will be valuable in designing future networks or
refining existing ones. Using stations in its region as
examples, the St. Johns River Water Management District
is documenting procedures for acquiring data, putting the
information into a geographic information system
framework, and analyzing trends and frequencies.

Water Chemistry
Status Network

Status monitoring defines the existing conditions of a
water body and provides background information to
support other programs. The Water Chemistry Status
Network was active only from 1991 to 1994, based on the
availability of 205(j) funds, and was replaced by the
Water Chemistry Trend Network.

During the program’s short life, over 500 new
watersheds were added for evaluation in the 1994 and
1996 305(b) assessments. Water bodies were selected for
monitoring based on two criteria: first, they had poor,
fair, or unknown water quality in the 1990 and 1992
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305(b) assessments; and, second, no recent data were
available (defined as no new data over the previous five
years). For water bodies classified as unknown, areas
with expected threats or impairments received priority.
The program’s direction has not been determined.

Future options include using a probability-based sampling
design incorporating both biology and chemistry, or a
strictly judgmental design using only bioassessment tools.
The network will probably rotate among basins, assessing
water quality in coordination with permit activities.

Mercury program

Mercury contamination in fish has been a serious
problem for the past decade. FDEP, aong with the
Florida Game and Fresh Water Fish Commission, is
currently  inventorying major water bodies for
contamination. Additional marine work is proceeding
through FDEP's Marine Research Institute (see Chapter
7).

Shellfish Evaluation and
Assessment Program

FDEP enforces laws and regulations on harvesting,
processing, and shipping shellfish (Sections 370.021 and
370.071, Florida Statutes, and Chapters 62-7 and 62-302,
Florida Administrative Code). The term "shellfish" in this
context is limited to oysters, clams, and mussels. State
rules specifically address bacteriological water-quality
standards and the classification and management of
shellfish-harvesting areas (Class Il waters). The Florida
Marine Fisheries Commission recommends, revises, and
reviews shellfish rules in marine fisheries.

Since shellfish from polluted water can cause human
illness, controlling sanitation is essential. Many
pathogens associated with fecal material are discharged
into coastal waters. Because monitoring for all possible
human pathogens is not feasible, FDEP uses an indicator
group of bacteria, fecal coliform, to assess the likelihood
that human pathogens are present. Although few fecal
coliform actually cause disease, the presence of the
bacteria indicates that since feces from warm-blooded
animals are present, human pathogens may also be
present. The numbers of fecal coliform bacteria are
expressed in most probable number per 100 milliliters
(MPN/ml).

Two state offices work to maximize use of the
resource, while reducing the risk of shellfish-borne illness.

First, FDEP's Shellfish Evaluation and Assessment
Section—headquartered in Tallahassee with a laboratory
in Apalachicola—classifies and manages Florida's
shellfish-harvesting areas. Twelve environmental
specialists and



Table 1-3
Acreages of Florida shellfish-harvesting areas

(revised September 9, 1996)

Area Name | Approved Conditionally Conditionally | Restricted | Prohibited
number approved restricted
1 Perdido Bay 0 0 0 0 9,937
2 Pensacola Bay 0 25,200 0 25,176 41,133
System, winter
2 Pensacola Bay 0 47,429 3,641 0 40,705
System, spring/fall
3 Blackwater River 0 0 0 0 5,126
4 Santa Rosa Sound 0 20,759 0 0 1,777
5 East Bay River 0 0 0 0 1,088
6 Choctawhatchee
Bay
Eastern 0 13,435 0 0 15,973
Western 0 28,385 0 0 0
Central 0 26,187 0 13,363 11,515
7 Phillips Inlet* 0 0 0 0 0
8 West Bay 0 16,713 0 0 7,196
10 North Bay, 0 5,726 0 0 1,702
east and west
12 East Bay 0 11,333 0 1,252 16,513
13 Crooked Bay* 0 0 0 0 0
14 St. Joseph Bay 34,137 0 0 0 6,088
15 Indian River 0 448 0 210 0
Lagoon
16 Apalachicola Bay, 35,498 37,478 0 0 0
winter
16 Apalachicola Bay, 0 26,870 11,757 0 1,028
summer
18 Alligator Harbor 3,660 0 0 0 0
20 Ochlockonee Bay 0 2,655 4,407 0 855
22 Wakulla County 0 14,768 0 1,709 2,551
25 Horseshoe Beach 0 75,065 0 4,486 1,281
28 Suwannee Sound 0 15,716 26,754 4,348 2,331
30 Cedar Key 0 190,808 0 1,416 6,581
32 Waccasassa Bay 0 42,956 0 6,687 450
34 Withlacoochee 0 91,542 0 2,154 1,559
River
37 Citrus County 0 34,250 0 2,065 7,700
42 Boca Ciega 14,746 0 0 0 4,060
46 Cockroach Bay 4,580 0 0 0 0
48 Lower Tampa Bay 0 15,440 0 0 10,308
50 Passage Key 13,358 0 0 0 0
52 Palma Sola Sound 0 1,949 0 0 29,979
53 Anna Maria Sound 0 0 0 0 556
54 Sarasota Bay 0 7,509 0 2,352 14,848
56 Lemon Bay 0 458 0 0 9,001
58 Gasparilla Sound 0 25,475 0 0 3,102
60 Myakka River 0 5,488 0 0 4,641
62 Pine Island Sound 16,197 0 0 0 29,979
64 Estero Bay 0 0 0 0 27,257
65 Everglades* 0 0 0 0 0
66 Ten Thousand 52,758 5,088 0 0 68,287
Islands
67 Rookery Bay 0 0 0 0 93,022
68/69 Martin/ 0 0 5,474 0 2,608

South St. Lucie
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Table 1-3 (continued)

Area Name | Approved Conditionally Conditionally | Restricted | Prohibited
number approved restricted

70 Indian River/ 0 0 12,921 0 186

St. Lucie
71 St. Lucie County 5,652 0 1,200 0 6,333
72 North Indian River 0 5,108 6,401 0 3,590
74 Body F 0 6,381 0 2,834 3,056
75 Body E 0 0 0 6,166 3,165
76 Body D 0 5,017 0 6,750 2,922
77 Body C, winter 0 4,430 0 4,682 4,444
77 Body C, spring, 0 10,800 0 1,947 807
summer, fall

78 Body B 0 12,440 0 0 5,144
80 Body A 33,587 0 264 0 0
82 Volusia 0 14,458 0 2,203 1,158
86 Flagler 0 0 0 0 145
92 St. Johns North 0 662 0 2,320 2,690
92 St. Johns South 703 1,288 0 0 6,441
96 Duval County 0 0 0 0 3,276
98 Nassau County 0 0 0 0 4,511
FLORIDA 214,776 805,785 70,999 46,646 485,061

FLORIDA TOTAL 1,623,267

*Unclassified.

Source: Shellfish Harvesting Area Atlas, FDEP, February 7, 1996, and regional offices of FDEP's Shellfish Evaluation and
Assessment Section.
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two environmental health aides in five district offices
monitor over 1,237 bacteriological-sampling stations in
57 shellfish-harvesting areas. Second, the Florida Marine
Patrol enforces shellfish regulations.

Florida is also a member of the Interstate Shellfish
Sanitation Conference—a voluntary, cooperative associa-
tion that establishes specific responsibilities for the
shellfish industry and various federal and state agencies
that regulate shellfish harvesting.

FDEP classifies coastal waters for shellfish harvesting
based on sanitary, bacteriologic, hydrographic, and
meteorologic surveys. Sanitary surveys identify waters
where contaminants may present a health hazard and
should not be open to harvesting, while bacteriologic
surveys identify waters meeting fecal coliform standards
in the Food and Drug Administration’s National Shellfish
Manual of Operation. Hydrographic and meteorologic
surveys track water currents or weather that can carry
pollution into harvesting areas.

FDEP surveys each harvesting area, documents the
survey findings in a written report, and proposes changes
in classification and management. These comprehensive
reports must be updated each year and reevaluated every
three years. Each harvesting area must be resurveyed
every 12 years. Areas that do not meet sanitary
requirements for their classifications are immediately
closed (see Table 1-3 for a list of currently classified and
regulated shellfish areas and their acreages; Figure I-5
displays their locations).

FDEP's Shellfish Environmental Assessment Section
has developed techniques to identify increasing,
decreasing, or stable trends in levels of fecal coliform in
shellfish areas over a five-year period.? These techniques
are useful for two reasons. First, since evaluating shellfish
resources for reclassification is both labor and time
intensive, a limited number of areas can be assessed in
any year. Second, when a shellfish area is closed because
of inadequate water quality, an economic loss occurs.

To be classified as “approved” or “conditionally
approved,” fecal coliform levels in surface-water samples
must meet the National Shellfish Manual of Operation’s
14/43 standard. That is, the median or geometric mean of
fecal coliforms must not exceed 14 MPN/100 ml and not
more than 10 percent may exceed 43 MPN/100 ml.

For an area to be classified as “restricted” or
“conditionally restricted,” fecal coliform in water samples
must meet the 88/260 standard. The median or geometric
mean of fecal coliforms must not exceed 88 MPN/100 ml

2Eor the analysis, data were divided into wet and dry weather. Wet
weather was defined as three-day cumulative rainfall greater than or
equal to zero, accompanied by river discharge equal to or above the
25th quartile. Dry weather was defined as three-day cumulative ran-
fall equal to zero, accompanied by river discharge less than the 25th
quartile. Spearman correlations were used to determine the statistical
significance between the sampling date and fecal coliform level over a
five-year period. The results of these analyses are available from
FDEP’s Shellfish Environmental Assesment Section.

and not more than 10 percent may exceed 260
MPN/100ml.

Areas classified as “prohibited” are closed to shellfish
harvesting. This includes surface waters next to waste-
water treatment plants and marinas.

“Conditionally approved” and “conditionally restrict-
ed” areas require a management plan based on one or
more environmental measurements linked to exceeded
fecal coliform standards—for example, river stage and
rainfall. Each plan has a mechanism to close harvesting
areas when state standards or those in the National
Shellfish Manual of Operation are exceeded. A
mechanism also exists for evaluating waters to reopen
them to shellfishing.

When adverse conditions that can cause pollution
occur, all stations in restricted areas must meet the
manual’ s 88/260 fecal coliform standard. In conditionally
restricted areas, stations must meet that standard when the
area is open for harvesting. Fecal material, pathogenic
organisms, or harmful chemicals cannot exceed standards
after shellfish go through the purification process.

Volunteer monitoring

Five volunteer-monitoring groups are active in the
state: Lake Watch/Baywatch, Florida Bream Fisherman's
Association, Indian River Marine Resource Council,
Okaloosa County Environmental Council, and Florida
Park Service Myakka Wild and Scenic River (see Table 1-
1 for information on sampling frequency and
measurements). Each volunteer group has a different
monitoring strategy.

FDEP treats data from volunteer groups in the the
same way as data from other agencies. We encourage and
provide technical assistance to upload to STORET. If the
data were in STORET, they were used for preparing this

report.

B | ake Watch, coordinated through the University
of Florida Center for Aquatic Plants, monitors
400 Florida lakes under an FDEP-approved
Quality Assurance/Quality Control Plan. It
monitors total phosphorus, total nitrogen,
chlorophyll, and Secchi depth (see Chapter 4 and
Appendix C for data). The data are uploaded to
STORET.

Using Section 319 grant funds, FDEP executed
a two-year contract with Lake Watch in April
1996 that creates four regional lake coordinators
positions. During that period, monitoring will be
added in at least 24 new lakes, and regional
coordinators will find and train new volunteers.

Lake Watch also helps to monitor the Crystal
River/Kings Bay system and St. Andrew Bay
watershed in collaboration with the St. Andrew
Bay Resource Management Association. Data are



collected on 64 sites and annual
published.

reports

The Okaloosa County Environmental Council
formed a group to monitor water quality in
Choctawhatchee Bay. It samples monthly for
biochemical oxygen demand, total suspended
solids, pH, specific conductance, color, turbidity,
and total and fecal coliforms. FDEP’s Northwest
District Lab analyzes the samples. Nutrient
sampling will begin in 1996. The data will
eventually be uploaded to STORET.

The Florida Bream Fisherman's Association,
which monitors 78 stations for FDEP’s Northwest
District, has worked with FDEP for close to 20
years. The data, which are uploaded to STORET,
were used in thisreport.

Residents along the Indian River Lagoon measure
lagoon chemistry for the Indian River Marine
Resource Council.

Since 1990, the Florida Park Service and Mote
Marine Lab have operated a citizens monitoring
program for ten sites on the Upper Myakka River.
The program began when citizens grew con-
cerned about water quality and Sarasota County
discontinued its monitoring program.

Point source
monitoring programs

Fifth-Year Inspection Program. we
typically issue facility operating permits for five years.
The Fifth-Y ear Inspection Program assesses the effects of
surface-water discharges and provides the basis for
approving, denying, or modifying a permit after a facility
has operated for five years.

We examine water quality and biological health in the
receiving water and effluent. The health of biological
communities indicates the discharge’s cumulative effects,
while water chemistry readily documents violations of
permit conditions or state water-quality criteria. For rivers
and streams, we sample two stations—the first, upstream
from the discharge, is a control station; the second, below
the discharge, shows its effects.

In lakes and estuaries, we add a second station to
measure the impacts of the discharge because the direction
of flow is tidal or not well-defined. Representative
measurements include specific permit conditions, heavy
metals, base-neutral acids, cations, nutrients and algal
growth potential, total and fecal coliform bacteria, toxicity
bioassays, habitat assessment, macroinvertebrates, peri-
phyton, and phytoplankton.
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Intensive surveys. Intensive surveys collect
basic data for developing wasteload allocations (limits
placed on the amount of pollution entering a water body).
The surveys intensively sample relatively small areasin a
basin. We emphasize measurements used in developing
pollution limits, including ambient and effluent data, and
sufficient flow and/or tidal information to allow modeling
of awater body. Copies of all intensive survey reports are
sent to the Environmental Protection Agency, Region V.

Other enforcement monitoring pro-

grams. Specia project monitoring includes oversight
or followup of enforcement cases. Response operating
monitoring focuses on more immediate or demanding
situations, such as investigating environmental or public
health threats and complaints. Water management district
and FDEP enforcement-and-compliance monitoring may
require surface-water sampling, biomonitoring, and
bioassessment.

Applied marine
research programs

FDEP's Florida Marine Research Institute conducts
research needed by managers of marine resources
(Paragraph 370.02(2)(b), Florida Statutes). The research
encompasses six broad, interrelated areas, as follows:

B Marine fisheries research monitors critical
fisheries, studies life histories, and assesses fish
stocks.

Marine ecology monitors the ecology of marine
environments and studies the health of marine
animals and plants.

Marine mammal and sea turtle studies determine
relative abundance, distribution, migration
patterns, and causes of death in protected species.

Marine resources enhancement focuses on how to
increase fish and invertebrate stocks, and on
characterizing and enhancing habitats.

Finally, coastal production and marine resource
assessments examine coastal hydrography and
trophic dynamics, evaluate resources, and
establish databases using geographic information
systems and remote sensing.



Table 1-4
Station names and sampling sites, 1986 to 1993,
National Oceanic and Atmospheric Administration,
National Status and Trends Mussel Watch Program

NOAA site ID Estuary name Site name
SJCB St. Johns River Chicopit Bay
MRCB Matanzas River Crescent Beach
IRSR Indian River Sebastian River
NMML North Miami Maule Lake
BBGC Biscayne Bay Goulds Canal
BBPC Biscayne Bay Princeton Canal
BHKF Bahia Honda Key Florida
EVFU Everglades Faka Union bay
RBHC Rookery Bay Henderson Creek
NBNB Naples Bay Naples Bay
CBFM Charlotte Harbor Fort Meyers
CBBI Charlotte Harbor Bird Island
TBCB Tampa Bay Cockroach Bay
TBHB Tampa Bay Hillsborough Bay
TBKA Tampa Bay Peter O. Knight
TIBOT Tampa Bay Old Tampa Bay
TBPB Tampa Bay Papys bayou
TBMK Tampa Bay Mullet Key Bayou
TBNP Tampa Bay Navarez Park
CKBP Cedar Key Black Point
SRWP Suwannee River West Pass
AESP Apalachee Bay Spring Creek
APCP Apalachicola Bay Cat Point Bar
APDB Apalachicola Bay Dry Bar
SAWB St. Andrews Bay Watson Bayou
PCMP Panama City Municipal Pier
PCLO Panama City Little Oyster Bar
CBSR Choctawhatchee Bay Off Santa Rosa
CBPP Choctawhatchee Bay Postil Point
CBBB Choctawhatchee Bay Boggy Bayou
CBJB Choctawhatchee Bay Joes Bayou
CBBL Choctawhatchee Bay Bens Lake
PBSP Pensacola Bay Sabine Point
PBIB Pensacola Bay Indian Bayou
PBPH Pensacola Bay Public Harbor
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Table 1-5
EMAP sampling stations

Estuary | HUC Code
Louisianian Province

Apalachee Bay 03120001
St. Andrew Bay 03140101
Choctawhatchee Bay 03140102
Pensacola Bay 03140105
Apalachicola Bay 03110014
Lake Wimico 03130011
St. Andrew Sound 03140101
Waccasassa River 03110101
Withlacoochee Bay 03100208
Carrabelle River 03130013
Bayou St. John 03140107
Indian Bay 03100207
St. George Sound 03130014
Withlacoochee River 03100208

Carolinian Province

Indian River Lagoon
(12 stations)

St. Lucie River 03080203
Mosquito Lagoon 03080202
Banana River 03080202
Lower St. Johns River 03080103
Nassau Sound 03070205
St. Mary's River 03070204

Surface Water Improvement
and Management Act

This 1987 act (Sections 373.451-373.4595, Florida
Statutes) directed the state to manage or restore priority
water bodies. FDEP oversees the SWIM program and the
distribution of funds, delegating to the five water
management districts the selection of priority waters and
the development of actual plans (Chapter 62-43, Florida
Administrative Code). Monitoring is an essential part of
the program. (See Table 11-9 for a list of approved SWIM
priority waters and Table I1-10 for a summary of work
being done under SWIM.)
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Federal monitoring
programs

Status and Trends
Mussel Watch Program

Since 1986 the National Oceanic and Atmospheric
Administration's National Status and Trends Mussel
Watch Program has collected samples from 34 sites in
Florida's coastal and estuarine areas (see Table 1-4 for a
list of sites). The program assesses the distribution of and
trends in chemical contaminants in the coastal marine
environment.

Sampling sites are not uniformly distributed along the
coast. Because of the program’s national scale, stations
are representative of large areas rather than localized
contamination.

At one site in the Florida Keys the smooth-edged
jewel box, Chama sinuos, is the test organism (see
Chapter 7 for results). At other sites, oysters (Crasso-
strea virginica) are collected and tested for DDT and its
breakdown products, aldrin, dieldrin, lindane, mirex,
chlordane (and its related compounds), hexachloro-
benzene, polyaromatic hydrocarbons, polychlorinated
biphenyls, total butyl tins, and trace metals. Three of
these—DDT, chlordane, and dieldrin—are chlorinated
pesticides that persist for years in the environment. DDT
and dieldrin were banned in the United States during the
1970s. Chlordane use on crops was halted in 1983 and its
use in termite control suspended in 1988.

Environmental Management
and Assessment Program

The Environmental Protection Agency's Environ-
mental Monitoring and Assessment Program (EMAP) has
sampled estuaries in the Louisianian Province since 1991
and in the Carolinian Province since 1994. FDEP's
Marine Research Institute works under contract to the
Environmental Protection Agency to sample the
Carolinian Province.

The Louisianian Province extends along the Gulf of
Mexico from Rio Grande, Texas, to Anclote Anchorage,
Florida. In Florida, for 1992, 20 different sites represent-
ing 14 estuarine and coastal areas were sampled (see
Table 1-5 for a list of the water bodies sampled).

The Carolinian Province extends along the Atlantic
Coast, following the distribution of Spartina marsh
through the Indian River Lagoon. Nineteen different sites
representing five estuarine systems were sampled (see
Table 1-5 for a list of the stations, which are mainly in the
Indian River Lagoon).



EMAP determines the ecological condition of
estuarine resources in a single biogeographic area. Three
different indicators of ecological integrity were used at
each sampling site: estuarine biotic (biological) integrity,
the condition of the resource as perceived by the public,
and pollutant exposure or the environmental conditions
under which plant and animal communities live.

Biotic integrity was assessed by two indicators that
incorporate measures of abundance: first, the measured
condition of benthic (bottom-dwelling) organisms; and,
second, the measured condition of fish. The benthic
indicator includes pollutant sensitivity, measured by the
presence of indicator species, and the fish condition
indicator uses fish pathology.

The public's perception of the resource’s condition
was assessed by surveying marine debris, water clarity,
and contaminant levels in edible fish and shellfish tissues.

Contaminants were analyzed in Atlantic croaker, brown
and white shrimp, and three catfish species: gafftopsail,
hardhead, and blue catfish. The general contaminant clas-
ses measured were heavy metals, polychlorinated bi-
phenyls, and pesticides.

Pollutant exposure was measured by dissolved
oxygen concentrations, sediment toxicity, and level of
contaminants in sediment. The general classes of
contaminants were heavy metals, alkanes and isoprenoids,
polyaromatic hydrocarbons, pesticides, and
polychlorinated biphenyls (see Chapter 7 for the results).

A separate goal in the Carolinian Province was
developing a Parasite Index to measure environmental
stress. The index assesses the diversity, richness, preva-
lence, and abundance of silver perch parasites. Parasites,
which are indigenous to healthy ecosystems, can have life
cyclesinvolving several different hosts at different trophic
(nutrient) levels. When integrated with other indices such
as habitat/exposure, metal and organic contaminants, and
benthic communities, the Parasite Index can discriminate
between polluted and unpolluted sites.

National Water Quality
Assessment Program

In 1990, the U.S. Geological Survey began a full-
scale National Water-Quality Assessment Program, a
regional approach to improve our understanding of
environmental stresses to the nation's water supply.
Simultaneously, it dropped monitoring of long-term
trends in Florida's large drainage basins. Current major
projects include the following:

B Two studies, based in Florida, cover virtually all
the peninsula. A third, largely in Georgia,
includes the Apalachicola River Basin in the
western Florida Panhandle. The studies use a
multiscale, interdisciplinary approach to envi-
ronmental issues, including an analysis of
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historical data, surface-water and groundwater
assessments, and ecological studies. The infor-
mation will help evaluate the effectiveness of
programs to manage water quality and predict
the likely effects of changes in land- and water-
management practices.

The Georgia-Florida Coastal Plain Study, which
began in 1990, encompasses nearly 62,000
square miles, roughly half of which lie in
Florida. Hydrologic subregions include the
Ochlockonee, Peace-Tampa Bay, Altamaha-St.
Marys, St. Johns, and Suwannee drainage
basins. In September 1995, three years of
intensive data collection were completed.
Surface-water quality was regularly sampled at
nine sites, including Florida sites on the
Suwannee, Middle Prong of the St. Marys,
Lafayette Creek (in the Ochlockonee Basin) and
Bullfrog Creek (in the Peace-Tampa Bay Basin).
Samples from two tributaries to the Suwannee
River in Georgia were analyzed for pesticides,
nutrients, and major water-quality constituents.

Preliminary analyses show very low levels of
25 pesticides in forested, urban, and agricultural
basins, with seasonal variations that generally
follow patterns of use. Among intensively studied
sites, more insecticides were found in an urban
basin compared with two agricultural basins. In
the Suwannee River Basin, a preliminary
analysis of stream sediments and bivalve tissues
shows elevated mercury and arsenic
concentrations.

The South Florida Study, which began in 1993,
encompasses a large regional ecosystem of about
19,500 square miles. The area, which includes
the Kissimmee-Okeechobee-Everglades Basin, is
characterized by dense urban development near
the coast, intensive agricultural development in
the northern Everglades, Native American lands
in the interior, and vast regions of rangeland
and wetlands throughout. The southern part of
the study area is largely publicly owned parks,
preserves, sanctuaries, conservation areas, and
refuges, it contains most of the remaining
Everglades and adjacent South Florida wetlands.

Studies of stream sediments and tissues
continue. Largemouth bass or Florida gar were
collected at 15 sites to assess contamination from
organic chemicals and trace metals. A program
also began to sample surface-water quality at
seven sites.

In the South Florida Ecosystem Program, the
U.S. Geological Survey initiated a multidisci-
plinary program to provide scientific insight on
the hydrology, geology, and ecology in the



Everglades, Florida Bay, and along the South
Florida coast. It will provide scientific data to
federal and state management and regulatory
agencies working to maintain and restore South
Florida's ecosystem.

The program complements the Geological
Survey's current and planned activities, includ-
ing the South Florida Study just discussed, coop-
erative water resources studies, geologic and
topographic mapping programs, and the work of
the Center for Coastal Geology. Coordination
with many other federal and state agencies is
being carried out through the South Florida
Ecosystem Restoration Task Force, which
includes 12 federal agencies, 6 state agencies,
and the Miccosukee and Seminole tribes.
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Ongoing work includes measuring the
guantity of water discharging from the ecosystem
to coastal waters, measuring and modeling water
movement through the system to assess how
much water is available for competing
requirements; identifying the processes that
transform and transport nutrients and mercury
to South Florida, Florida Bay, and the Keys and
fringing coral reefs, providing data to design
remediation facilities; determining natural
history and hydrologic conditions in South
Florida and Florida Bay by reconstructing
freshwater and saltwater distribution, the
frequency of fires, and the accumulation rates of
nutrients and trace metals over the past 150
years, preparing salinity maps of Florida Bay
twice a month; describing the bay's sediment
dynamics; and producing maps and related data
to support research and the design of restoration
alternatives.



Chapter 2

ASSESSMENT METHODOLOGY
AND SUMMARY DATA

Overview

continually evolves. For each 305(b) reporting cycle
since 1976, we have added refinements that improved
our ability to assess the state's surface-water quality. In that
tradition, the 1996 report tekes the first steps toward
integrating many different kinds of data, thus assessing
Florida's waters more comprehensively than previous reports.
Before 1994, the 305(b) reports used 1,600 linear
segments called “reaches’ as the basic unit of assessment;
these were approximately five-mile lengths of rivers or five-
square-mile sections of estuaries or lakes. 1n 1994, however,
we introduced a maor shift in the way we defined water
bodies: the new technique used watersheds instead of
reaches; the 1994 report assessed 4,400 watersheds. Each
watershed is equivalent to awater body.
For 1996, we expanded the number of watersheds to
4,534, and modified and added to the assessment in several
important ways. In earlier reports, support for designated use

The process of determining support for designated use
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was based mainly on water-chemistry indices—the Water-
Quality Index for rivers, blackwaters, and springs or a
Trophic State Index for lakes and estuaries—supplemented
with information from the 1988 and 1994 Nonpoint Source
Assessments and professional judgment. By contrast, in
1996 we first used a modified Water-Quality Index or
Trophic State Index to determine water quality.! We then
evaluated these results along with quantitative biological data,
data on nonpoint source pollution, exceeded water-quality
criteria for conventional pollutants and metals, and fish
consumption advisories.

This report marks the first time that Florida has
included quantitative biological data in determining
support for designated use. We used historical FDEP data
on species collected with Hester-Dendy artificial

“We modified the Water-Quiality Index to incorporate the natural
characteristics of blackwater streams and spring runs, developing two
new indices in the process. Because blackwater streams are high in
color and low in pH, their water quality was often designated as
“poor” when in fact no problem existed. Similarly, the low dissolved
oxygen levels typical of spring runs often resulted in water quality
classified as “poor.”



substrates,? on species in sediments collected with Ponar
and Ekman dredges, and on phytoplankton.

We included information on fish consumption advi-
sories—which have been issued for over one million acres
of fresh waters and several large estuaries—to address an
inconsistency in previous assessments. That is, a water
body could receive a good rating based solely on water
chemistry and be listed as fully supporting its designated
use as a fishable water, while in fact mercury in fish
tissues threatened public health.

Assessment methodology

Florida’'s 52 major river basins are subdivided into
4,534 watersheds of about five square miles each. We
used the main water body in each watershed to classify
that watershed as a lake, stream, blackwater, estuary, or
spring. We used the watershed as the unit for assessing
surface-water quality, and combined all water quality—
sampling stations within that unit (after screening for
unwanted sites, such as those at point source outfalls).

We also used the main water body of the watershed to
determine each watershed's designated use, so that we
knew which Florida surface water—quality standards
would apply. Designated use refers to the functional
classifications (Class | through V) applied to all Florida
waters, for which particular standards and water-quality
criteria were established under Chapter 62-302 of the
Florida Administrative Code.

We then inventoried water quality in each basin using
the U.S. Environmental Protection Agency's STORET
database® as well as biological data from the state's
biology and rapid bioassessment sampling programs. We
analyzed the data as follows:

1. We applied one of three different water-quality
indices to determine water quality in each basin.
We used one index for streams, a second for
blackwaters, and a third for springs. Each index
summarized information from up to six
categories, including water clarity (turbidity and
total suspended solids), dissolved oxygen,
oxygen-demanding substances (biochemical
oxygen demand, chemical oxygen demand, and
total organic carbon), nutrients (total nitrogen,
nitrate, and total phosphorus), bacteria (total
coliform and fecal coliform), macroinvertebrate
diversity

2Aquatic organisms (macroinvertebrates) are collected from a water
body and identified, and then metrics are used to determine water
quality. Natural substrates are “grabs” of the bottom material, and
artificial substrates are boxes placed in the stream for several weeks to
collect various bottom-dwelling species.

5The STORET inventory covered 1980 through 1995 and was
classified as current (1990 to 1995) or historic (1980 to 1989).
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(based on natural substrate samples, artificial
substrate samples and Beck's Biotic | ndex).

2. We used a Trophic State Index, which measures
the potential for algal or aquatic weed growth, to
indicate water quality in lakes and estuaries. Its
components included total nitrogen, total
phosphorus, and chlorophyll.

3. We screened each watershed for water-quality
problems based on the criteria applied in the
indices and analyzed ten-year trends.

e

We inventoried biological data from four
methods used to collect species in the water and
in sediments—Hester-Dendy, Ponar and Ekman
dredges, and phytoplankton—and developed
criteria for assessing diversity index and taxa
data (the number of different kinds of
organisms).

5. We also inventoried levels of priority pollu-
tants—metals and conventional pollutants—for
compliance with the state's surface water—quality
criteria (Chapter 62-302, Florida Administrative
Code).

6. 1n 1994, we updated the extensive 1988 Nonpoint
Source Assessment of state, county, and local
officials; environmental groups, and
professional guides on the impacts of nonpoint
source pollution.

7. We assessed data on fish consumption advisories
based on whether the advisories were for no
consumption or limited consumption.

8. Finally, we combined information from all
sources to determine whether the state's water
bodies supported their designated uses.

A. Watershed assignment
and classification

1. Dividing the state into watersheds.

For the 1994 report, we subdivided Florida into 4,400
watersheds based on the Environmental Protection Agen-
cy's River Reach File 3 (RF3) and U.S. Geological Survey
watershed delineations (see Figure 2-1). We contracted
with the USGS to develop small, usable watersheds (about
five square miles each) using the watershed boundaries on
USGS topological maps and ARC/INFO geographic
information system (GIS) techniques.



Figure 2-1

Florida is divided into 52 river basins which are
subdivided into 4,500 watersheds used for surface
water quality assessment

Florida’'s 52 river basins

(United States Geologic Survey calls them
Hydrologic Units - HUCs)

watershed

Each watershed is about 5
square miles and contains a
single water body which may
be a stream or river, lake,

The Alafia River Basin is sub- estuary, or spring.

divided into 62 watersheds




Table 2-1
Types of water bodies and assessment techniques

Number of Water-quality
Waterbody type watersheds assessment technique Characteristics

Stream— 3,359 Water-Quality Index—original
Stream—blackwater* 73 Water-Quality Index—blackwater Color > 275 platinum color units,
pH<6

Lake 556 Trophic State Index—Ilake
Spring** 88 Water-Quality Index—spring Low dissolved oxygen
Estuary 458 Trophic State Index—estuary Conductivity > 5,000 mhmos,
chloride >1,500 parts per million

*Blackwater streams, characterized by naturally colored, tannic waters that are acidic and often low in dissolved oxygen and biological species

diversity, are assessed differently than the original stream index.

**Springs, which also have very low dissolved oxygen and low biological diversity in the immediate area of the spring boil, are also assessed

using a separate index.

The U.S. Geological Survey completed 75 percent of
the state but unfortunately did not delineate South
Florida's watersheds (Subregion 0309), which were adapt-
ed from a much coarser delineation by the South Florida
Water Management District. As aresult, these watersheds
were each about 50 sguare miles, ten times larger than
those in the rest of the state. For the 1996 report, we
subdivided them into smaller units based on the locations
of the sample sites. Although the units may not be
topologically accurate, they are a more reasonable size for
assessment.

2. ldentifying the type of water

body. We identified the major water body—which
usually encompassed one major or one minor named
water body—in each watershed. Identifying each water
body as a stream, blackwater, lake, estuary, or spring is
important because it determines which water-quality index
will be

78

applied. Table 2-1 shows the types of Florida water
bodies, their characteristics, and the assessment
techniques used.

Knowing the length of each stream and the area of
each lake and estuary were essential. Stream lengths were
determined by GIS measurements of RF3 (or assigned a
length of five miles if no RF3 delineation was available).
We determined lake and estuary areas using crude GIS
aerial measurement techniques (if estuaries had no RF3
delineation, their areas were set at five square miles, while
we assigned lakes whose areas were unknown an area of
one square mile).

The water quality in each water body was assumed to
be homogenous (if data proved this wrong, then the water
body was subdivided). We used GIS techniques to assign
STORET sites to their respective watersheds and inspect-
ed each location on a GIS map. If more than one water
body showed up in a watershed, then we subdivided that
watershed.



