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PREFACE

The first Tampa Bay Area Scientific Information Symposivm (Tampa BASIS) was

held in 1982 and emphasized the Tampa Bay estuary. Results from the first

symposium identified two critical issues —the need for increased understanding of the

watershed surrounding Florida’s largest estvary, and the need for informed
management of the system as a whole.

These acknowledged needs have stimulated recent escalations in bay management
efforts and technical research. Since Tampa BASIS, the Tampa Bay Regional Planning
Council created the Agency on Bay Management in 1985 to coordinate the multitude
of agencies and organizations involved with Tampa Bay; the Southwest Florida Water
Management District’s Surface Water Improvement and Management Program was
created by the 1987 Florida Legislature to protect and restore surface water bodies;
and the Environmental Profection Agency’s National Estuary Program was dedicated
in 1991 to develop a Comprehensive Conservation and Management Plan, Effective
management requires basic research — it is the responsibility of the regulatory and
scientific communities to work together to preserve, protect and enhance Tampa Bay.

The primary goal of Tampa BASIS 2 is to bring these communities together for
the exchange of ideas and information. Our objectives are to review the status of our
understanding of watershed/estuary interactions, to make management decisions based
on this understanding, and to disseminate this information to the public,

Sally F. Treat
Peter A, Clark
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COASTAL NONPOINT POLLUTION CONTROL
Opening Address

J. W. Rote

It’s an honor and a privilege to be with you for BASIS 2. When I was your
"rapporteur” for BASIS in May of 1982, 1 stressed the importance of a watershed
approach to the research, planning, and management of Tampa Bay. As your
moderator for the next three days, I will be emphasizing nonpoint scurce pollution
control, which 1 feel is the new frontier in coastal and estuarine water guality
management efforts. : '

INTRODUCTION

From the first Tampa Bay Area Scientific Information Symposium, two critical
issues emerged—the need for increased understanding of the watershed surrounding
Florida’s largest estuary, and the need for informed management of the system as a
whole. These acknowledged needs have stimulated a recent surge of scientific and
technical research. Given further impetus by the Southwest Florida Water
ManagementDistrict’s Surface Water Improvement and Management (SWIM) Program,
and the inclusion of Tampa Bay in the National Estuary Program, 1991 is expected to
be a year of intense research and management activity.

There has been a flurry of activity over the past decade in addressing water
quality and growth-related problems in and around urbanized estuaries, I opened the
1982 BASIS meeting with a paper on the "Science and Management of San Francisco
Bay". Recently, a 2020 Chesapeake Bay Growth Management Commission, appointed
by the Governor of Maryland, reported on the problems facing the fargest estuary on
the east coast. Since the 1982 BASIS, just in California, Monterey Bay, San Francisco
Bay, Santa Monica Bay, Tomales Bay, and Morro Bay have all held "State of the Bay"
conferences.

The dimensions of coastal pollution as a national problem were thoroughly
documented in a report by the Office of Technology Assessment, "Wastes in Marine
Environments" (April 1987). During the two years following the release of that
report, the House Subcommittee on Fisheries and Wildlife ‘Conservation and the
Environment and the Subcommittee on Qceanography held a series of nine oversight
hearings on many aspects of the coastal pollution problem. In Angust of 1988, Time
and Newsweek magazines both featured cover stories on marine and coastal pollution
problems facmg the nation,

A major theme which came up frequently at the Congressmnal oversight hearmgs
was the importance of a "basin- wide approach” to solving coastal pollution problems.
This was probably best stated by a witness from Massachusetts, who testified,

We should keep in mind that the major questions of health of our marine
and near coastal waters are best answered through the systems approach.
Excellent examples of these include the Chesapeake Bay Program, and the
" Buzzards Bay and Narragansett Bay Programs with which we work in
Massachusetts. These programs assess pollution and its impacts from the
broad systems approach and provide a forum to develop coordination of
remedial actions. They have allowed us to link EPA and NOAA programs
within a given geographical area, to coordinate local, state, and federal
efforts to minimize duplication and maximize investments, to link
scientists with decision-makers, and to find out just what the
citizens/taxpayers want in their coastal waters. (William Eichbaum,

Massachusetts Executive Office of Environmental Affairs, March 24,
1988.)



POPULATION GROWTH

At the heart of the coastal pollution problem is simple demographics. People
crowded onto the water’s edge are both the cause of the decline in coastal
environmental quality and one of the major reasons why solving the problem is so
critical, because the health and quality of life for so many depend on it. Growing
populations along coastal corridors mean more residential, commercial, and industrial
development, more roads and infrastructure, and an increase in every type of
environmental assault on the land, air, and water of the coastal zone,

Florida and California have a lot in common. Eight coastal counties in the two
states will be in the top ten counties in absolute population change between 1988 and
2010. Where there will be some relief in California, with a movement away from the
coast toward the inland and central valley counties, the entire state of Florida is
considered to be "coastal”.

1 don’t have to tell you that Florida is growing. In 1960, when the state’s
population was S million people, it was the tenth ranked state in the nation. In 1989,
the population was 12.5 million, and the state was the fourth most populated, behind
California, New York, and Texas. The projected Florida population for 2010 is 16
million people. That would be a 226% increase since 1960. This growth rate compares
to 122% in California and 121% in Texas over the same period of time.

Considering the three counties around Tampa Bay (Hillsborough, Manatee, and
Pinellas) and Pasco to the north, and Sarasota to the south, the Tampa Bay area is
witnessing some of the greatest growth in the entire Gulf of Mexico area. Pinellas
County will gain 192,000 people by 2010 (second in the Gulf area); Pasco County,
182,000 (third); Hillsborough County, 158,000 (fifth); and Sarasota, 102,000 (niath).
For Pasco County, this represents a 69% growth between 1988 and 2010, the third
highest growth rate in the Gulf area.

In terms of demsity (population per square mile), by the year 2010 Pinellas
County will be first in the Gulf area, with 3,619 people per square mile; Hillsborough
will be sixth~-924, Sarasota seventh—-633, and Pasco ninth—606. Coastal counties in
south west Florida will also have the largest percent increases in population over the
next two decades. Ten of the 15 most rapidly growing counties in the coastal zone of
the Gulf of Mexico are located in this area.

_ _ NONPOINT SOURCES :

Nounpoint sources of contaminants are those that are diffuse or poorly defined.
They incinde rainfall or fallout from the air, surface runoff from land, and multiple
small inputs such as those from individual houses, businesses, and farms. Monitoring
nonpoint source contamination is difficult precisely because it is so diffuse. It is
technically challenging both to monitor such contaminant input and to clearly identify
sources of elevated levels found in the environment. :

Nonpoint sources are attracting greater attention from both regulatory agencies
and the public, with most of this attention devoted to storm drains and riverine input. -
As a result of a steady decrease in the mass emissions from coastal wastewater
treatment plants, mass emissions of some chemicals from stormwater runoff now
approach those in effluents from coastal wastewater treatment plants, Stormwater and
riverine drainage enter the nearshore zone directly, while treated municipal
wastewater is discharged two to seven miles offshore, usually in deep water (greater
than 100 feet). Potential impacts on recreational beaches may therefore be greater
from the land runoff than from offshore discharge of treated wastewater,

In a study I conducted in 1985, the two primary sources of pollutants entering
Santa Monica Bay and the surrounding waters of the Southern California Bight were
found to be past ocean dumping of industrial chemicals and other waste materials (and
some minor present dumping) and muanicipal wastewater outfalls, past and present.
Secondary inputs included: nonpoint source urban runoff (storm drains and fiood
channels); contaminants from aerial fallout; ocean currents; power generating plants
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(biocides in cooling water); offshore oil drilling operations (drill muds/cuttings);
discharges from ship traffic (hydraulic fluid, bottom paint); dredge spoil dumping;
and possible metabolic breakdown (or impurities) in presently unsed pesticides
(Kelthane [Difocol]/DDT-type derivatives).

URBAN RUNOFF :

The nonpoint discharge of surface runoff can be an important source of
pollutants to nearshore marine waters. Storm drain runoff, flood channels, and
agricultural return water, surveyed in California during 1971-72 and 1979-80, were
shown to contain high levels of trace metals and chlorinated hydrocarbons. Three
major storm channels, and their drainage areas in the Los Angeles Basin (Los Angeles
River, San Gabriel River, and Ballona Creek) had high levels of pollutants, with the
Los Angeles River averaging approximately 75% of the total storm runoff during the
period.

Additional nonpoint source inputs include: fire-fighting wastewater, often
containing high concentrations of contaminants; "nuisance” water (wash-down, excess
lawn watering, etc.); accidental sewer overflows; and daily, weekly, and other periodic
plant and site cleanup and wash-down from business, commercial, and residential
sources, :

Nonpoint runoff dominates as a source of suspended solids and also contributes
kalf or more of total phosphorus, chromium, copper, lead, iron, and zinc. In addition,
it is the overwhelming contributor of fecal coliform bacteria in all areas of the
country, Coliform bacteria from dairy cows pose a major problem to shellfish culture
operations in California.

NOAA NATIONAL STATUS AND TRENDS PROGRAM

Reports of beaches being closed, trash washing ashore, prohibitions on
shellfishing, health warnings to seafood consumers, waste discharges to the sea, ocean
dumping, and habitat losses have aroused considerable public concern about the
quality of the coastal environment in the United States. To assess the effects of
human activities on the quality of coastal and estuarine areas throughout the nation,
the National Oceanic and Atmospheric Administration (NOAA) initiated the National
Status and Trends (NS&T) Program to monitor trends of chemical contamination in
space and time, and to determine biological responses to that contamination.

Since 1984, NOAA’s Office of Oceanography and Marine Assessment has
monitored, through the NS&T Program, the concentrations of toxic organic
compounds and trace metals in bottom - feeding fish, shellfish, and sediments at nearly
300 coastal and estuarine locations thronghout the country, Samples collected annually
are analyzed to determine levels of synthetic chlorinated compounds (e.g., DDT,
polychlorinated biphenyls [PCBs]), polynuclear aromatic hydrocarbons (PAHs), and
toxic trace elements (e.g., mercury and lead). The program 'is the first to use a
uniform set of techniques to measure coastal and estuarine environmental quality over
relatively large space and time scales, including a "specimen bank" of samples taken
each year at 10% of the sites for futnre, retrospective analyses. A related Bioeffects
Program examines the relationship between contaminant exposures and indicators of
biological responses in fish and shellfish in areas that are shown to have high levels
of toxic chemicals.

A 1990 NOAA report, "Coastal Environmental Quality in the United States —
Chemical Contamination in Sediment and Tissues", describes the spatial extent and
severity of chemical contamination and changes in concentrations of contaminants
over the last decade. On a national scale, it appears that high and biologically
significant concentrations of contaminants are limited primarily to urbanized
estuaries. In addition, levels of those contaminants have, in general, begun to decrease
in coastal waters,




The NOAA study found high concentrations of chemical pollutants rare in the
southeast and the Gulf of Mexico area, except for a few sites. High levels at St.
Andrews Bay, Florida (Watson Bayou) and Choctawhatchee Bay (Shirk Point) were
unexpected and unexplained, Sites in the Tampa Bay area which exceeded "high"
concentrations included: Mullet Key Bayou, 5.5 ppb chlordane; Navarro Park, 1.3 ppb
cadmium, chlordane; Hillsborough Bay, 87 ppm lead, cadmium, and 200 ppb PCBs;
Papys Bayou, 40 ppb DDT chlordane, PCB; Peter O’Knight Airport—lead, DDT,
chlordane, PCB; and Old Tampa Bay, 230 ppm chrominm.

