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INTRODUCTION

Hillsborough Bay (l05 km 2 or 40 miles 2) is the eastern upperjTlost section of
the Tampa Bay system (907 km 2 or 350 miles 2), which is one of the largest
estuaries in the southeastern United States (Fig. 1). Hillsborough Bay is surrounded
by a large metropolitan complex and supports extensive industrial activity and
serves as a major shipping port.
The Bay is highly eutrophic and anoxic conditions have been reported along
its western edge (FWPCA, 1969). The City of Tampa had been releasing pri;nary
treated sewage into Hillsborough Bay since 1951 and was implicated as the major
point source polluter of the Bay (FWPCA, 1969; Shaw, 1973). In an effort to reduce
pollutants entering the Bay, the City of Tampa constructed a 60 MGD Advanced
Wastewater Treatment (AWT) facility for replacement of the primary system. The
transformation from primary treatment to advanced was successive. Secondary
treatment was achieved in January 1978 and advanced wastewater treatment in
January 1979.

In July 1979, a variance fro;n the AWT phosphorous removal

requirement was issued and phosphorous concentration similar to those of
secondary treatment have been released since then.
In September 1976, the City of Tampa initiated a comprehensive monitoring
study of the ecology of the phytoplankton community of Hillsborough Bay.
Numerous studies elsewhere have shown that phytoplankton are well suited as
monitors of trophic state due to their rapid response to changing environmental
conditions (Hohn, 1959; Williams, 1964; Margalef, 1968; Welch, 1968; Dunstan,
1975; Taslakain and Hardy, 1976). The present study is designed to relate changes
in the phytoplankton community of Hillsborough Bay with the reduced nutrient load
entering the Bay from the AWT facility.
Laboratory enclosure experiments (bioassays) using natural phytoplankton
assemblages taken from Hillsborough Bay and Old Tampa Bay have been conducted
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Figure 1. Sampling locations in the Tampa Bay System.
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on 12 occasions (See, Results of phytoplankton bioassay experiments.

City of

Tal1pa, June 9, 1983). These controlled experiments in conjunction with the field
study will be used to examine the response of the phytoplankton in the Tampa Bay
system to changes in the nutrient composition and supply. Further, it is hoped that
the results from these experiments will help explain such future cause/effect
re la tionships.

LIMIT AnONS

Long-term investigations of natural ecosystems are subject to limitations
uncommon to controlled laboratory experiments.

Listed below are the most

important factors which limit the present study in measuring effects of sewage
pollution abatement on phytoplankton production and standing crop in Hillsborough
Bay.
In October 1977, the Corps of Engineers ini tia ted a ship channel deepening
and

~idening

project throughout the Tampa Bay system.

Dredging was originally

planned to start in 1982, but was advanced five years in the summer 1977. Bottom
sediments of Hillsborough Bay are known to contain much organiC material and the
resuspension of these sediments would be a potential source of nutrients difficult
to account for.

However, natural resuspension of bottom

sedi~ents

all periods of high wind velocity and preliminary analyses of data

fro~

occur during
such periods

do not indicate unusual concentrations of dissolved nutrients.
Flushing rates and circulation patterns in the Tampa Bay system have been
mathematically modeled by two independent investigators (Ross, 1973; Goodwin,
1977).

Both models indicate low flushing rates in Hillsborough Bay and closed

circulation patterns in the upper portion of the Bay.

Time lags may therefore

occur before changes in the water column due to improved sewage effluent are
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detected.

Sufficient information is not available to accurately correct for these

possible time lags.
Several substances that may stimulate phytoplankton growth, such as
vitamins, growth hormones, trace metals, and chela tors are not measured in the
present study.

These compounds may enter the Bay in greatest concentrations

during periods of high runoff.

Other substances entering the Bay may be

detrilnental to phytoplankton growth.
personnel exclude

measure~ents

Limitations of equipment and trained

of these su!lstances.

Uncommon weather conditions such as long term drought, and excessive wind
and rain during hurricanes may cause year to year variations in the phytoplankton
community.

~ETHODS

Sampling Program

Observations of the phytoplankton community of Hillsborough Bay were
initiated on September 7, 1976. Field sampling and laboratory analysis have been
subject to a number of modifications since the initiation of the study.

The

sampling program described in the prospectus of January, 1979, included nine
stations in the Hillsborough Bay, seven of these were surface stations only.

On

August 15, 1979, these seven stations were eliminated fro:n the sampling program
and only the two total water column stations 4 and 12 were retained.
Preliminary analysis of data collected prior to August 15, 1979, indicated
that surface samples alone were of very limited value in characterizing a specific
location due to the hydrological and biological heterogeneity of the water column.
Further, an additional total water column station (station 13\ located in the
0!. -1S-- 7 9
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Tampa Bay proper (Figure 1), was added to the program. Located approximately 5
miles southwest of the mouth of Hillsborough Bay, this station is expected to serve
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as a semicontrol of the phytoplankton community in Hillsborough Bay.
Vertical hydrocasts are taken monthly at the three stations.

Samples are

collected at I m increments from surface to the 3 m depth at stations 4 and 12 and
from surface to the It m depth at station 13.

Water from each discrete depth is

placed in a large container, stirred well, and then subsampled for determinations of
phytoplankton productivity, phytoplankton pigments, and dissolved

nutrients.

Water fro .n the surface and the deepest depth is further subsampled for
phytoplankton
refractorneter.

taxonomy and

salinity.