Table 2-2
Florida's waterbody classifications

Class Function Number Characteristics
of watersheds
I Drinking water 46 Usually lakes or reservoirs
1] Shellfish harvesting 124 Estuarine
I1lI—Fresh water Wildlife and recreation 3,986
Ill—Marine Wildlife and recreation 374 Chloride > 1,500 parts per million
[\ Agricultural 1 Everglades area
V Industrial 3 Fenholloway River
3. ldentifying each water body's 5. Inventorying biological data. A great

designated use. Florida's water-quality standards
(Chapter 62-302, Florida Administrative Code) vary with
each water body’s functional classification. Most Florida
waters are designated as Class Ill, or wildlife and
recreational use (see Table 2-2). Section 10 later in this
chapter shows how we determined the criteria for
exceeding water-quality standards based on designated
use.

B. Database development

4. Inventorying STORET chemical

data. If current STORET data were available (from
1990 to 1995), then we did not examine historical data
(1980 to 1989, except for analyzing trends. If no current
data were found, then we used historical data We
inventoried 56 STORET codes representing 23 different
water-quality measurements (see Table 2-3).

We calculated the annual average (median) water
quality for each STORET sampling station and stored the
data on a local IBM-compatible personal computer. For
an annual average to be calculated, a station had to be
sampled at least twice a year, once during the colder
months and once during the warmer months.

When a STORET value had a code indicating that the
actual value was less than the value reported, we adjusted
the reported value by multiplying by 0.5. We dropped
dataindicating that the reported value was greater than the
actual value. We calculated a Water-Quality Index value
for each stream, blackwater, and spring annual median
and a Trophic State Index value for each lake and estuary
annual median.
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deal of biological sampling has been carried out in Florida
over the past 30 years. FDEP has mainly monitored
streams and other water bodies for macroinvertebrates and
algae and assessed the data using various indices such as
species diversity and taxa. These data, which our report
assesses, were recently stored electronically. Figure 2-2
shows 566 of the 1,775 sites sampled for biological data
during the last 30 years.*

To develop criteria to assess the data, we prepared a
distribution of the data showing the 20th and 70th per-
centiles of the diversity index values and number of taxa
of annual averaged samples. The lower (20th percentile)
portion of the data represents the “poor” water-quality
cutoff value and the upper (70th percentile) represents the
“good” cutoff level. Table 2-4 shows the results for three
macroinvertebrate-sampling devices (Ponar and Ekman
dredges and Hester-Dendy artificial substrate) and for
phytoplankton samples.

A new biological sampling program follows the
Environmental Protection Agency's Rapid Biological
Assessment protocols. The technique uses dip-net sweeps
of streams to collect aquatic insects, and new metrics have
been developed to analyze the data. A new index, the
Stream Condition Index, sums eight measures of the
collected samples. The index accurately indicated water
quality at the site. In all cases where the reference site and
a historical biology-sampling site overlapped, we used the
index results from the reference site to determine water
quality.

“Because of problems with the new database, this 305(b) report does
not assess all the 1,775 biological sites. They will all be assessed in the
next report.



Table 2-3
Measurements for STORET water-quality assessments

Category STORET parameter Name STORET code
Coliform Fecal Coliform MPN-FCBR/100ml 31616
Coliform Fecal Coliform MPNECMED/100ml| 31615
Coliform Fecal Coliform M-FCAGAD/100ml| 31625
Coliform Total Coliform MGIMENDQO/100ml 31501
Coliform Total Coliform MPN CONG/100ml| 31505
Conductivity Conductivity at 25¢ micromho 95
Conductivity Conductivity Field micromho 94
Dissolved Oxygen Dissolved Oxygen % saturation Calculated
Dissolved Oxygen Dissolved Oxygen mg/| 300
Dissolved Oxygen Dissolved Oxygen Probe mg/I| 299
Diversity Index Biotic Index Bl 61450, 82256
Diversity Index Diversity Index Artificial substrate 82251
Diversity Index Diversity Index Natural substrate 61453, 82246
Flow Stream Flow cfs 60
Flow Stream Flow inst.-cfs 61
Oxygen Demand BOD 5 day mg/| 310
Oxygen Demand COD Low Level mg/| 335
Oxygen Demand COD High Level mg/| 340
Oxygen Demand TOC C mg/| 680
pH-Alkalinity pH SU 400
pH-Alkalinity pH SU lab 403
pH-Alkalinity Total Alkalinity CaCO3mg/I 410
Temperature Temperature Water cent 10
Trophic Status Chlorophyll A mg/| 32230
Trophic Status Chlorophyll A mg/| 32217
Trophic Status Chlorophyll A mg/| 32210
Trophic Status Chlorophyll A mg/| corrected 32211
Trophic Status Chlorophyll Total mg/| 32234
Trophic Status Chlorophyll total ng/I 32216
Trophic Status Nitrogen ammonia TOT-NH4 mg/| 71845
Trophic Status Nitrogen ammonia Diss-NO2 mg/| 71846
Trophic Status Nitrogen NH3+NH4- N Diss mg/| 608
Trophic Status Nitrogen NH3+NH4- N total mg/I 610
Trophic Status Nitrogen Nitrate Diss-NO3 mg/I 71851
Trophic Status Nitrogen Nitrate Total-NO3 mg/| 71850
Trophic Status Nitrogen NO2&NO3 N-Diss mg/| 631
Trophic Status Nitrogen NO2&NO3 N-Total mg/I 630
Trophic Status Nitrogen NO3-N Diss mg/| 618
Trophic Status Nitrogen NO3-N Total mg/I 620
Trophic Status Nitrogen Org N Diss-N mg/| 607
Trophic Status Nitrogen Org N N mg/I 605
Trophic Status Nitrogen Kjeldahl Diss-N mg/| 623
Trophic Status Nitrogen Total Kjeldahl N mg/I 625
Trophic Status Nitrogen Total N N mg/I Calculated
Trophic Status Phosphorus Total-PO4 mg/I 650
Trophic Status Phosphorus Total As PO4 mg/| 71886
Trophic Status Phosphorus Dissolved mg/| P 666
Trophic Status Phosphorus Total mg/| P 665
Trophic Status Transparency Secchi Inches 77
Trophic Status Transparency Secchi Meters 78
Water Clarity Color PT-CO Units 80
Water Clarity Color-AP PT-CO Units 81
Water Clarity Residue Suspended mg/| 70299
Water Clarity Residue Total NFLT mg/| 530
Water Clarity Turbidity JKSN JTU 70
Water Clarity Turbidity TRBIDMTR HACH FTU 76
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Figure 2-2
Historical FDEP biological sampling sites
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The historical biological sampling network was started in 1965 and has a total of
566 sites. Most of the stations were sampled during the 1970s and 1980s.

Sampling techniques included “grabs” of bottom materials for aquatic bugs and the
use of artificial habitat samplers placed in the stream for several weeks.

Conventional analysis techniques include diversity indices and number of taxonomic
families. (This map does not reflect all the data or stations currently available in the
database.)
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Table 2-4
Biological criteria

for historical FDEP data
(based on 20th percentile [poor]
and 70th percentile [good])

Estuaries

Diversity index POOR GOOD
Ponar <2 3.3
Phytoplankton <1.6 29

Number of

taxonomic families
Ponar <10 27
Phytoplankton <9 13

Lakes

Diversity index POOR GOOD
Ponar <1.5 >25
Ekman <1.0 >25
Phytoplankton <2.1 >3.0

Number of

taxonomic families
Ekman <3 >12
Phytoplankton <11 >23

Streams

Diversity index POOR GOOD
Hester-Dendy <2.1 >3.3
Ponar <1.6 >2.9
Phytoplankton <2.2 >3.1

Number of

taxonomic families
Hester-Dendy <11 >28
Ponar <8.7 >18.6
Phytoplankton <6 >12

6. Inventorying data on nonpoint

source poIIution. Nonpoint pollution is generally
associated with land uses without a well-defined point of
discharge, such as a pipe or smokestack. Contaminants
are carried into surface waters by direct runoff or percolate
through the soil into groundwater. Many different
potential pollution sources exist.

FDEP's 1988 Nonpoint Source Assessment exten-
sively assessed the impacts of nonpoint pollution on
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surface waters. We sent a questionnaire to all major state
agencies (water management districts, regional planning
councils, Division of Forestry, Game and Fresh Water
Fish Commission), city and county offices, U.S. Soil Con-
servation Service, U.S. Forestry Service, local Soil and
Water Conservation Districts, citizen environmental
groups (including the Sierra Club and the Audubon
Society), and professional outdoor guides. The respon-
dents (about 150 agencies and 350 to 400 participants)
identified nonpoint sources of pollution, pollutants,
symptoms (such as fish kills and algal blooms), and each
water body's degree of impairment. Individuals also had
the opportunity to add miscellaneous comments.

A 1994 updated survey of the same professionals
used a qualitative, best-professional-judgment approach
that incorporated the knowledge of experienced staff with
information on individual water bodies. Not only was the
guestionnaire methodology more advanced than in the
1988 survey, but we used geographic information systems
technology to compile and display the data. Scannable
forms eliminated the need to key-punch data, and the
process of integrating the information into the 305(b)
report was much improved.

About 50 respondents assessed 1,716, or about 40
percent, of the state's 4,534 watersheds. Participants
checked off boxes on nonpoint source pollutants,
pollution sources, waterbody symptoms, and degree of
impairment.

7. Inventorying data on fish con-

sumption advisories.  Concern over mercury
contamination in fish tissues began in the early 1980s,
when largemouth bass in northwestern Florida were found
to contain the toxic metal. Elevated mercury levels were
subsequently found in fish from surface waters across the
state, as well as in Florida panthers (see Chapter 7 for
details on Florida’s mercury problem).

The Florida Department of Health and Rehabilitative
Services has issued a number of advisories recommending
no consumption or limited consumption based on mercury
concentrations. When sampling is complete, largemouth
bass in as many as one-half to two-thirds of Florida's fresh
waters may show elevated mercury levels.

We incorporated this information into our water-
quality assessment. About one million acres of fresh
waters, mainly in the Everglades, are no-consumption
areas. These do not support their designated use.

Limited consumption advisories have been issued for
another million acres of fresh waters containing large-
mouth bass and other species with elevated, but lower,
levels of mercury. These waters are distributed
throughout Florida, and no particular pattern has been
found. These areas partially support their designated use.



Table 2-5

Florida Stream Water-Quality Index criteria

(percentile distribution of STORET data)

Parameter Best quality Median value Worst quality
Unit | 10% | 20% | 30% | 40% | 50% | 60% 70% | 80% | 90%
Category: Water clarity
Turbidity JTU 150 3.00 4.00 4.50 5.20 8.80 12.20 16.50 21.00
Total suspended solids milligrams 2.00 3.00 4.00 5.50 6.50 9.50 12.50 18.00 26.50
per liter
(mg/1)
Category: Dissolved oxygen
Dissolved oxygen [ mg/I | 8.00 7.30 6.70 6.30 5.80 5.30 4.80 4.00 3.10
Category: Oxygen demand
Biochemical oxygen demand mg/I 0.80 1.00 1.10 1.30 1.50 1.90 2.30 3.30 5.10
Chemical oxygen demand mg/I 16.00 24.00 32.00 38.00 46.00 58.00 72.00 102.00 146.00
Total organic carbon mg/I 5.00 7.00 9.50 12.00 14.00 17.50 21.00 27.50 37.00
Category: Nutrients
Total nitrogen mg/l as N 0.55 0.75 0.90 1.00 1.20 1.40 1.60 2.00 2.70
Nitrate plus nitrite mg/l as N 0.01 0.03 0.05 0.07 0.10 0.14 0.20 0.32 0.64
Total phosphorus mg/l as P 0.02 0.03 0.05 0.07 0.09 0.16 0.24 0.46 0.89
Category: Bacteria
Total coliform #/100 100.00 150.00 250.00 425.00 600.00 1100.00 | 1600.00 | 3700.00 | 7600.00
milliliters
(ml)
Fecal coliform #/100 ml 10.00 20.00 35.00 55.00 75.00 135.00 190.00 470.00 960.00
Category: Biological diversity
Diversity Index— Index 3.50 3.10 2.80 2.60 2.40 2.15 1.95 1.50 1.20
Natural Substrate
Diversity Index— Index 3.55 3.35 3.20 3.05 2.90 2.65 2.40 1.95 1.35
Avrtificial Substrate
Beck's Biotic Index Index 32.00 28.00 23.00 18.50 14.00 11.00 8.00 5.50 3.50




C. Data analysis

8. Calculating the Water-Quality

Index for streams. To assess water quality in
streams, a Florida Water-Quality Index was developed
and first used in the 1988 305(b) report. The index is
based on water quality measured by six categories:

clarity, dissolved oxygen, oxygen-demanding substances,
bacteria, nutrients,
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and biological diversity. Each category may have more
than one measurement. Raw (annual average) data are
converted into values ranging from 0 to 99 for the six
categories. Index values correspond to the percentile
distribution of stream water-quality data in Florida (see
Table 2-5).°

For example, biochemical oxygen demand ranged
from 0.8 milligrams per liter (tenth percentile) to 5.1 mg/l
(ninetieth percentile), with a median value of 1.5 mg/|
(fiftieth percentile). A concentration of O to less than 0.8
milligrams per liter was assigned an index value of 0 to 9,
and so on.

5The percentile distribution of STORET water-quality data was
determined in 1987 for 2,000 STORET stream locations.



Table 2-6
Sample calculation: Florida Stream Water-Quality Index

Water-quality category? Water-quality Value® Index value Index
measurement” of measurement® average®
Water clarity Turbidity 3.9 milligrams 29 40
per liter (mg/l)
Water clarity Total suspended solids 7.0 mg/| 52
Dissolved oxygen Dissolved oxygen 5.4 mg/| 58 58
Oxygen-demanding substances Biochemical 2.8 mg/I 75
oxygen demand
Oxygen-demanding substances Chemical 31.0 mg/I 29 52
oxygen demand
Oxygen-demanding substances Total organic carbon . -
Nutrients Total nitrogen 1.87 mg/I| 77 79
Nutrients Total phosphorus 0.56 mg/I 82
Bacteria Total coliform 1800 MPN/ 71 70
100 milliliters (ml)
Bacteria Fecal coliform | 1900 MPN/100 ml 70
Macroinvertebrate diversity Natural substrate 1.7 76
Macroinvertebrate diversity Artificial substrate 2.3 72 69
Macroinvertebrate diversity Beck's Biotic Index 11.0 60
WQI = 61'

®These comprise the six water-quality categories.
®These 13 water-quality measurements make up the six categories.

“Actual data values ('’ indicates that no measurement was taken for this parameter).

The index value is based on the percentile distribution values in Table 2-4.

°The category average is based on an average of values for each water-quality measurement.
The Water-Quality Index is an average of the category index values, i.e., WQI = (40+58+52+79+70+69)/6=61.

The overall index is the arithmetic average of the six
categories. The index for each category is determined by
averaging its components. Because the final calculation
ignores missing measurements and missing water-quality
categories, the final index is based on an average of one to
six categories. Although the index can be calculated from
just one category, it becomes more reliable as more
categories are used (see Table 2-6 for a sample cal-
culation).

To determine the range of values corresponding to
good, fair, and poor water quality, we correlated the index
with the Environmental Protection Agency's National Pro-
files Water-Quality Index for Florida data.® Based on this
correlation, the cutoff values were as follows: 0 to less
than 45 represented good quality; 45 to less than 60, fair
quality; and 60 to 99, poor quality.

5The 1986 305[b] report used the EPA index.
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The Florida Stream Water-Quality Index has severa
advantages over previous measures. First, since it is
based on the percentile distribution of Florida stream data,
it is tailored to Florida. Second, the index uses the most
important measures of water quality in Florida: clarity,
dissolved oxygen, oxygen-demanding substances, nu-
trients, bacteria, and biological diversity. Third, it is
simple to understand and calculate and does not require a
mainframe computer or any complex data transformations
or averaging schemes. Finally, the index nicely identifies
areas of good, fair, and poor water quality that correspond
to professional and public opinion.

This year we modified the Stream Water-Quality
Index to address the special problems presented by
blackwater streams and springs (see Table 2-7). Natural
conditions in these waters differ from those in normal
streams and rivers: blackwater streams and springs have
reduced dissolved oxygen levels, while blackwater
streams also have higher levels of total organic carbon and
total nitrogen, and lower biological diversity. Using the
Stream  Water-Quality  Index  generates  values



Table 2-7
Modified Water-Quality Index

Used in the following indices
Streams | Blackwaters [ Springs

Water-
quality
parameter
Turbidity X X X
Total X X X
suspended
solids
Dissolved X
oxygen
Biochemical X X X
oxygen
demand
Chemical X X X
oxygen
demand
Total X X
organic
carbon
Total X
nitrogen
Nitrate X X
Total X X X
phosphorus
Total X X X
coliform
Fecal X X X
coliform
Biological X
diversity

characteristic of poorer water quality and does not
accurately reflect natural conditions.

9. Calculating the Trophic State | ndex

for lakes and estuaries. The Trophic State Index
effectively classifies lakes based on their chlorophyll
levels and nitrogen and phosphorus concentrations.”
Based on a classification scheme developed

"Huber, W.C., P.L. Brezonk, J.P. Heaney, R.E. Dickinson, S.D. Preston,
D.S. Dwornik, and M.A. DeMaio, A Classification of Florida Lakes,
Final report ENV-05-82-1, to Florida Department of Environmental
Regulation, Tallahassee, 1982..
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in 1977 by R.E. Carlson, the index relies on three
indicators—Secchi  depth, chlorophyll, and total
phosphorus—to describe a lake's trophic state. A ten-unit
change in the index represents a doubling or halving of
algal biomass.

The Florida Trophic State Index is based on the same
rationale but also includes total nitrogen as a third
indicator. Attempts in previous 305(b) reports to include
Secchi depth have caused problems in dark-water lakes
and estuaries, where dark waters rather than algae
diminish transparency. For this reason, our report drops
Secchi depth as a category.

We developed Florida lake criteria from a regression
analysis of data on 313 Florida lakes. The desirable upper
limit for the index is 20 micrograms per liter of chloro-
phyll, which corresponds to an index of 60. Doubling the
chlorophyll concentration to 40 micrograms per liter in-
creases the index to 70, which is the cutoff for undesirable
(or poor) lake quality. Index values from 60 to 69
represent fair water quality (see Table 2-8 for the criteria
for chlorophyll, total phosphorus, and total nitrogen).

The Nutrient Trophic State Index is based on phos-
phorus and nitrogen concentrations and the limiting nu-
trient concept. The latter identifies a lake as phosphorus
limited if the nitrogen-to-phosphorus concentration ratio
is greater than 30, nitrogen limited if the ratio is less than
10, and balanced (depending on both nitrogen and phos-
phorus) if the ratio is 10 to 30. The nutrient index is thus
based solely on phosphorus if the ratio is greater than 30,
solely on nitrogen if less than 10, or on both nitrogen and
phosphorus if between 10 and 30.

We calculated an overall Trophic State Index based
on the average of the chlorophyll and nutrient indices.
Calculating an overall index value requires both nitrogen
and phosphorus measurements.

We also applied the Lake Trophic State Index to
Florida estuaries to describe their water quality. The
criteria for these ratings was 10 less than those for lakes
(i.e., good estuarine water quality had an index value of 0
to 49; fair quality, 50 to 59; and poor quality, 60 to 100)
(see Table 2-9 for a sample calculation).



Table 2-8
Trophic State Index (TSI)
for lakes and estuaries

For lakes: 0-59 is good, 60-69 is fair, 70-100 is poor.

For estuaries: 0-49 is good, 50-59 is fair, 60-100 is poor.

Trophic Chlorophyll Total Total
State CHLA/ | Phosphorus Nitrogen
Index micrograms TP/ TN/
per liter | milligrams of | milligrams

(my/1) | phosphorus of

per liter nitrogen

(mgP/1) per liter

(mgN/1)

0 0.3 0.003 0.06
10 0.6 0.005 0.10
20 13 0.009 0.16
30 25 0.01 0.27
40 5.0 0.02 0.45
50 10.0 0.04 0.70
60 20.0 0.07 12
70 40 0.12 2.0
80 80 0.20 34
90 160 0.34 5.6
100 320 0.58 9.3

Trophic State Index equations that generate the above criteria
(LN = Natural Log):
CHLATg| =16.8 + [14.4 x LN (CHLA)]

TNTg] =56 +[19.8 x LN (TN)]
TN27g, =10 x [5.96 + 2.15 x LN(TN + .0001)]

TPTs|

= [18.6 x LN (TP x 1000)] -18.4
=10 x [2.36 x LN(TP x 1000) - 2.38]

* Limiting nutrient considerations for calculating NUTRg;:
If TN/TP > 30 then NUTRrg| = TP27g)
If TN/TP < 10 then NUTRrg| = TN27g)

If 10 < TN/TP <30 then NUTRysg| = (TP1g| + TNTg)) /2

TSI = (CHLATg] +NUTRTg*) /2

Table 2-9
Sample calculation of the
Trophic State Index*

Annual Trophic | Average

average | State Index Trophic

calculation State

Index

Chlorophyll 6.0 ng/I 42.6° 42.6
Phosphorus** | 0.04 mg P/I 50.2°

Nitrogen** 0.67 mg N/I 48.1° 49.2°

45.9°
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*See Table 2-8 for formulas.

**|f either phosphorus or nitrogen sampling information is missing,
then the index is not calculated. Chlorophyll may be missing and the
index is calculated.

ZCHLA =16.8 + [14.4 x LN (6.0)] = 42.1 (use Natural Log)
TP =[18.6 x LN (0.04 x 1000)]- 18.4 = 50.2

c

TN =56 +[19.8x LN (0.67)] = 48.1

TN/TP ratio = 0.67/0.04 = 16.7;
therefore, TSI NUTR = an average of TSI.
Phosphorus and TSI nitrogen = (50.2 + 48.1)/2 = 49.2
°(42.6 +49.2)/2 =459



10. Applying screening levels. we used
screening levels to determine water-quality problems
based on 19 water-quality measurements. Levels were
based on the upper criteria (indicating poor water quality)
used in each of the indices (see Table 2-10 for the screen-
ing levels used, the typical values measured, and the
Florida criteria for streams, lakes, and estuaries).

11. Assessing where Florida water-

guality standards were exceeded. we
assessed chemical pollutants in Florida's waters by
inventorying STORET measurements of metals, con-
ventional pollutants, pesticides, polyaromatic hydro-
carbons, and phenols for 1993 to 1995 (see Table 2-11).
While exceeded screening levels were used to warn of a
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problem, they did not enter into the overall determination
of support for designated use in a watershed. We used
exceeded standards to make that determination, as Section
12 explains. We used Floridas surface water—quality
standards (Chapter 62-302, Florida Administrative Code)
to assess whether a pollutant level was elevated. Many
metal standards are based on hardness levels, and so we
calculated the criteria based on the measured hardness.
We defined an elevated level according to Table 2-11.

Very few organic pollutants were analyzed in
Florida during the last three years. Only five water bodies
had data for organic chemicals, al of which were pes-
ticides (see Table 2-12 for the method of determining
support for designated use and Table 2-11 for criteria for
all the pollutants).



Table 2-10
Measures for assessing water quality
in Florida streams, lakes, and estuaries

Parameter

Units Screening Typical values Florida criteria
level (Chapter 62302)
10% (Median) 90%  Class llI

Waterbody type: STREAM

Alkalinity

Beck's Biotic Index
BOD 5 day
Chlorophyll

COD
Coliform-fecal
Coliform-total
Color

Conductivity

Dissolved oxygen
Diversity artificial sub
Diversity natural sub

DO % saturation
Fecal strep
Fluoride

Nitrate nitrogen
Nitrogen-total
pH
Phosphorus-total
Secchi disc depth
Temperature

Total organic carbon
Total suspended solids
Turbidity

caco3 mg/!I 13 (75) 150  20.0 mg/l min.

Index # 4 (24) 32

mg/I >2.3 08 (1.5) 51 Not cause DO<5 mg/I

ng/I 1 (6) 30

mg/I >72 16 (46) 146

#/100 ml >190 10 (75) 960 200/100 ml

#/100 ml >1600 100 (600) 7600  1000/100 mi

Platinum Color Units 21 (72) 235 No nuisance
conditions

micromho >1275 100 (335) 1300 1275 or 50% above
background

mg/I <4.8 31 (5.8) 8.0 5.0 mg/I

index 14 (29 3.6 min. 75% of DI

index 12 (24 35 min. 75% of DI
(marine)

% 36 (68) 90

#/100 ml 20 (15) 1700

mg/I 01 (0.2 0.8 10.0 mg/I

mg/I 0.2 0.01 (0.1) 0.64 Not cause imbalance

mg/l as N >1.6 05 (1.2 2.7 Not cause imbalance

standard units 6.1 (7.1) 7.9 <6.0 >8.5

mg/l as P >0.24 0.02 (0.09) 0.89 Not cause imbalance

meters 04 (0.8) 17 Min. 90% background

centigrade 19 (23) 28 No nuisance
conditions

mg/I >21.0 5 (24) 37

mg/I >125 2 (7) 26

JTU FTU >12.2 15 (5 21 29 NTUs above
background

Waterbody type: LAKE

Alkalinity
Chlorophyll
Nitrogen-total
Phosphorus-total

caco3 mg/!I . 2 (28) 116  20.0 mg/l min.

ng/I >40. 1 (12) 70

mg/l as N >2.0 04 (11) 25 Not cause imbalance
mg/l as P >0.12 0.01 (0.05) 0.29 Not cause imbalance

Waterbody type: ESTUARY

Chlorophyll
Nitrogen-total
Phosphorus-total

ng/I >20 1 (9) 36
mg/l as N >1.22 0.3 (0.8) 16 Not cause imbalance
mg/l as P >0.07 0.01 (0.07) 0.20 Not cause imbalance
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Table 2-11

Florida standards

Units of Class I: Class Il Class IlI: Class IlI: Class IV:
measurement Drinking Shellfish Freshwater Marine | Agriculture
water wildlife and wildlife and
recreation recreation
Metals
arsenic ng/l 50 50 50 50 50
aluminum ng/l - 15 15 -
cadmium ng/l * 9.3 * 9.3 -
chromium +6 ng/l 11 50 11 50 11
chromium +3 ng/I * - * - *
copper ng/l * 29 * 29 500
iron mg/| 0.3 0.3 1.0 0.3 1.0
lead ng/l * 5.6 * 5.6 50
mercury ng/l 012 .025 012 .025 0.2
nickel ng/l * 8.3 * 8.3 100
selenium ng/l 5.0 71 5.0 71 -
silver ng/l .07 .05 .07 .05
thallium ng/l 1.7 6.3 6.3 6.3 -
zinc ng/l * 86 * 86 1000
Conventional pollutants
dissolved oxygen mg/| 5.0 4.0 5.0 4.0 3.0
chlorides mg/| 250 - 1500 - -
ammonia mg/| .02 - .02 -
residual chlorine mg/| .01 .01 .01 .01 -
cyanide ng/l 5.2 1.0 5.2 1.0 5.0
fluoride mg/I 15 15 10. 5.0 10.
total coliform mpn 2400 70 2400 2400 -
fecal coliform mpn 800 800 800 800
Pesticides
aldrin ng/l 3.0 13 3.0 1.3
chlordane ng/l .0043 .004 .0043 .004
ddt nmo/| .001 .001 .001 001
dieldrin ng/l .0019 .0019 .0019 .0019
endosulfin ng/l .056 .0087 .056 .0087
endrin nmo/| .0023 .0023 .0023 .0023
guthion ng/l 01 .01 01 .01
heptachlor ng/l .0038 .0036 .0038 .0036
lindane ng/l .08 16 .08 16
malathion ng/l 0.1 0.1 0.1 0.1
methoxychlor ng/l .03 .03 .03 .03
mirex ng/l .001 .001 .001 .001
parathion ng/l .04 .04 .04 .04
toxaphene ng/l .0002 .0002 .0002 .0002
Polyaromatic hydrocarbons and phenols
2-chlorophenol ng/l 120 400 400 400 400
2,4-dichlorophenol ng/l 93 790 790 790 790
pentachlorophenol ng/l 30 7.9 30 7.9 30
2,4-dinitrophenol ng/l .0697 14.26 14.26 14.26 14.26
acenapthrene ng/l 1.2 2.7 2.7 2.7 -
anthracene ng/l 9.6 110 110 110
fluoranthene ng/l 0.3 0.370 0.370 0.370
fluorene ng/l 13 14 14 14
phenol ngy/| 3 3 3 3

*Indicates that the standard is based on an equation which uses the measure of hardness.
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Table 2-12
Determining support for

designated use
(based on exceeded standards
over a three-year period)

Fully Partial Not

Conventional < 10% 11-25% > 25%

pollutants

Metals, > 10%
unionized
ammonia,
chlorine,
cyanide,
pesticides

<=1 sample £ 10%

Bacteria 0 £ 10% > 10%

D. Summary of data analysis

12. Combining data results into a
logic that determines support for desig-

nated use. The Environmental Protection Agency has
revised its criteria for determining the status of surface
waters.® In compiling this report we tried to integrate as
much quantitative and qualitative information as possible.
As a result we were able to assess many additional
watersheds.
We analyzed six values: the chemistry index (Water-
Quality Index or Trophic State Index), biological data,
nonpoint source pollution, exceeded standards for

8These criteria are documented inAppendix B, Guidelines for the
Preparation of the 1996 State Water-Quality Assessment305(b)
report (Washington, D.C.: U.S. Environmental Protection Agency.)

91

conventional pollutants, exceeded standards for metals,
and fish consumption advisories. Of course, all six were
not sampled in each watershed. Figure 2-3 shows that
about 2,500 of Florida's 4,534 watersheds were assessed,
with the information coming mainly from the nonpoint
source assessment, chemistry samples, and information on
exceeded standards for conventional pollutants. Many
fewer watersheds were assessed for biological data, fish
consumption advisories, and exceeded standards for
metals.

Blending the six values into a single overall water-
quality rating for a watershed required some innovative
thinking. We used a simple averaging technique in which
each value scored 1 for good quality, 3 for fair quality,
and 5 for poor quality. We then calculated an overall
average from the components, with the break points set at
1 to 2 for good, 2 to 4 for fair, and 4 to 5 for poor. For
watersheds in which chemical or biological measurements
showed severe problems (that is, poor water quality), we
instead used the following three-tiered logic:

1. If the average of the Water-Quality Index and
the biological assessment indicated that the water body
did not meet its designated use, then this was the final
determination.

2. If the average of the Water-Quality Index, bio-
logical assessment, and nonpoint source pollution assess-
ment indicated that the water body did not meet its
designated use, then this was the final determination.

3. Otherwise, determining support for designated
use was based on the average of all six assessment
results.



Figure 2-3
Watersheds assessed by each of the six assessment techniques
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List of larger contributors to 305(b) report
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Figure 2-4
Agencies that contributed water quality-
sampling data from STORET (1980-1995)
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STORET is EPA's database containing surface water-quality data. For this assessment we looked at
300,000 samples from 8,000 stations collected by 35 agencies around the state during 1980-1995.
FDEP, the U.S. Geological Survey, and the water management districts collect the majority of data.
The above figure shows the major data collectors. The figure below shows that about 1,800 to

2,000 stations are sampled per year.
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Figure 2-5

Percentage of water body miles monitored, evaluated, and unknown
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Water-quality summary

Numerous agencies collect information on water
quality in Florida and keep it in STORET, the
Environmental Protection Agency’s database that
provided most of the water-quality data for our assessment
(see Table 1-1 for a list of monitoring agencies). About
8,000 STORET stations were sampled between 1989 and
1995 in 1,500 of Florida's 4,534 watersheds. Thirty-three
agencies sampled about 1,800 stations per year. FDEP,
the South Florida Water Management District, and the
U.S. Geological Survey accounted for over half of the
STORET data. (see Figure 2-4 for a list of the larger
contributors to this report).°®

Figure 2-5 identifies and compares the percentages of
total river, lake, or estuarine area that were monitored,
evaluated, or unknown. We calculated these percentages
from the total miles of river or total areas of lakes and
estuaries (see Table I1-2). When no STORET data were
available for a watershed, we classified it as unknown.
Estuaries have the largest percentage of monitored areas
and rivers the lowest. No data exist for a much larger
percentage of river area compared with lakes and
estuaries; in fact, we could evaluate only 23 percent of
Florida s 51,000 miles of rivers.

Figure 2-6 compares support for designated use by
waterbody type. We calculated percentages from the total
assessed miles or total areas. A much lower percentage of
lakes meet their designated uses than rivers or estuaries
(45 percent of lakes versus 61 and 54 percent for rivers
and estuaries, respectively) because Florida's two largest
lakes (Okeechobee and George) account for almost half
the assessed lake surface area, and these water bodies only
partially meet their designated use. On average, 58
percent of river miles and estuarine areas fully support
their designated uses (see Chapters 3, 4, and 5 for causes
and sour ces of nonsupport).

Analyzing trends

We analyzed trends in 627 water bodies (less than 15
percent of Florida's water bodies) from 1986 to 1995.
The analysis incorporated 12 water-quality measurements,
plus the overall stream Water-Quality Index and the lake
and estuary Trophic State Index. We used a
nonparametric correlation analysis (Spearman's Ranked
Correlation) to analyze the ten-year trend of the annual

“Eigure 2-4] which was based on a distribution of data collected since
1980, contains a bias. Over the last decade FDEP has played an
increasingly smaller role in collecting water-chemistry data. A similar
trend is occurring for the U.S. Geological Survey because of
programmatic changes. For future 305(b) reports, local programs and
water management districts will probably contribute the most water-
quality data.
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STORET station measurements and index medians for
each water body. The number of stations analyzed for
each water body varied.

To analyze trends in streams, we used eight measures
of water quality: the Water-Quality Index, bacteria,
turbidity, suspended solids, biochemical oxygen demand,
dissolved oxygen, Secchi depth, total nitrogen, and total
phosphorus. For trends in lakes and estuaries, our
analysis focused on five trophic state measures:
chlorophyll, Secchi depth, total nitrogen, total
phosphorus, and the Trophic State Index. Because of
nonsystematic monitoring data and the simplicity of the
analysis, our approach detected only fairly drastic
alterations in water quality, not the kinds of subtle
changes that one would expect from nonpoint source
impacts.