COASTAL MANAGEMENT SOLUTIONS
TO NONPQINT SOURCE WATER POLLUTION

Nonpoint source pollution control was a major item on the environmental agenda
of the administration and Congress in 1990. The administration saw an oppottunity
in the reauthorization of the Coastal Zone Management (CZM) Act to encourage the
coastal states to address this significant source of water pollution. Coastal
management programs are in a unique position to deal with the land-based causes of
nonpoint source pollution through their existing land management capabilities,

SWIM Program

In 1987 and 1988, over $30 million in Florida state funds were directed to water
basin monitoring and planning. The Surface Water Improvement and Management
(SWIM) Act was signed into law by Governor Martinez on June 29, 1987. This
landmark legislation set up a program and provided initial funding to begin the
cleanup and restoration of polluted surface water in Florida, along with the
preservation of threatened waterbodies within the state. The state’s five water
management districts are respomsible for implementing the law, PBach water
management district is required to address priority waterbodies mamed by the
legisiature within its area and prepare a priority list of other waterbodies in need of
restoration, conservation, and/or preservation.

After they identify priority watersheds, each water management district develops
a plan to address the identified water qualxty problem for each watershed, Besides
biological and physical descriptions of the waterbody, the plans contain land use and
nonpoint source assessments which will help determine overall impacts of land use
within the basin and lead to revised best management practices. The plans identify
legal frameworks, needed coordination efforts between state and local entities, and
public information programs required for the snccess of the overall effort., The plans
inciude a timetable for bringing all sources into compliance with state water quality
standards and a strategy to restore those waterbodies in need of restoration. Finally,
the plans will describe projected cost and revenue capability in order to reach each
intended waterbody goal,

The Coastal Zone Section within Florida’s Department of Environmental
Regulation (DER) Burean of Surface Water Management has played a pivotal role in -
overseeing the SWIM Program. Coastal Zone staff produced the administrative
procedures used to guide the statewide program and administer the SWIM trust fund
grants to the water management districts, The coastal zone staff also directly manages
the state’s review of proposed SWIM plans, including coordination of DER and other
stale agency comments,

Asof August 1989, DER had approved SWIM plans for 18 waterbodies, including
(among others) Tampa and Biscayne Bays, Apalachicola River and Bay, and the
Suwannee River, Plans for such critical areas as the Everglades National Park and
Florida Bay, Imndian River Lagoon, and the lower St. Johns River were either
conditionally approved or are under development,




: Little Manatee River Project

For several years, Coastal Zone Management funds have been a catalyst for
interagency investigations to assess the overall health of several major estuarine areas,
to identify priority managemest problems, and to provide direction and leadership for
coordinated intergovernmental management. Due to the actions funded through this
program, major improvements have been made in Florida’s ability to cope with
present and future problems affecting these areas, The importance of CZM funding
in making these achievements possible is significant, '

The Little Manatee River Project is one of four main estuarine areas being
funded through the Estuarine Initiative. The objective of this project is to develop
a comprehensive, basin-wide management program for the Little Manatee River
watershed, involving federal, state, regional, and local agencies. The project will also
serve as a prototype for similar efforts in other watersheds in the Tampa Bay system,
with the lIong term goal of enhancing the overall health of the bay.

The Little Manatee River is a priority tributary of Tampa Bay, providing nursery
habitat for many fish species, and is critical to the quality of the state aquatic preserve
in the area. This area is the last major river of the Tampa Bay system remaining in
relatively natural condition. Although there has been considerable state, regional, and
local interest in the area, local governments have been unable to develop a
comprehensive management plan for the watershed, primarily due to a lack of funding
and intergovernmental support.

Phases 1 and 2 of the project have been completed. Work elements completed
during Phase 1 include the collection of chemical, hydrological, and biological data
from the Little Manatee River, and identification of sources and acquisition of land
use information for incorporation into a Geographic Information System (GiS). In
Phase 2, riverine data was analyzed to develop a hydrological characterization of the
watershed, rating curves and fluxes of dissolved and particulate nutrients, and
characterization of biclogical communities. The land use information was entered into
the GIS.

Phase 3 of the project, now underway, involves a coordinated effort by
DER/CZM, Department of Natural Resources, Southwest Florida Water Management
District, ard Hillsborough County to develop the Maragement Plan for the Little
Manatee River. As a result of the progress made using CZM support, this phase of
the Initiative is being jointly supported by CZM and the SWIM Program. Project
results are intended to improve the overall management of local and state programs
affecting the Tampa Bay area and provide the basis for integrating local land use,
envircnmental protection, and stormwater management programs with the ongoing
efforts of state agencies charged with water quality and habitat protection.

Coastal Zone Management Act
Nonpoint Pollution Coatrol Program

There is an exciting new game in town. Section 6217 of the Coastal Zone
Reauthorization Act Amendments of 1990, entitled "Protecting Coastal Waters",
requires each coastal state, with an approved coastal zone management program, to
develop a new- coastal nonpoint pollution control program for approval by EPA and
NOAA. The purpose of this program is “... to develop and implement management
measures for nonpoint source pollution to restore and protect coastal waters, working
in close conjunction with other state and local authorities” (Section 6217[A]).

The program is to be coordinated closely with existing water quality programs
under Sections 208, 303, 319, and 320 of the Clean Water Act, and with state CZM
programs. Other sections require states to incorporate these new plans in the 319
programs and require the state CZM programs to contain enforceable policies and
mechanisms to implement applicable requirements of the Section 6217 Plan.

This initiative marks a turning point in CZM programs, giving them a larger role
in coastal water quality planning, as well as strengthening the new 319 management
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programs in coastal states with CZM programs. The responsibility for developing and
implementing land use management measures rests solely with the states, not with
NQAA or EPA. Management measures are reguired to conform to and comply with
guidelines established by EPA, as provided under subsection {g) of Section 6217.

CONCLUSION

There is a need to focus more heavily on drainage basin approaches to coastal and
estuarine water quality management efforts. Rivers and streams flush pollutants and
sediments from upstream areas into our coastal and estuarine waters. At times, the
amount of pollution from these sources far exceeds the amounts discharged directly
into coastal waters themselves. If we focus only on the point source discharges and
ignore the upstream inputs, we will miss a significant part of the overall probiem.

The Tampa Bay area is one of the fastest growing regions in the country.
Impacts of this growth on the bay’s estuarine system have been the subject of
numerous scientific investigations and have triggered a variety of efforts related to
controlling point sources of pollution, habitat destruction, and other negative
activities, The state of Florida recognizes that if it is to be successful, these projects
must be better coordinated and must be conducted within a broader, basin-wide
management perspective. The state must also focus clearly on controlling noapoint
source pollution, maintaining historic freshwater inflows fo the estvary, and
integrating consideration of living resource management efforts in locai and regional
capital improvement programs and comprehensive plans.




WATERSHED MANAGEMENT AND
THE IMPORTANCE OF FRESHWATER FLOW TO ESTUARIES

J. A. Browder

_ ABSTRACT -

Freshwater inflow characterizes the estuary, which is identified by Webster as "a water passage
where the tide meets the current of a stream.” The roles of fresh water in the estuary are
discussed. The effect of the watershed on freshwater flow to the estuvary is described. The
connection between water quality and the hydrologic functioning of the watershed is briefly
expiained. Preshwater inflow serves many important functions that support estuarine
productivity. It establishes a range of habitat in terms of salinity. Spatial variation in salinity
partitions the estuary into areas in which individuals are segregated by species and by size and
where some predators and parasites are excluded, providing protection for their potential prey.
Freshwater inflow fornishes the nutrients to stimulate the growth of primary producers in the
estuary and the detrital material to further support the food web, Freshweater inflow influences
circulation and sometimes promotes the immigration of postlarval organisms into the estuary from
offshore spawning grounds, Under some conditions, freshwater inflow builds ecologically valuable
coastal marshes by means of sediment transport and deposition and enhanced growth of marsh
vegetation. Freshwater inflow provides dilution—preveating or reducing the severity of stressful
bypersalinity. Quantity and timing of freshwater inflow are determined by rainfail and the
watershed's hydrologic characteristics. These have been changed by urban and agricultural
development and water management. Development of a watershed reduces the opportunity for
infiltration and the capacity for dynamic storage, both of which tafluence the water quality of
nonpoint discharges. Restoration of estuarine productivity depends upon taking a watershed
approach to management and related applied research. Integrated models are suggested that relate
freshwater outflow to watershed structure and salipity and circulation to freshwater inflow. To
be useful in evalvating impacts and guiding restoration, these models should be designed to
approximate the natural, unaltered system, as well as the present system, so that a comparison can
be made of simulations under the two conditions.

INTRODUCTION - _

Seafood is 2 major source of world protein, and the demand for fish and shellfish

in the United States is increasing as Americans learn the health benefits of seafood

and delicious ways to prepare it. Fishing for sport also is growing in popularity, and

tourism based on recreational fishing is an important source of income to Florida, It

seems ironic that demand is increasing while the ability of our coasial waters to

produce marine resources is decreasing. This is particularly a concern in the Gulf of

Mexico, where 95% of commercial seafood production and much of the recreational
fishery is estuarine dependent (Rounsefell 1975).

ESTUARIES AS NURSERY GROUNDS

Our estuaries serve as nursery habitat for many fiskery species, including those
caught offshore that may not be thought of as estuarine products, In Florida, the best
known estuarine - dependent species include spotted seatrout, striped mullet, red drum,
snook, mangrove snapper, tarpon, and penaeid shrimp., Many of these spawn
offshore; then newly-hatched larvae or early juveniles move into the estuary.
Roughly 20 major commercial species caught offshore inhabit Tampa Bay as juveniles
(Sykes and Finucane 1966). Relative densities of juveniles in various types of
estuarine habitats suggest that shallow seagrass beds, tidal creeks, emergent marsh
vegetation, and mangrove prop roots are optimal juvenile habitat for many species
(Yokel 1975, Zimmerman et al. 1984, Thayer et al. 1987). In a number of estuarine-
dependent species, postlarvae first settle out of the plankton into a demersal life in the

freshest part of the estuary. They then gradually move to more saline areas as they
grow.




INFLUENCE OF FRESHWATER INFLOW

Estuarine habitat is being degraded in many ways. Tampa Bay is one of many
estuaries that have been made less productive by pollution, bulkheading, causeway
construction, and dredging and filling (Comp 1982). But another, less obvious, way
that estuaries have been changed is by alteration in freshwater inflow. This may be
the most serious problem of all because the importance of fresh water to the estuary
is not well recognized, and estuarine water rights are poorly protected.

. Fresh water is the basis of estuarine production, establishing the salinity
gradients, circulation patterns, and nutrient concentrations that distinguish estuaries
from the rest of the coastline. Deegan et al. (1986) showed that fishery production per
area of open water around the Guif of Mexico is roughly proportional to the annual
volume of freshwater inflow. The highest seafood landings come from the north
central Gulf, which receives the outflow of the Mississippi and Atchafalaya Rivers
(Deegan et al. 1986). Gunter (1963) called this area the "fertile fisheries crescent.”