Salinity

is

measured

with

a

A/v

Temperature and dissolved oxygen fro:n surface to bottom, are

measured with a YSI-5739 probe.

Water transparency is estimated from Secchi

disk readings.

Phytoplankton Productivity Analysis

Four 130 ml Pyrex BOD bottles, three clear and one dark, are used for each
depth in the productivity experiments.

The samples are inoculated with 1 ml of

Na214e03 solution containing 2-4 ucuries of l4e using a 1 ml dispenser.

The

radioactive solution is drawn fro.n a reservoir sufficiently large to ensure that all
samples are inoculated from the same well-agitated source.

Black bottles are

covered with two layers of aluminum foil to ensure exclusion of light and all
sample bottles are kept in a light sealed box until the start of the incubation
period.
The samples are suspended at the depth of collection using holders attached
to a vertical line anchored at the respective station. The incubation period starts
close to local noon and lasts 3-5 hours.
At the end of incubation period, samples are retrieved and placed in the light
sealed boxes and brought to the laboratory for immediate filtration.

Each

productivity sample is vacuum-filtered at 130 mm Hg through a 47 mm HA 0.45 urn
Millipore membrane filter.

At the termination of filtration, each filter is rinsed
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with approximately 50 ml of filtered sea water, and then placed in a 20 ml glass
liquid scintillation vial. The filters are dried over silica gel for at least 4 days and
then 20 ml of 6% PPO-POPOP-toluene liquid scintillation cocktail are added to
each vial.
Scintillation induced by B-radiation is measured by a TM Analytic Delta 300
Model 6891 liquid scintillation counter. Counts are corrected to disintegrations by
the sample channels ratio method.
The Na214C03 solution is prepared by diluting high specific activity material
with Na2C03 solution as recommended by Strickland and Parsons (1972).

The

solution is autoclaved and stored in rubber-stoppered 100 ml glass bottles.

The

specific activity of the solution used for each determination of primary
productivity is measured in triplicate in the liquid scintillation counter by adding
50 ul of solution to a vial containing 10 ml of a PCS-NCS-toluene-water
scintillation cocktail.

Counting efficiency is determined by using the external

standards ratio method.
The total carbonate content of the water samples from the bay are estimated
from a salinity - total carbonate regression p.quation.
Prirnary productivity is calculated as the hourly average production over the
incubating period using the following formula:
P

= Rs x W x 1.05
RxN

where P is the primary productivity (mgC m -3hr- I ), Rs is the radioactivity of the
filter (DPM), R is the absolute activity of the Na214C03 solution (DPM), W is the
total carbonate content of the water sample (mgC m- 3), N is the duration of the
incuba tion period (hr.), and 1.05 is an isotope correction factor suggested by
Strickland (l960).

Primary productivity of the water column (mgC m- 2hr- 1) is

calculated by linear integration of the productivity depth profile for the respective
stations.
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Phytoplankton Taxonomic Analysis
Phytoplankton taxonomic samples collected at surface and at the deepest
depth are preserved in the field by a small addition of Lugol's solution. Within 48
hours after sampling, a minimum of two aliquots from the raw sample are placed in
shallow 0.12 ml Palmer nanoplankton counting chambers and examined under a
Zeiss Invertoscope 0 for phytoplankton counts and identification. Organisms are
identified under 400X magnification until six transects of the counting chamber are
examined or until at least 150 cells are encountered.
Total cell numbers from each aliquot are calculated according to the
following formula:
C=N
V

where C is the total cell numbers (cells ml- 1), N is cells counted (cells), and V is
volume examined (ml).

Phytoplankton Pigment Analysis
Phytoplankton pigment samples are collected in conjunction with the
phytoplankton productivity samples at 1 m increments from surface to the 3 m
depth at stations 4 and 12, and from surface to the 4 m depth at station 13. The
samples are shaded from direct sunlight during transportation to the laboratory and
filtered immediately upon return to the laboratory through What man GFC glass
fiber filters. Precaution is taken during all laboratory procedures not to expose the
pigment samples to bright light. To prevent degradation of chlorophyll! through
acidification, approximately 1 ml of magnesium carbonate suspension is added to
the filter surface. The filters are ground with a teflon tip tissue grinder for 1
minute in 90% acetone.

The material is transferred to 15 ml centrifuge tubes

stored overnight in a refrigerator. After being inverted several times, the tubes
are centrifuged for 15 minutes and the supernatant liquid is decanted into 1 cm
path length spectrophotometer cells. The extinction of the liquid is measured in a
-7-

Coleman 124-D spectrophotometer at the wavelengths 750, 665, 645, and 630 nm
and also at 750 and 665 nm after acidification with 1 drop of 33% HC1.
Chlorophyll

~

concentrations are calculated using the equation of Parsons and

Strickland (Strickland and Parsons, 1972):
C

=(11.6

E6650 -1.31 E6450 -0.l4 E630o ) x v

V

and phaeopigments according to Lorenzen (1967):
P

=26.7 (E6650 V

E6650 x v
-

where C is the concentration of chlorophyll a (mg m- 3), P is the concentration of
phaeopigments (mg m- 3), v is the volume of acetone used for extraction (m!), V is
the volume of water filtered 0), Eio is the extinction at wavelength i (nm) before
acidification, and Eia is the extinction at wavelength i (nm) after acidification.
The calculated chlorophyll! concentration may then be used for estimating
phytoplankton standing crop.
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