To determine the overall trend of each water body, we
compared improving and degrading water-quality
measurements. We required at least two positive or two
negative trends before classifying a water body as
showing a trend. If a water body displayed no trends or
only one measurement showed a trend, we classified the
overall trend as “no change.”

Some water bodies showed strong trends. For
example, we classified overall trends in the Wekiva River
as “worse” because five water-quality measures and the
Water-Quality Index indicated degradation. In Lake
Tohopekaliga, where four water-quality measurements in
addition to the Trophic State Index indicated that water
quality was improving, we classified the overall trend as
“better.”

Figures 2-7 and 2-8 summarize trends in rivers, lakes,
and estuaries. Table 2-13, which lists trends as percentage
changes in the number of water bodies, indicates that most
water bodies are maintaining their water quality. Water
bodies classified as “better” generally outhumber those
classified as “worse” by two to one.

Two areas are improving because of better pollution
controls. Near Orlando, Lakes Howell, Jesup, and Harney
and the Econlockhatchee River have improved because
sewage discharges were diverted from the first two lakes.
Hillsbhorough Bay in the Tampa area has aso improved
significantly in several measures, probably from better
wastewater trestment and improved point source controls.
Although 59 other water bodies show worsening trends from
silviculture operations and increased land development, we
observed no areawide trends.

Maps

The cover of this report summarizes support for
designated use in Florida's surface waters. The water bodies
are color coded as follows: green represents good overall
quality (meets designated use), yellow represents fair
(partially meets use), red represents poor (does not meet use),
and white indicates that water quality is unknown.



Figure 2-6
Support of designated use in Florida water bodies
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Figure 2-7

Summary of trends in rivers, lakes, and estuaries
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Figure 2-8
Locations of water-quality trends in Florida (1986-1995)

10-year water-quality trend
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Table 2-13

Trend analysis for STORET data, 1986-1995

Water-quality trend Percent of Total Percent of
water bodies water bodies total number
River Lake Estuary
Better 21 17 20 125 20
No change 70 70 72 443 71
Worse 9 13 8 59 9
Total water bodies 354 145 128 627

Section 303(d) waters

Section 303(d) of the federal Clean Water Act requires
dtates to identify and rank waters that do not (or are not
expected to) achieve or maintain water-quality standards
using required pollution controls (either current or antici-
pated). Existing and readily available information, including
the 305(b) report and best professional judgment, is carefully
evaluated to determine which water bodies should be on the
Section 303(d) list.

The list identifies water bodies that still need total
maximum daily loads (see Table 2-14), which are limits on
the amount of pollution that can enter a water body. Once a
water body is listed, priorities are set for developing those
limits. Applying a watershed approach, the states must
establish TMDL s using a basin approach, and including both
point and nonpoint source contributions.

The 303(d) list was refined to correlate with the
watersheds and information in the 1994 305(b) report. FDEP
staff now oversee the establishment of total maximum daily
loads.

In addition to the 305(b) report, other information
sources used to identify 303(d) water bodies included the
Surface Water Improvement and Management priority list,
the STORET database, the 1994 Nonpoint Source
Assessment, the 304(1) Impaired Waters Ligt, the state's lakes
bioassessment reports, the water management districts, and
the public.

We compiled a draft 303(d) list using the following steps
(water bodies were identified by hydrologic unit, subbasin,
and Map Id in the 1994 305(b) report):

1. ldentify and list water bodies with poor or threat-
ened water quality.

2. ldentify each water body’ s designated use.
3. ldentify whether whether each water body partially

meets its designated use, does not meet use, or is
threatened.

4. ldentify and list pollutants that affect or threaten
water quality. Identify water bodies with reported
fish kills and thermal pollution. Check whether
water bodies are on the Surface Water
Improvement and Management priority list.
Determine whether water-quality data exist.

5. ldentify and list the impacts of point and/or
nonpoint source pollution.

6. Submit a draft list for review and comment to the
Environmental Protection Agency's Region 1V, the
water management digtricts, and FDEP.

7. Submit adraft list for public comment.
8. Submit thefinal list to the EPA, Region IV.

We then set priorities on the 303(d) list using a matrix
ranking system and established a schedule for developing
total maximum daily loads in areas where water quality was
poor or threastened.! Schedules must be coordinated with the
water management districts completion dates for pollution
load reduction goals.

Priorities were based on which water bodies had the most
serious problems, their value, the degree to which they were
threatened; and the risk to public health and aguatic life.
Other factors included public interest and support;
recreational, economic, and aesthetic importance; vulnera-
bility; and state needs.

We ranked water bodies as high, medium, low, and low-
low priority, based on the severity of pollution and the data
available on point and nonpoint contributions. We ranked as
high priority the Surface Water Improvement and
Management water bodies that did not meet water-quality
standards, and ranked as low-low priority the water bodies on
which more information was needed.

The priority list was then reviewed by the water man-
agement districts, FDEP, the EPA’s Region IV, and the
public. The EPA received Florida's list within the April 1,
1996, deadline and has approved it. Future lists will be
reviewed, updated, and sent to the EPA concurrently with the

"we compiled data using the Access database.



305(b) report (see Table 2-14 for a summary of Florida's
303[d] list).

Watershed approach

The EPA recommends that states adopt a statewide
watershed or basin approach to managing water quality and
environmental systems. Towards this goa, Florida has im-
plemented ecosystem management (see Part Il for a
description), designated ecosystem management areas, and is
integrating its existing environmental initiatives into the EMA
framework. These areas, generaly defined by U.S. Geo-
logical Survey hydrologic boundaries, address regional water-
quality and ecological issues within watersheds.

Establishing total maximum daily loads—a process that
identifies al pollution sources and integrates point and
nonpoint pollution sources in each watershed—is essential to
ecosystem management. Programs can then be put into place
to control pollution and to protect and improve water quality.
At the same time, monitoring provides data for alocating
pollution within a watershed, issuing permits, measuring the
effectiveness of pollution controls, making future
assessments, and managing water quality.



State 303(d) list of water bodies needing total maximum daily loads

Table 2-14

\Water body Basin| 1994 305(b) map ID*| Water management district Priority Schedules
Alligator Branch Peace River 46 Southwest Florida L 2010
Alligator Creek Sarasota Bay 21 Southwest Florida L 2010
Alligator Lake Santa Fe River 49 Suwannee River M 2002
Anclote River Crystal River 46 Southwest Florida M 2005
Apalachicola Bay Apalachicola Bay 1,2 Northwest Florida H 2000
Apalachicola River Apalachicola River| 31,4,5,10, 13,15,37,25 Northwest Florida H 2000
Apopka Marsh Oklawaha River 29 St. Johns River H 1998
Aucilla River Aucilla River 25 Suwannee River L 2002
Baker Creek Hillsborough River 11 Southwest Florida M 2005
Banana Lake Peace River 86 Southwest Florida LL 2020
Banana Lake Canal Peace River 94 Southwest Florida M 2005
Bear Branch Peace River 2 Southwest Florida L 2010
Bevins (Boggy) Creek Econfina-Fenholloway 3 Suwannee River L 2002
Biscayne Bay Southeast Florida Coast 2 South Florida H 2000
Bivens Arm Oklawaha River 141 St. Johns River LL 2020
Black Point Channel Tampa Bay 33 Southwest Florida LL 2020
Blackwater River Blackwater River 3,30,9,4,74 Northwest Florida M 2005
Blue Creek Santa Fe River 13 Suwannee River M 2001
Blue Spring Suwannee River, Lower 8 Suwannee River M 2001
Butcher Pen Creek St. Johns River, Lower 135 St. Johns River LL 2020
Buzzard Roost Branch Peace River 37 Southwest Florida L 2010
C Will outfall at conv Peace River 39 Southwest Florida LL 2020
C-24 Southeast Florida Coast 55 South Florida L 2010
C-6 Southeast Florida Coast 10 South Florida L 2010
Camp Branch Suwannee River, Upper 12 Suwannee River M 2002
Cedar River St. Johns River, Lower 165 St. Johns River LL 2020
Channelized Stream Hillsborough River 19 Southwest Florida L 2010
Charlie Creek at Oak Creek Peace River 47 Southwest Florida L 2010
Charlotte Harbor Charlotte Harbor 14,23,32,11 Southwest Florida H 1999
Chassahowitzka River Crystal River 10 Southwest Florida M 2005
Chipola River Chipola 3,2,5,8,15,26 Northwest Florida H 2000
Choctawhatchee Bay Choctawhatchee Bay| 23,25,17,21,2,15,22,1 Northwest Florida M 2005
Choctawhatchee River Choctawhatchee River 2,15,22,1 Northwest Florida M 2005
Clowers Creek Sarasota Bay 38 Southwest Florida L 2010
Cockroach Bay Tampa Bay 10 Southwest Florida M 2005
Conservation area 1 Southeast Florida Coast 35 South Florida L 2010
Cow House Creek Hillsborough River 18 Southwest Florida M 2005

*Map IDs were obtained from the 1994 305(b)Technical Appendices.
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Table 2-14 (continued)

\Water body Basin| 1994 305(b) map ID*| Water management district Priority Schedules
Crane Strand Drain St. Johns River, Upper 68 St. Johns River LL 2020
Cross Bayou Canal N. Tampa Bay 31 Southwest Florida M 2005
Cross Canal S. Crystal River 22 Southwest Florida L 2010
Crystal River Crystal River 73,1 Southwest Florida H 1998
Cypress Creek Hillsborough River 1 Southwest Florida M 2005
Daisy Creek Oklawaha River 100 St. Johns River LL 2020
Deep Creek St. Johns River, Lower 38 St. Johns River LL 2020
Deep Creek St. Johns River, Upper 146 St. Johns River LL 2020
Deer Point Lake St. Andrews Bay 36 Northwest Florida H 2000
Delaney Creek Tampa Bay 41 Southwest Florida M 2005
Dir Runoff to Bay Tampa Bay 23 Southwest Florida H 2000
Direct runoff to Gulf Sarasota Bay 56 Southwest Florida M 2005
Dora Canal Oklawaha River 42 St. Johns River H 1998
Eight-Mile Creek Econfina-Fenholloway 5 Suwannee River L 2002
Eleven-Mile Creek Perdido Bay 23 Northwest Florida H 1998
Elligraw Bayou Sarasota Bay 41 Southwest Florida L 2010
Escambia Bay Pensacola Bay 24,37 Northwest Florida M 2005
Estero Bay Everglades-West Coast 28,30 South Florida L 2010
Everglades Conservation Areas Southeast Florida Coast 0 South Florida H 2000
Everglades Holey Land/Rotenberger Southeast Florida Coast 0 South Florida H 2000
Everglades National Park Southeast Florida Coast 0 South Florida H 2000
Everglades, East Everglades Southeast Florida Coast 0 South Florida H 2000
Extension Ditch Oklawaha River 135 St. Johns River L 2010
Fenholloway River Econfina-Fenholloway 13,12,16 Suwannee River H 1996
Fishing Creek St. Johns River, Lower 129 St. Johns River LL 2020
Five-Mile Creek Santa Fe River 44 Suwannee River M 2001
Flint Creek Hillsborough River 20 Southwest Florida M 2005
Florida Bay Southeast Florida Coast 0 South Florida H 2000
Florida Keys Florida Keys 1 South Florida H 2000
Fox Lake St. Johns River, Upper 71 St. Johns River LL 2020
Gordan River Everglades-West Coast 20,19 South Florida M 2005
Haines Creek Reach Oklawaha River 52 St. Johns River H 1998
Halifax River East Coast, Upper 18,20 St. Johns River H 1996
Hornsby Spring Santa Fe River 30 Suwannee River M 2001
Horsehole Creek Waccasassa River 2 Suwannee River L 2005
Hunter Creek Suwannee River, Upper 16 Suwannee River M 2001
IRL-Cocoa \Rockledge/S. Banana River East Coast, Middle 27,30,25 St. Johns River LL 2020
IRL/Crane Creek Watershed East Coast, Middle 18 St. Johns River LL 2020

*Map IDs were obtained from the 1994 305(b)Technical Appendices.
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Table 2-14 (continued)

\Water body Basin| 1994 305(b) map ID*| Water management district Priority Schedules
IRL/Eau Gallie River Watershed East Coast, Middle 21 St. Johns River LL 2020
IRL/Mosquito Lagoon East Coast, Middle 36,34 St. Johns River LL 2020
IRL/Sebastian River Watershed Indian River, South 13,22,23 St. Johns River LL 2020
IRL/Titusville,Melbourne-Sebastian East Coast, Middle 29,8,24,32,33,19 St. Johns River LL 2020
IRL/Turkey Creek Watershed East Coast, Middle 13 St. Johns River LL 2020
IRL/Vero Beach Indian River, South 1 St. Johns River/South Florida LL 2020
Itchepackasassa Creek Hillsborough River 26,24 Southwest Florida M 2005
Jerry Branch Suwannee River, Upper 7 Suwannee River M 2001
John Row Branch St. Mary's River 4 St. Johns River LL 2020
Jumping Gully Creek Withlacoochee River, North 0 Suwannee River H 1999
Kanapaha Lake Oklawaha River 140 St. Johns River LL 2020
Kissimmee River Kissimmee River 2,4,11,20,32,49 South Florida H 2000
L-8 Southeast Florida Coast 45 South Florida L 2010
Lake Prevatt St. Johns River, Upper 96 St. Johns River LL 2020
Lake Alice Oklawaha River 144 St. Johns River LL 2020
Lake Apopka Oklawaha River 26 St. Johns River H 1998
Lake Apopka outlet Oklawaha River 33 St. Johns River H 1998
Lake Beauclair outlet Oklawaha River 35 St. Johns River H 1998
Lake Brooker Tampa Bay 94 Southwest Florida L 2010
Lake Carlton outlet Oklawaha River 34 St. Johns River H 1998
Lake Dora Oklawaha River 41 St. Johns River H 1998
Lake Effie outlet Peace River 76 Southwest Florida M 2005
Lake George St. Johns River, Upper 145 St. Johns River LL 2020
Lake Griffin Oklawaha River 47 St. Johns River H 1998
Lake Hancock Peace River 82 Southwest Florida M 2005
Lake Henry Peace River 115 Southwest Florida L 2010
Lake Hunter Hillsborough River 8 Southwest Florida LL 2020
Lake Jackson Ochlockonee River 70 Northwest Florida H 2000
Lake Jesup St. Johns River, Upper 104,105 St. Johns River LL 2020
Lake Lena Peace River 110 Southwest Florida L 2010
Lake Lena Run Peace River 98 Southwest Florida M 2005
Lake Maggiore Tampa Bay 14 Southwest Florida H 1999
Lake Miccosukee St. Marks River 45 Northwest Florida L 2010
Lake Munson St. Marks River 15,17,12,16 Northwest Florida L 2010
Lake Okeechobee Lake Okeechobee 6,9 South Florida H 2000
Lake Seminole Crystal River 23 Southwest Florida H 1999
Lake Seminole Chattahoochee River 3 Northwest Florida H 2000
Lake Tarpon Tampa Bay 61,66,81 Southwest Florida H 1998

*Map IDs were obtained from the 1994 305(b)Technical Appendices.
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Table 2-14 (continued)

\Water body Basin 1994 305(b) map ID* Water management district| Priority Schedules
Lake Thonotosassa Hillsborough River 17 Southwest Florida H 1996
Lake Washington St. Johns River, Upper 39 St. Johns River LL 2020
Little Aucilla River Aucilla River 27 Suwannee River L 2001
Little Mill Creek Nassau River 15 St. Johns River LL 2020
Little Trout River St. Johns River, Lower 215 St. Johns River LL 2020
Loughman Lake St. Johns River, Upper 86 St. Johns River LL 2020
Loxahatchee River Southeast Florida Coast 48 South Florida M 2005
Matlacha Pass Charlotte Harbor 5 South Florida M 2005
Mill Branch St. Johns River, Lower 18 St. Johns River LL 2020
Mills Creek Nassau River 16 St. Johns River LL 2020
Moncrief Creek St. Johns River, Lower 192 St. Johns River LL 2020
Myrtle Slough Peace River 28,16,5 Southwest Florida L 2010
Naples Bay Everglades-West Coast 16 South Florida M 2005
Nassau River Nassau River 10 St. Johns River LL 2020
New River Santa Fe River 3 Suwannee River H 2001
New River Hillsborough River 42 Southwest Florida M 2005
Newnans Lake Oklawaha River 142 St. Johns River LL 2020
North Creek Sarasota Bay 33 Southwest Florida L 2010
Ochlockonee River Ochlockonee River 2,96,15,56 Northwest Florida L 2010
Oklawaha River Oklawaha River 101,119,78 St. Johns River LL 2020
Olustee Creek Santa Fe River 2 Suwannee River M 2001
Orange Creek Oklawaha River 109 St. Johns River LL 2020
Owens Spring Suwannee River, Lower 6 Suwannee River M 2001
Palatkalaha River Oklawaha River 18 St. Johns River LL 2020
Pareners Branch Santa Fe River 40 Suwannee River L 2002
Peace Creek Dr Canal Peace River 99 Southwest Florida M 2005
Peace River at Bowlegs Creek Peace River 68 Southwest Florida M 2005
Peace River at Joshua Creek Peace River 34 Southwest Florida M 2005
Pensacola Bay Pensacola Bay 2,14,4 Northwest Florida M 2005
Perdido Bay Perdido Bay 13 Northwest FLorida LL 2020
Peters Creek St. Johns River, Lower 61 St. Johns River LL 2020
Pine Island Sound Charlotte Harbor 7 South Florida M 2005
Plummer Creek Nassau River 18 St. Johns River LL 2020
Rice Creek St. Johns River, Lower 25 St. Johns River LL 2020
Roaring Creek Suwannee River, Upper 8 Suwannee River M 2001
Rock Creek near Benton Suwannee River, Upper 17 Suwannee River M 2001
Rocky Creek Econfina-Fenholloway 17 Suwannee River M 2001
Rookery Bay Everglades-West Coast 14 South Florida L 2010

*Map IDs were obtained from the 1994 305(b)Technical Appendices.

103




Table 2-14 (continued)

\Water body Basin| 1994 305(b) map ID* Water management district| Priority| Schedules
S-135 Lake Okeechobee 12,10 South Florida L 2010
S-2 Southeast Florida Coast 39 South Florida L 2010
S-3 Southeast Florida Coast 40 South Florida L 2010
S-5A Southeast Florida Coast 42 South Florida L 2010
S-6 Southeast Florida Coast 37 South Florida L 2010
Saddle Creek Peace River 104 Southwest Florida M 2005
Salt Lake St. Johns River, Upper 87 St. Johns River LL 2020
Sarasota Bay Sarasota Bay 57,46 Southwest Florida H 1996
Sparkman Branch Hillsborough River 4 Southwest Florida M 2005
St Mary's River St. Mary's River 25,13,32,27,22,11, St. Johns River LL 2020
28,10,15,19,2,30,12
St. George Sound Apalachicola Bay 3 Northwest Florida H 2000
St. Johns River St. Johns River, Upper 117,113,134,121, St. Johns River H 2000
132,42,36,57,43,37
St. Johns River St. Johns River, Lower| 203,52,9,49,196,198,72, St. Johns River H 2000
200,199,195,50,51,197
St. Marks River St. Marks River 10 Northwest Florida M 2005
Sunnyhill Farm Marsh Oklawaha River 1 St. Johns River H 1998
Sweetwater Creek Tampa Bay 60 Southwest Florida H 2000
Swift Creek Suwannee River, Upper 14 Suwannee River M 2001
Tampa Bay Tampa Bay 7,49,11,16,24,34,42 Southwest Florida H 1998
Tidal St. Lucie Southeast Florida Coast 52 South Florida L 2010
Trout Lake outlet Oklawaha River 51 St. Johns River H 1998
Two Hole Branch Hillsborough River 25 Southwest Florida M 2005
ULKCL-Alligator Lake Kissimmee River 65 South Florida H 2000
ULKCL-Lake Cypress Kissimmee River 51 South Florida H 2000
ULKCL-Lake Hatchineha Kissimmee River 50 South Florida H 2000
ULKCL-Lake Jackson Kissimmee River 14 South Florida H 2000
ULKCL-Lake Kissimmee Kissimmee River 45.42,36 South Florida H 2000
ULKCL-Lake Rosalie Kissimmee River 46 South Florida H 2000
ULKCL-Lake Tohopekaliga Kissimmee River 61,70,63 South Florida H 2000
Waccasassa River Waccasassa River 9 Suwannee River L 2005
Walberg Lake outlet Oklawaha River 124 St. Johns River LL 2020
Weekiwatchee River Crystal River 66,62,64 Southwest Florida M 2005
Wekiva River St. Johns River, Upper 114,107,115 St. Johns River LL 2020
West Run Interceptor D St. Johns River, Lower 20 St. Johns River LL 2020
WHCL -Lake Fannie Peace River 107 Southwest Florida H 1998
WHCL-Lake Cannon Peace River 101 Southwest Florida H 2000

*Map IDs were obtained from the 1994 305(b)Technical Appendices.
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Table 2-14 (continued)

\Water body Basin| 1994 305(b) map ID* Water management district|  Priority Schedules
WHCL-Lake Eloise Peace River 88 Southwest Florida H 1998
WHCL-Lake Hartridge Peace River 1 Southwest Florida H 2000
WHCL-Lake Howard Peace River 105 Southwest Florida H 1998
WHCL-Lake Idylwild Peace River 106 Southwest Florida H 2000
WHCL-Lake Jessie Peace River 108 Southwest Florida H 2000
WHCL-Lake Lulu outlet Peace River 92,90 Southwest Florida M 2005
WHCL-Lake May Peace River 95 Southwest Florida H 1998
WHCL-Lake Mirror Peace River 100 Southwest Florida H 2000
WHCL-Lake Shipp Peace River 93 Southwest Florida H 2000
WHCL-Lake Smart Peace River 102 Southwest Florida H 1998
WHCL-Lake Winterset Peace River 87 Southwest Florida H 2000
Whidden Creek Peace River 63 Southwest Florida M 2005
Whitaker Bayou Sarasota Bay 55 Southwest Florida H 1996
Willis Branch St. Johns River, Lower 162 St. Johns River LL 2020
Ybor City Drain Tampa Bay 44 Southwest Florida M 2005

*Map IDs were obtained from the 1994 305(b)Technical Appendices.
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Chapter 3

ASSESSING WATER QUALITY IN
FLORIDA’'S RIVERS AND STREAMS

Ithough Florida has over 50,000 miles of rivers
A (see Table 1I-1), many have been drastically

altered. Half of those miles are now canals.
Major dams have been built on the Apalachicola,
Oklawaha, Ochlockonee, and Withlacoochee rivers. The
most extreme alterations were damming the Oklawaha to
create the Cross-Florida Barge Canal and channeling the
Kissimmee River.

The southern third of Florida's peninsula has been so
hydrologically altered that few naturally flowing streams
and rivers remain. Most water bodies are canals, which
usually support plants and animals more typical of lakes
than rivers.

Still, Florida does have several types of natural river
systems. In addition, most Florida rivers exhibit charac-
teristics of more than one type of river system, either at
different places along their length or at different times of
the year. A good example is the Suwannee River, which
starts as a blackwater stream from the Okefenokee Swamp
and becomes spring-fed south of Ellaville. During periods

of high flow, it carries sand and sediments, behaving like
atrue alluvial stream.

In North and Northwest Florida, many rivers are allu-
vial. These are best represented by the Choctawhatchee,
Apalachicola, and Escambia rivers. Common features in-
clude a well-developed floodplain, levees, terraces, ox-
bows, and remnant channels (sloughs) that parallel the
active riverbed. Typically, because flows fluctuate more
than with other types of rivers, habitats are more diverse.

Blackwater rivers usually have acidic, highly colored,
slowly moving waters containing few sediments. These
systems typically drain acidic flatwoods or swamps and
are low in biological productivity. The Upper Suwannee
River is a good example.

Many major river systems originate as springs. Most
are found in Central and North Florida, the Big Bend area
of the Gulf Coast, and the southern portion of the Talla-
hassee Hills. Chemically, these rivers are clear, akaline,
and well buffered, with little temperature variation.



Table 3-1
Summary of fully supporting, threatened,
and impaired miles of rivers and streams

Degree of support for use Assessment category Total assessed size

(miles) (miles)
Evaluated Monitored

Size fully supporting 3,423.2 3,638.4 7061.6

all assessed uses

Size fully supporting 0.0 66.7 66.7

all assessed uses

but threatened

for at least one use

Size impaired 1,080.2 3,194.5 4,274.7

for one or more uses

Total assessed 4,503.4 6,899.6 11,403.0

They have relatively constant flows and few sediments.

Their clear water encourages the growth of submerged
plants that provide habitat for diverse animal species.

Many spring-fed rivers flow directly into estuaries; the
constant temperatures protect species acclimated to
warmer waters, including estuarine fish such as spotted
seatrout and red drum, as well as manatees.

Support for
designated use

Florida classifies rivers and streams according to their
functions, or designated uses, as follows:

Class| Drinking water

Classll Shellfish harvesting or propagation
Classlll Recreation and wildlife

ClasslV  Agriculture

ClassV  Industry*

1AIthough the Fenholloway River is currently Florida's only
Class V water body, on December 31, 1997, it will become
a Class lll water.
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We decided whether these waters supported their des-
ignated uses by evaluating many different kinds of infor-
mation, including the Water-Quality Index, biological
data, the Nonpoint Source Assessment, whether standards
were violated for conventional pollutants and trace metals,
and whether fish consumption advisories were issued (see
Chapter 2 for a discussion of the assessment
methodol ogy).

Table 3-1 summarizes overall support for designated
uses of Florida s rivers and streams. A classification of
threatened means although that a watershed currently sup-
ports its designated use, activities in that watershed may
lower water quality in the near future. The impaired cate-
gory includes watersheds that either partially support or
do not support their designated uses.

Table 3-2 lists river miles that support or fail to
support specific uses such as protecting aquatic life,
swimming, and fishing? Florida's standards and criteria
do not distinguish between protecting aquatic life,
secondary contact,® and other recreational activities; these
are al included in Class 111 water-quality standards. Class
| and Class Il waters must also protect aquatic life and
allow swimming, fishing, and other recreational uses.

The U.S. Environmental Protection Agency supplied the categories in
Table 3-2, which was prepared by first identifying miles of support or
nonsupport for each of Florida's water-quality standards. We
obtained a total mileage for protecting aquatic life, fish consumption,
swimming, and secondary contact by adding miles for Classes |, Il,
and lll. Because Florida does not distinguish between these four uses
within state standards, the same total mileage was used for each
category; the numbers listed inTable 3-2 should not be summed for
column totals.

The Environmental Protection Agency defines secondary contact as
activities where the possibility of total immersion in water is small.



Table 3-2
Summary of support for individual uses of rivers and streams

Goals Use Size assessed Size fully Size fully | Size partially Size not Size not
(miles) supporting supporting supporting supporting attainable
(miles) but (miles) (miles) (miles)
threatened
(miles)
Protect and Aquatic life 11,858.6" 7,056.1" 141.4 3,823.1° 838.0°7 0
enhance
ecosystems
State defined
l. * * * * * *
Protect and Fish consumption 11,858.6" 7,056.17 141.4 3,823.17 838.0" 0
enhance
public health
Shellfishing 218.9 75.4 0 143.5 0 0
Swimming 11,858.6" 7,056.1"7 141.4" 3,823.1° 838.07 0
Secondary contact 11,858.6" 7,056.1"7 141.4" 3,823.1° 838.07 0
Drinking water” 187.1 88.4 98.7 0 0 0
State defined
1. Drinking water** 356.2 181.2 0 170.9 4.1 0
Protect social Agricultural 0 0 0 0 0 0
and economic
health
Cultural or ceremonial * * * * * *
State defined
1. Industrial 35.3 0 0 9.6 257 0

*Not applicable.

**Class | water bodies (drinking-water use) were also evaluated for support of aquatic life. The primary sources of partial support and nonsupport were
violations of dissolved oxygen criteria and total and fecal coliform bacteria.

Florida does not differentiate between these uses in state standards; the numbers listed are the sum for all four uses.
Use support designations are based on finished water data.




Table 3-3
Categories of data used in Aquatic Life Use Support (ALUS)
assessments for wadable streams and rivers

Degree of ALUS Miles assessed Miles assessed Miles assessed Total miles
based on B/H based on P/C based on B/H assessed for
data only* data only** and P/C data ALUS
Fully supporting 77.1 2,774.9 1,414.8 4,266.8
Fully supporting 0 41.8 95.7 1375
but threatened
Partially 46.0 1,592.2 1,1345 2,772.7
supporting
Not supporting 0 603.6 82.1 685.7

*B/H—Biology/habitat.
**P/C—Physical/chemical.

Special summary for
support of aquatic life

For this report, the Environmental Protection Agency
asks states to show how individual rivers and streams
support aguatic life. To do so, they must contain healthy
biological communities. We base our decisions on
whether these water bodies support aquatic life on either
biological or chemical data (see Table 3-3).

partial support of designated use, or one of several equally
important reasons. Impacts are minor when a source or
cause is only one of many reasons and its contribution
small compared with other sources or causes.

Assessing causes

Causes and sources
of nonsupport of
designated use

For each water body that does not fully support its
designated use, we identify both causes (such as nutrients
and dissolved oxygen) and sources (such as municipal
point sources and agricultural runoff) of the problem.
Information on causes comes mainly from exceeded water
quality—screening levels, professional judgment, and the
results of the qualitative nonpoint survey. Information on
point sources comes from professional judgment and, for
nonpoint sources, mainly from the results of the nonpoint
survey (see Appendix B for descriptions of these
categories).

We also classify causes and sources as having major,
moderate, or minor impacts. Impacts are major when a
source or cause is responsible for, or a large contributor
to, nonsupport of designated use. Impacts are moderate
when a source or cause is either solely responsible for

Table 3-4 identifies, by specific causes, the miles of
rivers and streams not fully supporting their designated
uses. All causes are moderate or minor but are not
distinguished from each other. At least 2,000 river miles
are affected by nutrients, siltation, bacteria or other
pathogens, habitat alterations, and organic enrichment and
low dissolved oxygen. Although the 1994 Nonpoint
Source Assessment identifies additional causes and
sources, we could not determine the miles affected.

Assessing sources

Table 3-5 identifies sources such as specific facilities
or activities that contribute to rivers and streams not fully
supporting their designated uses. Most water-quality
problems stem from agricultural and construction
activities, urban runoff, land disposal, and hydrologic
modifications. Land disposal includes septic tanks,
landfills, and land application of wastewater effluent, all
of which affect about 67 percent of the total miles
assessed. Municipal and industrial point sources are
relatively small contributors, affecting 608.4 out of
16,284.5 miles, or about 3.7 percent.



Table 3-4
Total sizes of rivers and streams impaired by various causes

Causes Contribution to impairment
(miles)

Major Moderate/minor
Unknown 0 0
Unknown toxicity 0 0
Pesticides 0 0
Priority organic chemicals 0 0
Nonpriority organic chemicals 0 0
Metals 0 1,390.0
Ammonia 0 66.7
Chlorine 0 0
Other inorganic chemicals 0 0
Nutrients 0 2,2111
pH 0 42.3
Siltation 0 2,657.3
Organic enrichment/ 0 2,519.9
low dissolved oxygen
Salinity/ 0 1,584.3
total dissolved solids/
chlorides
Thermal modifications 0 554.3
Flow alterations 0 1,391.4
Other habitat alterations 0 2,266.1
Pathogen indicators 0 2,051.3
Radiation 0 0
Oil and grease 0 1,637.5
Taste and odor 0 989.3
Suspended solids 0 387.3
Noxious aquatic plants 0 1,680.9
Total toxics 0 1,399.9
Turbidity 0 445.3
Exotic species 0 0
Other * *
Algae 0 334.7

*Not applicable.



Table 3-5
Total sizes of rivers and streams impaired by various sources

Sources Contribution to impairment
(miles)

Major Moderate/Minor
Industrial point sources 0 317.1
Municipal point sources 0 291.3
Combined sewer overflows 0 0
Agriculture 0 2,615.3
Silviculture 0 1,410.0
Construction 0 2,178.9
Urban runoff/storm sewers 0 2,148.4
Resource extraction 0 1,1104
Land disposal 0 2,055.3
Hydromodification 0 1,989.9
Habitat modification 0 0
Marinas 0 0
Atmospheric deposition 0 0
Contaminated sediments 0 0
Unknown sources 0 0
Natural sources 0 0
Other 0 2,167.9

The Fenholloway
River study

The 1947 Florida legislature, in passing Chapter
24952, Florida Statutes, granted any industrial or
manufacturing plant in Taylor County the right to deposit
sewage, industrial and chemical wastes, and effluent into
the Fenholloway River and Gulf of Mexico. Water
quality only had to be maintained at a level to support
navigation and industrial and municipal dischargers.

Based on this law and technological limitations to
then-current manufacturing processes of Buckeye Florida,
a pulp mill, the Fenholloway River was designated a Class
V water body. Under some conditions the mill's 50-
million-gallon-a-day discharge constitutes the river's
entire flow.

As required by the federal Clean Water Act, Section
303(c), every three years states must review their water-
quality standards and criteria, a process known as triennial
review. In 1987 the Environmental Protection Agency did
not approve the Fenholloway's classification as a Class V
water (industrial use) because FDEP had not performed a
Use Attainability Analysis as part of the triennial review
process’ The analysis, which studies physical, chemical,
biological, and economic factors, is required when water
bodies cannot sustain a healthy population of shellfish,
fish, and wildlife, or support recreation. The Fenholloway

“FDEP, Use Attainability Analysis, Fenholloway River, December
1994, Final Report.

study evaluated the factors that had prevented the river's
reclassification as Class 111 (recreational and wildlife use).

Geographic setting

The Fenholloway River originates in a freshwater
wetland, San Pedro Bay, and flows west to southwest past
the City of Perry to the Gulf of Mexico, draining about
160 sguare miles along its route. The river flows through
the Gulf coastal lowlands; in this relatively flat terrain,
elevations are below 100 feet.