Positive statistical relationships have been found between fishery production and
freshwater inflow. For instance, Sutcliffe (1973) found positive correlations between
seasonal river discharge into the Gulf of St. Lawrence and local landings of American
lobster (Homarus americanus) and Atlantic halibut (Hippoglossus hippoglossus).
Browder (1985) found a positive relationship between pink shrimp (Penaens duorarum)
production on the Tortugas grounds and an index of freshwater flow from the
Everglades to the southwest Florida coast. Da Silva (1985) found a positive
relationship between river runoff and the abundance of amother pemaeid shrimp
species, Penaeus indicus, off central Mozambique,

Studies in several parts of the world have shown that altering the freshwater
inflow to an estuary can damage its production capacity. The most dramatic
demonstration occurred with construction of the Aswan High Dam in Egypt. The
sardine catch dropped from 15,000 tons in 1964 to 4,600 tons in 1965 and 554 toms in
1966 after the flow of the Nile River was constrained (Aleem 1972). The sardine
decline apparently was reiated to a decline in the phytoplankton they eat. Nutrients
transported by the Nile River supported the high phytoplankton concentrations that
made possible the high sardine production, Damming the Nile reduced nutrieat inputs
to the delta.

Rosengurt and Hedgpeth (1989) explain the importance of freshwater flow from
the Volga-Kama basin to the circulation and biological productivity of the Caspian
Sea. Water projects in the Volga- Kama basin have greatly reduced freshwater flow
to the lower Volga-Caspian Sea ecosystem, resulting in a drop in the sea level and a
series of negative ecological consequences, Mean annual reduction in runoff is 12%,
but the mean spring value has decreased by as much as 37%. As a consequence, the
frequency of occurrence of abnormally low spring flows has gquadrupled. Spring
discharges are particularly important to the production of fishery resources because
of the timing of spawning. The decline in runoff has altered the ecosystem in many
ways that have all contributed to a reduction in juvenile survival and adult spawning
success. Ecosystem characteristics affected by the decrease in freshwater inflow
include temperature, salinity, oxygen content, alkalinity, pH, biogenic yield, food
resources, circulation patterns, and the size of a nursery ground. Rosengurt and
Hedgpeth (1989) provide a detailed account of the decline in fishery production
coinciding with the changes in river inflow. Effects have been particularly dramatic
in the lower Volga-North Caspian ecosystem. This ecosystem once produced three
times as much fish as presently and was capable of maintaining 90% of the world
catch of sturgeon. Volga-Kama reservoirs significantly curtailed the water supply to
the lower Volga reaches and eliminated an average of about 80% of nursery grounds
of sturgeon and other valuable fishes. The fishery production of "mormal” or wet
years declined to one tenth that supported by the uncontrolied Volga.
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Giving an estuary too much fresh water can be as destructive as giving it too
little. This was demonstrated by Carter et al, (1973), Colby et al. (1985), and Browder
et al. (1986, 1988) in comparisons of Faka Union Bay to other bays in the Ten
Thousand Islands of southwest Florida. A large drainage system redirected the flow
‘of 600 km? of Collier County into the 2.75-km? Faka Union Bay (Fig. 1). Excessive
freshwater discharges, especially during the wet season, are thought to be responsible
for lower densities of larval and juvenile fish and macroinvertebrates in Faka Union
Bay than in nearby bays (Fig. 2).
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Figure 1. Map of southeastern Collier County showing drainage canals and discharge point {from Browder
et al. 1988),

Another example of a Florida estuary receiving too much freshwater flow is the
St. Lucie estuary on the lower eastern Florida coast. Water is released from Lake
Okeechobee into the St. Lucie Canal to regulate lake stage levels, The canal empties
into the St. Lucie estuary. Studies initiated in 1977 (Haunert and Startzman 1985)
revealed that continuous experimental flow rates of 2500 cfs (70.8 m>/s) for three
weeks caused substantial changes in the taxonomic composition and abundance of
benthos and the distribution of fish in the estuary. The most apparent changes to
benthos occurred where salinity was reduced below 5 ppt during the first two weeks
of discharge. The number of estuarine organisms in the benthos declined by 44%.
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Figure 2, Relative abundance of the bay anchovy and 10 dominant taxa (including bay anchovy) in
Pakahatchee, Faka Union, and Pumpkin Bays from October 1982 through June 1984 (from Browder and
Wang 1986).

Subsequent modeling studies suggested that, had the discharge continued for an
additional week, the oyster bars in the inner estuary might not have survived. The
authors concluded that oyster populations in this estuary have been severely reduced
dne to the continual exposure to fresh water and lack of suitable substrate for settling
of oyster larvae when conditions might otherwise be favorable for regeneration.
Freshwater discharges approaching 6000 cfs have occurred many times since the canal
was enlarged in 1949. This same estuary is stressed by lack of fresh water inflow
during the spring of some years (Haunert, undated).

A discharge event in southern Dade County, Florida, provides a dramatlc
example of the immediate detrimental effect of excessively high freshwater discharges
on ae estuarine ecosystem. After heavy rains in August 1988, the South Florida Water
Management District removed an earthen plug located in the southernmost portion of
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the C-111 canal, releasing large quantities of fresh water into Manatee Bay and Barnes
Sound. The discharge started August 15 and continued into August 23 before efforts
to abate the flow began. The peak discharge during the event was estimated at 3840
cfs in background material accompanying a June 8, 1989, dredge and fill permit
application for the C-111 Interim Project submitted to the Florida Department of
Environmental Regulation by the South Florida Water Management District. The
subsequent destruction is briefly described in an October 14, 1988, memo from Renate
Skinner to Jim Stevenson of the Florida Department of Natural Resources, as follows:

The sudden, drastic change in salinity stressed the shallow bays, killing
marine life in the vicinity, Eventually, as a result of the discharge, large
areas densely vegetated with sea grasses were denuded. The rotfing
organic matter depleted dissolved oxygen and led to a massive kill of
seagrasses, algae, invertebrates, and fishes, Ultimately, the kill extended
beyond Barnes Sound into Blackwater Sound and Florida Bay and into
John Pennekamp Coral Reef State Park fon the ocean side of the Florida
Keys].

Althougk most estuarine organisms are eurvhaline in that they can withstand
variation in salinity, Kinne (1964} observes that most euryhaline organisms can
tolerate salinity ranges up to only 10-15 ppt. The abrupt and drastic salinity changes
associated with large influxes of fresh water are disruptive to most estuarine life.
Only a few organisms, which Kinne (1964) refers to as "holeurysaline", can exist in
the whole range from pure fresh water to sea water. The rapidity of change also
influerces the tolerance of euryhaline organisms to salinity changes.

With respect to living resources, there may be an optimum freshwater flow for
each estuary that maximizes the area in which favorable salinities coincide with the
type of physical structure that is also favorable-for example, a certain type of
shoreline configuration, substrate, or boitom cover (Browder and Moore 1981).
Figure 3 from Browder and Moore (1981) illnstrates this concept. The area of
favorable habitat is the "area of overlap" of dynamic (e.g., salinity) and stationary
{c.g., bottom type, or shoreline) habitat.

Alteration in freshwater inflow can shift the range of salinities occurring within
an estuary, changing the positions of isohalines and reducing the overlap of favorable
salinities with favorable stationary habitat. Browder and Wang (1988) used a tidally-
averaged computer model to estimate the salinity contours of Faka Union Bay under
different freshwater inflow rates, Flows of 200 cfs established a range of salinities
from 19 to 24 ppt within the bay (Fig. 4A), whereas at flows of 1500 cfs, the entire
bay lay within salinities from 4 to 8 ppt (Fig. 4D). The relative abundance of several
fish species in the bay over time was correlated with estimated bay surface area within
certain salinity ranges. Browder and Wang (1988) estimated that a flow reduction to
roughly 30% of the present variable flow was necessary to optimize fish production
in Faka Union Bay. Clearly, alteration in freshwater flow can shift the range of
salinities occurring within an estuary, and fish appear to respond to the change.

Estuarine organisms, which have evolved to occupy an area in which salinities
vary with tide and season and from one location to another, have a higher tolerance
to variable salinities than oceanic organisms. Nevertheless, detaﬂed studies of a few
species suggest they occur at highest densities within certain salinity ranges. These
desired salinity ranges vary with age in some species. Their postlarvae settle out of
the plankton in the upper, fresher reaches of the estuary, then gradually move to

deeper, higher salinity areas as they grow (Gunter 1945, Hansen 1970, Rogers et al,
1984).

11



“NoIsE”

(FREEXES, FLOODS,
STORMS)

RECRUITMENTY

Figure 3. Suggested relationship of freshwater inflow to fisheries production through its effect on area of
overfap of favorable dynamic and favorable statiopary habitat {from Browder and Moore 1981).

Control of predators, parasites, or competitors may be a major basis for the
importance of estuaries as nursery habitat (Gunter 1961). The tolerance of estnarine-
dependent species to low and variable salinities provides them with a refuge from
predators and parasites that cannot tolerate such conditions, including most species of
marine fish,

One might think that the original animal community would be replaced by
another in response (o a change in the estuary’s salinity regime. This was not,
however, the case in Faka Union Bay. After more than 10 years to adjust to higher
freshwater discharges, the dominant species in Faka Union Bay were the same as those
in adjacent bays~just present in rednced number (Browder et al, 1986).

Salinity distributions may affect fish production secondarily by controlling the
production of benthic organisms fed on by many estuarine-dependeat fish species,
Seagrasses and benthic organisms may be particularly vulnerable to changes in salinity
regime. In his study of Myakka River, Estevez (1986, 1987) found lowest densities

of benthic fauna in the region where salinities ranged from <1 to 10 ppt. Kinne

(1971) refers to the salinity range 5-8 ppt as the "horohalinicum” and considers it a
significant ecophysiological boundary line characterized by a minimum number of
species. The benthic production of an estuary could be greatly rednced by a change
in freshwater inflow that increased the bottom area subjected to unfavorable salinities.

The position of isohalines within an estuary varies tidally and seasonally and can
also vary with depth (Estevez 1986, 1987). Referring to Florida tidal rivers,
McPherson and Hammett (1991) commented that the seasonal movement is usually
greater than the daily movement resulting from tides alone. Since seasonal peaks in
spawning occur in most estuarine-dependent species, it is important that the area of
overlap of favorable salinities with favorable structural habitat is maximized when
estuarine aursery grounds are most needed,
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Figure 4. Simulated isohalines (in parts ger thousand) in Faka Union Bay for canal discharge rates of A)

200 cfs (5.66 m?/s); B) 500 cfs (14.16 m>/s); C) 1000 cfs {28.32 m3/s); D) 1500 cfs {42.48 m7/s) (from
Browder and Waag 1988).