The river basin has karst features, with limestone out-
crops at or near the surface; evidence of dissolved lime-
stone, or solution activity, is apparent. Seven springs
along the river each discharge one to ten cubic feet per
second. Because the river and the Floridan Aquifer are
directly connected downstream of San Pedro Bay,
pollution of the river has affected groundwater quality.

Results of the study

FDEP conducted several different studies as part of
the Use Attainability Analysis, including the following:

1. Determining the pulp mill’s impact on the Fen-
holloway River and Gulf of Mexico and
establishing water-quality goals that would
restore beneficial uses to the river. Studies
focused on plant and animal life, trophic
structure (which refers to a water body's rate of



aging), sediments, and water quality. The
Econfina River was used as a reference to
compare impacts on the Fenholloway. (A
reference system is a similar, relatively pristine
system that researchers use as a basis for
comparison.)

Developing computer models to predict how
changing the quality and location of mill
discharges would improve water quality in the
Fenholloway and the Gulf.

Evaluating modifications in the mill’s manufac-
turing processes and wastewater treatment to
improve the quality of discharges.

Surveying existing uses such as recreation and
fisheries.

Evaluating options to increase the river’s flow,
such as moving the mill's wellfield, restoring
wetlands in San Pedro Bay, and disposing of
wastewater through deep-well injection or spray
irrigation.

FDEP documented several effects of the discharges.
Low dissolved oxygen, high biochemical oxygen demand,
high levels of color and nutrients, and high specific con-
ductance for a freshwater river have reduced both the
numbers and variety of plant and animal species in the
river and Gulf compared with other, similar Florida wa-
ters. For example, high levels of color, dissolved organic
carbon, and nutrients have altered the intensity and quality
of light needed for seagrass growth in the Gulf. As a
result, nine square miles of seagrasses have been de-
stroyed. In addition, higher numbers of pollution-tolerant
blue crabs, catfish, and silver perch were found in the Gulf
near the Fenholloway’s mouth than near the Econfina s
mouth, while more fish species were found near the
Econfina' s mouth than the Fenholloway’s.

Dioxin contamination is an important concern. In the
late 1980s, the Environmental Protection Agency found
that concentrations of this toxic chemical in the mill's
wastewater ranged from 10 to 27 parts per quadrillion.
Dioxin in fish tissues varied from undetectable to 20 parts
per trillion. Based on these results, in 1990 the Florida
Department of Health and Rehabilitative Services issued a
health advisory recommending no consumption of fish
from the Fenholloway.

Recent data from the Use Attainability Analysis in-
dicate that dioxin concentrations in freshwater fish are
currently 1 to 3 parts per trillion. Fish and crabs from the
Gulf have concentrations below detection levels. The re-
duction probably stems from a 1990 change in the mill’s
manufacturing process. Wastewater samples from 1992
and 1993 confirm the decline; only one of five quarterly
samples showed measurable dioxin levels (11 to 12 parts
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per trillion). Despite the reduced concentrations, Florida
is keeping the no-consumption advisory.

During most months, the river's dissolved oxygen
levels below the mill discharge are hypoxic (oxygen
deficient) to severely hypoxic. The estuary is hypoxic
during warm months but often exceeds the dissolved
oxygen standard of 4 milligrams per liter during the
winter. Low dissolved oxygen levels caused by the
release of oxygen-demanding substances in the discharge
reduce the number and variety of species.

Computer-modeling studies indicate that under low-
flow conditions, the mill discharges lower the river's
dissolved oxygen levels to between 1 and 3 milligrams
per liter. At very low flows accompanied by high
temperatures, dissolved oxygen drops to less than 1
milligram per liter, not enough to support a healthy
biological community. Reducing pollution levels,
however, would restore less than 1 milligram per liter of
oxygen to the river. Moving the discharge to the estuary
would result in a minimum 24-hour average concentration
in the estuary of 2.3 to 2.8 milligrams per liter, while
injecting oxygen into the pipeline would raise 24-hour
average levelsin the estuary to 3 to 4 milligrams per liter.

FDEP evaluated over 130 different options to
improve the quality of the mill's discharge and developed
the following three scenarios as potential solutions:

B Scenario A, which would cost about $13 million,
recognized that it is not possible to reclassify the
river as Class IIl, that is, fishable and
swimmable. Waters of the Gulf of Mexico,
however, are subject to Class |11 criteria. Under
this scenario, the color of the mill's discharge
would be reduced 50 percent, allowing seagrass
restoration in the Gulf.

Scenario B evaluated options to improve waste-
water quality. We included an assessment of
chlorine-free processes, although these are not
currently economically feasible at this mill.
Extensive modifications—in effect rebuilding the
mill—would reduce oxygen-consuming com-
pounds by as much as 80 percent, color by 85
percent, chlorinated organic chemicals by 80
percent, and specific conductance by 30 percent.
Capital costs for this scenario range from $160
million to $300 million. Even with the plant up-
grades, though, the river's dissolved oxygen
levelswould not meet Class 111 criteria.

Scenario C, which would cost about $40 million,
recognized that the river has little capacity to
assimilate wastes at the discharge point because
most flow comes from the discharge itself. The
greatest dilution of waste can be achieved at the
river’'s mouth, simply because of the greater
volume of water. Computer models predict that
by piping waste to the estuary, dissolved oxygen



levels will usually meet state criteria. One
potential problem is that the upper river may be
dry as much as 35 percent of the time.

Because the Use Attainability Analysis shows that it
is currently not technically or economically feasible to
improve the quality of the discharge to meet Class Il1I
standards, and because the river’s limited capacity to
assimilate wastes will prevent fishing and swimming as
long as the mill discharges at its current location, we
chose Scenario C.

The Use Attainability Analysis was the official docu-
ment supporting the Fenholloway’s reclassification from
Class V to Class Ill. The Florida Environmental
Regulation Commission approved the reclassification on
December 15, 1995, effective December 31, 1997. The
delay will allow permits for the pipeline to be obtained.

The pipeline will carry wastewater to the estuary for
dilution. It will remove wastewater from about 20 miles
of river, eliminating the possibility of groundwater
contamination. The pipeline alone, however, will not
attain Class Il standards in the estuary. The mill’s
manufacturing process must still be modified to reduce
effluent color, which will restore seagrasses, and lower the
levels of chlorinated organic chemicals and dioxin.

An oxygen injection system for the pipeline is also
proposed. The issue of dissolved oxygen concentrations
is complicated by the fact that blackwater streams do not
naturally attain Class Il standards of five milligrams per
liter. Data are being collected to develop site-specific cri-
teria for dissolved oxygen.

Finaly, the restoration of 13.8 sguare miles of
wetlands in San Pedro Bay will improve flows upstream
and mitigate the impacts on wetlands of building the
pipeline.

River restoration
and rehabilitation
projects

Upper Oklawaha River
SWIM project

The 638-square-mile Upper Oklawaha River Basin
extends from Lake Apopka, following the river north to
State Road 40 near Ocala. At the turn of the century, the
Oklawaha was a slow-moving river 30 to 500 feet wide,
averaging three feet deep.

The southern basin comprises a series of intercon-
nected lakes, including Apopka, Griffin, Little Harris,
Harris, Eustis, Beauclair, Yale, and Dora—referred to as
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the Oklawaha Chain of Lakes. Control structures
currently regulate most of the flow between the lakes.

The Oklawaha River does not become an independent
stream until it emerges from the northern end of Lake
Griffin.  Beginning in 1870, canals were dredged to
connect the lakes and create a navigable channel.
Tourism, agriculture, and industry grew, as did barge and
steamship traffic. Visitors were attracted by the river's
fishery and related recreational activities. Most of the
river north from Lake Griffin to State Road 40, a lake and
riverine system, has now been channeled.

Under pressure from local farming interests, in 1917
Congress approved draining portions of the river’s flood-
plain, and alock and dam were constructed at M oss Bluff.

As a result, the original channel was abandoned from
Starkes Ferry to Moss Bluff and the river’s flow redirected
into the J.D. Young Canal (C-231). In the 1970s, the
Army Corps of Engineers enlarged the canal and adjacent
levees as part of the Four River Basin project.

Other alterations to the basin included
construction of the following:

the

1. The Apopka-Beauclair Canal and its lock and
dam.

2. A dike system to drain 20,000 acres of marsh
around Lake Apopka.

3. TheDora Canal between Lakes Dora and Eustis.

4. Bunell Lock and Dam between Lakes Eustis and
Griffin.

5. The Yale Canal and levee system that drained

7,000 acres of the Emeralda Marsh.

When the marsh was drained, more than 30,000 acres
of highly productive fertile farmland became available.
Because they originated from wetlands, the area’s farms
were called "muck farms'; their main crop is corn.
Interior ditches, pumping stations, and levees along the
marsh’s perimeter drained the farms. The modifications
also allowed navigation, controlled flooding, expanded
urbanization, and stabilized lake levels so that water could
be stored for droughts.

As aresult of wetland losses, channeling, and changes
in land use, water quality declined and fish and wildlife
habitat decreased. Studies by the Florida Game and Fresh
Water Fish Commission document the decline of the
largemouth bass fishery in the Oklawaha Chain of Lakes.
Because stabilizing lake levels prevented nutrients and
sediments from being flushed, the lakes became eutrophic,
or nutrient rich, aging and filling in more rapidly because
of human-induced changes.

Lake Apopka is considered hypereutrophic, that is,
man-made changes have vastly accelerated its aging.
Agricultural pumping and runoff from muck farms add



nutrients and pesticides. Urbanization contributes pollu-
tants and nutrients through stormwater runoff and septic
tank leachate.

Poor water quality in Lake Apopka affects the Okla-
waha and downstream lakes. Lake Apopka and local
runoff from muck farms pollute Lake Griffin. Water
quality from Lake Griffin north to State Road 40 is poor
because the river has little capacity to clean itself until it
meets the Silver River, which contributes large amounts
of clean spring water.

Because of its numerous problems, the Upper Okla-
waha Basin was accepted as a priority water body for the
Surface Water Management and Improvement program; it
was the first SWIM restoration and management plan
approved in 1989. The plan identified five priorities:
excessive levels of nutrients, potentially hazardous levels
of organic chemicals and metals, habitat and shoreline
losses, interagency coordination on management, and
public education.

Interim and final pollution load reduction goals to
reduce nutrients and other contaminants are required for
al SWIM water bodies. PLRGs are reductions in the
levels of specific pollutants needed to preserve or restore
beneficial uses and meet state water-quality standards. By
the end of 1994, interim goals had been identified.

Both internal and external nutrient budgets are needed
to prepare PLRGs. Internal budgets, which analyze
nutrient cycles in the lakes, are currently being studied.
Even after pollution diminishes, however, water quality
may not improve because nutrients in the sediments are
recycled. In Lakes Eustis and Dora, researchers are
assessing nutrient concentrations in sediments and the
rates at which sediments are deposited. They are also
working to identify and assess sites contaminated by trace
metals and organic chemicals.

External nutrient budgets assess the amounts of
nutrients coming from outside the lakes. An external
budget for the Upper Oklawaha has been prepared mainly
from information on land uses, hydrology, and water
quality. Computer models have been used to predict the
effects on water quality and nutrient levels of various
restoration and management alternatives.  Upstream
tributaries appear to contribute the most nutrients to L akes
Beauclair, Dora, Eustis, and Griffin, while muck farms are
the main source of phosphorus pollution in Lake Griffin.
A single dominant nutrient source was not identified for
the remaining lakes.

The external nutrient budget is used to develop
interim pollution load reduction goals. Because the ratios
of nitrogen to phosphorus in the lakes indicate that algal
growth is limited primarily by the availability of phos-
phorus, interim PLRGs have focused on reducing the
levels of this nutrient. Exceptions may occur where the
amounts of external phosphorus are large enough to limit
nitrogen levels, or where the limitation is a mixture of the
two nutrients.
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The proposed interim goals limit muck farm
discharges of total phosphorus per liter to levels expected
from natural wetlands and reduce the Apopka-Beauclair
Canal's total phosphorus concentration. Implementing
these goals is predicted to reduce estimated total
phosphorus contributions from 48 to 79 percent and
reduce the lakes’ total phosphorus concentrations by 37 to
74 percent. Lakes Beauclair, Dora, Eustis, and Griffin are
predicted to improve the most.

Plans to achieve the SWIM goals and interim PLRGs
center on acquiring land, restoring wetlands on muck
farms, and restoring the river channel. Before dredging
and diking, the wetlands served as filters for the lakes and
river, protecting their water quality. The wetlands
themselves provided valuable wildlife habitat and nursery
areas. In addition to reducing nutrient levels, restoration
will offer many benefits, such as restoring wildlife habitat,
improving water quality, adding flood storage, and
increasing recreational opportunities.

Through the SWIM program, the St. Johns River
Water Management District has bought large tracts of
drained marsh that had been converted to muck farms.
They include sites near Lakes Apopka, Eustis, and Harris;
Emeralda Marsh on Lake Griffin; Sunnyhill Farm between
Starks Ferry and Moss Bluff; and Oklawaha Farm
between Moss Bluff and Silver River (see Chapter 4 for
details of the Lake Apopka restoration). Through land
acquisition alone (10 of 13 farms), muck-farm discharges
have declined substantially. At Sunnyhill, average annual
phosphorus discharges have decreased 75 percent
compared with when the farm was operating. The
following summarizes the restoration work’s current
status:

B Part of Emeralda Marsh, which is adjacent to
Lake Griffin, is being converted to marsh flow-
ways (Lake Griffin Marsh Flow-Ways 1 and 2).
These will filter particulates and suspended
solids, which contain nutrients, from the lake.
Water will move from the lake through the flow-
ways and then back to the lake. Phase | will try
to use existing culverts and pumps to flood the
land and produce sheet flow (the movement of
very shallow water over a large area), while
Phase Il will create control structures and sheet
flow to remove nutrients. Phase | pilot
operations in Flow-Way 1 began in October
1994, and Phase Il will begin once Phase |
generates results. Flow-Way 2 has been flooded
since 1992; although its water level currently
fluctuates with that of Lake Griffin, no water is
exchanged.

Other portions of Emeralda Marsh have been
flooded and stocked with sport fish. Monitoring
of water quality and vegetation began before the
marsh was reconnected to Lake Griffin, and a
long-term restoration plan is being drafted for



these areas. In 1993 a Type || Waterfowl Man-
agement Area opened for fall and winter
hunting, and hiking and riding trails have been
built in uplands and atop levees.

Restoration at Sunnyhill Farm will reestablish
flows in the historic river channel and restore
2,800 acres of wetlands in an effort to improve
water quality. The original wetlands were lost
when they were drained to build the C-231
Canal. In the interim, managing water levels
has created about 1,700 acres of new wetlands
from former agricultural fields. Water quality
has improved a little but remains poor. Flows
through the marsh may have to be restored
before water quality improves.

Restoration of the old Oklawaha River streambed
between Sunnyhill Farm and Moss Bluff began
in 1992 when debris was cleared. Eventually,
water will flow from the C-231 Canal through
seven miles of the original river channel and
floodplain and will return to the canal below the
Moss Bluff Dam. The canal between Sunnyhill
Farm and Moss Bluff will not be filled; instead,
floodwaters will be diverted there as needed. The
river channel must still be dredged and interior
ditches and divides removed to allow water into
the river. A restoration plan and hydrologic
model have been completed, and a joint study
with the Corps on the feasibility of abtaining
federal funds was finished in January 1995.

The farm lease on the 4,400-acre Oklawaha
Farm tract, now called the Oklawaha Prairie
Wetland Restoration Project, expired in July
1994. As part of the lease agreement, the farmer
graded levees along six miles of old river
channel, removed woody vegetation and muck
from the old channel, and filled ditches. About
2,500 acres of farmland will be converted to
marsh, and the river’s natural hydrology will be
restored.  Additional funding is needed to
complete the work; a possible source is federal
Section 1135 monies authorized by the Water
Resources Development Act.

The final link in achieving restoration is
reregulating water levels in the southern basin’s
chain of lakes. Currently, lake levels are pre-
vented from fluctuating naturally. A computer
model produced alternative schedules for
regulating the lakes and, because public
comments showed concern over economic
impacts, the alternatives are being revised to
reduce these impacts but keep the environmental
benefits.
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B Other programs to regulate pollution and protect
the Oklawaha are also being pursued. All point
and nonpoint sources have been brought into
compliance through permit conditions.
Conservation plans are being implemented for
muck farms still operating in the basin. State
agencies are helping local governments develop
comprehensive plans for protecting the basin
and local environmental protection ordinances.
Examples include a clearinghouse on natural
resource ordinances to assist local governments
and model shoreline protection ordinances
drafted by the University of Florida Center for
Governmental Responsibility.

Kissimmee River
SWIM project

The Kissimmee River Basin, part of the Lake Okee-
chobee-Everglades system, drains 3,054 square miles.
The headwaters of the Kissimmee River originate just
south of Orlando. The river's headwaters comprise
several tributaries and lakes that send water south to Lake
Kissimmee.

Between 1965 and 1971, the 103-mile river flowing
from Lake Kissimmee south to Lake Okeechobee was
channeled to control flooding and replaced by the 56-mile
C-38 Canal. As a result, 30,000 to 40,000 acres of
wetlands disappeared, removing the river's natural
capacity to filter nutrients. Asthe newly drained land was
converted to improved pasture and dairies, surface runoff
increased nutrient levels in the river and eventually in
L ake Okeechobee.

Several efforts began during the 1970s to restore the
Kissimmee River. In 1976 the Florida legislature estab-
lished a coordinating council to examine restoration op-
tions. Between 1984 and 1989, a demonstration project
evaluated the feasibility of restoring the river's oxbows
and marshes. The project included tests to simulate the
impact of floods on components such as weirs and a
physical-modeling study.

By 1990 the South Florida Water Management Dis-
trict had evaluated various restoration plans. The recom-
mended alternative, the Level 11 Backfilling Plan, required
filling in 29 continuous miles of canal and excavating 11
miles of new channel to restore the river's natural mean-
dering pattern and adjacent floodplain in the central part
of the system. The restoration would be phased over 15
yearsto allow funding and land acquisition.

In 1990, Congress directed the Corps to study the
backfilling plan. In 1991, the Corps endorsed a slightly
scaled-back version, including an upper basin component
that would increase seasonal water storage by raising lake
levels and would provide a more natural, continuous flow
of water to the river. The 1992 Water Resources
Development Act authorized federal participation in and



cost sharing of the $372-million project (based on 1992
estimates). The water management district and the Corps
agreed to share the cost equally.

A large part of the drained floodplain has been pur-
chased and a 1,000-foot-long test section of the C-38
Canal filled in. In 1996, the Corps refined specifications
and reduced the estimated costs for the upper basin by $14
million. The first major phase of the restoration is sched-
uled to begin in 1998.

Upper St. Johns
River project

The Upper St. Johns River Basin, consisting of a
series of interconnected lakes and wetlands, extends from
the Fort Drum Marsh north to Lake Poinsett, covering
over amillion acres.

In the early 1900s, several major dredging and hydro-
logic modification projects were carried out in the basin.
The Fellsmere Grade and Fellsmere Main Canal were built
across the floodplain to connect the Towns of Fellsmere
and Kenansville and provide drainage. Many other
private canals followed; a nhumber severed the low ridge
separating the St. Johns' marshes from the Indian River
Lagoon, diverting large amounts of fresh water to the
Indian River and Atlantic Ocean. More dikes were
constructed and pumps installed for private flood
protection, a process that accelerated through the 1950s
and 1960s.

As a result, much of the floodplain was drained and
used for citrus, cattle, and row crops. From its original
400,000 acres, the 100-year floodplain was reduced by 62
percent and the annual floodplain by 42 percent. The re-
maining wetlands were further degraded by altered
hydrology and nutrients from agricultural runoff.

Floods during the 1940s convinced Congress and the
state of the need for flood control. In 1948, Congress
authorized the Central and Southern Florida Flood Control
Project, and the Florida legislature created the Central and
Southern Florida Flood Control District.

Construction on the restoration project started in
1966. The plan called for reducing flood levels in the
upper basin during major storms by diverting water from
the St. Johns to the Indian River via the C-54 Canal.
Downstream of C-54, water would be diverted to
reservoirs west of the river. By 1970, the C-54 Canal
system was operating, and the construction of upland
reservoirs was nearly complete.

The project was suspended in 1974 for review of its
environmental impact statement. In 1977, sponsorship
shifted to the St. Johns River Water Management District.

By 1985 the Corps had reevaluated and redesigned the
project, this time focusing on restoration.

Construction began again in 1988. The 150,000-acre
project extends about 75 miles from the Florida Turnpike
in southern Indian River County to Lake Washington in
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Central Brevard County. The Upper St. Johns River in
the project area comprises segments of marsh and river
connected by a series of lakes, including Blue Cypress,
Helen Blazes, Sawgrass, and Washington (a Class | water
body used for drinking-water supplies).

The project has two primary objectives. Thefirst isto
improve water quality by reestablishing the natural
hydrology in existing marshes and restoring agricultural
lands to marsh. The second is to reduce freshwater flows
to the Indian River Lagoon; these flows upset its
ecological balance. The lagoon's problems are being
addressed as part of the Indian River Lagoon National
Estuary Program (see Chapter 5 for a detailed
discussion).

The design, which calls for a semistructural approach
to water management, includes over 100 miles of flood
protection levees, six gated spillways, and 15 smaller
water-control structures, culverts, and weirs. Four marsh
conservation areas and three water management areas are
also being built.

The marsh conservation areas temporarily hold flood
water, provide long-term storage, conserve water, improve
water quality, and restore and preserve the river flood-
plain. They mimic the river's natural hydrology and aid in
restoring natural sheet flow. Structures such as weirs and
spillways are used only when water levels rise above a
specified flood stage. Total phosphorus concentrations in
water discharged from the marshes is about one-third low-
er than those in water discharged without marsh treatment.

The water management areas retain waters discharged
from agricultural lands, separating agricultural runoff
from cleaner areas of the basin. They also provide water
for reuse in farm irrigation. Many farms in the basin now
have on-site retention ponds that provide some water stor-
age and treatment. Water is discharged from the ponds to
the water management areas. Originally, the water man-
agement areas discharged to the marsh conservation areas.

Since the sawgrass marsh is sensitive to phosphorus,
however, these discharges have been rerouted to the St.
Johns.

Because the project was redesigned to improve water
quality and flood control, the deadline for completion was
extended from 1995 to 1997. When finished, more than
80,000 acres of existing marsh will be enhanced and
60,000 acres of drained marsh restored to wetlands.
Water will move across the marshes, rather than entering
canals and draining directly to the river. Locally, water
quality in the Upper St. Johns chain of lakes will
improve.  Regionally, the greatest benefit will be
improved water quality and protection of the Indian River
Lagoon’s fishery.

In some places along the St. Johns, agricultural de-
velopment has narrowed the floodplain. The water man-
agement district is buying farmland, when possible, to
restore as marsh.



Comprehensive study
of the Apalachicola-
Chattahoochee-Flint/
Alabama-Coosa-
Tallapoosa Rivers

In 1992, a formal Memorandum of Agreement
between the governors of Florida, Alabama, and Georgia
and the Assistant Secretary of the Army initiated the
Apal achicol a-Chattahoochee-Flint/Alabama-Coosa-
Tallapoosa Rivers Comprehensive Study. The agreement
halted Florida and Alabama’ s lawsuit against Georgia and
the Corps over the allocation of water resources in the two
basins.

The study will—in both the short term and long
term—define the extent of the region’s water resources,
describe water demands in the two basins, and evaluate
alternatives that benefit all users. When complete, the
study will provide the governors of the three states with
the information they need to agree on management plans.

Because of delays in obtaining approval for parts of
the work, contractor delays and problems, and the
magnitude of the study, the completion date was extended
from January 3 to September 30, 1995, and later to
September 30, 1996. A third extension of the
Memorandum of Agreement to December 31, 1997, is
under negotiation. If approved, it will alow work in
progress to be completed and alow time for formulating
and approving an interstate-federal compact.

Geographic setting.  The comprehensive
study, covering 42,400 sguare miles, encompasses parts
of Florida, Georgia, and Alabama. 1t comprises two major
river drainage basins, the Apalachicola-Chattahoochee-
Flint (ACF) and the Alabama-Coosa-Tallapoosa (ACT).

The ACF system, which drains 19,600 square miles,
extends 385 miles from Northeast Georgia south to the
Gulf of Mexico. The Chattahoochee River originates in
the Blue Ridge Mountains in the Appalachian Highlands
of Northeast Georgia (north of Atlanta) and flows
southwest for 120 miles. It then flows south for 200
miles, forming part of the boundary between Georgia and
Alabama and, farther south, between Florida and Georgia.

The river merges with the Flint River at the Lake
Seminole Reservoir to form Florida' s Apalachicola River.
For most of its length, the Chattahoochee has been altered
and regulated by locks, dams, and reservoirs used for
public water supply, hydropower, and navigation. It
contains five Corps reservoirs and nine nonfederal
reservoirs along its length.

The Flint River originates in the Piedmont Plateau
south of Atlanta. It flows 349 miles in a southerly
direction till it meets the Chattahoochee River at Lake
Seminole. The Lower Flint River flows through a karst
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area.  Although some damming and impounding has
occurred, the Flint’s flows are still relatively unregulated.

The last control structure on the ACF system is the
Woodruff Dam at the Lake Seminole Reservoir. Lake
Seminole is functionally the Apalachicola River's head-
water. Most of the Apalachicola, which flows south 108
miles to Apalachicola Bay, is classified as an Outstanding
Florida Water. Because of the river's connection to the
southern Appalachians and Piedmont through the Flint
and Chattahoochee rivers, its biology is unique to Florida.

About 90 percent of the state's harvestable oysters and
about 10 to 15 percent of the nation's oysters come from
Apalachicola Bay.

The ACT system extends about 320 miles from
Northwest Georgia and a small portion of Southeast Ten-
nessee southwest across Alabama. It drains 22,800 square
miles.

The Coosa River, which originates in western Georgia
from the confluence of the Etowah and Oostanaula rivers
near Rome, Georgia, flows about 286 miles southwest
into Alabama until its confluence with the Tallapoosa
River. The 235-mile-long Tallapoosa River begins in the
Piedmont Plateau in Georgia west of Atlanta, merging
with the Coosa River near Montgomery, Alabama, to
form the Alabama River. The Alabama then flows south
for 315 miles to meet with the Tombigbee River, forming
the Mobile River about 45 miles above Mobile Bay.

All three rivers have been altered by locks, dams, and
reservoirs used for public water supply, hydropower, and
navigation. The system contains 6 Corps and 12 non-
federal reservoirs.

Study history. The comprehensive study result-
ed from conflicts between various water users, states, and
federal agencies in the two basins. Although previous
efforts to manage the ACF system as an entire basin pro-
duced an Interim Drought Management Plan and a Navi-
gation Maintenance Plan, neither provided long-term,
basinwide management. Regional droughts in the mid- to
late 1980s sensitized residents to the need for water man-
agement.

Beginning in 1986, municipalities in the Atlanta area
requested additional reservoir storage for drinking water
from facilities in the Corps system. In 1989, the Corps
began assessing the reallocation of water storage from
hydropower to water supply at Carters Lake and Lake
Allatoona (impoundments on tributaries to the Coosa
River), and Lake Sidney Lanier (an impoundment of the
Chattahoochee River in North Georgia). In 1990, the
Corps' final report proposed reallocating 2 million gallons
a day from Carter Lake and 11.5 million gallons a day
from Lake Allatoona. Part of the reallocation would have
been from the ACT to the ACF system to supply Atlanta
with drinking water.

Alabama challenged the proposed reallocation in
court, alleging that the Corps violated Alabama's water
rights and was biased toward Georgia. It also alleged that



the Corps had not fulfilled the requirements of either the
National Environmental Policy Act or its own regulations
on coordinating plans for water management and
allocation.

Florida subsequently intervened in the litigation be-
cause reducing water quantity and quality in the Apala-
chicola River and Bay could profoundly affect the bay’s
productivity. Florida alleged that the Corps' actions vio-
lated the Coastal Zone Management Act.

In 1991, under an agreement between the Corps, Ala-
bama, and Georgia, Georgia withdrew its request for a
West Georgia Regional Reservoir and agreed to
participate in a comprehensive study of the two basins.
The Corps agreed to stop processing the reallocation
report. A draft plan of study was produced by the end of
1991, and all four partners agreed to a final plan in
January 1992. In the same month, the three governors
and the Assistant Secretary of the Army agreed to work
together in addressing water resource issues. The
agreement included the following key points:

1. The Corps would withdraw the reallocation
report.

Current withdrawals of water would continue
and be increased to meet reasonable demands.
Written notice would have to be provided,
however, if withdrawals increased by more than
ten million gallons a day or if new withdrawals
were greater than one million gallons a day.

The Corps would operate the federal reservoirs
to maximize water resource benefits.

All parties would support the study and contrib-
ute monetary and nonmonetary support. Each
state provides $250,000 per year in addition to
staff.

A coordination mechanism would be used to re-
solve future disputes over the comprehensive
study and water resources in both basins.

The Alabama lawsuit would be inactivated.

The comprehensive study. uUnder the
study’s multilevel management structure, the four
principal parties are equal partners. The Executive
Coordination Committee defines the water-resource issues
to be reviewed and manages the study. The Technical
Coordination Group provides interstate and intrastate
coordination, recommends technical content, and oversees
the study. The Legal Support Group provides legal
expertise. The Technical Review Panel reviews work
produced by the study. Finally, interest groups or
stakeholders are particularly critical in developing
strategies for basinwide management and coordination;
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they include representatives of local governments, private
industry, special interest groups, and citizens.

The comprehensive study addresses 15 different ele-
ments organized around four broad categories or
concerns: process support, the availability of water, water
demand, and comprehensive management strategy.

Process support includes forecasting population and
economic variables such as employment, personal
income, and housing, constructing a database, and
ensuring public participation. Forecasts were developed
for 2010, 2030, and 2050. Estimated municipal,
industrial, and recreational demands for water are based
on these forecasts.

The quantities of surface water and groundwater are
also determined. Models describe the availability and
routes of surface water and groundwater movement. A
separate groundwater model was developed for the
Floridan Aquifer in the Lower Flint River/Apalachicola
River because the region's Kkarst features affect
groundwater—surface water interactions. Base flow from
the aquifer contributes to the Flint River and ultimately
the Apalachicola River.

Water demand defines what is needed for agriculture,
the environment, Apalachicola River and Bay,
hydropower, industry, municipalities, navigation,
recreation, and maintaining water quality. For agriculture,
hydropower, industry, municipalities, and navigation,
future water use or requirements for channel depth were
forecast through 2050.

Apalachicola River and Bay are of special concern to
Florida. Current studies are focusing on understanding
the amounts of fresh water and nutrients that Apalachicola
Bay needs to maintain its historic productivity and
diversity and defining how the links between the bay and
river preserve that productivity. A three-dimensional
model is examining changes in salinity, circulation, and
other physical characteristics that could result from
changes in freshwater flows. Researchers are aso
studying how riverine and floodplain habitats are
connected to the river. Changes in habitat size when the
river is at various levels will be used to estimate how
altered flows affect plant and animal communities.

Environmental demand focuses on fisheries needs
and the potential effects of changes in water management.

Rivers and reservoirs in both basins support diverse fish-

eries and provide nursery habitat for many species. Nu-
merous threatened and endangered species are also pres-
ent. Researchers are studying the relationship between
river flows, reservoir levels, and fisheries and describing
how flows affect the amount of connected habitat that is
available.

Data are also being compiled for both basins on
existing water quality and trends. A computer model
predicts potential water-quality problems under proposed
allocation alternatives.

Finaly, a comprehensive management strategy
provides information to make decisions about water



resources. An important component is a "shared vision
model,” a computer simulation of how water is allocated
to different users in the system, which is being built
collaboratively using ideas from each group of
stakeholders. The model incorporates the different water
demands along with estimates of future needs, and will
ultimately test alternatives for allocating water to users
within and between basins.
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The coordination mechanism will help implement the
study’s findings. Stakeholders, the four partners, a facili-
tator, and contractor will recommend one or more ways in
which to manage water resources. The specific
mechanism used for management decisions is being
developed. An interstate basin commission is one
mechanism under consideration.



Chapter 4

ASSESSING WATER QUALITY

IN FLORIDA'’S LAKES

Florida has about 7,712 public lakes, each with a
surface area greater than or equal to ten acres. Of these,
260 had water-monitoring data, and we evaluated an
additional 161 using information from other sources. Our
report assesses these 421 lakes, representing a total of
2,004 sguare miles. Water-quality data are not collected
for private lakes.

Support for
designated use

Florida lakes are functionally designated as either
Class | (public drinking-water supply) or Class Il
(wildlife and/or recreational use). Although this report
assesses a relatively small number of lakes, they represent
close to 60 percent of the state’ s lake surface area.

In deciding whether individual lakes supported their
designated uses, we evaluated many different kinds of in-
formation, including the Trophic State Index Index,
biological data, and the 1994 Nonpoint Source
Assessment. We also considered whether standards were
violated for conventional pollutants and trace metals and
whether fish consumption advisories had been issued (see
Chapter 2 for details on the assessment methodol ogy).

Table 4-1 summarizes support for designated use of
Florida's lakes. A classification of threatened means that
awater body currently supports its use, but may not in the
future. The impaired category includes lakes that either
partially meet or do not meet their uses. Although this
category includes better than half the total lake area, the
information should not be interpreted to mean that a large
number of lakes do not support their designated uses. The
main reason is that Lakes Okeechobee, George, and
Apopka—very large lakes with water-quality problems—
dominate the total area.



Table 4-1
Summary of fully supporting,
threatened, and impaired sizes of lakes

Degree of support Assessment category Total assessed size
for designated use (miles)
Evaluated Monitored

Size fully supporting all assessed uses 288.4 539.2 827.6
Size fully supporting all assessed uses 0.0 7.3 7.3
but threatened for at least one use

Size impaired for one of more uses 33.0 1,037.4 1,070.4
Total assessed 3214 1,583.9 1,905.3

Table 4-2 lists the total lake areas that meet different
degrees of support for designated uses, as specified by the
Environmental Protection Agency. Examples of designat-
ed uses include aquatic life support (healthy plant and
animal life), swimming, and fishing.

Florida's standards and criteria do not distinguish be-
tween protecting aquatic life, secondary contact, and other
recreational activities—all of which are included in Flori-
dasClass Il standard. Similarly, Class | waters must also
protect aquatic life and allow swimming, fishing and other
recreation.
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Table 4-2 was generated by first identifying the
square miles of support or nonsupport for each Florida
water-quality standard. The areas listed for aquatic life
protection, fish consumption, swimming, and secondary
contact were obtained by adding together the areas for
Classes | and Ill. Because Florida standards do not
distinguish between these uses, we used the same total
areafor each.  Slightly less than half the total lake area
assessed fully supported Class 111 use. A large area only
partially supported Class | use because Lake Okeechobee
dominated the total area. The lake did not support its
designated use mainly because it violated state standards
for metals.



Table 4-2
Summary of support for individual uses of lakes

Goals Use Size assessed Area fully Area fully Area partially Area not Size not
(square miles) supporting | supporting but supporting supporting attainable
(square miles) threatened (square miles) (square miles) | (square miles)
(square miles)
Protect and Aquatic life 2,004.4 891.9 14.8 978.3 119.4 0
State defined: * * * * * *
enhance 1.
ecosystems
Fish consumption 2,004.4 891.9 14.8 978.3 119.4 0
Protect and
Shellfishing * * * * * *
enhance Swimming 2,004.4 891.9 14.8 978.3 119.4 0
Secondary contact 2,004.4 891.9 14.8 978.3 1194 0
public health
Drinking water 646.6 1.6 645.0 0 0 0
State defined:
1. Class | 654.7 57.2 0 596.9 0.6
Agricultural * * * * * *
Social and Cultural or * * * * * *
ceremonial
economic State defined: * * * * * *
1. Industrial

*Not applicable.
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Table 4-3
Total sizes of lakes impaired by various causes

Cause Area affected

(square miles)
Major | Moderate/mino
r
Unknown 0 0
Unknown toxicity 0 0
Pesticides 0 0
Priority organic chemicals 0 0
Nonpriority organic chemicals 0 0
Metals 0 781.7
Ammonia 0 296.7
Chlorine 0 28.6
Other inorganic chemicals 0 0
Nutrients 0 299.3
pH 0 2.1
Siltation 0 1179
Organic enrichment/low dissolved oxygen 0 7.0
Salinity/total dissolved solids/chlorides 0 154.3
Thermal modifications 0 40.0
Altered flows 0 112.2
Other habitat alterations 0 92.2
Indicators of pathogens 0 72.2
Radiation 0 0
Oil and grease 0 92.9
Taste and odor 0 371
Suspended solids 0 0
Noxious aquatic plants 0 122.3
Total toxics 0 814.0
Turbidity 0 0
Exotic species 0 0
Other * *
Algae 0 177.1
Fish kills 0 116.8

*Not applicable.

Causes and sources
of nonsupport of
designated use

We determined causes based on whether each water
body exceeded water-quality screening levels, on profes-
sional judgment, and on the results of the 1994 Nonpoint
Source Assessment. Our conclusions on sources were
based on professional judgment for point sources and the
results of the survey for nonpoint sources (see Appendix B
for descriptions of sources and causes).

In addition, we determined whether causes and sour-
ces had major or moderate/minor impacts. An impact was
defined as major when an impairment was the only cause
or source responsible, or was a large contributor. We
defined a moderate impact as one that was solely respon-
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sible for partial support, or one of several equally impor-
tant reasons that a water body did not fully support its
designated use.

We defined an impact as minor when a source or
cause was only one of many reasons for impairment and
was a small contributor. In contrast, previous 305(b) re-
ports identified single sources and causes as magjor im-
pacts, and multiple sources and causes (regardless of their
impact) as moderate/minor.

Relative assessment
of causes

Table 4-3 lists the causes of nonsupport of designated
uses and the total areas affected. The major causes were
metals and toxics. The data are biased, however, because
they reflect a relatively small number of lakes with large



areas. Lake Okeechobee, for instance, was the main
source of data on metals. We listed all causes as having
moderate/minor impacts because we identified more than
one cause in awatershed.

Relative assessment
of sources

Table 4-4 lists the sources of nonsupport of
designated use and the total areas affected. Most water-
quality problems stemmed from agricultural and urban
runoff, as well as municipal and industrial point sources.
Again, because many sources contributed to impairment,
we classified all impacts as moderate/minor.

Trophic status/
impaired and
threatened lakes

We used the Trophic State Index to determine
individual lakes' trophic status (see the methodology sec-
tion of Chapter 2 and the Technical Appendix for more in-
formation on the index) and to indicate support for
designated use: we considered a high TSI (above 70) as
not supporting use, 60 to 70 as mesotrophic and partially
supporting use, and below 60 as oligotrophic and fully
supporting use. These approximated poor, fair, and good
water-quality classifications, respectively, compared with
those expected without human impacts.

Table 4-4
Total sizes of lakes impaired by various sources
Source Area affected
(square miles)

Major Moderate/minor
Industrial point sources 0 150.5
Municipal point sources 0 218.0
Combined sewer overflows 0 0
Agriculture 0 838.5
Silviculture 0 28.5
Construction 0 157.0
Urban runoff/storm sewers 0 340.8
Resource extraction 0 98.9
Land disposal 0 154.4
Hydromaodifications 0 101.3
Habitat modifications 0 0
Marinas 0 0
Atmospheric deposition 0 0
Contaminated sediments 0 0
Unknown sources 0 0
Natural sources 0 0
Other 0 116.6
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Table 4-5
Trophic status of significant publicly owned lakes

Use Trophic Lakes in each Median parameter value
classification condition trophic class
Number Area Chlorophyll a Nitrogen | Phosphorus Secchi | Trophic
(square (micrograms/ | (milligrams/ | (milligrams/ depth State
miles) liter) liter) liter) | (meters) Index
Meets use Oligotrophic 312 907 5 0.72 0.03 1.3 44
Partially Mesotrophic 81 978 24 1.36 0.07 0.7 62
meets use
Eutrophic Eutrophic 28 119 78 2.4 0.13 0.4 76

Table 4-5 shows the trophic status of significant pub-
licly owned lakes. We modified some water-quality as-
sessments when information from special reports or pro-
fessional judgment contradicted the statistical analyses.
Table 4-5 also shows that under this classification scheme
most lakes (312) were oligotrophic, while 81 were meso-
trophic and 28 eutrophic.

A large percentage of lake area only partially met
designated use because Florida's two largest lakes, Okee-
chobee and George, constitute more than half the state’s
lake surface area. A third large, hypereutrophic lake,
Apopka, was rated poor and did not meet its designated
use.

Most Florida lakes are shallow solution depressions
in which water generally mixes well. In nutrient-poor,
sandy soils, lakes can be quite oligotrophic. Where nu-
trients are available, however, they can quickly become
nutrient rich because of their shallowness and Florida's
warm  temperatures. Agricultural  runoff, urban
stormwater, and historical discharges from wastewater
treatment plants cause most nutrient problems, although
many wastewater discharges were removed from lakes in
the 1970s and 1980s.

Most lakes must meet Florida Class 111 water-quality
criteria, and lakes or reservoirs used for drinking water
must meet higher Class | criteria. In the statewide assess-
ment, we considered lakes impaired if their Trophic State
Index value was greater than 60 (see Tables 4-1 through
4-4, which summarize support for designated use as well
as causes and sources of nonsupport).

Lake protection,
management, and
restoration in Florida

Florida has no consistent statewide policy or state-
directed effort to coordinate all lake management. Many
different levels of government address lake water quality,

restoration and rehabilitation, and management. The
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Environmental Protection Agency's Clean Lakes Program,
Florida's Surface Water Improvement and Management
Program, the Florida Game and Fresh Water Fish Com-
mission’s lake restoration program, FDEP's Aquatic Plant
Management Program, the water management districts,
and local governments are all important participants.
Work often proceeds as a partnership of local, federal, and
state governments, with the costs shared by all.

Federal Clean Lakes Program

The Clean Lakes Program establishes partnerships
between federal, state, and local governments to identify,
classify, protect, and restore significant publicly owned
lakes. The state considers any public lake, that is, waters
of the state of ten acres or greater, eligible for the Clean
L akes Program.

The state was granted authority for the program
through Section 314 of the 1977 Clean Water Act, 40CFR
35 Subpart H, February 5, 1980. FDEP received authority
from the state through Section 403.0165, Florida Statutes,
and Chapter 62-104, Florida Administrative Code.

The program, administered by the Environmental
Protection Agency, began in 1975 under Section 314 of
the 1972 Federal Water Pollution Control Act
Amendments (Public Law 92-500). From 1975 to 1978,
$35 million in research and development grants were used
to demonstrate that lake restoration was possible.
Nationally, the program received about $93 million
through 1985. Of all the EPA regions, Region 1V (the
southeastern United States) received the smallest share
(about $3.7 million). Although Florida received about
$2.5 million from Region IV before 1985, or 65 percent,
since 1985 it has received less than $500,000.

Between October 1976 and October 1981, Lake Jack-
son received almost two-thirds of the Florida Clean Lakes
Program funds; the remaining $1.1 million was distributed
among other projects (see Table 4-6).

In 1977, the legislature established a Clean Lakes
Program for FDEP to help restore the state's water resour-
ces (Section 403.615, Florida Statutes) and handle grants
from the federal Clean Lakes Program. Shortly after-



Florida Clean Lakes Program projects

Table 4-6

Project | Period | Federal share | Total
Diagnostic/feasibility studies
Lake Lawne 8/90-12/93 $100,000
Lake Hollingsworth 6/91-11/92 40,000
Lake Munson 6/89-9/94 40,000
Lake Jackson 6/89-9/91 172,909
Lake Maggiore 1/81-8/82 70,000
South Lake 10/80-10/81 72,987

$495,896
Restoration projects
Lake Eola 9/79-9/82 $217,000
Lake Jackson 10/76-10/81 1,807,432
Lake Apopka 6/76-6/81 143,900

$2,168,332

Water-quallty assessments
Florida Lakes Bioassessment/ 9/91-8/97 $167,000
Ecoregionalization Proposal
Travel 9/91-9/93 2,000
Crescent Lake 2/89-9/90 100,000
Lake classification 2/81-12/82 97,558

$366,558

wards, the state implemented procedures for the Water
Resources Restoration and Preservation Program (Chapter
62-104, Florida Administrative Code). It also established
the Pollution Recovery Trust Fund, whose excess monies
would go to the Clean Lakes program.

Originally, six to nine positions were established to
administer the program. When Clean Lakes grant monies
were cut, the positions were transferred to FDEP's haz-
ardous waste program, although water resources
continued to provide funding. Since 1985, one person has
administered the program with technical assistance from
FDEP's Stormwater/Nonpoint Source Management
Section.

Although several attempts were made to resurrect the
once-active program, it was maintained only part-time be-
cause of a number of factors—particularly the establish-
ment of the Surface Water Improvement and Management
Program and limited Clean Lakes funding. The major
regular funding source was suspended.

The lack of federal Clean Lakes Program funding has
severely curtailed the program’s success. Recently it has
done little more than solicit grant proposals from the
water management districts and local governments for
diagnostic studies and improvement projects and submit
them to the EPA. FDEP managed the contracts and
served as a liaison between EPA and the contractors.

A comprehensive Florida lake management program
is essential to coordinate and integrate lake management,
monitoring, and water-quality assessments. It would also
provide FDEP with good publicity. Heightened public
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awareness generally translates into increased funding,
which could be used to improve Florida's many lakes. It
appears that the state is heading in this direction.

Lake water-quality assessment.
Assessments of lake water quality are the cornerstone of
management decisions.  This section describes the
programs that provide water-quality information and the
current or planned activities to improve Florida's
capabilities.

In 1980, the EPA issued Clean Lakes Program regula-
tions requiring states to conduct a lake classification
survey to remain eligible for continued Section 314 fund-
ing. Florida complied by publishing the technical report,
A Classification of Florida Lakes, in early 1983. The
report assessed the condition of 788 lakes; the information
was used to develop the Florida Lake Classification and
Prioritization Project final report in late 1983, which has
guided Clean Lake Program activities.



In recent years, contracts with the water management
districts and planning councils provided one-time water-
quality monitoring of smaller lakes. The Florida Lake
Watch Program also has volunteers assessing water
quality in 391 lakes. The information will help the Clean
Lakes Program plan future diagnostic and restoration
work, and provide data for this report.

The 1988 Nonpoint Source Assessment, which
fulfilled the state's responsibilities under the federal
Section 319 program, was transferred to a geographic
information system database. The assessment contains
information on the condition of the state's lakes and the
sources of pollution affecting them. Updated using GIS,
it provided new information on nonpoint sources for the
1994 305(b) report. The updated survey also provides
datafor the Clean Lakes Program.

FDEP will soon be using GIS to target watersheds
with special management concerns, predict the effects of
different management alternatives, determine whether
specific initiatives are working, and generally maximize
the effectiveness of watershed management efforts. In the
near future, GIS will probably be used to extract specific
lake data, as well as to build and overlay individual maps
of land use, soil types, point and nonpoint pollution
sources, permitting activities, water quality, and the
location and types of infrastructure—including stormwater
management facilities and political boundaries.

FDEP's Surface Water Ambient Monitoring Program
supports the Clean Lakes Program. SWAMP uses
biological assessments to supplement more traditional
physiochemical monitoring. Biological assessments
measure the structure and function of aguatic
communities. Since periodic and cumulative pollution
and altered habitats affect these communities, they are
particularly important indicators of nonpoint pollution,
which contributes the most contaminants to Florida's
surface waters—especially lakes.

Several states have used ecoregions, initially
developed at a relatively broad scale, to develop
biological criteria, water-quality standards, or goals for
managing nonpoint source pollution.! Because these large
ecoregions often did not provide enough detail, work
began in Florida and other areas (Alabama, Mississippi,
lowa, Oregon, Washington, and the middle Appal achians)
to further delineate ecoregions, define subecoregions, and
identify sets of reference sites for each subecoregion. The
delineation work was performed at a greater level of
resolution (1:100,000 to 1:250,000) in collaboration with
state agencies, Environmental Protection Agency regional
offices, the EPA’s Environmental Research Laboratory in
Corvallis, Oregon, and EPA contractors.

Similarly, researchers compiled a map of summer
levels of total phosphorus in lakes for Wisconsin,

*omernik, .M., Ecoregions of the Conterminous United States,
Annals of the Association of American Geographers,77(1): 118-
125, 1987.
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Michigan, and Minnesota? It showed where lake
characteristics and landscapes combined to create regional
differences in expectations, attainable water quality,
interrelationships, and landscape characteristics associated
with lake quality. Although other issues must be
considered in addition to eutrophication—an important
problem in Florida lakes—such a framework allows
management decisions to be tailored to the state's
different lake ecoregions.

In 1989, the EPA published an innovative strategy to
guantify biological monitoring, the EPA Rapid Bioassess-
ment Protocols, that contained two separate but inter-
related components:

1. Establishing standardized protocols (or pro-
cedures) for bioassessments.®
2. Determining appropriate ecoregional reference

sites.*

Using this framework as a basis for improving
biological monitoring, in 1991 FDEP approved two three-
year contracts to classify the state’s major lake ecoregions
into subecoregions, so that reference sites could be estab-
lished for the bioassessments. The two contracts were
originally intended to study streams, lakes, and estuaries.
When this proved too ambitious, the work was divided
into three separate projects. The first, under the 1991
contracts, covers streams and rivers. Lakes and estuaries
comprise the second and third projects.

Lake ecoregion and bioassessment

Projects. On October 27, 1992, the EPA approved a
Clean Lakes Program grant to define lake ecoregions (and
identify representative reference sites) and standardize
procedures for bioassessments. Considerable progress has
been made on both projects.

FDEP also received a Section 319(H) grant to develop
a monitoring program for lake watersheds affected by
nonpoint pollution. The grant funded six biologists
positions. The department also received some Pollution
Recovery Trust Fund monies and 104(b)(3) grants to help
with lake research.

2 Omernik. J.M., C.M. Rohm, S.E. Clarke, and D.P. Larsen,Summer
Total Phosphorus in Lakes: A Map of Minnesota, Wisconsin, and
Michigan, U.S.A. Environmental Management12:815-825, 1988.

Rapid Bioassessment Protocols for Use in Streams and Rivers-
Benthic Macroinvertebrates and Fish(Washington, D.C.: U.S.
Environmental Protection Agency, EPA/444/4-89-001, 1989).

Regionalization as a Tool for Managing Environmental
Resources, (Washington, D.C.: U.S. Environmental Protection
Agency, EPA/600/3-89/060, 1989).



Lake ecoregions

To map lake ecoregions, we outlined regiona
characteristics, drafted ecoregion boundaries, and created
digital boundary coverages. We mainly used qualitative
methods—that is, expert judgment—in selecting,
analyzing, and classifying data, basing our decisions both
on the quantity and quality of data and on the
relationships between the data and other environmental
factors.®

We attempted to define lake ecoregions that had some
meaningful differences. Our first draft defined 41 eco-
regions (see Figure 1-3), which we developed primarily
by evaluating the patterns of features that influence lake
characteristics. Each ecoregion was assigned two
numbers: the first (65, 75, or 76) relates to the numbering
scheme of U.S. ecoregions,® while the second refers to the
Florida lake regions in an ecoregion.

Water chemistry and physical measurements of 340
lakes in 31 ecoregions taken since December 1994
suggest that some boundaries may need to be adjusted.
The work will continue through December 1996.

We chose representative yet relatively undisturbed
examples of the various lake types in each of the 41 pro-
posed ecoregions, trying to avoid unusual lakes. Of 231
candidates, 120 have been sampled. We also sampled
nearly 50 impaired lakes to develop measurements for
differentiating healthy and affected systems. The
sampling included bioassessments as well as conventional
measurements of water chemistry and physical
characteristics.

Bioassessment

The lake bioassessment projects have progressed
well. The 1993 samples of 13 pairs of lakes demonstrated
that these assessments can help determine the health of
aguatic communities. Biological measurements such as
the number and diversity of benthic (bottom-dwelling)
species, Hulbert's Lake Condition Index, percent
suspension feeders, percent mayflies, percent ETO
(mayflies, caddisflies, dragonflies, and damselflies),
percent amphipods, phytoplankton density, and chloro-
phyll a levels effectively distinguished reference from
impaired lakes. Physical measurements that were good

Somernik, J.M., Ecoregions of the Conterminous United States,
Annals of the Association of American Geographers,77(1): 118-
125, 1987; Omernik, J.M., Ecoregions: A Spatial Framework for
Environmental Management,in Biological Assessment and Criteria:
Tools for Water Resource Planning and Decision Making,W. Avis
and T.P. Simon, editors (Boca Raton: Lewis Publishers, 1995), pp. 49-
62; Gallant, A.L., T.R. Whittier, D.P. Larsen, J.M. Omernik, and R.M.
Hughes, Regionalization as a Tool for Managing Environmental
Resources (Corvallis, Oregon: U.S. Enviranmental Protection Agency,
EPA/600/3-89/060, 1989); and Omernik, J.M. and A.L. Gallant,
Defining Regions for Evaluating Environmental Resources, in Global
Natural Resources Monitoring and Assessments, Proceedings of
the International Conference and Workshop,Venice, Italy, pp.
936-947.

*Omernik, 1987.
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indicators included the quantities of organic matter, silt,
and clay in sediments.

An analysis of 62 reference lakes in 29 ecoregions,
sampled in the summers and winters of 1993 and 1994,
showed that most of the 41 proposed lake ecoregions can
be grouped into two biological classes based on their
similar origins, hydrology, and natural water chemistry:
upland and lowland lakes and, within each of these
groups, clear-water and dark-water lakes.

Many Florida lakes are naturally mesotrophic or eu-
trophic, resulting in controversies over what causes eutro-
phication in individual lakes. We identified biological
measures that were affected by human disturbance or pol-
lution by comparing biological data from an additional 29
degraded lakes with the reference lakes. The degraded
lakes were stressed by combinations of nutrients, organic
matter, and contaminants from agricultural and urban
nonpoint runoff. Properly classifying the reference lakes
allowed us to distinguish presumed human effects (from
all sources) from the effects of natural eutrophication and
accumulated organic matter.

Further work using the larger database collected since
1994 will determine the scientific validity of these find-
ings. We have now performed detailed bioassessments on
over 160 lakes, and more sampling is planned for summer
1996.

EPA has submitted the final draft of the Lake and
Reservoir Bioassessment and Biocriteria Technical
Guidance Document to the Science Advisory Board in
Washington, D.C. Florida's lake projects are reported in
and have influenced the development of that document.

Phase One lake diagnostic/feasibility

studies. The following Phase One studies were com-
pleted during the 1990s:

B The Lake Jackson Phase One study, finished in
September 1991, was an excellent report that
detailed the lake' s problems.

The Lake Lawne project’sfinal report, completed
in December 1993, included data analysis, the
development and evaluation of alternative man-
agement strategies, a ranking of restoration pro-
grams, and an evaluation of project benefits.

The project also used secondary sources to
identify and describe the natural and
socioeconomic characteristics of the lake and
watershed. The federal share of the project was
$100,000. Several elements were part of the
project: sediments were sampled, and
stormwater and routine lake water-quality
monitoring were completed for three storms.



H  An $80,000 grant to study Lakes Munson and

Hollingsworth was awarded for June 1, 1989, to
June 30, 1994. The final report on Lake
Munson was received on August 28, 1992, and
the Lake Hollingsworth study was completed in
December 1994. FDEP and the EPA have
approved both projects.

L akes Jackson and Munson in Leon County and Lake
Hollingsworth in Polk County are now the focus of
cleanup and protection initiatives because of local interest
in restoring valuable recreational resources. The lone
outlaw is Lake Lawne in Orange County, still the subject
of contention between the City of Orlando and Orange

County.

Phase Two lake restoration projects.
No Phase Two projects are currently under way in Florida.
These projects must qualify for funding based on
recommendations from a satisfactory Phase One diag-
nostic/feasibility study (or a study addressing essentially

the same criteria).

Possible Phase Two projects include

the following:

1

Following completion of the Phase One study of
Lake Munson in August 1992, the City of
Tallahassee and Leon County improved storm-
water management in the lake's watershed. In
1993 a dilapidated outfall on the lake's south end
was replaced, allowing better control of lake
levels. Plans are also shaping up to remove
about two million cubic yards of sediment from
the lake and delta. This will remove a source of
contamination and improve habitat for beneficial
plants, fish, and other organisms. The county
has secured at least $2 million for the work from
the Hazard Mitigation Fund, and matching
funds are being sought from the Florida Game
and Fresh Water Fish Commission and other
sources.

Several land acquisitions are planned for
1996 to protect the lake from future development
and provide recreational access. One 100-acre
siteis on the northern shore, while the other 60-
acre parcel lies on the southeastern shore. The
purchases are a joint effort of Leon County and
the Florida Communities Trust, a state land trust
program stemming from Preservation 2000.

Farther upstream, the city and county are
cleaning and maintaining Munson Slough and
the East Ditch, two major drainage features in
the watershed. This should improve conditions
downstream in the lake. Plans are also in the
works to restore Gum Swamp’s hydroperiod and
construct a regional stormwater facility for Lake
Henrietta by 1998.

Nearly 70 percent of Lake Munson’s
watershed lies within the Tallahassee city limits.
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The city has scheduled a number of improve-
ments to augment lake restoration efforts,
including the following:

a. A downtown regional stormwater
treatment plant, scheduled to be
completed in fiscal year 1998 for about
$11 million, will help provide capacity to
meet concurrency requirements for
redeveloping the downtown and for new
Florida State University facilities.

b. A little over $1 million is budgeted to
improve stormwater management for
Magnolia Heights by fiscal year 1999.
The plans include a 1.5-acre detention
facility.

c. Nearly $11 million is budgeted by fiscal
year 1998 for stormwater management in
the Trimble/Mission Road area. Design
and engineering plans are not yet final.

d. Long-range plans include building a
stormwater management facility near
Orange Avenue and Wahnish Way. The
project, anticipated to be about 30 acres,
will relieve flooding, treat a significant
amount of stormwater, and provide
recreation. Its costs and funding have not
yet been determined. The outcome
depends to some extent on the final design
of the East Branch project.

e. Several other projects that are not well
defined but may benefit the lake are also
scheduled. Although  considerable
progress has been made in the lake's
watershed, much work remains. The in-
lake project is an excellent candidate for
Phase Two Clean Lakes funding.

Now that the Phase One study of Lake Lawne
has been completed, Phase Two work depends on
whether the City of Orlando and Orange County
reach a consensus on the importance of
restoration and shared responsibilities. At the
moment, future restoration is a higher priority
for the county than for the city, but that is
subject to change.

Once the Phase One study was completed, the
City of Lakeland completed a $150,000 pilot
project to determine the feasibility of dredging
Lake Hollingsworth. A hydraulic dredge will
remove 3.6 million cubic yards of sediment for
about $7 million. The city is expected to
complete engineering plans and permitting for



the rest of the lake by summer 1996. Former
mined land about two miles from the lake,
currently used for pasture, is being considered as
a disposal site. Construction is expected to begin
by early 1997 and continue through the end of
1998.

A stormwater management plan for the
watershed will be implemented as funding
allows. The city was unsuccessful in passing a
sales tax referendum or a stormwater utility to
raise money but will continue efforts to adopt a
stormwater utility as a dedicated source of rev-
enue for future projects. It isencouraging to see
the progress being made.

Under the Surface Water Improvement and
Management program, recommendations are
being developed for watershed management and
restoration in Lakes Tarpon, Thonotosassa,
Panasoffkee, and the Winter Haven Chain.

FDEP anticipates that the lakes can qualify for
Phase Two funding.

The Phase One study of Lake Jackson only
recommended routine harvesting of plants,
which does not qualify for Phase Two funding.
Although the additional recommendations for
managing the watershed are beyond the scope of
Phase Two, many are being implemented.

The City of Tallahassee and Leon County
have established a special "lake protection”
land-use category in their comprehensive plans
that limits future residential densities in the
northern portion of the lake watershed and limits
commercial and office uses. All other intensive
land uses are prohibited. The city and county
have also increased the treatment of stormwater
runoff from development sites, established buffer
areas, and restricted specific land uses.

The Meginnis Arm restoration project, com-
pleted in 1992, removed 112,000 cubic yards of
contaminated sediment deposited in the lake
from upstream development over the years. The
Surface Water Improvement and Management
program coordinated the effort using $1.13
million in state, federal, and local funds. The
results have been positive, and monitoring is
ongoing.

The revegetation of Meginnis Arm after the
recent dredging is nearly complete. Using
partial funding from a Section 319 grant, nearly
40,000 native herbaceous and woody species
were planted, including grasses, bulrush, water
lilies, spatterdock, maidencane, cypress, red
maple, and sweet gum. Many educational
groups have toured the site, and citizen
participation is high.
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The Northwest Florida Water Management
District Meginnis Arm Regional Stormwater
Treatment Facility expanded in 1990. The
Interstate 10/Meginnis Creek  Stormwater
Treatment Facility was added in 1993 through a
cooperative effort of the Florida Department of
Transportation, the Surface Water | mprovement
and Management program, and Leon County.
Upstream in the subbasin, the City of
Tallahassee has built two regional stormwater
treatment facilities, and regulatory agencies
required a complete stormwater retrofit as part of
an expansion project for a 100-acre shopping
mall. The benefits are currently being studied.

Ancther pond in the watershed (Yorktown
Pond) was reconstructed to increase the
treatment of stormwater runoff. Four additional
regional stormwater systems are planned.

In 1992, the water management district and
Tallahassee acquired a 670-acre parcel that
includes frontage on Lake Jackson as well as a
sensitive ravine system associated with a
tributary. In 1993, FDEP and the city acquired
an abutting 890-acre parcel that also has sen-
sitive ravine features and a small lake
contributing water to Lake Jackson. Becausethe
area is under pressure for suburban
development, the acquisitions will prevent non-
point pollution. Most of the land will be
managed as a passive park " greenway" system.

Two additional acquisitions are currently
under way in the Okeeheepkee subbasin: the
first will provide about 30 acres to build a
regional stormwater treatment facility, while the
second will preserve a sensitive 30-acre
ravine/tributary system.

Coordination, staffing, and funding

pI ans. A rejuvenated Florida lake management
program will require extensive coordination between the
Clean Lakes Program, Florida's Surface Water Ambient
Monitoring program, growth management interests, local
governments, the five water management districts and
their Surface Water Improvement and Management plans,
and activist groups such as the Florida Lake Management
Society and Florida Lake Watch. Coordination will be
accomplished by wusing established communication
networks, administering contracts, and taking a more
visible and active role at meetings and conferences.
Distributing  information through  workshops and
publications will aso make people more aware of the
program.

In the past, Florida was sometimes not given enough
notice to develop proposals for restoring lakes. The Envi-
ronmental Protection Agency also did not provide enough
guidance in defining the criteria by which proposals were
judged. Adequate notice and guidance are essential to



generate interest, obtain good proposals, set priorities for
projects, and submit them on time. The state intends to
coordinate and communicate more closely with the EPA
to overcome these problems.

The EPA has long sought the appointment of a full-
time Clean Lakes Program coordinator in Florida, rather
than someone who has to balance the responsibilities of
the program with other professional obligations. The state
recently dedicated half an environmental specialist's time
to the program, which will help to develop its potential.

The most serious problem is alack of revenue. Tight
federal, state, and local budgets have reduced the avail-
ability of funds for lake management. Thereis no simple
solution. The Clean Lakes Program has never been a
priority for the EPA, as evidenced by the fact that the
agency's own budget requests to Congress do not include
Clean Lakes funding. If EPA expects Florida to commit
to staffing or funding for lake management, it must lead
by example.

The state will try to use the Water Resources Restora-
tion and Preservation Trust Fund, the Pollution Recovery
Trust Fund, and Surface Water Improvement and
Management budgets to pursue Clean Lakes projects.
General revenue will be used for matching grants to cover
salaries, fringe, and indirect costs. Local governments
will be encouraged to participate. If enough benefits can
be demonstrated, FDEP may eventually be able to ask the
legislature to budget for the program. The state desires to
obtain as much federal money as possible to improve
Floridas lakes and will pursue all avenues to obtain
matching funds.
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Pollution control methods

Florida's permitting practices and nonpoint controls
for lakes are the same as those in Part Il. Growth man-
agement legislation requires cities and counties to submit
comprehensive plans to control pollution, including
stormwater, for significant surface waters in their
jurisdictions, while the Florida Water Plan outlines goals
and objectives for protecting and managing the state’s
water resources.

Table 4-7 summarizes Florida's programs and strate-
gies for managing and preventing pollution. Most are not
specific to lakes but provide general protection for water
bodies. Many focus on watershed protection. The table
loosely groups activities into programs (such as water-
quality monitoring and environmental education), regula-
tory efforts (permits, rules, and statutes), and planning
(lake management plans). Statewide regulatory activities,
although they apply to all lakes, may not always be im-
plemented. In addition, the water management districts
rules and authority extend only to the area managed by a
particular district.



Table 4-7
Overview of how Florida manages
and protects its lakes to prevent pollution

Name and description

Strategy to achieve protection

Programs

The 1987 Surface Water Improvement and
Management Act targeted water bodies in need
of restoration or protection.

1. SWIM plans and watershed management and

restoration plans identify the most important issues
and goals for individual water bodies and establish
strategies to meet those goals.

. Pollution load reduction goals (PLRGS) set limits on

the amount of pollution entering a water body.

. Educational and outreach programs promote the

importance of protecting a water body.

. Interagency coordination makes the most efficient

use of limited financial and staffing resources.

Land acquisition programs across the state buy
lands for recreation and conservation.

. Preservation 2000, a ten-year land acquisition

program, helps fund the following programs:
Conservation and Recreational Lands.
Save Our Rivers.
Florida Communities Trust.
State parks.
State wildlife areas.
Rails to Trails.

. Fourteen counties have land acquisition programs

independent of the state.

. Other acquisition programs include the following:

Right-of-way acquisition.

Land and Water Conservation Fund.

Fish and Wildlife Trust Fund.

Florida Recreational Development Assistance
Program.

Florida Boating Improvement Fund.

State agencies, water management districts, and
local governments carry out environmental
education and outreach programs.

. Publications such as brochures are widely

distributed.

. Public school curricula, such as the St. Johns River

Water Management District’'s Waterways Program
for fifth graders, educate students about the
importance of protecting Florida’s natural systems.

The Florida Yard Program helps residents reduce
pollution by educating them on better home
and landscape management.

. The program first focused mainly on coastal

estuaries in southwestern Florida, and the University
of Florida is now adapting the program statewide.

. The program establishes a partnership of state,

regional, and local governments and concerned
citizens.

. The Florida Yards and Neighborhoods Handbook

has been distributed to interested citizens.

Local stormwater utilities work to manage
stormwater in new developments and retrofit
existing systems.

. The utilities provide revenues for stormwater

management, with fees based on a site’s
contribution to stormwater.

. More than 60 local governments have implemented

the utilities.

Lake Watch is a volunteer lake-monitoring
group directed by the University of Florida.

. Citizen involvement and educational outreach are

key components.

Government agency water quality-monitoring
networks determine the status of and trends in
water quality across the state.

. Networks include the following:

FDEP ‘s Surface Water Ambient Monitoring
Program trend stations.

Game and Fresh Water Fish Commission water
quality-monitoring network.

Water management district and local program
monitoring networks.
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Table 4-7 (continued)

Name and description

| Strategy to achieve protection

Regulatory efforts

1. Chapter 403, Florida Statutes, applies
statewide.

2. Chapter 373, Florida Statutes, applies
statewide.

. Florida’s general Environmental Protection Act gives
FDEP regulatory authority.