Freshwater flow drives the circulation of the estuary. According to Sinclair et
al, (1985), freshwater inflow into the Gulf of St. Lawrence can move nearly 30 times
its own volume. The effect of freshwater inflow on mixing dynamics varies by
estuary, depending on the volume of flow within a tidal cycle relative to the tidal
prism (Hansen and Rattray 1966). (Tidal prism is the volume of the estuary between
high and low tide.) Estuarine mixing dynamics can be affected by changes in
freshwater inflow,

Circulation patterns affect retention of plankton within the estuary and the
immigration of larval fish and shellfish into the estuary from offshore waters.
Different strategies may be required for offshore-spawned ichthyoplankion to move
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into estuaries with different mixing characteristics. For instance, a wedge of salty
bottom water penetrates the inlet of a stratified estuary or the mouth of a stratified
tidal river, moviag landward, even during ebb tide, while surface water is moving
seaward, The best strategy for ichthyoplankton entering this type of estuary might
be to stay continuously in the bottom water. On the other hand, the entire water
column moves in the same direction with the tide in a well mixed or partiaily mixed
estuary, but the bottom water moves more slowly because of bottom friction.
Ichthyoplankton may move vertically with the tide, taking advantage of the
differential movement of surface and bottom water, to enter a well mixed or partially
mixed estuary. The behavior of migrating larval fish and shelifish may be a factor
that determines the estuaries in which they are found. (See Leggett [1984], Miller
[1984], and Norcross and Shaw [1984] for reviews concerning larval transport into
estuaries.)

Browder et al. (1988) compared ichthyoplankton concentrations in the respective
passes leading from the Guif of Mexico into Faka Union Bay and two adjacent bays
receiving lesser volumes of freshwater inflow. Relative concentrations in the
transport streams varied differently, depending upon species. But most species were
found in higher concentrations in the moderate and low flow streams than in the high
flow stream influenced by the canal discharges.

Other planpktonic organisms also respond to currents resulting from freshwater
inflow. According to Smetacek (1985), various phytoplankton and zooplankton can
maintain a geographically constant position within an estuary because of their shape,
density, or behavior, Strategies vary by taxen and according to different flow
velocities, causing shifts in taxonomic composition that could affect primary
production and energy flow through the food web. In northern San Francisco Bay,
diatoms were favored by moderate flows but were selected against by high flows
(Smetacek 1985). Under moderate flow conditions, the high specific gravity of the
dominant diatoms allowed them to sink quickly to the bottom, from which they could
regenerate in approximately the same location. On the other hand, high flow
conditions flushed them out to sea. Drought periods also selected against diatom
blooms, possibly because of changes in mixing dynamics due to lack of fresh water.

The inflow of fresh water to many estuaries varies seasonally. In south Florida,
for instance, runoff is greater during summer and fall than during winter and spring.
The mixing regime of an estuary thus may vary from one time of year to another.
The timing of favorable mixing conditions relative to spawning may be critical to
recruitment of larval fish spawned offshore. The timing of spawning, the migration
behavior of plankton and larval fish and shellfish, and habitat requirements of
juvenile fish may be adapted to the seasonal cycle. Disrupting the timing of flow
could be disruptive to these populations. Fishery production may depend upon
maintenance of a seasonal flow pattern,

Dams operated for hydroelectric power generation and cooling water for power
plants can change the seasonality of outflow with damaging consequences to fisheries. -
The shrimp fishery in Sabine Lake, Texas, was decimated by the Toledo Bend Dam
on the Sabine River (White and Perret 1974), Because of heavy summer demand for
air conditioning, high winter discharges were held behind the dam and released in the
spring and summer., This schedule of releases interfered with the use of Sabine Lake
as a nursery ground by brown shrimp (Penaeus aziecus) in the spring and white.
shrimp (Penaeus setiferus) in the summer. Both species required the relatively higher
salinities that occurred naturally in Sabine Lake during their nursery periods.

The relative magnitude of dry season flows may be more critical to fishery
production than that of wet season flows. The American oyster (Crassostrea virginica)
is a traditional fishery species in Apalachicola Bay, Florida, and an indicator organism
used in evaluating the ecological health of the bay. Wilbur (in prep.) found that oyster
production was positively related to the volume of freshwater flow during the dry
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season two and three years prior to harvest. Predation on oysters is thonght to be
controlled by salinity, with lower salinities favoring oyster survival (see Browder and
Moore [1981] and Wilbur [in prep.] for reviews), The 2- and 3-year delay in effect
suggests that higher dry season flows reduced predation on oyster spat.

Estuarine salinities may be particularly sensitive to changes in dry season inflows,
In Faka Union Bay, a small change in inflow at the low end of the inflow scale
prompted a much greater change in salinity than a flow change at the high end (Fig.
5). If the relationship between salinity and freshwater inflow in'Faka Union Bay is
typical, then small variations in freshwater inflow during the dry season may strongly
affect salinities during that time,
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Pigure 5. Measured salinity at one station in Faka Union Bay vs. capal discharge, measured for the previous

10 days, with curve of "best-least-squares-fit" hyperbofic function supcrimposed (from Browder and Wang
1988), .

Because of the differential sensitivity of salimities to freshwater inflow,
isohalines in tidal rivers and estuaries can be expected to shift a greater distance with
a change in freshwater inflow at the low end of the scale than at the high end. The
location of isohalines in tidal rivers and the estuaries will be particnlarly sensitive to
change in freshwater inflow during the spring of the year, when flows are lowest and
least dependable. A shift in isohalines could eliminate nursery habitat that otherwise
would be favorable, )

The area of favorable habitat may be particularly vulnerable to natural or man-
induced alterations in freshwater inflow in the spring. Peak spawning by many

estuarine organisms occurs in the late winter and early spring, when the availability
of suitable habitat is least assured.
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Evaporation removes fresh water from the estuary, leaving salt behind. Estuaries
need enough fresh water to replace evaporative loss just to keep the estuary from
becoming hypersaline, particularly if the rate of mixing with oceanic water is low.

THE EFFECT OF WATERSHED ALTERATIONS ON FRESHWATER INFLOW
The volume and timing of freshwater inflow is a function of the watershed—its
rainfall patfern and hydrologic structure. Runoff to an estuary usually is directly
associated with rainfall over the watershed. In the natural, unmodified, watershed
there is a lag between rainfall events and related runoff events. The lag is a function
of the amount of storage in the watershed. Some of this is "dynamic" storage in which
the water never stops moving and yet moves so slowly, as sheet flow or ground water,
that its outflow is substantially delayed. The storage and later, gradual release of wet
season surplus provides the base flow that sustains rivers and estuaries during the dry
season. This process is very important in areas with seasonal rainfall.
Alterations in the watershed affect the timing and volume of fresh water inflow, as
Table 1, adapted from Browder and Moore (1981), describes. Discharge amplitude
increases and discharge duration decreases with several types of alteration: 1)
reduction in surface permeability or permeable area, as, for instance by construction
of parking lots and other paved surfaces; 2) clearcutting or elimination of forested
area; 3) agricultural tillage; and 4) increased channelization, Activites such as these
decrease the ability of the basin to hold water in dynamic storage. The result is
increased wet season flows and total flows, but decreased dry season or base flows.
Base flows may be the most crucial flows to survival and growth of many estuarine
organisms.

Table 1. Summary of major effects of basin alterations on volume of freshwater inflow.

INCREASED DECREASED INCREASED DECREASED INCREASED DECREASED

PEAK PEBAK DRY SEASON DRY SEASON TOTAL TOTAL
FLOW FLOW FLOW FLOW FLOW FLOW
Dams P P P* P*
Consumption P r P
Diversions p* p* p* P* | o P*
Canals P P P
Deforestation P P P
Clearcutting T T T
Roads P* T P B* T
Paving P P P

P = Permanent effect
T = Temporary effect
* = Increase or decrease

Dams and upstream water consumption also influence freshwater inflow to the -

estuary. The effect of dams varies according to their use and the philosophy of their
management. A dam can change the seasonality of flow, sometimes drastically and
to great detriment, as was the case in Sabine Lake. The operating policy of some dams
eliminates freshwater flow to the estuary entirely.

Browder (1976) constructed a simple water model driven by monthly rainfall to
study the southwest Florida wetlands that sustain the Wood Stork (Mycteria
americang). Using the same time series of actual monthly rainfall, I predicted the
temporal variation in water table, land surface covered by water, and freshwater
runoff under present conditions and in the unaltered watershed prior to drainage. The
time series exemplified seasonal and interannual variation in rainfall. Results
suggested there was 1) a delay between peak rainfall and peak runoff, 2) a consistently
lower volume of annual runoff, and 3) a higher water table and more flow during the
dry season in the natural system than in the altered system. The monthly rainfall
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series used as input and resultant simulated runoff under natural (d) and altered
conditions (c) are shown in Figure 6. Wet season flow is highest under altered
conditions, but dry season flow is highest under natural conditions. Both runoff and
seepage to the coast are functions of water table elevation relative to sea level,

Using models to reconstruct the natural system and evaluate the characteristics
of the freshwater flow pattern relative to rainfall under natural conditions is a
powerful way to get one’s bearings when evaluating impacts of watershed alterations
and planning restoration. The Everglades experience demonstrates the usefulness of
a mode] that approximates natural conditions to compare with altered conditions. In
a recent cooperative activity involving the University of Florida, the South Florida
Water Management District, and Everglades National Park, a hydrologic computer
model was used to simulate the natural flow of water throngh the Florida Everglades
to the southwest coast and Florida Bay (Walters et al., in press). The hydrologic
functioning of this watershed has been greatly altered by a system of canals, levees,
and flow control structures. The mode!l suggested that the base, or dry season, flow
toward the coast resulting from a given rainfall pattern would be greater under natural
conditions than under present conditions, given the same rainfall. Now federal and
state agencies have a better idea what the natural flow pattern was like and how the
present flow pattern differs. This information gives direction to their restoration
efforts. Although there may not be sufficient water in south Florida to reconstruct
wet season flows, it might be possible, through planned new structures and revised
operating schedules, to increase dry season flows to a more natural level and to re-
establish a more natural seasonal pattern.

Developing a hydrologic model of its watersheds to simulate natural (i.e., pre-
development) water flow to Tampa Bay might give added power and direction to
Tampa Bay restoration efforts. Then natural flows could be compared to altered flows
simulated under the same rainfall conditions. If flows are simulated on at least a
monthly basis, then differences in the seasonal variation as well as the total volume
of flows under the two conditions—present and natural—could be distinguished. Since
groundwater flow from the Floridan aquifer may be an important source of flow to
Tampa Bay, this water input should be included in the model. The flow from each
river basin should be simulated separately, since each watershed is different and may
have been altered in different ways. It is important to simulate naturzal flows on at
least a monthly basis f{o compare the present seasonal pattern to the natural pattern,
It also is important to account for instream alterations to flow, such as impoundment
effects,

A second important step would be to use the output of the watershed model as
input to a circulation and salinity model of Tampa Bay and the tidal portions of the
rivers. One could then see what the historical salinity regime and circulation patterns
of each area might have been like and how changes in freshwater inflow may have
affected these dynamic characteristics. The models could be used to estimate, for
each watershed, the freshwater flow regime that would be necessary to maximize the
area in which favorable salinities coincide with favorable structural habitat for
juvenile fish and shellfish, The combinations of salinities and structural habitat
characteristics that create favorable habitats can be determined from the nearest rivers
or estuaries still in relatively undisturbed condition (e.g., the Little Manatee and
Myakka Rivers). This information could be used in planning watershed management
and in planning a more natural schedule of seasonal releases of water from dams,

HYDROLOGIC EFFECTS ON WATER QUALITY
There is a connection between water quality and the hydrologic characteristics
of a watershed, Water quality can be improved by restoring more natural hydrologic
functioning. Further water quality degradation can be prevented by preserving
natural hydrologic function in land use planning and permitting. High infiltration
capability and dypamic storage capacity are essential features of the natural
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watershed. Percolation through the top soil is particularly important because of the
high concentration of organic material in the top few inches of soil. Nutrients and
contaminants adsorb to orgaric material. Retaining water within the watershed for
a longer period not only promotes infiltration but also provides the opportunity for
nutrients and contaminants to be removed by plants and soils.

Several landscape structural features and management practices promote
infiltration through top soil and increased dynamic storage capacity:

* using pervious surface for parking areas;

¢ substitnting grassy swales for curbs and gutters;

s establishing green belis and corridors;

* establishing buffer strips of canopy vegetation along natural and man-made

waterways,

* restoring or creating wetlands; and

& minimizing the number of drairage ditches and canals and their lengths.
Widespread application of these structures and practices should maintain or restore
more natural hydrologic functioning and higher water quality.

Permeable surface is a critical factor to infiltration, The amount of permeable
surface can be increased by using pervious substrates for parking. The use of
pervious pavement increases the ratio of permeable to impermeable surface.

The use of grassy swales for drainage is an effective way of re-establishing a
more natural ranoff pattern and improving water quality. Substitution of grassy
swales for curbs and gutters increases the rate of water infiltration through top soil.

The creation of green belts and corridors is another way to increase or protect
permeable surface. Corridors can be particularly effective in re-establishing or
maintaining more natural hydrologic function because they can provide a long border
of permeable surface adjacent to paved areas. Emphasis should be on native
vegetation and natural landscapes that need little or no watering or fertilizer after
establishment.

The use of existing and recreated wetlands for dynamic water storage and
cleaning is another way to maintain or improve water quality. Aquatic vegetation and
organic marsh soils are particularly effective in taking up nutrients and contaminants
(Krottje et al. 1981, Dierbert and Brezonik 1985),

Nutrient loading rates can be decreased by decreasing the length of ditches and
canals. In an analysis of phosphorus loading to Lake Okeechobee, Fluck et al. (1990)
found that the loading rate was positively related to drainage density, the length of
streams and canals per unit area of each drainage basin. Conversely, storage of
phosphorus within the drainage basin was negatively related to drainage density.

Restoring or preserving the natural hydrologic functioning of the watershed will
be beneficial to water quality. Maximizing dynamic storage and infiltration is an
effective means of reducing pollutant loading from nonpoint sources,

SUMMARY
1. The demand for seafood is increasing in the U.S.
2. The ability of estuaries to produce seafood is decreasing.

3. Estuaries.are nursery habitat for many species that spawn offshore and are
harvested offshore.

4. Estuaries have been degraded by man’s activities,

5. Changes in freshwater inflow may be the greatest ultimate danger to estuaries
because the impacts are poorly recognized and estuarine water rights are poorly
profected.

6. Freshwater inflow affects estuarine productivity by establishing salinity,
circulation, and nutrient patterns.

7. Relatxonshlps between freshwater flow and estuarme productmn have been
identified by studies in the U.S., Africa, and Europe.
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8. An estuary can be damaged by getting too much freshwater flow as well as by
getting too little,

9. The ideal flow rate for a given estuary may be the one that maximizes the
overlap between favorable salinities and favorable bottom and shoreline
characteristics.

10, Salinity contours can be modeled as a function of freshwater inflow,

11. If Faka Union Bay is typical, then bay salinities may be more sensitive to change
in freshwater inflow near the low end of the inflow range than at the high end.

12. Freshwater inflow affects estuarine circulation, In the Gulf of St. Lawrence,
freshwater inflow moved as much as 30 times its own volume.

13. The seasonal distribution of freshwater flow may be important to estuarine
organisms, Changing the timing and volume of freshwater inflow may disrupt
larval fish immigration and degrade juvenile habitat.

14. Structure and behavioral strategies allow plankton to maintain a fixed
geographical location in estuaries and ichthyoplankton to migrate into estuaries.
The strategies of existing populations may be suited to natural freshwater flow
conditions. Changing the timing and volume of freshwater flow may select
against some naturally occurring species.

15. Alterations in the watershed affect the timing and volume of freshwater inflow.
Most common alterations increase wet season discharges and the annual volume
of flow but decrease dry season flow. Dams and upstream water consumption
can decrease annual flow volume and radicalty change timing.

16. Hydrologic models that simulate freshwater flow from each watershed as a
function of rainfall on a monthly (or higher frequency) basis can provide useful
perspective on how the present flow patiern differs from the natural flow that
supported the estuary.

17. A salinity and circulation model that receives the outflow of the hydrologic
models would help determine the most favorable flows for Tampa Bay.

18. The effects of structural modifications to the bay and its tidal tributaries on
salinity and circulation patterns need to be examined.

19. Water quality can be improved by creating a more natural pattern of runoff
relative to rainfall in the watershed. Some best management practices that
accomplish this are: 1) increasing permeable surface by using pervious paving in
parking lots, 2) replacing curbs and gutters with grassy swales, 3) creating green
corridors and green belts, 4) establishing buffer strips along waterways, 5)
restoring or creating wetland, and 6) eliminating ditches and canals.
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PAST, PRESENT AND FUTURE FRESHWATER INFLOW
TO TAMPA BAY — EFFECTS OF A CHANGING WATERSHED

H. W. Zarbock

INTRODUCTION
The fact that extensive urban and agricultural land development has occurred in
the Tampa Bay watershed is well documented. This paper provides a short, informal
discussion of some of the effects of these changes, including the distribution and
variation in selected freshwater flow patterns and water quality characteristics that
have changed as a result of these development activities.

TAMPA BAY WATERSHED

The Tampa Bay estuary is located on the west central coast of Florida, and opens
to the Gulf of Mexico. The tributary watershed, or drainage basin, encompasses
approximately 2300 square miles and includes all or parts of six counties. The coastal
cities of St. Petersburg, Tampa and Bradenton, and several other urban centers, are
located within the watershed.

The land that drains to Tampa Bay contains nine major subbasins and 76 minor
- subbasins, as delineated for the Tampa Bay Urban Stormwater Analysis and
Improvement Study (USAI; Dames & Moore 1990), a SWIM project for the Southwest
Florida Water Management District (SWFWMD). The bay’s major surface tributaries
include the Hillsborough, Alafia, Little Manatee and Manatee Rivers. Minor
tributaries include Alligator Creek, Joe’s Creek and numerous other coastal streams
in Pinellas County; Rocky Creek, Double Branch Creek and Sweetwater Creek in
northwest Hillsborough County; the Tampa Bypass Canal, Delaney Creek and Bullfrog
Creck in central and south Hillsborough County; and Frog Creek and other coastal
streams in Manatee County. Tampa Bay’s tributaries and subbasin areas have been
previously inventoried and reviewed in detail, most notably by Flannery (1989),
Dames & Moore (1990), Lewis and Estevez (1988), Dooris and Dooris {1985) and
others, .

Tampa Bay, as an estuary, is profoundly influenced by tributary freshwater
inflow quantities and patterns, and the resultant interaction of salt and fresh waters.
Water quality characteristics and the dependent biotic communities are therefore
subject to impacts and changes based on the distribution and variation in freshwater
inflows to the bay.

Historical Conditions - :

Prior to western colonization of the land surrounding Tampa Bay and up to the
mid-1800s, these freshwater inflows (including both surface and groundwater
sources), were primarily determined by an often long-established set of natural
parameters. These features included topography and extent of the watershed, soils
distribution, vegetative cover and hydrogeclogy.

The one major variable in this system was the weather, specifically rainfall. That
is, given the -set of natural watershed characteristics, the extent and timing of
freshwater inflows to Tampa Bay were determined by rainfall patterns., This is a
function of rainfall seasonal variation, long-term trends and spatial differences in
rainfall patterns. It is well established that the Tampa Bay area experiences distinct
seasonal rainfall cycles, with approximately 60% of the annual precipitation falling in
the wet season months of Junme to September. This presents a dynamic state of
antecedent conditions and is important for ecological concerns, but becomes
unimportant for an analysis of runoff based on annual values.

Recent work by the Southwest Florida Water Management District has indicated
that identifiable long term trends in annual rainfall amounts in certain subbasins are

insufficient to account for observed changes in freshwater inflow patterns (Flannery,
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in review). Multi-year cycles can be discerned, but these can be ignored for an
analysis that uses the average annual amount for the period of record (up to 50 years
for some stations). This strongly suggests that changes in freshwater inflow to Tampa
Bay are greatly influenced by anthropogenic factors, _

Spatial variation in average annual rainfall for the bay and watershed doees exist.
Precipitation amounts range from a low of near 50"/yr near Tampa International
Airport to highs of near 55"/yr at the northern and southern extremes of the
watershed. These area-specific values are used in the determination of runoff
loadings as described below,

Beginnings of Significant Inflow Alterations _

By the 1950s significant changes had occurred to the watershed, Urban
development had begun to spread, resulting in increased land clearing and more
impervious surface within the watershed. Drainage patterns had been changed with
ditching, canals, channelization of streams and rivers, and by the construction of
surface impoundments such as the Hillshorough River reservoir. Additionally,
agricultural uses became more intensive, resulting in rural land clearing, draining
marginal lands and groundwater pumping, as well as the increased application of
pesticides and fertilizers, Finally, large-scale alterations to the watershed landscape
began to occur, as associated with phosphate mining. These activities all have
far-reaching impacts to freshwater flow to the bay.

This time period is also important because it represents the effective beginning of
the accumulation of hydrologic records for the bay and watershed, The US.
Geological Survey (USGS) and other groups began stream flow, water quality and
groundwater elevation monitoring, although often with sparse surviving data, over
much of the watershed during these early years of data collection.

Existing Watershed Conditions

Moving forward to the present day, all of the above effects have greatly
intensified. During this time, urban development has vastly increased in extent and
intensity. Large scale hydrologic alterations arc present, such as the Tampa Bypass
Canal system, Lake Tarpon Qutfall, harbor channel deepening, and the establishment
of additional impoundments for potable water sources (such as the Lake Manatee
Reservoir on the Manatee River) and industrial uses (such as Florida Power & Light’s
Point Manatee Power Plant reservoir on the Little Manatee River). Also, numerous
minor works such as drainage and mosquito control ditches have been put in place.
Many of the previously unused rural areas have been put into agricultural usage,
resulting in more land clearing and drainage.

Of great value for investigating the hydrologic effects of these activities is the
extensive hydrologic database that now exists for Tampa Bay and its tributaries and
watershed. These data include the numerous published reports by USGS, SWFWMD
and others addressing issues of the bay, voluminous databases such as WATSTORE -
and STORET, and forums like the Tampa Bay Area Scientific Information Symposium
(BASIS).

POTENTIAL CONSEQUENCES OF WATERSHED ALTERATION

The significance of these watershed changes to the freshwater flows into Tampa

Bay includes:

® Apnother variable has been added to the previously naturally regulated
hydrologic system—urban and agricultural development with its relatively
swiftly changing land uses and alterations to natural flow patterns.