. This law specifies the water management districts’
authority.

1. FDEP rules, Chapter 62-25, Florida
Administrative Code, apply statewide.

2. Water management district stormwater
rules, Chapters 40A-E, Florida Administrative
Code, only apply to the geographic area
managed by a particular district.

. The rules establish a stormwater-permitting program
where applicable. In most of Florida, stormwater
management is part of the environmental resource
permit. Implemented through Chapter 62, Florida
Administrative Code.

. Agricultural stormwater management, including
best management practices, reduce pollution.
Implemented through Chapters 40A-E, Florida
Administrative Code. Examples include the
following:

a. Establishing a permitting program for regulating
consumptive water use.

b. Establishing minimum flows and water levels to
protect an area’s resources and ecology.

c. Establishing water resource caution areas.

National Pollutant Discharge Elimination System | 1. FDEP assumed partial delegation in 1995.
permits regulate discharges to surface waters. 2. In the near future, stormwater will be included.
The Wastewater Permitting Program (Chapter 1. Wastewater permits regulate discharges to both

62-4, 62-600, 62-620, and Chapter 62-650,
Florida Administrative Code) establishes
statewide water quality-based effluent
limitations. These set specific pollution limits to
remove or reduce discharges to a water body.

surface water and groundwater.

. Effluent limits and monitoring requirements must be

set before a permit is issued.

. Chapter 62-650, Florida Administrative Code,

defines the type of WQBEL.

Chapter 62-302, Florida Administrative Code,
establishes statewide water-quality standards
and criteria.

. The rules classify waters by their most beneficial use.
. They also establish specific criteria to protect water

quality.

. Waters of special value are designated as

Outstanding Florida Waters.

. An antidegradation policy for surface-water quality

protects, maintains, and improves state waters.

The Florida Department of Health and Rehabi-
litative Service’s rules under Chapter 10D-6,
Florida Administrative Code, apply statewide.

HRS requires a 75-foot setback of septic tanks from
surface waters.

Local governments regulate a variety of
activities to prevent pollution.

Local ordinances regulate zoning, establish setbacks
for clearing and construction, control boating,
establish permitting programs, and require turbidity
controls. Examples include the following:

a. A City of Lakeland local ordinance requires land
development permit, turbidity controls, a 15-foot
setback for vegetation removal, and a 50-foot
setback for structures on 12 natural lakes.

b. Polk County’s Surface Water Protection Code
establishes surface-water setbacks for new
structures and on-site sewage disposal systems;
provides authority to investigate water quality;
and establishes procedures for appeals,
variances, and penalties.

The statewide environmental resource permit
regulates activities that affect stormwater
quantity and treatment, and wetlands or other
surface waters.

This single permit replaces FDEP dredge-and-fill and
stormwater permits, and water management district
permits for management and storage of surface
waters.
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Table 4-7 (continued)

Name and description

Strategy to achieve protection

Water bodies that do not meet their designated
uses are targeted for total maximum daily loads,

1. Covers both point and nonpoint source discharges.
2. Requires a watershed approach to regulate

which limit the amount of pollution discharged
into a water body.

dischargers.

Planning

Ecosystem management is a flexible approach to
managing resources.

. Ecosystem management areas are being defined.
. An ecosystem management strategy and plan are

being developed for each area.

. The approach integrates private and government

programs.

The Florida Water Plan provides statewide goals
and objectives for protecting and managing
water resources.

. The plan addresses water supply, water quality,

flood protection, natural resource protection, and
interagency coordination, and provides strategies
for managing these issues.

. The plan’s provisions are not legally enforceable

unless incorporated into Chapter 62-40, Florida
Administrative Code, State Water Policy.

. The water management districts’ plans are part of

the Florida Water Plan.

Water management district plans have been
developed by each of the five districts.

. The districts have outlined issues and strategies to

manage and protect water and natural resources.

. The plans must be consistent with the Florida Water

Plan’s goals and objectives.

Lake management plans have been developed
for individual lakes affected by human activities.

. The plans take a watershed approach to identifying

issues and goals, setting priorities, and establishing
management strategies. Examples include the
following:

Lake lamonia.

Lake Munson.

Lake Miccosukee.

South Lake Basin (Lakes South and Fox).

The 1985 Growth Management Act required
the development of state, regional, and local
comprehensive plans for managing Florida’s
resources over the long term.

. The comprehensive plans contain important goals

and policies for water resources, natural resources,
stormwater, waste management, land use, air
quality, recreation, and transportation. Regional
and local plans must be consistent with the state
plan.

Basin advisory boards or interagency
management groups work to protect specific
water bodies.

. These organizations provide a watershed approach

to planning and management that integrates
different scientific specialties.

. Both private citizens and government

representatives take part.

. The groups may provide funding for environmental

research. Examples include Friends of Lake Jesup,
Orange Creek Basin Advisory Council,
Withlacoochee River Basin Board, and
Withlacoochee River Work Group.

Removing point source discharges or reducing their
impacts has reduced and prevented lake degradation. For

of just within
management.

lakes, and focuses on stormwater
Retrofitting older systems, permitting,

example, it has significantly improved water quality in
Banana Lake and Lake Tohopekaliga. Municipal waste-
water treatment plants produced most point source dis-
charges. During the 1970s and 1980s, however, many
plants were upgraded—although some must still be
phased out.
As point source pollution diminishes, Florida is
shifting its focus to controlling nonpoint source pollution.
Because this kind of pollution has so many different
sources, control is now more watershed oriented, instead
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implementing best management practices, creating and
restoring wetland marshes as filters, and acquiring land for
preservation all reduce nonpoint pollution of lakes.

The dairy rule for the Lake Okeechobee drainage
basin uses several of these techniques. The rule requires
specific guidelines and best management practices that
restrict dairy



Table 4-8
Summary of in-lake restoration techniques*

Technique Number of lakes Acreage
Drawing down 22 126,683
Removing sediments 15 68,254
Aerating 13 540
Injecting alum 8 1,624
Upgrading wastewater plants 10 25,818
and diverting treated wastewater

Herbiciding 325-350/year **
(includes river segments)

Mechanically harvesting aquatic ~500 to
plants (includes river segments) 800/year
Revegetating littoral zones 13 51,585
Removing rough fish 1 30,651
Replacing/ 3 1,375
repairing water-control structures

*All numbers are totals for the mid-1970s through 1995, except for herbiciding and
mechanical harvesting, which are per-year ranges or averages.

**30,000 to 35,000 acres of water hyacinth/water lettuce each year, 3,500 to 7,000 acres
of hydrilla, and 500 to 1,500 acres of other plants.

pollution (see the section on Florida’s Surface Water 1m-
provement and Management Program for details).

Surface Water Improvement and Management water
bodies must have a management plan that includes pollu-
tion load reduction goals, which are the estimated
reductions in pollutants needed to preserve or restore
waters to meet state water-quality standards. Interim
PLRGs—best-judgment estimates of reductions from
planned corrective actions—are a first step.

PLRGs and interim PLRGs have been developed for
several SWIM water bodies. Most are aimed at reducing
nutrients, particularly phosphorus. Internal and external
nutrient budgets are developed for each water body to
determine allowable or controllable reductions. Rules can
then be drafted to establish a way to meet those reductions
(see the following section for examples).

Purchasing environmentally sensitive lands is in-
creasingly important in protecting water bodies and their
watersheds. Florida has many land acquisition programs.
The most extensive is Preservation 2000, a ten-year land
acquisition program with a goal of spending $300 million
per year. It helps to support seven other land purchase
programs. From 1972 to 1991, the state bought 1.2 mil-
lion acres. More important, 14 local governments have
currently committed up to $600 million for land con-
servation.
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Lake management,
restoration,
and rehabilitation

Florida is active in lake restoration/rehabilitation and
management programs at all levels of state government.
Table 4-8 is our best estimate of the number of lakes and
acreages to which different in-lake techniques have been
applied. The acreages listed in both tables represent total
lake area. Table 4-9 summarizes in-lake restoration tech-
niques used from the mid-1970s to 1995.” During 1994
and 1995, the state had no federally funded Clean Lakes
Program restoration projects.

7Dieberg, F.E., V.P. Williams, and W.H. Schneider,Water Quality
Effects of Lake Enhancement Techniques Used in Florida,final
report submitted to the Water Resources Research Center and the
Florida Department of Environmental Regulation, May 1988



Table 4-9

In-lake restoration and rehabilitation techniques

Lake Area Draw- Wastewater Sediment Aeration Alum Littoral zone Intro- Harvest of Other methods
(acres) down treatment removal injection revegetation | duction aquatic and
plant and of grass littoral
diversion dredging carp* plants**
Banana 342 v v v Upgrading wastewater plant
(see table on watershed
restoration techniques)
Cannon 336 v
Effie 102 v
Eloise 1,160 4
Howard 628 4
Howell 400 v
Lulu 301 4
Munson 254 v v Replacing outfall
(see table on watershed
restoration techniques)
Reedy 3,485 v
Bear 109 v
Carlton 393 v
Davis 18 v v Stocking fish
Fox 165 v (see table on watershed
restoration techniques)
Griffin 16,505 v Creating marsh flow-way for
solids and nutrient removal
(included in Upper Oklawaha
SWIM plan)
Hunter 100 v v v v Building new control structure,
stocking with sport fish
Juniper 669 v
Karick 70 v Using fish attractors
Kissimmee 34,948 v v Burning and disking
exposed bottom
Stone 131 v
Tohopekaliga 18,810 v v v v Upgrading wastewater plant
to remove phosphorus
Beauty 2.2 v

*This is not a complete list of lakes where grass carp have been used. These examples represent larger public waters (see text for a description of the use of grass carp in Florida).

**This is not a complete list of lakes where plants have been mechanically harvested. FDEP's Aquatic Plant Management Program actively uses harvesting.




Table 4-9 (continued)

Lake Area Draw- Wastewater Sediment Aeration Alum Littoral zone Grass Harvest ing Other methods
(acres) down treatment removal/ injection revegetation carp aquatic and
plant dredging intro- littoral
diversion duction* plants**
Como 2.5 v
Dot 54 v
Eola 27 v v v Bottom (see table on watershed
restoration techniques)
Olive 3.2 v
Park 10.4 v
Theresa 2 4
Winyah 20 v
Ella 134 v Stormwater Recontouring bottom
Istokpoga 68,399 4 v
Yale 4,042 v
Center 410 v
Clear 339 v v v Stocking fish
Coon 148 v
Crystal 31 v v v (see table on watershed
restoration techniques/
educational displays)
East 11,968 v v Disking and burning
Tohopekaliga exposed bottom
J.W. Corbett 15 v Resloping shoreline
Wildlife
Management
Area
Merritts Mill 202 v v Controlling aquatic plants
Pond
Monroe 9,406 v
Talquin 8,850 v v
Thonotosassa 819 v v (see table on watershed
restoration techniques)
Derby Using fish feeders
Middle 215 v
Apopka 30,651 v Harvesting rough fish/
creating 3,500-acre marsh flow-
way to remove solids and
nutrients/stabilizing shoreline
with movable breakers
(see table on watershed
restoration techniques)
Webb Proposed
Ida 83 v

*This is not a complete list of lakes where grass carp have been used. These examples represent larger public waters (see text for a description of the use of grass carp in Florida).

**This is not a complete list of lakes where plants have been mechanically harvested. FDEP’s Aquatic Plant Management Program actively uses harvesting.
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Table 4-9 (continued)

Lake Area Draw- Wastewater Sediment | Aeration Alum Littoral zone Grass Harvest of Other methods
(acres) down treatment removal/ injection revegetation carp* aquatic and
plant dredging littoral
diversion plants**
Marian 5,739 4
Trafford 1,494 4
Hollingsworth 356 4
Osceola 157 v
Virginia 223 v
Holden 252 v v
Cannon 336 Inflow
Conine 236 v
Macy 19.6 v
Jackson 1,021 v Rebuilding
(Osceola water control structure/
County) disking and burning exposed
bottom
Stone 130 4
Wildmere 35 4
Sybelia 84 4
Little Fairview 88 4
Conway 1,075 v
Tyner 7.4 v
Sawgrass 21 v
Ivanhoe 5 v
Lancaster 445 4
Lorna Doone 16 v
Lucerne 22 v
Deer Point 5,000 v (see table on watershed
restoration technigues)
Miccosukee 6,226 v (see table on watershed
restoration techniques)
Maggiore 380 v 4 4
Meginnis Arm/ 204/ v v (see table on watershed
Lake Jackson 4,004 restoration techniques)

(Leon County)

*This is not a complete list of lakes where grass carp have been used. These examples represent larger public waters (see text for a description of the use of grass carp in Florida).

**This is not a complete list of lakes where plants have been mechanically harvested. FDEP's Aquatic Plant Management Program actively uses harvesting.
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Controlling aquatic plants is probably the most
widely used lake management and restoration technique
(see the following section for details).

Most management is currently directed at controlling
stormwater. Several other restoration techniques are com-
mon. For example, the Florida Game and Fresh Water
Fish Commission uses lake drawdowns fairly often to
enhance sport-fishing habitat. Bottom sediments are
removed where they are too mucky to support rooted
plants that enhance fishery habitat or where the nutrients
they contain significantly degrade water quality. Aeration
and alum injection are used on smaller lakes.

For this report, the Environmental Protection Agency
requested quantitative data on watershed restoration tech-
niques such as stormwater controls, the implementation of
best management practices, and local regulations (see
Table 4-10 for examples). We could not, however,
provide a complete statewide summary of the number of
lakes and acreages where these approaches have been
used. First, we have no comprehensive database of local
programs’ regulations and activities. Second, such a
detailed accounting is confusing and impractical, because
Florida's lakes and the number of overlapping authorities
are both so numerous.

Instead, we summarize the relative use of lake man-
agement practices by local governments, based on infor-
mation from a mail survey by the Florida Lake Man-
agement Society’s Urban Lake Management Committee.®
The survey was mailed during the fall and winter of 1995-
1996 to local government contacts who were members of
the Florida Lake Management Society, Florida Aquatic
Plant Management Society, Florida Local Environmental
Regulators Association, or Florida Association of Storm-
water Utilities. Surveys were sent to 160 to 170 in-
dividuals, of whom 60 to 70 responded.

The survey found that many local governments em-
ploy local regulations or restrictions, in addition to state
and water management rules, to protect and manage lakes.

Common local regulations included the following (in
parentheses are listed the total number and percentage of
respondents using this approach, respectively): lake
protection (35; 80 percent), shoreline protection (27; 78
percent), conservation (27; 70 percent), boating/skiing
(30; 67 percent), and docks (34; 74 percent). Land-use
and zoning restrictions were less frequent: buffer zones
around lakes (46; 51 percent), density restrictions (44; 30
percent), and commercial restrictions (44; 27 percent).

Of 30 programs that responded, 87 percent had com-
prehensive plans that included stormwater management.
About 85 percent of 39 respondents indicated that they
regulated stormwater.

Other local tools include monitoring, enforcement,
and public education. Local programs employ aquatic
plant monitoring (58; 69 percent), fish monitoring (51; 24
percent), fish stocking (53; 42 percent), water-quality

8The summary is a draft subject to revision; the Florida Lake
Management Society will publish a final report in late 1996.
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monitoring (54; 74 percent), and sediment monitoring
(50; 38 percent). Sixty-six percent of 58 respondents use
public education, while 57 percent of 44 programs use en-
forcement of illegal discharges.

Florida's Aguatic Plant
Management Program

FDEP's Bureau of Aquatic Plant Management has
primary responsibility for preventing aquatic plants (main-
ly exotics) from becoming a nuisance in Florida's public
waters. These are waters with an improved boat landing
facility where a car could retrieve a boat.

The bureau works to reduce noxious plants to the
lowest feasible level. This preserves habitat, ensures navi-
gation and flood control, and reduces the costs of
herbicide use. About 450 public lakes and navigable
rivers are eligible for state and federal funds and, on
average, 325 to 350 water bodies are managed each year.

Bureau staff work cooperatively with federal agen-
cies, other state agencies, water management districts, and
local governments. They also establish contracts with pri-
vate companies when there is no government partner.
This centralized approach reduces administrative costs by
reducing duplication in developing programs and
procuring funds. It also ensures that the funds go where
they are most needed and maintains coordination and
consistency among all the entities that control aquatic
plants.

The state's primary partner is the U.S. Army Corps of
Engineers through the Cooperative Aquatic Plant Control
Program, regulated under subsection 369.20-22, Florida
Statutes, and Chapter 62C-54, Florida Administrative
Code. This grant program is available to local govern-
ments and water management districts. Funds are dis-
tributed based on waterbody eligibility, program criteria,
the availability of funds, and priority. In the 1994-1995
fiscal year budget of $7.14 million, the state provided 50
percent of the funding, the Corps 48 percent, and local
governments 2 percent. Operations are performed under
the following agreements:

1. The Removal of Aquatic Growth Program
maintains navigation in federal project waters.
The Corps provides all funding.

2. The Aquatic Plant Control Program manages

eligible public waters for public health, fish and
wildlife conservation, access, and navigation
outside federal projects. The state provides most
funding, with some Corps and local government
matching funds.



Table 4-10
Examples of watershed restoration techniques

Lake Area | Sediment| Stormwater | Stormwater Pollution | Restoration or | Watershed/ Land Other
(acres) traps/ diversion | filtration or load lake wetland acquisition
detention detention reduction | management restoration for
basins ponds goals plan conservation
Deer Point 5,000 v v Passing local lake ordinances
Miccosukee 6,226 v v
Meginnis Arm/ 204/ v v v Redesigning streets or parking lots
Lake Jackson 4,004 to reduce runoff/
(Leon County) installing porous pavement/
including a special lake protection land-
use category in comprehensive plan/
passing local lake ordinances
Lafayette v Redesigning streets or parking lots
to reduce runoff
Okeechobee 450,000 v v Riprapping and fencing/
implementing agricultural best
management practices
through dairy rule/
Permitting nondairy activities through
Works of the District/
controlling exotic plants
Parker v v Retrofitting stormwater outfall
Orange Creek Basin 20,133 v'In v Setting minimum flows and levels/
(includes Newnans and development studying lake and watershed
Orange Lakes)
Winter Haven Chain v v Retrofitting stormwater system/
demonstrating swales
Upper Oklawaha River 81,117 v v v v Reregulating lake level schedules/
Chain removing agricultural runoff/
(includes Apopka, Griffin, creating marsh flow ways
Yale, Eustis, Beauclair, to filter Lakes Apopka and Griffin/
Dora, Harris, Little Harris) developing model lake protection
ordinances for local governments
Upper St. Johns River 6,265 v v Setting pollution load reduction goals
Basin (includes for phosphorus/
Washington, Sawgrass, restoring river floodplain/
Winder) treating agricultural discharges through
water management areas and on-site
farm retention ponds
Seminole 680 v Retrofitting upland stormwater system
(Pinellas County)
Silver v Building swales and using exfiltration
Thonotosassa 819 v v Controlling point

and nonpoint sources




Table 4-10 (continued)

Lake Area | Sediment| Stormwater | Stormwater Pollution | Restoration or | Watershed/ Land Other
(acres) traps/ diversion | filtration or load lake wetland acquisition
detention detention reduction | management restoration for
basins ponds goals plan conservation
Banana 342 v v
Eola 27 v Using exfiltration
Crystal 31 Developing educational displays
Jesup 10,011 v
South and Fox 1,266 4
Tohopekaliga 18,810
Tarpon 2,534
Munson 254 v v
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Cooperative funds are spent primarily to control three
invasive exotics: water hyacinth, water lettuce, and hydril-
la. The latter is the most abundant, occupying about
100,000 acres, and is the most troublesome. Each year
the Bureau of Aquatic Plant Management inspects about
1.25 million acres of rivers and lakes (about 450 water
bodies) to assess the impacts of these three plants. About
half the money spent is used to control hydrilla. Water
hyacinth and water lettuce are under maintenance control,
while the management of noxious native plants is limited
mainly to boat ramps and boat trails.

Water bodies are added and deleted based on their
continued public accessibility. Every three years the
bureau conducts a more extensive survey. Because
maintenance is expensive, canal systems built for flood
control are excluded from the survey and management
activities.

The surveys, begun in 1982, have three important
functions. First, they provide early warning so that
exotics can be found and contained before they cause
environmental problems. Second, since funds are usually
inadequate to cover al the state’s plant-control needs,
current and reliable information can help in setting
priorities. Finally, FDEP can monitor trends and evaluate
the effectiveness of control programs.

Florida uses chemical, mechanical, and biological
methods. Herbicides provide the longest and most
selective control of water hyacinth, water lettuce, and
hydrillaa.  The common chemicals used are copper
compounds, diquat, endothall, glyphosate, fluridone, and
2,4-D. Although their effects are temporary, they can last
from several months to as long as two years.

Copper is not used for large-scale plant control
because it is toxic to fish at concentrations of one to five
parts per million and accumulates in sediments. Under
the right conditions, the metal can be released from
sediments back into the water. It isalso not used where it
may come into contact with manatees.

Machines have been used to shear, lift, and haul
aguatic plants since the early 1900s. Mechanical
harvesting has a number of advantages: no water-use
restrictions are in effect as with herbicides, vegetation is
quickly removed, nutrients are removed along with plants,
and there is no decaying plant material in the water to
lower oxygen concentrations. The disadvantages include
high capital and operating costs, the nonselective removal
of plants and animals, a slow rate of control, limited usein
shallow water, and the spread of plants—particularly
hydrilla—by fragmentation. Mechanical harvesting is
used mainly in high-discharge or intertidal areas such as
the Crystal River and for maintaining boat trails.

Researchers have worked on biological controls for
about 30 years. Fifteen organisms, mostly host-specific
insects, have been released to control invasive exotics.
For example, alligatorweed was once one of the worst
aquatic nuisances in Florida. After the release of three
insect species, it is now only occasionally a problem. At
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least a dozen biological controls have also been released
to control water hyacinth, water lettuce, and hydrilla. The
organisms that feed on hydrilla include the Asian hydrilla
moth, leaf-mining flies, stem weevil, and tuber weevil.
Because most only stress the plant, the number of acres
controlled is impossible to determine.

Manipulating a lake’s trophic structure also provides
biological controls. Since 1972, Asian grass carp have
been used to control hydrilla in lakes. Since 1983, only
sterile triploid grass carp have been legal for use with a
permit from the Florida Game and Fresh Water Fish
Commission. About 11,000 permits have been issued for
grass carp; probably 90 percent or more of the permits are
for private waters, and most are for lakes of one acre or
smaller.

Grass carp have a healthy appetite for hydrilla and
usually prefer it over other aguatic plants. They also eat
other plants, and too many fish introduced into a water
body can strip it of aimost all vegetation. They can live as
long as ten years and reach 50 pounds.

The carp must be contained by fish barriers. The use
of grass carp on large water bodies is limited. Test
releases include Lakes Yale (4,042 acres) and Istokpoga
(27,692 acres). Both lakes are currently being assessed.

The results, however, are mixed. Sometimes the fish
escape or not enough are introduced to control hydrilla
growth. Conversely, the fish occasionally overeat. In the
case of Lake Istokpoga, the fish were released without
containment barriers, and carp have appeared in the
Kissimmee River and Lake Okeechobee, nearly 40 miles
downstream. We do not know the long-term effects of
this release on other aquatic species.

Managing fisheries habitat

The Florida Game and Fresh Water Fish Commission
manages, protects, and conserves the wild animal life and
freshwater aquatic life of Florida. It spends about $1
million a year on restoration and uses several techniques
to revitalize sport fisheriesin Class 11 waters.

The first lake restoration was the successful draw-
down of Lake Tohopekaligain 1971, which increased the
numbers of largemouth bass fivefold and the fishery’s
economic value by about $6 million. Since then, the
commission has undertaken more than 30 projects, with a
success rate of over 90 percent. Before 1989, work was
funded through outside sources. After 1989, an increase
in the cost of a freshwater fishing license generated funds.

Lake Griffin was drawn down in March 1984 to
consolidate sediments, promote aquatic plant growth, and
improve the fishery. Sport fish responded well; large-
mouth bass increased twentyfold compared with predraw-
down populations. Lake Stone in Escambia County was
lowered 11 feet in the winter of 1970 and again in the
summer of 1979 to control submerged plants and
stimulate the sport fishery. Submerged vegetation was



reduced and total fish weight increased from 54 pounds to
181 pounds per acre.

SWIM lake restoration

The 1987 Surface Water Improvement and Man-
agement Act required the state's five water management
districts to identify priority water bodies in their districts
and submit plans for restoring and preserving them. Plans
have been adopted for Deer Point Lake, Alligator Lake,
Banana Lake, Lake Tarpon, Lake Panasoffkee, Lake Tho-
notosassa, Lake Apopka, Lake Jackson, Lake Griffin and
Upper Oklawaha River, Lake Okeechobee, the Winter
Haven Chain of Lakes, and the Everglades Water Con-
servation Areas (large, impounded marshes).

Restoration and rehabilitation are well under way in
several of these lakes, and enough work has been accom-
plished that the improvements are tangible and measurable.

The following highlights activities in some of Florida's
most severely polluted lakes.

Banana Lake. Ten or more years ago, Banana
Lake, in Polk County, was severely degraded. When it was
first listed as a SWIM water body in 1988, this 256-acre
lake had poor water quality, almost perpetual algal blooms,
and extensive muck deposits on its bottom. Wastewater
effluent discharged for decades from the Lakeland
wastewater treatment plant had added nutrients, making it
hypereutrophic. The addition of a water-control structure in
1969 raised the lake level but also stabilized it. While the
lake provided reliable source for agricultural irrigation,
fluctuations in lake levels were reduced and flushing
prevented. Major fish kills occurred in 1971 and 1972.

Regulatory actions and rehabilitation efforts in the past
decade have improved Banana Lake. SWIM goals included
increasing fish in the lake’s shallow littoral zone to 200
pounds per acre, increasing rooted aquatic plants to 20
percent of the surface, and reducing chlorophyll a and
nitrogen levels significantly.

In 1987, when the City of Lakeland's wastewater
effluent was diverted to an old settling pond, mean chloro-
phyll a dropped by more than half. Before the diversion,
concentrations had been extremely high. Mean total nitro-
gen concentrations dropped by more than half, while mean
total phosphorus fell by about a third.

Extensive muck deposits on the lake bottom also
provided nutrients. In 1991 about 1.1 million cubic yards
of sediments were removed, exposing the lake's sandy
bottom. When Stahl Canal, which carried pollution into the
lake, was regraded and revegetated, mean chlorophyll a de-
creased. Mean total nitrogen fell shortly after dredging, and
after 1992 dropped further. Final mean total nitrogen was
well within SWIM goals.

Some of the fishery goals have been met. Fish have
increased to a maximum of 285 kilograms per hectare
compared with 25 pounds per acre in 1984. The 1984
fishery mainly comprised blue tilapia, gar, and bowfin, all
rough fish, with a limited number of stunted bluegills, a
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sport fish. 1n 1991 and 1992, after diversion and dredging,
25 percent to 34 percent, respectively, of fish taken with
blocknets were sport fish. Species included largemouth
bass, bluegill, redear sunfish, warmouth, and black crappie.
On the negative side, hydrilla has started to expand into the
lake, but this may further improve the sport fishery.

Lake Apopka. Florida'sfourth largest lake, which
lies in the Upper Oklawaha River Basin, is one of its most
polluted and degraded lakes. Restoration work is under
way in the basin (see Chapter 3).

Until the mid-1950s, this firm-bottomed lake supported
a sport fishery widely known for trophy fish. Its decline
probably began when the construction of the Apopka-
Beauclair Canal in the 1880s altered its hydrology.
Nutrients from point sources and, most notably, from muck
farms in the floodplain have contributed to continual algal
blooms. The blooms reduce water clarity, which in turn
reduces the light available to aguatic vegetation. Plants and
algae die and decay, creating a mucky organic bottom.

The following four major steps are under way to restore
Lake Apopka:

1. Reducing external nutrient budgets through pol-
lution load reduction goals. Because agriculture
(muck farms) contributes most nutrients, the St.
Johns River Water Management District has
signed consent orders with the major farms,
directing them to reduce their discharges. Recent
legislation also requires farmers to build and
maintain stormwater systems to allow reuse and
prevent untreated stormwater discharges, or to
meet annual limits. Best estimates are that
phosphorus contributions will be reduced 65 to 75
percent as the consent orders take effect. Water
management district rules will probably require
further reductions when the consent orders expire;
the district is also acquiring farmlands and
restoring the floodplain.

The district has purchased farmland to build a
marsh flow-way next to the lake. A 900-acre
demonstration marsh has operated since 1990, and
the full-scale marsh will cover about 3,500 acres.

The marsh filters particle-bound nutrients and
sediments. The treated water is then pumped back
to the Apopka-Beauclair Canal. After treatment,
water clarity improves dramatically. The full-scale
marsh may remove as much as 33 tons of
phosphorus annually. In addition, as agricultural
activities by the flow-way are halted, phosphorus
contributions to the basin will drop 20 to 30
percent.



3. Gizzard shad are being harvested from the lake.
Shad waste returns nutrients to the water, and
removing large numbers of the fish will remove
significant amounts of phosphorus and improve
conditions for desirable sport fish.

Efforts continue to restore the littoral zone.
Desirable native vegetation is being planted near
shore and protected from waves by movable
breakwaters. As the plants become established,
they should stabilize sediments and prevent them
from being resuspended in the water.

Lake Okeechobee. The state's largest lake is
part of a larger, hydrologically connected system that in-
cludes the Kissimmee River and the Everglades.
Wetlands north and south of the lake have been ditched
and drained for agricultural land (the Everglades
Agricultural Area). Lake Okeechobee supplies drinking
water and irrigation water, and is a major source of fresh
water for the Everglades. Polluted agricultural runoff and
the loss of surrounding wetlands have resulted in
eutrophication. Wind also resuspends lake sediments,
adding significant amounts of phosphorus and supporting
algal blooms during periods of prolonged low wind and
warm temperatures.

To address the nutrient problems, pollution load
reduction goals currently require a 40 percent drop in
phosphorus contributions. To achieve that goal, the
SWIM legislation mandated lower phosphorus contribu-
tions from tributaries.

FDEP implemented its dairy rule, which required the
use of best management practices to reduce phosphorus
runoff from dairy lands. Waste and nutrient-laden runoff
from high-intensity areas such as milking barns and feed-
lots were to be reduced by collection, storage, and land
application.

Forty-nine dairies came under the rule’s jurisdiction.
Florida established a buyout program for farmers unable
or unwilling to comply. Rather than buying the land or
cows, the state facilitated relocation, paying farmers about
the same amount to stop producing milk as they would
have spent to implement best management practices. The
South Florida Water Management District supplemented
this payment, bringing it to $602 per cow, with the total
based on herd size between June 1986 and June 1987. A
deed restriction was also applied to the properties,
prohibiting their future use as dairies or animal-feeding
operations.

Eighteen dairies participated; one additional dairy was
purchased with funds from the water management
district’s Save Our Rivers Program. A total of 14,039
cows were relocated at a cost of over $8 million to the
state and water management district. The 30 remaining
dairies have all implemented best management practices.
Sixteen now meet the average annual off-site total phos-
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phorus limit of 1.2 milligrams per liter. Before the rule
was implemented, only four dairies met the limit.

The water management district also established a
Works-of-the-District Program to provide a framework for
permitting nondairy uses, including horse, hog, chicken,
and goat farms; urban stormwater; golf courses; sugarcane
growers; and nursery and sod farms. Users must meet
specific off-site  phosphorus limits. If monitoring
indicates a greater than 50 percent probability that the
average annua off-site limit will not be met, the
landowner must bring discharges into compliance.

These activities have reduced phosphorus
contributions to the lake by 25 percent, although changes
in lake phosphorus concentrations are not yet measurable.

Because phosphorus stored in sediments continues to
enrich the water, immediate improvements are probably
not realistic.

Acid effects on lakes

The Environmental Protection Agency is interested in
the acidification of water bodies, particularly in human
activities that may be increasing lake acidity. The
agency’s National Surface Water Survey from 1985 to
1987 attempted to inventory the nation's waters, and the
National Acid Precipitation Assessment Program used the
data.

Based on this survey and other studies in Florida dur-
ing the early to mid-1980s, many Florida lakes appear to
be naturally acidic soft-water lakes. Their capacity to neu-
tralize acids is very low. One study estimated that Florida
has 460 acidic lakes out of atotal of over 7,700.° About
half are acidic from naturally occurring organic acids.
The other half derive their acidity from mineral acids, with
sulfate ion an important source of acidity.

Most acidic lakes are clustered in the northern high-
lands of the Trail Ridge in the Northeast Florida peninsula
and the highlands of the Panhandle west of the Apala-
chicola River. The Trail Ridge is a relict shoreline from
the last sea-level rise.

About 80 percent of acidic soft-water lakes are seep-
age lakes that receive most of their water from runoff,
rainfall, and flows from the surficial aquifer. The sur-
rounding soils are typically sandy, without calcium, and
poorly buffered. While limestone underlies most of Flori-
da, lakes in the Trail Ridge and highlands occur well
above these formations. A confining clay layer may also
occur between the lake bottom and limestone.

Both the highlands and Trail Ridge lakes are sensitive
to further acidification. The Trail Ridge lakes appear
more sensitive and susceptible to acidification from
atmospheric deposition.*® Because of this vulnerability, a

9Poliman, C.D., and D.E. Canfield, Florida, in Acidic Deposition and
Aquatic Ecosystems Regional Case Studies,edited by D.F. Charles
and S. Christie (New York: Springer Verlag, 1991), pp. 365-416.

Baker, L., Regional Patterns of Lake and Stream Acidification in
Florida, in Proceedings of the Florida Acidic Deposition



number of studies were conducted to determine whether
acidification was occurring and to characterize the lakes
water quality and biological communities. Lake pH
appears to be decreasing in four or five out of seven Trail
Ridge lakes. The strongest evidence exists for Lake
McCloud. Diatom studies of Lakes Barco and Suggs also
indicate that pH has decreased since the 1950s. The
causes are not clearly understood. They may stem from
increased atmospheric deposition of sulfate or hydrogen
ion, or from changes in groundwater.