* Freshwater inflows caused by runoff now react even more rapidly to rainfall
events. Naturally varying physical features such as topography, soils and
land cover are replaced by wuniform characteristics typifying
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development--flat, hard, smooth land surfaces and linear, channelized surface
water conveyances.

The consequences of these activities to freshwater inflow patierns can be
observed, and make it possible to make some predictions about the response of runoff
and seepage patterns to these changing land use and water use characteristics:

® The watershed subbasin boundaries can change because of ditching, dikes,
or general earthmoving, ' _

e Natural storage in many topographic depressions will be reduced or
climinated.

e Surficial soils are covered over, eliminating or greatly reducing natural
storage in soil pore spaces,

» Impervious surfaces reduce vegetative cover and decrease residence time in
upstream areas, thus reducing infiltration, evapotranspiration, and settling or
uptake of dissolved or suspended water quality parameters.

s Straight, smooth channels encourage faster respomse time of subbasins to
rainfall. Runoff hydrographs are shorter with higher peaks.

¢ Hardened shorelines reduce bank storage discharge.

¢ Lowered water table reduces overall groundwater seepage such as bank
storage to freshwater tributaries and the bay.

Two major questions to be determined are: 1) how much have urbanization and
agriculturalization affected freshwater inflows to Tampa Bay, and 2) can we tell what
impacts have occurred, and why?

To answer question 2 first: for our historical period (pre-1850) we can only know
about pre-existing conditions through anecdotal accounts and a few pictures—the
"travelogue” caliber of discussion. Many travelers, from DeSoto on, have described
Tampa Bay as having clear water and an abundance of wildlife.

We can also guess at past freshwater inflow patterns based on our current
knowledge of hydrology and historical or reconsirected maps. Using such methods
as the Rational Formula or other more sophisticated runoff algorithms, and our best
estimate of the type and extent of past natural watershed characteristics, generalized
assessments of freshwater flow to the bay can be made. Quantifying these impacts is
the subject of ongoing study for both the hydrological and biological research
communities in the Tampa Bay area.

DISCUSSION OF SELECTED IMPACTS
Freshwater Flow Response to Development ~ Steady State

One bydrologic characteristic that can be examined is the overall flow rate of
freshwater to Tampa Bay. Using existing data and estimates of past conditions,
changes in total flow to the bay can be developed. A Geographic Information System
(GI8)/spreadsheet-based model similar to the one used to calculate nonpoint source
poliutant loadings to the bay for the SWIM Tampa Bay USAI study was used to
estimate pre-development average annual freshwater runoff flows to Tampa Bay.

Using the Environmental Protection Commission of Hillsborough County’s map
for probable land cover from 1820 and USDA. Soil Conservation Service Soil Surveys,
a "no-development" runoff loading scenario for the watershed was developed. This
scenario uses estimated acreages of upland wooded areas, grasslands, wetlands and
open water to determine probable annual runoff volumes generated in the watershed.
Figure 1 illustrates the methodology used with this mode! for runoff calculations.
Soils and drainage characteristics, land cover and precipitation values are used to
determine runoff rates for each subbasin. This results in runoff volumes that can be
expressed as either volume per acre, or volume per time increment, say one year.

Table 1 summarizes the findings of this scenario. Runoff volames for the
current and “no-development" situation are compared to other current flow rate
estimates. These results are compatible with some other estimates of average
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freshwater flow to the bay. Dooris and Dooris (1985) estimated average total flow
from seven gaged streams to the bay at 1,792 cfs. Goodwin (1987) estimated total
gaged flow to the bay at 1,904 cfs. Hutchinson estimated ungaged flow to the bay at
344 cfs, for a total freshwater flow of 2,245 cfs. Most recently, Flannery (1989)
accounted for withdrawals from the major rivers and made an estimate of total
tributary flow to the bay of 2,011 cfs,

LAND USE/
B ASIN SOIL TYPES

LAND USE ACRRAGES 'ﬂGHT!D S0lL TYPER

YEARLY
PRECIPITATION, |————{1

RUNOFY/LAND USE/ACRE/BASIN
LOADING RATES/ TREATMENT
LAND USE EFFICIENCEES

CONVERSION '

rou.umrr LOAD

BASIN

Pigure 1. Plow diagram, subbasin analysis.
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Table 1. Estimated average daily freshwater inflows to Tampa Bay,

SOURCE FLOW (cfs)
Current Conditions
Dooris & Dooris {1985} 1,792
Goodwin /Hutchiason (1987) 2,245
Flannery (1989) 2,011
Dames & Moore (1990} 2,530

Historical Conditions
Dames & Moore {1991) 2,280"

*Based on anoual average rainfall.

These results are interesting for two reasons. First, the estimates for recent or
current average daily inflow to Tampa Bay vary over a range of approximately 30%
from the low value of 1,792 cubic feet per day (cfs) (Dooris & Dooris) to the high
value of 2530 cfs (Dames & Moore), Although this latter estimate is based on flow
"off the land" and does not account for routing or travel time in tributaries, it does
include all of the watershed, and not only the gaged areas.

The second point is that the spreadsheet model estimates vary on the basis of
changing land use and subsequent runoff characteristics. The pre-development value,
2280 cfs, is smailer than the current inflow estimate of 2530 cfs by approximately
10%. In the model, this difference is mainly attributable to changing amounis of
impervious area and the reduction over time of the natural soils’ infiltration capacity.
In this exercise, the spreadsheet model does not directly account for either
groundwater seepage or such flow alterations as impoundments or stream withdrawals,
However, the average flow rates do not account for such important factors as timing,
seasonality, and low-flow regimes,

Therefore, this analysis suggests that development activities, including both
urban and agricultural land uses, have affected freshwater flow to Tampa Bay on an
annual basis. The lack of impervious surfaces and linear surface water conveyances
such as ditches and culverts cause more water to be retained in upstream areas in the
watershed, where it can be subject to infiltration, evapotranspiration, and storage. As
stated above, this spreadsheet analysis does not account for surface water captured in
impoundments or reservoirs. The effects of these impacts need to be factored into the
overall water budget for a comprehensive inventory of freshwater inflows.

Nonpoint Source Loadings from the Watershed

In addition to freshwater inflow daily values, various water quality constituent
loadings to the bay can be estimated using the GIS/spreadsheet model. For the Tampa
Bay USAI study an extensive literature search of stormwater quality monitoring
studies from the west central Florida area resulted in the development of a list of
pollutant loading rates for typical runoff from ten different land uses as shown in
Table 2. These loading rates were factored into the runoff equations to derive
potential pollutant loadings from the watershed. This methodology was used to
investigate watershed changes as relating to bay loadings.

Using the no-development scenario, loading rates for natural uplands and
wetlands were utilized to estimate historical loadings to the bay of total nitrogen (TN),
total phosphorus (TP), ortho- phosphate (OP), biochemical oxygen demand (BOD) and
total suspended solids (TSS). Although these loading rates were developed from
modern land uses and may be influenced by surrounding urban activities, these values
represent the most extensive and representative information available for estimating
nonpoint source loads to Tampa Bay.
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Table 2. Summary of nonpomt source loading rates from central and west central Florida (Tampa Bay USAI; Dames & Moore and Environmental Research and Design, Inec.

1990).
RUNOFF CONCENTRATION (mg/1)
LOW HIGH OPEN
LOW DENSITY SINGLE- MULTI- INTENSITY INTENSITY INDUS- AGRI- REC./ WATER
PARAMETER RESIDENTIALl FAMILY FAMILY COMMERCIAL COMMERCIAL TRIAL CULTURAL  OPEN MINING WETLAND LAKE
Total N 1.68 2.17 2.28 1.06. 2.83 1.79 232 1.25 1.18 1.60 1.25
Ortho-P 0.097 0.19 0.38 0.05 0.40 0.13 0.227 0.004 0.05 0.13 0.13
Total P 0.215 0.35 0.51 0.14 0.43 0.31 0.344 0.053 0.15 0.19 0.11
BOD a.7 8.0 11.5 7.0 172 9.6 3.8 1.45 9.64 4.7 1.6
S.8. 16.3 215 79.2 710 94.3 93.9 55.3 11.1 93,94 10.2 31
Total Zn .037 0.067 0.060 0.079 0.170 0.122 0.028%2 0.0063 0.1224 0.006 0.028
Total Pb 0.038 0.050 0.065 0.166 0.214 0.202 0.0252 0.0253 0.2024 0.025 0.0252
Percent Imp. 14.5 27.6 67.4 89.7- 97.5 B4.6 0.00 1.50 23.0 0.00 0.00
Runoff Coefficient 0.272 0.369 0.678 0.328 0.0887 0.793 0.304 0.175 0.361 0.225 0.500

lAveragc of single-family and recreational/open space loading rates,
Runcuff concentrations assumed equal to open water/lake values for these parameters.

Runoff concentrations assumed equal to wetland values for these parameters.
4Runofl concentranons assumed equal {0 industrial values for these parameters.




Table 3 summarizes estimated potential nonpoint source TN, TP, OP, BOD and
TSS loadings resulting from an analysis of the undeveloped watershed and from the
circa 1950 scenario. These values are compared to estimates of current and future
~monpoint source loads as calculated for the SWIM Tampa Bay USAI study. The
current estimates account for the treatment of stormwater in permitted developments
that are subject to surface water management rules, which were enacted in 1987,

Table 3. Bstimated nonpoint source loadings from the Tampa Bay watershed {in miflion pounds per year).

NONPOINT SOURCE LOADS

TIME PERIOD TN TP ap BOD TSS
circa 1820 4.05 0.17 0.04 4.98 36.2
circa 1950 ) 8.50 1.07 0.75 24.3 187
1990 10.3 1.39 0.95 YN 43
2020 10.4 1.37 0.96 36.8. 238

It can be seen that total loadings for all parameters increase significantly between
undeveloped and current conditions. Also, between current and future conditions,
TN, OPF and BOD increase, and TP and TSS decrease. This decrease is a funciion of
similar loading rates between different land uses and the projected efficiency of
surface water management systems now mandated for most new development. The
increased values for some future scenario parameters suggest that even with surface
water management regulations in place, the increased acreage of land uses with higher
loading rates will offset the efficiencies of treatment facilities.

Freshwater Flow Response to Development — Event Response

Another indication of developmental impacts to freshwater flow can be seen in
the response of runoff within an individual subbasin as a function of changing land
use and drainage characteristics, Subbasins with more natural land cover are often
characterized by slower overland flow and longer stream travel times, with moderate
runoff hydrograph peaks after rainfall events and slowly receding flows as uplands
drain and bank storage discharges through pervious river banks. In subbasins with
more developed conditions surface flow can be expected to travel more quickly over
impervious surfaces and through straight, smooth conveyance facilities, Individual
subbasins can be studied to detect changes in runoff patterns that occur with increased
urbanization, _

An appropriate subbasin for such an analysis must meet several criteria. Land
use in the subbasin must have undergone an extemsive shift from a majority of
undeveloped land to containing significant acreages of urban or agricultural land.
Second, the period of record for hydrologic data collection must extend far enough
into the past to include the time of significant land use changes, Finally, other factors
must be generally constant or factored out, such as rainfall, the subbasin limits, and
any overriding new features such as a large reservoir or other major drainage work.

Located in northwest Hillsborough County, the Rocky Creek subbasin appears
to meet all these criteria. Much of the stream has been channelized, and the
watershed area has undergone substantial urbanization within the past 25 years, with
urban uses spreading and agricultural uses becoming more intensive (i.e., range land
converted to citrus or row crops). Also, the period of record for USGS stream flow
and quality data extends back to 1953. This ensures that hydrologic data has been
collected during the period in¢luding the majority of developmental activities that
have occurred in this subbasin.

Although other factors such as any point source inflows may influence the
absolute values of the following analysis, the relative scale of such factors is not so
significant as to invalidate the following work, which investigates the changes in one
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subbasin’s runoff response to rainfall events over time with changing land use and
stream channel morphology.

_ 'Figure 2 shows daily discharge values for water year 1989 for the USGS stream
gage no. 02307000, Rocky Creek near Sulphur Springs. Several flow peaks are
" evident, indicating periods of higher flow in the creek caused by stormwater runoff.
Figures 3 and 4 show daily discharges from the same site for water years 1954 and
1955. Although with a casual observance the three hydrographs look very similar,
there are significant differences between the 1954-55 and the 1989 flow patterns.

A simple analysis was completed to determine if any change in stream flow in
response to runoff can be detected between the 1954-55 and 1989 data. For this
exercise, individual rain event runoff hydrographs were examined for the three years.
Total precipitation and average flow for each year were noted. The hydraulic
characteristic that was investigated was the rate of recession of the runoff hydrograph.
The reduction in flow from hydrograph peak to pre-storm levels during the days after
a rainfall event (with no additional rain) was examined to determine rate of reduction
in stream flow per day.

This simple linear differeatial resulted in an interesting set of results,
summarized in Table 4, We might expect the runoff hydrograph to rise and fall more
quickly under developed conditions than uadeveloped. For the noted number of
observations, this was indicated to be the case. For events generating more than 10
cfs of additional flow, the fall in stream flow was 2 to 3.5 times as rapid for developed
conditions. For flows of 10 cfs or under, the fail in stream flow was 2 to 4 times more
rapid with developed conditions. _

Although many factors may play a part in this observed difference in hydraulic
behavior, it is suggested that the major reasons for the observed change in recession
rates for the runoff hydrographs for Rocky Creck observed above are consistent with
the previously discussed potential consequences of increased development within the
watershed. '
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Figure 2. Rocky Creek daily average ftow, 10/1/88 - 9/30/89,
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Table 4. Comparison of runoff hydrograph recession rates, Rocky Creek near Sulphur Springs, Florida.

CHANGE IN STREAM FLOW PER DAY (cfs):
AVERAGE  TOTAL ANNUAL

WATER ANNUAL FLOW  PRECIP. {TiA) FLOW NUMBER FLOW NUMBER
YEAR {cis) {in) >10 efs GBS, <10 ofs OBS.
1934 42.8 51 4.8 6 0.62 6
1955 14.4 47 28 5 0.30 5
Average '\ 28.6 45 38 0.46

(rural/undev.)

1989 397 47 9.6 B 112 - 5

In summary, the major influences of increased urban and agricultural activities
on freshwater inflow in the Tampa Bay watershed are:

1, Changes in net flow reaching the bay—increases from higher runoff rates

and decreases from potable and industrial water nse withdrawals;

2. More rapid rise and recession of runoff hydrographs results in a "spike”
response to rain events, in addition to other temporal variations to runoff
rates; and

3. Pollutant loadings change with runoff rates and land use types.

The overall effects of freshwater inflow variations and the resnltant effects to
the living resources of Tampa Bay are ongoing themes in the local scientific
community. Current work by SWFWMD, USGS and the Tampa Bay National Estuary
Program will further address this important issue, Recommended topics for future
research include the development of an ongoing assessment of the Tampa Bay water
budget, and the effects of altered freshwater flows on the local biota,
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DATA COLLECTED DURING THE N.0O.S. CIRCULATION SURVEY
OF TAMPA BAY

R. G. Williams
M. C. Connolly
H. R. Frey

ABSTRACT

In J voe 1990, the Hstuarine and Ocean Physics Branch in NOAA s Natlonal Oceau Service
(NOS} began a 15-month survey of Tampa Bay currents, water levels, water structure, and
meteorological parameters. The data will be used to make new predictions, and to provide the
necessary input to calibrate and verily a three-dimensional anmerical circvlation model.

Currents are measured primarily by RD Instruments Acoustic Doppler Profiler (ADCP),
known as RADS (Remote Acoustic Doppler Sensing) in NOS. The RADS systems used in current
meter stations are mounted on the bottom scanning upward. A downward-scanning RADS is
towed from a surface vessel to map spatial current patterns. Currents in very shallow water are
measured with InterQcean’s 54 electromagnetic current meters. Water levels are measured with
a standard NOS tide gage, the Leupold & Stevens Analog-to-Digital Recorder. Meteorological
measurements are made with Coastal Climate’s Weatherpak. Time series of conductivity and
temperature at depth are measured with Sea-Bird Electronies’ SeaCat recorders; conductivity-
temperature-depth (CTD) profiles are made with Sea-Bird's SBE-9 profilers.

Sixlong-term current-temperature-galinity stationsrepresenting conditions thronghout and
just outside the bay have been occupied since August 1990, with only short breaks for maintenarce
and data recovery. Three separate deployments of two months duration each concentrating on a
specific region of the bay, have been made since the start of the survey. Nearly continuous water
level measurements have been made along the shoreline of Tampa Bay since June 1990,
Meteorological data is being collected at several sites in the bay region. Shipboard CTD surveys
of the bay were made in August and November, and a towed RADS survey was made in November.

A permanent physical oceanographic real-time system (PORTS) is being instalied in Tampa
Bay, primarily to provide timely information for navigation and environmental management. The
first component of PORTS, a current profiler and weather station, was installed at the new
Sunshine Skyway Bridge in June 1990. Completicn is scheduled for 1991, includiag three current
profilers, three water level gapes, and the meteorological station.

Measurement and data guality control procedures are given, along with statistics on the
quantity and quality of data collected. Data availability will be discussed including temporary and
archive media and data formats. Survey data and information products will include revision of
NOAA’s tide and current prediction tabies; special predictions of Tampa Bay currents and water
levels; an archived circulation survey data set; reports on the circulation survey, and an
interpretive report on the physical oceanography of Tampa Bay.

INTRODUCTION

The Tampa Bay Oceanography Project (TOP}, conducted by NOAA’s National
Ocean Service, has the objective of providing improved curreat and water level data
and predictions for safer and more cost-effective navigation of ships, management of
hazardous material spills, search and rescue operations, and management of the
estuarine environment. There are three major components of TOP:

® an extensive 15-month circulation and water level survey;

# calibration and validation of a numerical circulation model;

* installation, test, and evaluation of a physical oceanographic real-time system

(PORTS).

Detailed TOP objectives, schedules, location maps, and participating agencies are
given in NOS 1990a. In this paper, we discuss progress in the TOP survey, including
field activities, amount and type of data collected, installation and operation of the
PORTS, data management and data availabilicy,

THE MEASUREMENT PROGRAM :
The survey includes extensive observations of currents, water levels, temperature,
salinity, and atmospheric variables. The survey was designed to collect sufficient data
cost-effectively to:

¢ derive the astronomical tidal constituents needed for new predictions;
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¢ calibrate and validate the numerical circulation model;

* investigate the wind- and density-driven components of currents, and

* gain insight to the dynamic processes of the Bay.

The survey includes fixed (long term) stations that will be occupied for the duration
of the project to provide continuous synoptic coverage, and stations that will be
occupied for two months to provide detailed regional coverage.

There is a total of 38 current meter stations, 19 water level stations, five weather
stations, and three moored conductivity-temperature stations, In addition to the fixed
stations, five transects for conductivity-temperature-depth measurements, and six
transects for towed current profiler measurements will be made five times during the
survey. The PORTS data will also be included in the survey data set.

QOceanographic Instruments

The principal instrument used to measure current profiles is RD Instruments’
Acoustic Doppler Current Profiler (ADCP), also known as RADS (Remote Acoustic
Doppler Sensing) in the NOS. RADS systems use the Doppler principle to infer the
velocity from the frequency shift of acoustic signals backscattered from minute plants
and animals moving at the mean speed of the water column.

The RADS systems are deployed on the boitom in platforms which provide
protection, and permit instrument leveling by divers. One RADS is towed in a
downward configuration on a stable catamaran. The towed RADS scans the water
column from the top down, and enables the preparation of space-time maps of
currents.

For water depths less than about 3 m, InterQcean’s $4 is used. The 54 operates
on the principle of modulation of electromagnetic fields due to fluid flow. They are
attached to aluminum masts seated in concrete pads resting on the bottom. The height
of the 84 is adjustable by means of holes and locking pins in the mast.

Water level measurements are made with the standard NOS tide gage, the
Analog-to-Digital Recorder manufactured by Leupold & Stevens, Inc. This
mechanical system consists of a stilling well-and-float that automatically records
water levels every six minutes with a precision of .01, Digitized water levels are
stored on punched paper tape that is removed from the gage on a monthly basis and
processed, The water level is also measured visually on a graduated staff and recorded
each day to provide an independent check on the values punched on the paper tape.

Fixed-depth conductivity and temperature (CT) measurements are made using
SeaBird’s SeaCat SBE-19 and SBE-16 CT sensors, which are attached to the RADS
platforms or to fixed navigation aids. Surface-to-bottom profiles of conductivity,
temperature, optical transmissivity and dissolved oxygen are made from ships with
SeaBird’s SeaCat SBE-9 conductivity, temperature, and depth (CTD) sensors at
stations along prescribed transects.

Weather data are collected at approximately 12 m above the sea surface using

Coastal Climate Weatherpaks in both the real-time and self-recording modes. Data

include wind speed and direction, atmospheric temperature and pressure, and, at the
PORTS location, relative humidity, and near-surface temperature,

Field Operations

Current meters were deployed on the bottom beginning in June 1990, The ficld
work was supported by the research vessels RV Bellows and RV Suncoaster, of the
Florida Institute of Oceanography. Conductivity-temperature-depth stations were
also deployed of f the mouth of the bay and in Hillsborough Bay. The station locations
are shown in Figures 1-3. Both the RADS and S4s were programmed to provide 10-
minute vector averages of current velocity, The RADS provide velocity measurements
at 1 m depth increments over at least 85% of the water column, whereas the Sds
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provide data at one depth, These instruments are retrieved and re-deployed every
two months, to meet the TOP schedule and to permit data extraction and maintenance,

Divers inspected the instruments on site in carly July and found biofouling to be
severe on all underwater instruments, It was decided to schedule monthly underwater
inspection and cleaning of all instruments in addition to the bimonthly recycling for
data retrieval and dockside maintenance,
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Figure 1, Location map of TOP current meter stations,

In August, a detailed CTD mapping of the Bay was made from the RV Bellows
and RV Suncoaster (Figure 4). A 24-hour transect was made at the mouth of the bay
by the Bellows, while Suncoaster made a section offshore perpendicular to the coast,
and then up the axis of the channel. The Bellows took CTD casts approximately every
0.25 nautical miles across Egmont Channel, and then every 0.5 nautical miles at the
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two northern sections. The Suncoaster took CTD casts every 0.5 nautical miles. A
total of 225 CTD casts were made during this mapping,

In November, a generally similar CTD mapping of the Bay was made from the
NOAA ship Ferrel, The towed RADS was deployed for the first time to make six
sections along the axis of the shipping channel, and perpendicular to it (Figure 4).
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Figure 2. Location map of TOP water level stations.