Florida's acidic lakes, because they support fewer
plant and animal species than nonacidic lakes, are
generally less biologically productive. Diversity in fish
species begins to decline at a pH of 5.0. Fish diversity
studied in 12 of Florida's most acidic lakes declined about
60 percent across a pH range of 5.0 to 4.5, although it is
difficult to separate the effects of pH from other factors
such as trophic state. To some extent, Florida's lake
species may be adapted to the acidity. Currently there
appears to be no widespread biological damage in
Florida's acid lakes.*

Researchers have speculated that as many as 31* to
60 percent™ of Florida's acid lakes could be sensitive to
acidification, but no supporting data exist. Obviously, we
do not have information on water quality in all of
Florida's 7,700 lakes.

To quantify the number of lakes sensitive to acidi-
fication, we retrieved STORET data for 325 lakes with
both pH and alkalinity data (see Table 4-11 for the
number and area of lakes assessed for acid effects).
Thirty-four had a median pH equal to or lessthan 5 and an
alkalinity equal to or less than 20 milligrams per liter of
calcium carbonate.

In contrast, almost half the assessed lakes had a
median pH greater than 7.0. Many of the state's lakes are
eutrophic, and high pH is common. Although we have too
few data to determine the causes of low pH, it appears—
except for a few documented lakes—that low pH may be
largely natural.

Conference, edited by C.E. Watkins, Florida Department of
Environmental Regulation, October 2-24,1990.

"canfield, D.E., CA. Jennings, and D.E. Colle,A Characterization of
Fish Populations in Some Acidic Florida Lakes,in Proceedings of the
Florida Acidic Deposition Conference,1990.
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12Hendry, C.D. and P.L. Brezonik,Chemical Composition of Softwater
Florida Lakes and Their Sensitivity to Acid Precipitation,Water
Resources Bulletin 20:75-86, 1984.

Scanfield, D.E., Sensitivity of Florida Lakes to Acidic Precipitation,
Water Resources Research, 19:833-839, 1983.



Table 4-11

Lakes assessed for low pH and alkalinity

Number of lakes

Total area

(square miles)

Total lakes assessed

325

1,9135

Number sensitive to acidification

34

53.3

Table 4-12
Trends in significant public lakes, 1986 to 1995

Trend Number of lakes Total area

(square miles)
Improving 21 211
Declining 19 96
No trend 96 1,128
Unknown 254 375
Total assessed 390 1,810

Trends in
lake water quality

We analyzed trends in Florida lakes between 1986
and 1995. Of 390 lakes, only 136 had sufficient data for
analysis. Of these 136, 21 were improving, 19 were de-
clining, and 96 showed no trend (see Table 4-12). Figure
1-3 shows the locations of lakes with trends (see Chapter
2 for a complete description of the trend analysis
technique).

Water quality improved in most lakes after new regu-
lations removed the majority of point source discharges—
mainly wastewater effluent—in the 1970s and 1980s. The
change was most obvious in the Orlando area when
effluent was eliminated from the headwaters of Lakes
Howell, Jesup, and Harney, which had serious water-
quality problems.

Lakes with declining trends generally supported their
designated uses and had good water quality. Increased
nonpoint pollution such as agricultural runoff, urban
runoff, and septic tank leachate caused most degradation.

We anticipate that, as SWIM restorations bear fruit
and best management practices for nonpoint sources are
more fully implemented, the number of improving trends
in lake water quality will increase.

Volunteer monitoring

Florida Lake Watch, a program that uses volunteers to
monitor lakes, is a collaborative effort between the public
and the University of Florida with cooperation from

numerous Florida agencies, private businesses, and citizen
groups. The program currently monitors 400 lakes in 30
different counties. Special attention is given to
monitoring water quality and distributing scientifically
sound lake management information. The program
provides educational material to volunteers on their lakes
and alows the public to interact with government
agencies.

Lake Watch is partially funded by legislative appro-
priations through FDEP. In return, FDEP receives infor-
mation for use in its water-quality assessments. The data
are kept in the Environmental Protection Agency’s
STORET database. The program continues to expand.
During 1995, volunteers were trained on 49 new lakes in
11 different counties.

The University of Florida conducts chemical analyses
and processes the data. Sampling frequency can vary
from one collection per year to monthly. Lakes are
monitored for total phosphorus, total nitrogen, chlorophyll
a, and Secchi depth.

A 1991 University of Florida study compared data
collected by professional biologists and volunteers. There
were no significant differences between values for total
phosphorus, total nitrogen, and chlorophyll a. There were
significant differences, however, for Secchi depth in 11
lakes, with an average variation of nine-tenths of a foot.

Activities have been added over the years.
Volunteers sampled aquatic macrophytes in over 170
lakes from 1991 to 1993. Supplemental water-quality
data were added to the 1993 Lake Watch report for over
190 lakes. Additional measurements included pH, total
alkalinity, specific conductance, color, chloride, iron,

148



silica, sulfate, calcium, magnesium, sodium, and Table 4_13
potassium.*

FDEP calculated an annual Trophic State Index for Lake Watch lakes with hlgh
each lake for each year over its period of record (see ; *
Appendix C for the 1995 results). Table 4-13 lists the Trophlc State Index Values

lakes and year sampled with aindex value of 70 or higher,

which are generally considered eutrophic. Name County Year S Trophic
tate Index
value
Beauclaire Lake 1990 79
Lawsona Orange 1990 74
Beauclaire Lake 1991 79
Blue 2 Polk 1991 74
Floy Orange 1991 77
Gulf Shores Lee 1991 76
Haines Polk 1991 71
Jesup Seminole 1991 73
Lawsona Orange 1991 71
Smart Polk 1991 71
Beauclaire Lake 1992 78
Floy Orange 1991 73
Hunter Polk 1991 73
Jesup Seminole 1991 78
Murex Lee 1991 73
Smart Polk 1992 71
Beauclaire Lake 1993 81
Bivans Arm Alachua 1993 74
Davis Orange 1993 76
Dunes Lee 1993 80
Haines Polk 1993 73
Hunter Polk 1993 71
Jesup Seminole 1993 78
Newnan Alachua 1993 72
Beauclaire Lake 1994 82
Bivans Arm Alachua 1994 74
Blue Cove Marion 1994 76
Davis Orange 1994 77
Dora East Lake 1994 71
Dunes Lee 1994 87
Haines Polk 1994 71
Hunter Polk 1994 74
Jesup Seminole 1994 74
Johnson Alachua 1994 76
Pond
Little Bass Polk 1994 70
Murex Lee 1994 70
Roseate L:ee 1994 70
Sanibel Lee 1994 71
River
Trout Lake 1994 70
Beauclaire Lake 1995 78
Dunes Lee 1995 74
Murex Lee 1995 73
Newnan Alachua 1995 71
Somerset Leon 1995 79

*Lakes with Trophic State Index values greater than 69 are considered
poor quality.

Y The report and results for individual lakes are available from FDEP.
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Chapter 5

ASSESSING FLORIDA'S
ESTUARIES AND COASTS

ith over 8,000 coastal miles on three sides, Florida
Wis second only to Alaska in amount of coastline.

Our west coast alone contains almost 22 percent of
the Gulf Coast estuarine acreage in the United States.
Florida's estuaries are some of the nation's most diverse and
productive. They include embayments, low- and high-energy
tidal salt marshes, lagoons or sounds behind barrier islands,
vast mangrove swamps, coral reefs, oyster bars, and tidal
segments of large river mouths.

The Atlantic Coast of Florida from the mouth of the St.
Mary's River to Biscayne Bay is a high-energy shoreline
bordered by long stretches of barrier islands, behind which lie
highly saline lagoons. This 350-mile stretch of coast contains
only 18 river mouths and inlets. Biscayne Bay spans the
transition from high- to low-energy shorelines, which are
more typical of Florida's west coast.

At the southern end of the state lie Florida Bay and the
Ten Thousand lIslands, dominated by mangrove islands
fronting expansive freshwater marshes on the mainland.
Many tidal creeks and natural passes connect the islands and

marshes. Historically, the area’s fresh water came mainly
from sheet flows across the Everglades.

Florida's west coast has low relief, since the continental
shelf extends seaward for many miles. Unlike the east coast,
numerous rivers, creeks, and springs contribute to estuarine
habitats. Generally, the west coast’s estuaries are well-mixed
systems with classically broad variations in salinity. They
often lie behind low-energy barrier islands or at the mouths of
rivers that discharge into salt marshes or mangrove-fringed
bays.

The Big Bend from the Anclote Keys north to Apalachee
Bay is low-energy marsh shoreline. It does not conform to
the classical definition of an estuary, although its flora and
fauna are typically estuarine. Many freshwater rivers and
streams feeding the shoreline here are either spring runs or
receive significant quantities of spring water.

The Panhandle from Apalachee Bay west to Pensacola
Bay comprises high-energy barrier islands, with sand beaches
fronting the Gulf of Mexico.



Table 5-1
Summary of fully supporting, threatened,
and impaired sizes of estuaries

Degree of support for designated use Assessment category Total assessed size
(square miles) (square miles)
Evaluated Monitored
Size fully supporting all assessed uses 1,073.2 1,063.8 2,137
Size fully supporting all assessed uses 0 0 0
but threatened for at least one use
Size impaired for one or more uses 4547 1,377.41 1,832.1
Total assessed 1,527.9 2,441.2 3,969.1
Major coastal and estuarine habitats vary from
northern to southern Florida. Salt marshes dominate from | SUPPOIT for

Apalachicola Bay to Tampa Bay and from the Indian
River Lagoon north to the Georgia state line. West of
Apalachicola Bay, estuaries have few salt marshes.
Mangrove swamps dominate the southern Florida coast.
There are about 6,000 coral reefs between the city of
Stuart on the Atlantic Coast south and west to the Dry
Tortugas, while seagrasses are most abundant from
Tarpon Springs to Charlotte Harbor, and from Florida Bay
to Biscayne Bay.

Unfortunately, human activities have affected many
estuaries, even though they are an important ecological
and economic resource. Population growth and associated
development pressures have contributed to their deteriora-
tion, since about three-fourths of new Florida residents
choose coastal locations for their new homes.*

"Haddad, K.D., and B.A. Harris, Use of Remote Sensing To Assess B-
tuarine Habitats, Coastal Zone 85, edited by O.T. Magoonet al.,
American Society of Civil Engineers 1:662-675, 1985.

designated use

Florida's estuarine and coastal areas are Class Il
waters (shellfish harvesting or propagation) and Class IlI
waters (recreational and wildlife use). Table 5-1 lists the
total areas and support for designated use of estuaries. A
classification of “threatened” means that a water body
currently supports its designated use but may not in the
future. The “impaired” category includes estuaries that
partially meet or do not meet their designated uses.

We based our decisions on whether individual
estuaries supported their designated uses on the Trophic
State Index, biological data, the 1994 Nonpoint Source
Assessment, violated standards for conventional pollutants
and trace metals, and fish consumption advisories (see
Chapter 2 for a discussion of the assessment
methodology).

Better than half the state's estuaries fully support
their designated uses. Of greater concern are almost half
that do not fully meet their uses. Table 5-2 identifies the
total estuarine areas that meet different levels of desig-
nated use specified by the Environmental Protection
Agency. Examples of designated uses include aguatic life
support, swimming, and fishing.
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Table 5-2
Summary of support for individual uses of estuaries

Goals Use Assessed Fully Fully Partially | Not supporting | Not attainable
(square miles) supporting | supporting but supporting (square miles) | (square miles)
(square miles) threatened (square miles)
(square miles)

Protect and Aquatic life 3,969.1 2,137 0 1,637.2 194.9 0
enhance State defined: * * * * * *

ecosystems 1.
Fish consumption 3,969.1 2,137 0 1,637.2 194.9 0
Protect and Shellfishing 1,709.2 1,059.3 0 646.9 21.0 0
enhance Swimming 3,969.1 2,137 0 1,637.2 194.9 0
public health Secondary contact 3,969.1 2,137 0 1,637.2 194.9 0
Drinking water * * * * * *
State defined: * * * * * *

1.
Social Agricultural 5.0 5.0 0 0 0 0
and Cultural or ceremonial * * * * * *
economic State defined: * * * * * *

1. Industrial

*Not applicable.
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Florida's standards and criteria do not distinguish
between protecting aquatic life, secondary contact, and
other recreational uses, all of which are included in Class
[l standards. Similarly, Class Il waters must also protect
aquatic life, and allow swimming and fishing and other
recreational activities.

We generated Table 5-2 by first identifying the square
miles of support or nonsupport for designated use for each
of Florida's water-quality standards. We obtained the
areas for aquatic life protection, fish consumption,
swimming, and secondary contact by adding the areas for
Classes |1 and I11. We used the same total area for each of
these categories.

Better than half the estuarine watershed area classified
for recreational use fully supported that designation.
Shellfishing waters fared better, with close to two-thirds
fully supporting their designated use. More than one-third
of estuaries only partially supported their designated use.
Conversely, only about five percent or less did not
support designated use.

We based our assessment of sources on professional
judgment for point sources and the results of the Nonpoint
Source Assessment for nonpoint sources (see Appendix B
for descriptions of sources and causes).

We also delineated causes and sources as having
major or moderate/minor impacts, defining an impact as
major when impairment from a source or cause was the
only one responsible or a large contributor compared with
other sources or causes. Moderate was defined as a source
or cause that was solely responsible or one of several
equally important reasons for partial support. We defined
an impact as minor when a source or cause was one of
many reasons for impairment and a small contributor to
overall impairment. Thiswas a major change from earlier
305(b) reports, which identified single sources or causes
in a water body as major impacts, while moderate/minor
was used for multiple sources or causes regardless of the
severity of their impacts.

Relative assessment
of causes

Causes and sources
of nonsupport for
designated use

We assessed the causes of nonsupport of designated
use based on exceeded water-quality screening levels for
each water body, professional judgment, and the results of
the 1994 Nonpoint Source Assessment. By definition, a
cause is what prevents a water body from meeting its
designated use, while a source is the activity that may
have created the problem.
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Table 5-3 lists the estuarine areas not fully supporting
their designated uses and identifies the main causes of
nonsupport. We classified al causes as having mod-
erate/minor impacts because the same estuarine area had
multiple causes. The biggest problems affecting estuaries
were siltation and nutrient enrichment.

Relative assessment
of sources

Table 5-4 lists the estuarine areas not fully supporting
their designated uses and identifies the main sources of
nonsupport. The most important sources were urban
runoff, construction, and land disposal (including septic
tanks).



Table 5-3
Total sizes of estuaries impaired by various causes

Cause Size of waters by contribution
to impairment
(square miles)

Major Moderate/minor
Unknown 0 0
Unknown toxicity 0 0
Pesticides 0 0
Priority organics 0 0
Nonpriority organics 0 0
Metals 0 2345
Ammonia 0 5.0
Chlorine 0 0
Other inorganics 0 0
Nutrients 0 1,154.9
pH 0 204
Siltation 0 1,172.1
Organic enrichment/low dissolved oxygen 0 297.5
Salinity/total dissolved solids/chlorides 0 1,059.4
Thermal modifications 0 484.4
Flow alterations 0 992.1
Other habitat alterations 0 1,128.5
Pathogen indicators 0 671.8
Radiation 0 0
Oil and grease 0 1,091.9
Taste and odor 0 904.8
Suspended solids 0 0
Noxious aquatic plants 0 501.8
Total toxics 0 2445
Turbidity 0 0
Exotic species 0 0
Other * *
Algae 0 252.2

*Not applicable.
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Table 5-4
Total sizes of estuaries impaired by various sources

Source Contribution to impairment
(square miles)

Major Moderate/minor
Industrial point sources 0 390.3
Municipal point sources 0 439.2
Combined sewer overflows 0 0
Agriculture 0 886.4
Silviculture 0 319.6
Construction 0 1,040.2
Urban runoff/storm sewers 0 1,004.9
Resource extraction 0 347.7
Land disposal 0 1,048.6
Hydromodification 0 815.9
Habitat modification 0 0
Marinas 0 0
Atmospheric deposition 0 0
Contaminated sediments 0 0
Unknown 0 0
Natural 0 0
Other 0 833.8

Eutrophication

Consistently low surface concentrations of dissolved
oxygen are rare in Florida estuaries. Three small bays
exhibited consistently low levels (less than four
milligrams per liter as a five-year average): Bayou
Grande in the Panhandle and Whittaker and Hudson
bayous in West Central Florida. All receive urban
drainage.

Some Florida estuaries have low dissolved oxygen in
bottom waters. Few STORET data are available,
however, on the area affected or trends, partly because
diurnal dissolved oxygen measurements are usually not
taken during routine monitoring. Diurnal measurements
are taken twice daily, once during the day and once at
night. Limited data from Sarasota Bay indicate that in
some areas dissolved oxygen levels drop below four
milligrams per liter (state criteria) during the night, which
may be representative of estuaries.

Algal blooms

In general, algal blooms are more common in Florida
estuaries than low dissolved oxygen. The 1994 Nonpoint
Source Assessment noted that about 40 percent of
estuaries have some blooms, although most problems are
not persistent. The highest recent annual chlorophyll a
concentration, found in reviewing 150 estuarine
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watersheds, was 18 micrograms per liter in Judges Bayou
in Pensacola Bay. The median chlorophyll a value for all
watersheds was 7 micrograms per liter.2

Algal blooms have seriously affected Florida Bay’'s
water quality. First noted in the late 1980s, since 1992 the
blooms have occurred year-round. Aerial reconnaissance
in 1994 and early 1995 showed that the central and
western bay was most severely affected. Blooms have
cumulatively covered over 600 square miles since
November 1991, with chlorophyll a concentrations as
high as 40 micrograms per liter in the central region near
Rankin and Rabbit Key basins. Sediment chlorophyll
levels range from 30 to 400 percent higher than levels in
the water. Small-size-class blue-green algae, centric and
pennate diatoms, and flagellates are the main floral
components. Large areas of the bay vary in color from
light to dense green, several shades of brown, and chalky
greens and browns. Resuspended carbonate sediments
and bottom organic material add to the water's color.?
This is causing a die-off of previously lush turtle grass
grass beds.

During May and June 1995, blooms of a nontoxin-
producing blue-green algae were reported in the Lower St.
Johns River and tributaries between the Shands and Buck-
man bridges. The affected tributaries included Marco

2The calculations were based on a five-year average (1990-1995) of
STORET data.

3Steindinger, K., C. Tomas, P. Zimba, W. Sargent, E. Truby, R. Bray, B.
Bendis, W. Richardson, and R. Zondervan,Microalgal Blooms in Flaor-
ida, Coastal Zone 96, 1996, pp. 189-190.



Lake, Wills Branch, Mcgirts Creek, Ribault River, and
Moncrief Creek.

Blooms of toxic red tide occur periodically in
Florida's coastal and estuarine waters. Usually restricted
to the southwest Gulf Coast, they originate offshore, most
commonly from August to December. A bloom that
started in September 1994 has closed shellfish beds and
swimming beaches, and caused massive fish kills and
over 150 manatee deaths (see Chapter 7). In an unusual
sequence of events, the bloom spread north to the
Panhandle and around Florida Bay as far north as Palm
Beach County on the Atlantic Coast. It has been at least a
decade since red tide occurred in Panhandle waters. In
September 1996, minor outbreaks also occurred in the
Indian River Lagoon as far north as Indian River County.

In 1987 and 1988, ocean currents carried a red tide
bloom off Florida's southwestern coast up the Atlantic
Coast to North Carolina.  The bloom caused 48
documented cases of human illness from ingesting toxic
shellfish,* and North Carolina lost $20 million when
shellfish beds closed.®

The toxin released by red tide concentrates in
shellfish guts and, if ingested, can cause neurotoxic
shellfish  poisoning. Symptoms include diarrhea,
vomiting, and abdominal pains, followed by muscle aches
and dizziness. The toxin, released into the air and water,
can also directly irritate the skin and lungs.® Because
neurotoxic shellfish poisoning causes illness and in rare
cases death, Florida closes shellfish-harvesting areas when
red tide is present at a density of 5,000 cells or more per
liter. Shellfish can become toxic in 24 to 48 hours, and it
may take six weeks for them to purge the toxin.

Florida's regulatory program has been very effective.

Fewer than ten cases of human poisoning have been
reported since 1972 and none since the closure rule was
implemented.

Habitat modification

Table 6-2, which lists total estuarine wetland
acreages, shows that Florida has about 347,000 acres of
salt marshes, 660,000 acres of mangroves, 179,500 acres
of tidal flats, and 3,065 acres of coral reef.” Subtidal
seagrass habitat comprises 2.26 million acres, with more
than 99 percent along the Gulf Coast.

Loss of fisheries habitat is a problem. Table 5-5
summarizes historical changes for selected estuaries in

“steindinger, K., Some Taxonomic and Biologic Aspects of Toxic Diro-
flagellates, in Algal Toxins in Seafood and Drinking Water
Academic Press Ltd., 1993), pp. 1-28.

Anderson, D.M., Red Tides, Scientific American, August 1994,

p. 62-68.

Steindinger, 1993.
Florida Wetland Acreage, National Wetlands Inventory
(St. Petersburg, Florida: U.S. Fish and Wildlife Service,
January 1984).
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peninsular Florida. We compared Landsat data and aerial
photographs for the 1940s and 1950s with those from the
mid-1970s through the mid-1980s. For North Biscayne
Bay, we examined data and photographs from 1925 to
1976.

Although total wetlands acreage did not change,
mangrove acreage increased in Charlotte Harbor, probably
when mangroves expanded into tidal mud flats. As a
result, mangrove acreage increased and tidal flat acreage
decreased. Salt marsh was lost as the estuary was
developed. The construction of canals diverted fresh
water from salt marshes, allowing saltwater intrusion, and
mangroves then colonized the more-saline marsh.
Seagrasses disappeared from dredging of channels, altered
estuarine circulation patterns, and increased turbidity.
Oyster reefs decreased by 318 acres (-39 percent), and
tidal mud flats shrank by 8,483 acres (-76 percent).®

Mangrove losses in Lake Worth stemmed from
replacement by exotic Australian pines, urbanization (in-
cluding seawall construction), and residential and com-
mercial housing. Salt marsh was replaced by residential
housing and alake.®

In northern Biscayne Bay, developed land along the
shoreline from Broad Causeway to south of Rickenbacker
Causeway in Miami increased 81 percent from 1925 to
1975. The development included buildings, roads, canals,
agriculture, forested timber, and spoil islands. Habitat
was lost to bottom disturbance from dredging and filling,
bulkheading, the construction of sand and spoil beaches,
land created by fill, and increasing turbidity. Once-
common mangrove shoreline is now essentially
nonexistent, replaced with bulkheads, and total shoreline
has increased from bulkheading and filling.*® The basin’s
total land area has actually increased.

Large mangrove losses in the Indian River Lagoon
result from mosquito impoundments that prevent fish
from entering.* A key component of both federal and
state restoration plans is installing culverts so that water
can flow in and out of the impoundments for at least part
of the year.

The development of the Intracoastal Waterway greatly
contributed to habitat losses throughout Florida. For ex-
ample, losses in Ponce de Leon Inlet, the northeast Florida
estuary, largely came from the waterway’s construction.
Near the inlet, about 412 acres of wetlands were covered
with dredged spoil before 1943.%2 St. Augustine Inlet lost

8Harris, B.A., K.D. Haddad, K.A. Steindinger, and J.A. Huff,
Assessment of Fisheries Habitat: Charlotte Harbor and Lake
Worth, Florida, Final Report to the Florida Department of
Environmental Regulation, Tallahassee, Florida, 1983.
Harris et al., 1983,

%Harlem, P.W., Aerial Photographic Interpretation of the Hitoi-
cal Changes in Northern Biscayne Bay, Florida: 1925 to 1976,
Sea Grant Technical Bulletin #40, University of Miami, Coral Gables,
Florida, 1979.

"Dburako, M.J., M.D. Murphy and K.D. Haddad,Assessment of Fish-
eries Habitat: Northeast Florida, Florida Marine Research

Institute Publication No. 45, 1988.
2Durako et al., 1988.



Summary of altered fisheries habitat for selected Florida estuaries

Table 5-5

Estuary Seagrass Mangrove Salt marsh Mangrove/salt marsh
(Baseline year-evaluated year)

Change | % change | Change | % change Change | % change Change | % change

in acres in acres in acres in acres
Indian River -2,115 -30 -11,305 -86 - - - -
(1943-1984)*
Charlotte Harbor -24,464 -29 +5,107 +10 -3,704 51 - -
(1945-1982)
Tampa Bay -62,224 -81 - - - - -10,929 -44
(1890-1980)
Ponce De Leon Inlet -74 -100 - - - - -855 -19
(1943-1984)**
St. Augustine Inlet 0 0 - - - - -1,445 -20
(1952-1984)"
St. Johns Inlet 0 0 - - - - -4,242 -36
(1943-1984)"*
Lake Worth -4,110 -96 -1,881 -87 -130 -100 - -
(1940-1975)
Little Manatee River - -35 - - - - - -7
(1950-)
North Biscayne Bay -9,217 -43 -12,899 -82 - - - -
(1925-1976)
Florida Bay -63,000 - - - - - - -
(1987-1990)

*Seventy-six percent of mangroves are in impoundments; habitat is not accessible to fish.
**Seven miles of coastal segment with the inlet at the center.
#Eight miles from the north side of St. Augustine Inlet to St. Johns County.

##Starting at the inlet for three-and-a-half miles on either side and ten miles upstream.

References:

Ponce De Leon Inlet, St. Augustine Inlet, St. Johns Inlet, Indian River, and Tampa Bay:Durako, M.J., M.D. Murphy, and K.D. Haddad,Assessment of Fisheries
Habitat: Northeast Florida (Florida Department of Natural Resources, 1988).
Charlotte Harbor and Lake Worth: Harris, B.A., K.D. Haddad, K.A. Steidinger, and J.A. Huff Assessment of Fisheries Habitat: Charlotte Harbor and Lake
Worth, Florida (Florida Department of Natural Resources, 1983).
Biscayne Bay: Harlem, P.W, Aerial Photographic Interpretation of the Historical Changes in Northern Biscayne Bay, Florida: 1925 to 1976Sea Grant Technical
Bulletin #40 (University of Mami, Coral Gables, 1979).
Florida Bay: John Hunt, FDEP, personal communication.
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the most fishery habitat to Guano Lake, an area dammed
and converted to a freshwater lake.” The change destroyed
productive marshes and areas used by juvenile fish.

Dredging and filling accounted for most habitat |osses
at St. Johns Inlet, where spoil filled once-productive
marsh. Additional losses before 1943 were not
guantifiable.*

Across Florida, dredging and filling and construction
eliminated many fisheries habitats in estuaries.
Seagrasses were also affected by declining water quality.
The following four factors contributed to the decline:

1. Eutrophication, which caused algal growth that
shaded seagrass beds.

2. Turbidity from runoff.
3. Dredging and/or boating.

4. Altered freshwater flows that changed salinity
regimes.

One recent noteworthy success was documented in
Tampa Bay. Aerial photographs from 1982 and 1988
indicated that seagrass coverage increased about 10
percent in all areas of the bay, except Old Tampa Bay."
By 1990 seagrass coverage increased another 10
percent.'® A more recent analysis of 1992 data revealed a
continued increase, although far less than 10 percent.
Between 1988 and 1992, seagrass coverage increased
another 10 percent in most areas of the bay, and less in the
Manatee River."’

Less information is available about habitat changesin
Panhandle estuaries. According to one estimate, however,
only 5 to 10 percent of historical seagrass beds remain in
the Pensacola Bay system."®

At the mouth of the Fenholloway River, as many as
9.2 sguare miles of seagrasses have been lost because of
the river's degraded discharge.® The estimated loss was
based on seagrass areas at the mouths of the unaffected
Econfina and Aucilla rivers. The Fenholloway is highly
colored, with high biochemical oxygen demand and

3purako et al., 1988.

“Durako et al., 1988.

5L ewis, R.R., K.Haddad, and J.O.R. Johansson,Recent Areal Expan-
sion of Seagrass Meadows in Tampa Bay, Florida: Real Bay Improe-
ment or Drought Induced?in Proceedings Tampa Bay Scientific h-
formation Symposium 2, edited by S.F. Text and P.A. Clark, 1990,
pp: 189-192.

Ries, T., and W. Avery, Chapter 6, Seagrass Coverage,in Tampa
Bay Environmental Monitoring Report, 1992-1993,edited by A.P.
Squires, A.J. Janicki, and H. Greening, Tampa Bay National Estuary
%rogram, March 1996.

Ries et al., 1996.

Bcollard, S., Management Options for the Pensacola Bay System:
The Potential Value of Seagrass Transplanting and Oyster Bed
Refurbishment Programs, report prepared under the Surface Water
Improvement and Management Program for the Northwest Florida
Water Management District, Water Resources Special Report 91-4, July
1991.

"FDEP, 1994.

nutrients from a pulp mill discharge. The colored water
reduces the amount of light reaching seagrasses on the sea
floor. The river's discharge affects about amost eight
miles of coastline, beginning about one-and-a-half miles
offshore and extending another one-and-a-half miles into
the Gulf.

The demise of FDEP's Coastal Zone Management
Program in the early 1990s temporarily halted efforts to
guantify estuarine habitat changes.  That situation
changed when the National Estuary Program was
established in three estuaries during the late 1980s to early
1990s, Florida’'s Surface Water Improvement and
Management Program was created, and state funds were
allocated for Florida Bay research. All three National
Estuary Programs, in collaboration with the SWIM
Program, monitor seagrasses—typically every two years.

In another effort to improve the state's capability to
assess habitat changes, FDEP's Marine Research Institute
joined with the National Oceanic and Atmospheric Ad-
ministration to participate in NOAA'’s Coastwatch Change
Analysis Program. Using a combination of satellite
imagery and aerial photography, the program monitors
changes in coastal fisheries habitats and other wetlands
that influence the coast. Florida Bay, the Florida Keys,
and Biscayne Bay are being examined.

Many wetland habitats have been lost to the construc-
tion of hardened shoreline. The number of miles of
hardened shoreline is difficult to quantify, however, since
FDEP's Bureau of Coastal Resources does not track this
statistic. In 1990 and 1991 Palm Beach County estimated
that, for shoreline north and south of Lake Worth, 125.4
miles out of 177.3 total miles were bulkheaded or had rip-
rap revetments.® That mileage included connected canals.

Florida Beach
Erosion Control
Assistance Program

This grant-in-aid program protects, conserves, and
restores Florida' s sandy beaches. It is authorized through
Section 161.101, Florida Statutes, and administered by
FDEP's Bureau of Beaches and Coastal Systems under
Chapter 62B-35, Florida Administrative Code. The
program is a collaborative effort between local, state, and
federal governments.

Eligible activities include beach restoration; inlet
management; dune protection; beach access easements or
parking lots; and the design and construction of structures
such as groins, breakwaters, and bulkheads. Eligible

2Estuarine Natural Resources Inventory and Resource -
hancement Study, Palm Beach County Department of Environmental
Resources Management, March 30, 1992.



agencies include federal, state, local, or special taxing
districts that are legally responsible for preserving and
protecting sandy beaches. Projects are funded by line
item appropriations from the Florida legislature. FDEP
can pay up to 75 percent of the nonfederal cost of
approved projects.

Fish and
shellfish resources

Preserving habitat is essential to Florida's fisheries,
since over 90 percent of commercially important and 70
percent of recreationally important species in the Gulf of
Mexico depend on estuaries during some part of their
lives. Both commercial and recreational fisheries are vital
€conomic resources.

Fishery regulations and
management programs

In 1983, the Florida legislature created the Marine
Fisheries Commission to manage Florida’'s marine
resources (Section 370.021, Florida Statutes). The
commission comprises seven members appointed by the
governor.

Its regulations cover gear specifications, size limits,
bag limits, protected species, and fishing seasons in
Florida waters. Once approved, fishery regulations are
enforceable laws. On the east coast, waters of the state
extend three nautical miles and on the west coast
generaly a little more than ten miles. Florida waters are
bounded by federal waters, identified as the Exclusive
Economic Zone, out to 200 nautical miles. The
contiguous zone on National Oceanic and Atmospheric
Administration navigational maps is the dividing line
between state and federal authority. Shoreward of this
line, state rules apply; oceanward, federal rules apply.

The South Atlantic Fishery Management Council
regulates the east coast’s federal waters, while federal
waters on Florida' s west coast are regulated by the Gulf of
Mexico Fishery Management Council. Both councils
regulations are reviewed by the National Marine Fisheries
Service and approved by the Secretary of Commerce
before being implemented.

The legislative act creating the Marine Fisheries
Commission dictated that conservation and management
programs should focus on maintaining the health and
abundance of marine fisheries, using the best available
biological, sociological, and economic information. Since
its inception, the commission has enacted regulations
covering 40 important finfish species, 6 shellfish species,
and 100 ornamental fish species.
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FDEPs Florida Marine Patrol enforces saltwater
regulations. In the upper reaches of estuaries or tidal
portions of rivers, its jurisdiction may overlap with that of
the Florida Game and Fresh Water Fish Commission.
Other FDEP responsibilities include enhancing
communication  between the Marine  Fisheries
Commission and the public, improving fisheries habitat,
and conducting marine research. In federal waters, the
National Marine Fisheries Service enforces conservation
laws, and the Coast Guard enforces federal management
plans.

As of January 1, 1990, a valid saltwater fishing
license was required to take marine fish for noncom-
mercial purposes with legally specified exemptions. No
more than 2.5 percent of the fees is deposited into the
Marine Fisheries Commission Trust Fund, which funds
the commission and marine research projects. Another
2.5 percent goes into the Save Our State Environmental
Education Trust Fund, for aquatic education. An
additional 5 percent is set aside for administering the law.
The remaining 90 percent is distributed between marine
research, fisheries enhancement, habitat restoration,
artificial reef construction, and law enforcement.