THE PHYSICAL OCEANGRAPHIC REAL-TIME SYSTEM (PORTS)
PORTS—the Nations’s first fully integrated physical oceanographic real-time
system—is a major component of TOP (Figure 5). It also provides data to the
circulation survey. The Tampa PORTS, when fully implemented, will provide not
only real-time curreats, but also water levels and weather data for several locations.
It has a fully integrated Data Acquisition System (DAS) and Information
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Dissemination System (IDS)., When fully operational, it will be turned over to a host
state ageacy.

Installation of the electronic/transmitting system and the first of three planned
real-time ADCP’s at station C-3, in the navigation channel under the new Sunshine
~ Skyway Bridge (Figure 1), was completed in June 1990. However, useable data was
not transmitted until August because the undersea telemetry cable was cut, probably
by a fishing trawler shortly after installation. A buoy has since been installed to mark
the cable crossing.
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PORTS measures water speed and direction, and is equipped with a sensitive
pressure transducer to measure water pressure, from which depth is computed. The
unit has a special naval bronze case for durability and resistance to biofouling. Its
supporting platform is a low-profile concrete housing which would provide some
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protection if hit directly by a trawl door, anchor, or other hazard. A real-time
weather station (M-2) located nearby measures wind speed, wind direction, air
temperature and barometric pressure. Real-time communications were established
and all current and weather data are now received at the DAS in the U.S. Coast Guard
operations center at St. Petersburg, -

PORTS Data Acquisition and Dissemination Systems
Data collected by the PORTS instruments is transmitted to the PC-based DAS.
Data from the RADS, the pressure gage, and the weather station, each consisting of
10-minute averages, are received every 10 minutes and saved in ASCII files. The
latest data sample is displayed as a formatted text screen displayed on the DAS
console,
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The voice response system was installed in November 1990. The voice messages
will be enhanced over time to include new kinds of information that can be derived
from the data. NOS will be working closely with the Tampa Bay Pilots and the Coast
Guard in developing voice menuns. The National Weather Service and the Hazardous
Materials Office now access ¢he voice response system. It is anticipated that further
dissemination of the information through NOAA Weather Radio and possibly local
cable television will occur.

MEASUREMENT QUALITY CONTRQL

All new and refurbished or upgraded instruments were inspected and tested prior
to acceptance. The 1200 kHz RADS and S4s were calibrated in the fow tank at the
David Taylor Naval Research and Development Center, The 600 kHz and 300 kHz
RADS were calibrated in the manufacturer’s lakeside facility in San Diego, California.
All RADS and S4 compasses were calibrated on shore by rotating the instruments in
stable mounts and taking comparative bearings between the instrument compass and
a high quality laboratory compass.

Immediately foliowing deployment and at one month intervals, divers inspect,
level, and check each instrument for proper clearances, removing any obstructions.
Many of these inspection dives include underwater photography of instruments to
permit evaluation in the laboratory,

CTs and CTDs are calibrated prior to shipment from Sea-Bird Electronics. All
instruments are recalibrated at the Northwest Regional Calibration Center both before
and after major field deployments. Several instruments were sent for calibration
checks following retrieval in December 1990,

Meteorological instruments pass an in-house inspection and testing prior to
deployment in the field. Once installed, they are inspected monthly.
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DATA COLLECTED
Water level data collected since the beginning of the project is displayed in
Figure 6. Station numbers can be located on the station location map (Figure 2), Most
of the large gaps in some of the station data are the result of vandalism. One statioa,
at Port Manatee, was damaged during Tropical Storm Marcos.
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Figure 6. Schedule for TOP water level gage deployments.

Current meter data is shown in Figure 7. The long-term stations, C-1 through
C-6 have a good record of data collection. C-1 did not collect data for the first
period of its operation due to the failure of circuit boards, possibly the result of high
ambient temperatures,

The $4 data collected at the very beginning of the project is suspect because of
high biofouling. In some cases, S4 data was not collected because the instruments
were hit by propeller blades of vessels passing overhead.

Towed RADS data were not taken in August, as originally scheduled, because
additional testing of the instrument was required. The towed RADS is not yet an
operational system, and the data requires additional study before it can be released.

CT and CTD data collected are presented in Figure 8. CT sensors at sites S-1 and
8-3 were both hit by vessels during deployment periods resulting in loss of data.

As of October 1990, 91.6% of planned RADS data was recovered, 43% of planned
54 data, and 80% of CTD data. Eighty-seven percent of water level data for this
period is considered to be of high quality.

Meteorological data was collected at the PORTS station M-2 for the period
August 22 through the present with only very small breaks, on the order of minutes.
The data from station M-3 was degraded for much of this same period of operation
due to lightning strikes. Stations M-2 and M-3 (Figure 3) have only recently been
deployed. Station M-5 has not yet been deployed.
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DATA PROCESSING - DATA QUALITY CONTROL

The detailed data processing and quality control (QC) procedures are documented
in a field refence guide (NOS 1990c). QC procedures include time series plots of
selected current meter, CT, CTD, and weather data records. The plots are examined
for noise, outliers, offsets, drifts, physical reasonableness, and consistency with data
from neighboring instruments. Questionable data is flagged for subsequent detailed
review.

The RADS records a number of special parameters for QC monitoring. An "error
velocity" signal is calculated from the velocity data of each of the four beams. Under
ideal conditions of uniform fluid velocity, this error velocity should be zero. Under
actunal field conditions, it is small (less than a very few centimeters per second) if the
instrument is perfoming correctly. If the echo amplitude of the received signal is
outside prescribed limits, performance of the instrument is suspect. Examples of the
QC plots are shown in Figure 9, where it is seen that error velocity is very small, and
echo amplitude is behaving as expected.

Data from all water level stations is processed and tabulated using NQOS standard
operating procedures. These include a preliminary evalunation of data quality using
a visual scan, as well as comparison with a tide observer’s daily observations of water
level with a graduated staff adjacent to the ADR gage. Statistical staff-to-gage
relationships are established and applied to the data before tabulation.

DATA ANALYSIS

A primary purpose of the data is to develop new predictions for Tampa Bay.
Traditional methods of barmonic analysis will be used to derive the astronomical tidal
constituents for making new predictions, The new predictions will be compared with
data to assess their quality. The large amount of data, including long time series of
water levels and currents, will facilitate detailed predictions at numerous locations in
the bay, in contrast to the single reference station at Egmont channel used for present
predictions.

Analysis of the non-tidal components of currents and water levels will be made
in order to model these forces in prognostic numerical circulation models.
Information on the forcing of the circulation in the Bay by wind stress, runoff, and
offshore currents will be used in order to make forecasts of the total current (Hess,
this volume).

Real-time data from PORTS will be analyzed for the purpose of providing
comparison with NOAA tables, and with new predictions, as well as for determining
the feasibility of making short term forecasts of water levels and currents at sites of
concern to mariners, '

DATA AVAILABILITY
Oceanographic data collected during the 15-month circulation survey will be
available to mariners, managers, and scieatists after it has been quality controlled by
NOS. Data that passes the QC criteria will be available to the public following the
completion of the project. Raw instrument data will be temporarily archived by NOS
on magnetic media in both ASCH and binary formats. Data are available during the
survey from:
TOP Data Manager
Estuarine and Ocean Physics Branch, N/JOMA 13
NOAA /National Ocean Service
6010 Executive Boulevard
Rockville, MD 20852
(301) 443-8510
After completion of the survey, when data analyses indicate no serious
undetected errors, the data will be transmitted to NOAA’s National Oceanographic
Data Center (NODC), Washington, D.C., for archiving. Since an archival format for
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RADS data has not been determined, these data may be transferred at a later time.
The transferred data will be generally available from NODC upon request by June
1992, from:

User Services Branch E/QC21

National Oceanographic Data Center

NOAA/National Environmental Satellite

Data and Information Service ¢

Washingion, D.C. 20235

(202) 673-5549

Meteorological data will be transferred to NOAA’s National Climatic Center

(NCDC) for archiving. The transferred data will be available from NCDC upon
request by June 1992, from:

Information Services Division E/CC4

National Climatic Data Center

NOAA/Naticnal Environmental Satellite

Data and Information Service

Federal Building

Asheville, NC 28801

{704) 259-0871

Raw water level data will be retrieved from the gages at the end of each month

and processed. Analyzed water level and bench mark data will be available three
months after retrieval and may be obtained from:

Tidal Datum Quality Assurance Section, N/JOMA 123

Sea and Lake Levels Branch

NQOAA/National Ocean Service

Rockville, MD 20852

(301) 443-8467.

INFORMATICN PRODUCTS AND SERVICES
Information products and services will be available approximately one year after
the conclusion of the field survey. Included are:

¢ a circulation survey data set and survey report;

e revision of NOAA’s tide and current prediction tables, and special detailed
prediction tables for Tampa Bay;

¢ model-generated products, including a circulation and water level forecast
atlas, and simulations of circulation and water levels for various scenarios (see
Hess, this volume); and

* a technical report on the physical oceanography of Tampa Bay and meodel
validation,
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‘INITIAL FINDINGS ON THE CIRCULATION OF TAMPA BAY

R. H. Weisberg
R. G. Williams

ABSTRACT

‘Initial findings on the circulation of Tampa Bay, Fiorida, are presented, using data from the U.S.
Department of Commerce, NOAA, National Ocean Service, Tampa Oceanography Project (TOP).
Located on Florida’s west coast, Tampa Bay is the largest of Florida's drowned river valley
cstuaries. The bay has been described as vertically well mixed, a description that has been used
to justify vertically averaged models as tools for guiding water quality sampling and analysis.
However, while Tampa Bay is vertically well mixed in salinity, it does have dynamically significant
horizontal salinity (density) gradients, owing to the distribution of inflowing fresh water,
particularly along its eastern shore. These horizontal gradients and surface wind forcing both
imply a fully three-dimensional circulation. The TOP is presently providing the first data set
capable of facilitating a better description of the flow field for Tampa Bay. Evidence so far shows
three major components of the circulation, driven by tides, buoyancy and winds, respectively. The
dynamics and thermodynamics of the estoary are therefore fully three-dimensional, a fact which
should be recognized for future data collection, analysis and numerical modeling.

: INTRODUCTION .

Tampa Bay, located on Florida’s west coast, is the largest of this state’s drowned
- river valley estuaries, Tampa Bay is a significant marine resource for the State of
Florida. It provides major ports of commerce, supports a variety of fisheries and
offers important recreational opportunities for Florida’s residents and visitors. Given
its location between the cities of St. Petersburg and Tampa, with adjacent agricultural
and mining land uses, Tampa Bay comes under competing utilizations, stretching its
ability to maintain the water quality that is ultimately necessary for sustaining these
utilizations. As is the case with other estuaries, it is of increasing importance to
understand the factors which comtrol water gquality so that sound management
decisions can be made, '

Water quality derives from a multitude of physical and biogeochemical factors.
Variations in any constituent water property depend upon advective and diffusive
trans