The governor approved a bay scallop ban during the
1994 summer harvesting season because the scallop
population had dropped. The ban, which remained in
effect till March 31, 1995, included Atlantic coastal
waters and all state waters south of the mouth of the
Suwannee River on the Gulf Coast. Coastal waters north
of the Suwannee currently have a shortened harvesting
season.

The most significant regulatory change occurred
when Florida voters approved a constitutional amendment
(Article X, Section 16, Florida Constitution) banning the
use of certain nets in state waters as of July 1, 1995.
Specific provisions prohibit the use of gill or entangling
nets in all state waters, but the ban does not include cast
nets. Nets over 500 square feet in mesh area, including
those used for shrimp trawls, are prohibited in nearshore
and inshore waters—on the Atlantic Coast, out to one
mile, and on the Gulf Coast, out to three miles. No more
than two nets may be used from one boat, and they may
not be connected. Nets used for scientific research and
government purposes are excluded from the ban. If the
ban is violated, penalties can include a fine or
imprisonment, or both. In extreme cases where gear
restrictions are violated, repeat offenders can be punished
with a lifetime revocation of their saltwater products
license and a $5,000 fine.

To manage marine resources, the commission must
have accurate information on current stocks and how they
are being used. To that end, the same law that created the
commission required the then-Florida Department of
Natural Resources to create a marine fisheries database.
The Marine Fisheries Information System began operating
in 1984. Frequently referred to as fishery-dependent
monitoring, in 1986 it became the sole source of



commercial fisheries data and statistics used in Florida
Before 1986, the National Marine Fisheries Service
collected commercial landings information from monthly
dealer reports.

The Marine Fisheries Information System requires
wholesale dealers to report each purchase of saltwater
products from licensed commercial dealers. Wholesale
and retail dealers who produce their own saltwater
products must also report the amounts made.

Trip tickets, essentially an accounting form for each
transaction of saltwater products, are used to fulfill the
reporting requirements. The tickets include saltwater
products license number, dealer license number, date of
purchase, time spent away from dock to collect fish,
county where product crossed the shore, gear used
(including number of nets and lines, or number of traps),
species caught and where caught at what depth, amount of
catch, unit price, and dollar value of catch. The database
tracks about 260 categories of fish and invertebratesin the
traditional commercial fishery, as well as another 325
categories of fish, invertebrates, and miscellaneous
products in the marine life industry.

The information quantifies commercial landings
(pounds of fish and value) and gives commercial
fisherman a record of sales. It also gives fisheries
managers a measure of fishing effort (number of trips), a
means to compare trip information (that is, the gear used
and what it caught), and fisheries trends.

Another type of fishery-dependent monitoring is
biostatistical sampling. Samplers at five ports gather
information on the type of gear used to collect fish (or
invertebrates) and the length of the fish caught. In some
cases, hard tissue samples are collected. The sampling
program acts as a check on the trip ticket program and
provides direct contact with fishermen. During one year
each sampler may average over 200 trip interviews and
make from 10,000 to 12,000 fish measurements. The
program is expected to expand from five to seven ports.

The following FDEP programs collect information on
recreational marine fisheries:

1. Access surveys obtain information on the use of
recreational fishing sites and the physical
attributes of saltwater fishing areas.

2. Angler interviews collect information on fishing
methods, time spent fishing, bait, and catches.

3. A credl survey currently being tested in Tampa

Bay uses four strategies to obtain information on
catch and effort (time spent to catch fish): aerial
boat counts, boat-based roving surveys and
interviews, boat ramp surveys of boats, and
roving creel surveys of fishermen along the
banks of water bodies.
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4. A headboat survey conducted with the National
Marine Fisheries Service is surveying 31 fishing
boat operators along the Gulf from Naples to
Cedar Key. Landings will be sampled dockside
for information on species composition, fish
length, and quality assurance data.

FDEP also tracks the number of recreational anglers
by documenting the number of licenses sold for
individual, boat, or pier fishing, and the number of spiny
lobster and snook stamps. Individual licenses are printed
20 to asheet. Thefirst and eleventh contain a survey card
asking for the angler’ s name, phone number, and address.
Once received, the cards are forwarded to FDEP's Marine
Research Institute, where the information is used mainly
for mailing lists and mail surveys.

The U.S. Fish and Wildlife Service operates the
National Survey of Fishing, Hunting, and Wildlife-Asso-
ciated Recreation. Every five years, the agency collects
information on the number of participants in hunting,
fishing, or wildlife-associated recreation; the number of
days spent in that activity; expenditures, and individuals
socioeconomic backgrounds. The data come from phone
surveys, followed by detailed in-person interviews with
active hunters and anglers.

Everglades National Park and Biscayne Bay National
Park monitor gamefish harvests. The Everglades program
began in 1958 but has been under continuous Park Service
control only since 1972. Data from guided and nonguided
recreational fishing trips include the number of people
participating, hours fished, what and how many fish were
caught, and locations. Biscayne Bay Park surveys anglers
to obtain information on method and hours spent fishing;
fish species, number, and size; and number of people in
each fishing party.

The National Marine Fisheries Service also has
several programs to collect data on recreational fishing.
The Marine Recreational Fishery Statistics Survey
provides a reliable database to estimate the impact of
recreational anglers on marine resources and to formulate
and evaluate fishery management plans and regulations.
Started in 1979 for the Atlantic and Gulf coasts, the
survey is updated bimonthly. Telephone and on-site
surveys collect information on locations fished, what was
caught and how many, size of catch, and anglers state
and county of residence. Dataindicate that for the Gulf of
Mexico region, West Florida is responsible for 50 to 70
percent of recreational fishing. For the south Atlantic,
East Florida accounts for over 50 percent of angler trips
and harvests.

Other National Marine Fisheries Service programs
collect information on selected habitat types, classes of
fish, or modes of fishing. They include the Gulf of
Mexico reef fish fishery, charterboat surveys, billfish
tournament sampling program, and nontournament
billfish sampling program.



In addition to the trip ticket system, FDEP began two
other long-term monitoring programs in 1984. These
include statistics on recreational catch and effort, and
trends in the relative abundance of juvenile fish. In 1988,
special state appropriations funded the Marine Fisheries-
Independent Monitoring Program. The term “fisheries-
independent” implies that all data are collected as part of
designed scientific studies, using more standardized
equipment and techniques than the fisheries-dependent
surveys. The program is now partially supported by sales
of saltwater fishing licenses.

Routine fisheries-independent monitoring began in
Tampa Bay and Charlotte Harbor in spring 1989, and in
the Indian River Lagoon in fall 1989. In 1992, sampling
began in the Choctawhatchee Bay/Santa Rosa Sound
system. Florida Bay sampling started in 1994. With the
completion of sampling in 1992, the program has four
complete years of data for Tampa Bay and Charlotte
Harbor, and three years of data for the Indian River
Lagoon.

The program targets juvenile fish and selected
invertebrates. Because fish too small to be of legal size
are exposed to little fishing pressure, changes in their
numbers better reflect natural mortality, immigration,
recruitment, or emigration. By monitoring juveniles,
managers can anticipate changes in the numbers of adult
fish and modify harvesting regulations before the fish
become vulnerable to commercial and recreational fishing.

The program analyzes data for all species collected so
that researchers can determine the relationships among
species for an entire estuarine system and characterize
juvenile fish habitats in an estuary. Valuable information
is collected on fish ecology, life history, and growth; the
health of an estuary system; and the timing, location, and
magnitude of juvenile populations.

Two main sampling strategies are used: a stratified-
random sampling is performed in the spring and fall,
because these are the principal recruitment periods in
estuaries, and a fixed stations network is sampled
monthly. The sampling gear and methods used are
identical between regions and sampling strategies. Blue
crab, mullet, red drum, and spotted seatrout have been
assessed.

Status and trends
of fishery resources

The commercial fisheries regulated by the Marine
Fisheries Commission recorded finfish and shellfish
landings for 1992, 1993, and 1994 as about 167,738,125,
166,304,586, and 164,537,411 total pounds, respectively.
Florida has two distinct fisheries: Gulf Coast and Atlantic
Coast. For those three years, about 73 percent of the total
poundage came from the Gulf Coast, with the rest from
the Atlantic Coast. On average, of the total poundage,
63.4 percent were finfish, 5.2 percent clams and scallops,
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8.4 percent blue crabs, 4 percent stone crabs, 1.5 percent
oyster, 15 percent shrimp, and 3.6 percent spiny lobster.

From 1953 to 1994, commercially caught finfish and
shellfish collected from coastal fisheries ranged between
163 million and 215 million pounds. From the late 1960s
to about 1980, catches declined. Total landings rose again
in the 1980s. Unfortunately, the total pounds caught do
not reflect fishermen’s time, effort, distance traveled, and
trips made. While not the best indicator of fishery trends,
total poundage is, however, often the only readily
available fishery statistic.

The estimated dockside value of commercially
harvested seafood ranged from $178 million to $208
million. Economically significant commercial species
(where the value of the annual catch is typically over $3
million) are spiny lobster; pink, rock, brown, and white
shrimp; stone and blue crab; red grouper; black mullet;
oysters; yellowfin snapper; and swordfish.

The Marine Research Institute provides the Marine
Fisheries Commission with valuable information on the
status of major finfish and shellfish resources in marine
waters that it can use in implementing regulations. The
institute’ s fish assessment/fish modeling group, organized
in 1992, prepared stock assessments for red drum,
common snook, sheepshead, spotted seatrout, Florida
pompano, permit, tarpon, bonefish, and silver and striped
mullet. The assessmens indicate that red drum and snook
have exceeded goals for recovery. The numbers of
juvenile and subadult red drum have increased since 1987,
probably because fishing pressure dropped when
regulations were introduced in 1985 and the commercial
fishery was closed in 1988.

Snook declined in Florida during the late 1970s and
early 1980s. Their numbers remained low but stable
through the mid-1980s. A slow increase began in the
mid-1980s and continued to at least 1990.> Regulation of
the snook fishery formally began in summer 1983.
Management included seasonal closure and size limits.
Increased regulation may have increased abundance.
Because this species lives up to 19 years, however, the
trend should be viewed as a first estimate requiring more
data.

Sheepshead are close to the typical minimum
thresholds used to define when stocks are overfished. A
typical minimum value is a 20 percent spawning potential
ratio.

Spotted seatrout and striped mullet were below the
Marine Fisheries Commission threshold for overfishing.
Spotted seatrout are largely collected commercially by gill
or trammel net, which are not selective. For every pound
of spotted seatrout caught, nine pounds of other species
are taken. Since quotas were implemented in November
1989, commercial fishermen are now targeting striped
mullet. For the recreational fishery, the legal minimum
size was increased and the bag limit set at ten fish.

2This trend is based on data from the areas around Naples-Marco
Island and Palm Beach-Jupiter Inlet.



Less conclusive evidence suggests that tarpon and
bonefish are not overfished. The status of Florida pom-
pano, flounder, and silver mullet is unknown.

Stock assessments provide valuable, scientifically
defensible information, but they are time consuming.
Given the number of species regulated in Florida, the
Marine Fisheries Commission needed another tool to
obtain timely information. 1n 1994 the Marine Research
Institute stock assessment/fish modeling group’s initial
report on status and trends estimated stocks of 21 inshore
species based on landings and catch rates. The report was
based on data from three major surveys.? The report was
later expanded to 186 species or species groups. While a
valuable tool, this approach does not replace a detailed
stock assessment.

A group of Marine Research Institute scientists
reviewed each of the species or species groups; assessed
data on landings, catch, and catch rates for 1985 to 1994;
and used professional expertise to assign a status to each
fishery. The scientists used catch rate as a proxy for stock
condition, defining a fishery as stable when catch rates
were variable without trends, increasing when catch rates
were increasing, or decreasing when catch rates were
decreasing. The assessment emphasized data from 1991
to 1994 because these were the most recent measures of
current stocks. Because several original species or species
groups were too broad to be meaningful or lacked data,
the report was ultimately condensed to 88 species
supporting either recreational or food fisheries and 48
species supporting an ornamental fishery.

Appendix D lists trends and status for specific
fisheries, including information on regulations. For the
Atlantic Coast, about two-thirds of food or recreational
fisheries were classified as stable. Similarly, about half
the ornamental species were stable. On the Gulf Coast,
about half the food or recreational and ornamental
fisheries were stable. These findings, however, should be
interpreted cautiously, for even when a fishery looks good
based on catch rates, stocks may be low or deteriorating.
Catch rates may simply reflect an efficient fishery (that is,
more fish caught with less effort), not necessarily
abundant fish.

According to the report, more than 10 percent of food
or recreational and 19 percent of ornamental species were
increasing on the Atlantic Coast. The situation was alittle
better on the Gulf Coast, with 22 percent of food or
recreational and 26 percent of ornamental species
increasing.

Conversely, less than 20 percent of food or
recreational and 26 percent of ornamental species were
decreasing on the Atlantic Coast, while less than 25
percent of food or recreational and 29 percent of

22EDEP's Marine Fisheries Information System, the National Marine
Fisheries Service's Marine Recreational Fisheries Statistics Survey, and
FDEP's Fisheries-Independent Monitoring Program collect information
on fisheries catch rates, landings, and the relative abundance of na-
rine organisms.

162

ornamental species were decreasing on the Gulf Coast. A
decreasing trend does not necessarily indicate deteriorat-
ing stocks or overfishing. In some cases, changes in gear
or catch limits or restricted access to a fishery decreased
catch rates, leading to the appearance of a decreasing
trend.

In the case of porgies on the Atlantic Coast and
dolphin on the Gulf Coast, these trends need further
investigation. Porgies are frequently caught up in shrimp
trawls. Dolphin are typically caught with hook and line,
but their schooling behavior makes them vulnerable to
exploitation. Blue crabs on the Gulf Coast were classified
as decreasing, a trend that was probably exacerbated as
catch effort increased following the 1995 net ban. The
ban should reduce fishing pressure on many other species.



Case studies
of Florida estuaries

Practically every estuarine system in Florida has been
studied to evaluate resources, identify problems, or
propose solutions. Funds have come from the National
Estuary Program, the state Surface Water Improvement
and Management Program, loca and regional
governments, Florida s Pollution Recovery Trust Fund, or
special legislative appropriations. In most cases, the
studies have addressed the rehabilitation and restoration of
damaged estuaries. Future studies could also focus on
protecting relatively unaffected resources from future
abuses. The following summarizes ongoing programs in
SiX estuaries.

Florida Bay

Florida Bay lies between Cape Sable and the Florida
Keys, opening to the west into the Gulf of Mexico.
Encompassing about 849 square miles of shallow marine
and estuarine waters, the bay averages three feet deep.
Shallow carbonate mud banks create separate basins,
restrict water circulation, and moderate the Gulf's lunar
tidal cycle. Florida Bay became part of Everglades
National Park in 1950; 695 square miles of the bay lie
within the park. At least 100 fish species and 30 species
of crustaceans spend part or all of their livesin the bay.

Florida Bay is a vital link between the Everglades and
the Keys. Since 1987, however, a series of catastrophic
events have caused extensive habitat losses, particularly
seagrass and sponge die-offs. How these changes will
alter fisheries has yet to be determined, but the
relationship between habitats and fish populations appears
complex. A general description of the extent of the
resource may help in understanding the magnitude of the
problem.

Fresh water once entered the northeastern bay from
Taylor Slough as overflow from the C-111 Canal and as
sheet flow from local rains. When the canal was opened
totally in 1989, however, the change in salinity caused a
fish kill in Card Sound. In addition, it eliminated the
overflow to Taylor Slough, caused hypersalinity in
Blackwater Sound and areas west of Florida City, and
marked the beginning of serious problemsin Florida Bay.

Fresh water also moves southward from the mouth of
Shark River into the northwestern bay, especially during
recent high water (in 1995) in the southern Everglades.
Because the amount and timing of local rainfall control
conditions in the bay, salinity can range from brackish to
hypersaline. The restricted water circulation creates shifts
in habitats and biological life along a southwest to
northeast axis.
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The bay contains critical juvenile nursery habitat for
many economically and ecologically important species,
including spotted seatrout, redfish, snook, tarpon, snapper,
and grunt. Important shellfish species include pink
shrimp, blue crab, stone crab, and spiny lobster. Blue
crabs that grew up and were tagged in Florida Bay have
been found as far north as Apalachee Bay near
Tallahassee.

The first regulations to control fishing methods,
species caught, and fish locations in the bay were enacted
in 1951. By the 1970s, concern over declining catches
and catch rates of spotted seatrout and other gamefish
prompted Everglades National Park to enact bag limits.
Since December 1985, only recreational fishing has been
allowed in the areas of the bay within Everglades National
Park.

The pink shrimp harvest has decreased from an
average of ten million pounds per year before the seagrass
die-off to less than five million pounds, and has gone as
low as two million pounds. In the past several years,
however, the harvest approached historical levels. The
rebound of this fishery, even if temporary, reveals the
complex interplay between nursery habitat, salinity, and
other factors.

The sponge-hardbottom community provides critical
habitat for juvenile spiny lobster. Recent surveys reveal a
50 to 70 percent reduction in juvenile lobsters following
algal blooms. The long-term effects of this decline are not
known.®? So far, adult lobsters have not been affected.
The dockside value of the commercial lobster fishery is
about $24 million, with additional income from the
recreational industry.

One researcher estimated that seagrasses covered
more than 80 percent of Florida Bay within the boundaries
of Everglades National Park in the early 1980s* A
massive seagrass die-off, however, has occurred since
1987. By 1990, about 63,000 acres of turtle grass had
died, probably because a combination of conditions
during the late 1980s caused the grass to become stressed
and diseased. In 1996, most declines in turtle grass
densities are occurring in the bay’s western basins,
associated with constant turbidity from high sediment
levels and algal blooms. Total seagrass losses do not
include any increases from recovery or shifting of species.

A rapid mangrove die-off also began in 1991 on
islands in the bay and has since extended to the mainland
and other islands. Recent die-offs were observed at a few
islands during January 1996.

Blue-green algae first started blooming in fall 1991
after a large seagrass die-off (see the section on algal
blooms earlier in this chapter). They dissipated during
February 1992 and reappeared in October 1992. The
blooms now occur year-round, although they are more

2. Hunt, FDEP, personal communication.

24Zieman, J.C., J.W. Fourquean, and R.T. Zieman,Distribution, Abun-
dance, and Productivity of Seagrasses and Macroalgae in Florida Bay,
Bulletin Marine Sciences44(1) 292-311, 1989.



extensive during winter. Much of the research in Florida
Bay is focusing on the nutrient sources fueling the
blooms. The answers will be critical in planning
restoration work.

The seagrass die-off and constant algal blooms have
affected other components of the Florida Bay ecosystem.
First observed in February 1992, large numbers of dead
sponges have been found in the areas covered by the algal
blooms, ranging from Everglades National Park to
Marathon in the Keys. Although the cause is not known,
in some areas all the sponges are dying.

Problems from the bay’s constant turbidity and algal
blooms are also expanding into other areas. During many
months of each year, turbid waters with high levels of
sediments and microalgae pulse regularly from the bay
into the waters over the oceanside reefs south of the Keys.

A Keyswide cruise during summer 1995 found dying
corals south of Long Key that appeared to be linked to the
turbidity.

The bay’s habitat losses and fisheries problems stem
from extensive hydrologic modifications in parts of the
watershed. The effects of these changes may have been
exacerbated in recent years by a lack of hurricanes to
remove sediments and organic matter; very high water
temperatures in the summers and falls of 1987, 1988, and
1989; and higher-than-normal salinities.

In 1969, water was diverted from sheet flow across
the Everglades into the C-111 Canal for flood control.
Recent droughts and land-use changes in South Florida
have reduced freshwater discharges from the canal. The
rainy season in southern Florida occurs in summer and
early fall, coinciding with the hurricane season. By
October, in the system’s natural state, Taylor, Shark, and
Rock sloughs would have had high water levels and
delivered large quantities of fresh water to the bay.
Because the water is instead diverted to agriculture,
salinity in the estuary does not fluctuate, and levels as
high as 70 parts per thousand have been recorded.”

During 1995 the southern Everglades received much
more rain than average. As a result, flows in the sloughs
increased and Florida Bay’ s salinity dropped substantially.

Coincidentally, chlorophyll levels in the algal blooms
were lower this year than in recent years. Although these
observations are preliminary, they indicate that the long-
term goal of returning the proper quantity and timing of
freshwater flows to Florida Bay may have positive
ecological consequences.

Florida Keys

The Florida Keys, a chain of limestone islands
extending about 150 miles southwesterly from Biscayne

B\water Quality Protection Program for the Florida Keys M-
tional Marine Sanctuary Phase | Report,Continental Shelf
Associates, Inc., prepared for the U.S. Environmental Protection
Agency, December 1991.
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Bay through the Straits of Florida to the Dry Tortugas,
divide the Atlantic Ocean from the Gulf of Mexico. The
Keys contain over 6,000 species of plants, fish, and
invertebrates; the only living coral reef within the nation's
continental boundaries; and one of the hemisphere's
largest seagrass communities.

Congress approved the Florida Keys Marine
Sanctuary Act, which was signed into law by then-
President George Bush in November 1990. The 1989
grounding of three large ships on the coral reef provided
the impetus for protection. The designation recognized
the importance of this sensitive ecosystem and the
degradation occurring from direct and indirect impacts,
concerns that had been expressed since the 1960s. Direct
impacts include boat groundings, propeller dredging of
seagrasses, and damage done by divers to the coral reefs.
Boat propellers have damaged over 30,000 acres of
seagrasses. Indirect impacts include marine discharges of
wastes, land-based pollution (including shallow injection
of al the sewage effluent from the Keys except for Key
West, whose 12 million gallons per day are directly
discharged), and external sources of water-quality
degradation.

The Marine Sanctuary Act covers about 2,800 square
nautical miles, including waters around the Keys and
south of Miami to the Dry Tortugas. Two other
sanctuaries lie within the Florida Keys Marine Sanctuary:

Looe Key and Key Largo. Florida Bay/Everglades
National Park is on the sanctuary’s north border.

The act preserves and protects the marine
environments of the Florida Keys. The area’s economy
directly depends on tourism and fishing, both of which
depend in turn on a healthy environment. In 1991 the
Keys economy generated $853 million, 36 percent of
which came from service industries directly tied to visits
by more than three million tourists each year.

The Marine Sanctuary Act contains the following
provisions:

1. Requires the National Oceanic and Atmospheric
Administration to develop a comprehensive
management plan that identifies direct and
indirect impacts to the Keys and provides
strategies for addressing those impacts.

Establishes an advisory council to help develop
and implement the plan.

Prohibits oil and gas development and hard
mineral mining.

Restricts tankers and large vessels (more than
150 feet long) in an internationally recognized
area to be avoided, as a buffer zone for the coral
reefs.



5. Directs the Environmental Protection Agency
and the state to develop a water-quality
protection program.

About 65 percent of the sanctuary’s waters come
under Florida's jurisdiction, meaning that the governor
and cabinet must review and approve the management
plan for state waters.

A three-volume Draft Management Plan/Environ-
mental Impact Statement released in April 1995 resulted
from a cooperative effort among federal, state, and local
agencies, ingtitutions, and the 22-member Sanctuary
Advisory Council. The plan, which was open to public
review and comment until December 1995, contains 98
strategies—including channel marking, education,
enforcement, mooring buoys, regulatory approaches,
research and monitoring, submerged cultural resources,
volunteer involvement, water quality, and zoning. Water-
quality issues comprise 41 of the 98 strategies.

Under the act, the National Oceanic and Atmospheric
Administration must coordinate with federal, state, and
local agencies to implement the Final Management Plan.
In a nonbinding referendum in 1996, however, Keys
residents voted against the management plan.

The final plan will include the provisions of a
federal/state compact that formally commits all the parties
to managing the sanctuary. Key signatories will include
representatives of key federal agencies, the State of
Florida, Monroe County, and local municipalities.

Other protection. Many of the Keys' unique
features—including Crocodile Lake National Wildlife
Refuge, John Pennekamp Coral Reef State Park, and San
Pedro State Underwater Archeological Site—are protected
at local, state, and federal levels.

Florida designated the Keys an Outstanding Florida
Water on May 8, 1985, because of their special ecological
and recreational value. This designation will help
maintain water quality. The OFW area extends from the
southern boundary of Everglades National Park in Florida
Bay to Key West, excluding canals and two dischargers.
A special Keys Rule addresses additional criteria for
dredging and filling in the area.

The Keys are also an Area of Critical State Concern.
The legislature established this designation for five areas
of Florida because they contain or significantly affect
natural resources of regional or statewide importance.

Tampa Bay

Tampa Bay is alarge, bilobed body of brackish water
on Florida's central west coast. It contains seven
geographic subdivisions: Old Tampa Bay, Hillsborough
Bay, Middle Tampa Bay, Lower Tampa Bay, Boca Ciega
Bay, Terra Ceia Bay, and the Manatee River. Major rivers
discharging to the bay include the Hillsborough, Manatee,

165

Alafia, Braden, Paim River/Tampa Bypass Canal, and
Little Manatee. The Tampa Bay watershed, comprising
2,200 square miles, includes both upland and freshwater
habitats. The estuary covers 398 square miles.

Tampa Bay’s problems are typical of those affecting
other urban estuaries in the state. The bay, which was
added to the National Estuary Program on April 20, 1990,
is aso a state Surface Water Improvement and
Management priority water body. Each program’s work
complements that of the other.

The Tampa Bay National Estuary Program brought
together the Environmental Protection Agency; FDEP;
Hillsborough, Manatee, and Pinellas counties; the Cities
of Tampa, St. Petersburg, and Clearwater; and the
Southwest Florida Water Management District.  These
partners have worked for six years to understand the bay’s
functions and implement management and restoration.
Their work culminated in the production of a draft
management plan (the information here is excerpted from
that draft).*® The next step is for the partners to accept a
final management plan and formally agree to implement
it.

The National Estuary Program’s work to characterize
and understand Tampa Bay’s problems is nearing comple-
tion. Over the long term, the program is focusing on
establishing an effective process for comprehensively
managing the bay. This includes developing, adopting,
and enforcing laws and regulations to manage water
quality, natural systems, and public use.

The Tampa area’s population is expected to increase
to about 2.37 million by the year 2010. The challenge to
managers, regulators, politicians, and local citizens will be
maintaining improvements in water quality and
continuing the bay's recovery.

Status. Many of the bay’s water-quality issues are
linked to port activities. The nation's seventh largest port,
the Port of Tampa, serves Central Florida's phosphate
industry. Other active ports are the Port of St. Petersburg
and Port Manatee. The bay also supports a commercial
fishery; amost 25 million pounds of fish and shellfish
were landed in 1990.

With a current metropolitan population of 1.9 million,
Tampa Bay is heavily urbanized. This urbanization,
coupled with decades of neglect and abuse, has damaged
the bay ecosystem. The National Estuary Program’s
Policy Committee identified seven different areas
contributing to this degradation:

1. Eutrophication and a general overall decline in
water quality.
2. Reduced and altered habitats and declining fish

and shellfish harvests.

2®Draft Comprehensive Conservation and Management Plan,
Charting the Course for Tampa Bay, Tampa Bay National Estuary
Program, January 1996.



3. Alack of community awareness.

4. Conflicts between different groups of users.

5. Alack of interagency coordination and response.

6. A lack of understanding of flushing and circula-
tion patterns.

7. The presence of hazardous and toxic con-

taminants.

Eutrophication and a general overall decline in water
quality are major concerns. Historically, excess nutrients
entering the bay have created an overabundance of phyto-
plankton, increasing turbidity and reducing light
penetration. As a result, as many as 81 percent of the
bay's seagrass beds have been lost.

Water quality has improved significantly, however,
over the past few decades. The Grizzle-Figg legislation of
the late 1980s required the bay’s wastewater treatment
plants to go to advanced treatment. The legislation
applies to waters from the north bank of the Anclote River
to Charlotte Harbor’s south bank. 1t does not apply either
to facilities permitted by February 1, 1987, that discharge
secondary treated effluent followed by water hyacinth
treatment, or to discharges to the nontidal portion of the
Peace River.

All 17 sewage treatment facilities discharging to
Tampa bay have gone to advanced treatment. Coupled
with wastewater reuse, this has largely eliminated regular
discharges of poorly treated wastewater.

As aresult, water quality has improved baywide. We
analyzed 17 years of data from 70 monitoring stations for
trends. Nitrogen concentrations decreased by almost one-
third in most areas. Phosphorus concentrations decreased
on average 67 percent since 1974. Chlorophyll a levels,
which indicate algal biomass (and indirectly water clarity)
dropped to a record low in 1991. Overall, chlorophyll
levels from 1989 to 1994 allowed 20 to 22 percent light
penetration to target depths throughout the bay.

Improved water quality has also benefited Tampa
Bay’'s fishery. Scallops were found in the bay until the
1960s, when populations declined. Although the cause
was never determined, declining water quality was
suspected. Mote Marine Lab recently placed lab-cultured
scallops in two locations and monitored them for growth,
reproduction, and survival. The results indicate that the
bay can support a viable scallop fishery, and aggressive
restocking efforts are under way.

Even with the improvements, poor water quality
persists in the northeast section of Old Tampa Bay and in
Hillsborough Bay. In addition, sewer overflows are a
particular concern in St. Petersburg and Pinellas County,
where a combination of low elevation and rapid
population growth strain existing sewer and stormwater
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systems. For example, in August 1995, St. Petersburg
was forced to shunt more than 15 million gallons of raw
sewage into canals flowing into the bay because of sewer
backups.

An interim nutrient budget by the National Estuary
Program identified the main contributors of nitrogen,
phosphorus, and total suspended solids to the bay.
Information on water quality and stream discharges was
used when available, and an empirical hydrologic model
when information on discharges was not available.”
Nonpoint sources and atmospheric contributions were
caculated for 1985 to 1991, and point source
contributions from 1991 data. A simpler approach was
used to estimate contributions for 1992 to 1994.%

Nutrient budgets are used to develop pollution load
reduction goals. These are reductionsin pollution that can
be achieved, using specific corrective actions, to maintain
and improve water quality. The contributions from
different sources are preliminary and may be further
refined using more recent data.

Based on the 1992 to 1994 estimate of total nitrogen
contributions, about 4,250 tons of nitrogen enter the bay
each year—a major decrease from a 1976 estimate of over
9,900 tons annually. Historical estimates for 1938 place
total nitrogen contributions at 1,915 tons per year.

Major baywide sources of total nitrogen (based on
data from 1985 to 1991) are nonpoint source runoff (47
percent), atmospheric deposition (28 percent), discharges
from municipal wastewater plants (8 percent), industrial
point sources (6 percent), and fertilizer losses during ship
loading and delivery to port (7 percent). The rest is
attributable to springs, groundwater, septic tanks, and
sewage treatment sludge. Because of 1991 changes in
how ports handle fertilizers, these contributions have
probably declined further. Urban stormwater runoff
accounts for about 16 percent of total nitrogen
contributions, with more than half coming from
residential areas.

Hillsborough Bay accounts for about 41 percent of
the total nitrogen contributed to the bay. With the largest
watershed area of all bay segments, it provides 29 percent
of Tampa Bay’s fresh water. Total nitrogen contributions
to Hillsborough Bay have grown from about 750 tons per
year in 1940 to recent estimates of over 1,800 tons per
year (1992 to 1994). Other maor contributors are the
Alafia and Manatee rivers and Middle Tampa Bay.

Existing point source discharges of effluent into the
bay, based on average contributions from 1992 to 1994,

Z77zarbach, H., A.J. Janicki, D.L. Wade, D. Heimbuch, and H. Wilson,
Estimates of Total Nitrogen, Total Phosphorus, and Total
Suspended Solids Loadings to Tampa Bay, Florida,Tampa Bay
National Estuary Program Technical Publication 04-94, May 1994.
%The approach of the Joint Group of Experts on the Scientific

Aspects of Marine Environmental Protection (GESAMP) assumes that
concentrations of total nitrogen and total phosphorus can be
expressed as a linear function of salinity. It was developed because it
is easier to use and less time-consuming than other approaches, and is
thus a less expensive way to estimate pollution contributions.



Table 5-6
Seagrass acreages in Tampa Bay, 1950-1992

Year b 1950* 1982* 1988** 1990** 1992**
Old Tampa Bay 10,855 5,943 5,238 5,781 6,323
Hillsborough Bay 2,743 0 15 51 69
Middle Tampa Bay 9,499 4,042 4,998 5,139 5,100
Lower Tampa Bay 6,106 5,016 4,736 5,478 5,541
Boca Ciega Bay 10,581 5,770 5,951 6,372 6,410
Terra Ceia Bay 734 751 881 909 910
Manatee River 126 131 273 288 288
Anna Maria 970 1,003 1,013
Total 39,640 21,656 23,062 25,021 25,654
Sources:

*Lewis, R.R., K.D. Haddad, and J.O.R. Johansson, Recent areal expansion of seagrass meadows in Tampa Bay, Florida: real bay improvement or
drought induced? (pp. 189-192, inS.F. Text and P.A. Clark, eds.,Proceedings Tampa Bay Area Scientific Information Symposium 2,1990).

**Ries, T. and W. Avery, Seagrass Coverage, in A. P. Squires, A.J. Janicki, and H. Greening, eds.Praft Tampa Bay Environmental Monitoring
Report, 1992-1993 [acreages are rounded to the nearest whole number], March 1996., pp. 6-1 to 6-5.

account for about 638 tons of total nitrogen per year.
About half comes from Hillsborough Bay. Land-applied
effluent is another important nitrogen contributor,
paarticularly Middle Tampa Bay, Old Tampa Bay, Boca
Ciega Bay, and the Little Manatee River.

Baywide total phosphorus contributions are
attributable primarily to fertilizer shipping and processing
(15 percent), atmospheric deposition (31 percent),
nonpoint source stormwater runoff (25 percent), industrial
point sources (95 percent), and discharges from
wastewater treatment plants (18 percent). Hillsborough
Bay contributes 57 percent of total phosphorus, with a
substantial portion coming from point source discharges.
Compared with 1940, total phosphorus contributions to
Hillsborough 