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I. FORWARD
It is generally acknowledged that our natural resources are not unlimited
and that man's activities far inland may modify, sometimes adversely, the streams
and estuaries. Today, as never before, government officials, industrialists, and
scientists recognize how interdependent each group is on the other in dealing with
environmental problems. With increasing frequency each calls on the expertise of
the others for advice and counsel. City planners, County Commissioners, State and
Federal officials, and land developers now recognize that any further dredge and
fill operations must be approached intelligently. Sewage must be adequately
treated and population density carefully regulated if man is to live harmoniously
with his environment.
The Mote Marine Laboratory has an established reputation for excellence in
research in the field of estuarine and marine biology. This research has often
led to practical 'spinoffs' that have improved man's health and his environment.
It is anticipated that the present cooperative study, financed by Sarasota County,
the Federal Soil Conservation Service and the MML will lead to similar significant
applications.
Under the able leadership of Dr. Jeffrey L. Lincer and a fine staff of MML
scientists and consultants, this interdisciplinary study has come to fruition.
The result is this report, which we hope will give all parties concerned a better
understanding of the problem and lead to constructive remedial measures that will
improve both the uplands bordering Cow Pen Slough and the properties adjoining the
estuaries of Dona and Robert's Bays.
Perry W. Gilbert, Ph.D.
Director

I-l

II. INTRODUCTION
The Sarasota West Coast Watershed is located in the southwest region of
Florida and experiences typical Gulf coast subtropical weather patterns.
Specifically, the average annual rainfall is approximately 53 inches, of which
60 percent can be expected from June through September (Jones, et al., 1973).
Considering that the average yearly rainfall in the U. S. is 30 inches (Sponagle,
1974), Florida experiences greater-than-average rainfall. In addition, the
"rainy season" serves to magnify these differences and a cursory examination of
the weather pattern would indicate potential flooding conditions during the summer months and relatively dry conditions during the remainder of the year. This,
of course, influences runoff characteristics and thus the local hydrology is most
singularly influenced by the seasonal rainfall period.
More than 75 percent of Sarasota is primarily composed of Class IV soils
which can have severe limitations and require careful management (Florida Board
of Conservation, 1966). For example, the soil types within the West Coast Watershed primarily range from "somewhat poorly drained" on the perimeter of the watershed to "very poorly drained" at the heart (Leighty, et al., 1955). Although most
of the soils are composed of porous, sandy materials, the commonly present slowly
permeable underlying materials significantly impede the downward movement of water
within the soil. This feature, combined with the watershed's high water table,
contributes to the fact that these flatlands may be saturated at times and their
depressions may become entirely submerged during the rainy season (U. S. Department of Agriculture, 1959).
Consequently, in 1961, the Sarasota Soil Conservation District, the Sarasota
County Board of Commissioners and the Manatee River Soil Conservation District
assisted by the U. S. D. A. Soil Conservation Service, prepared a flood control
work plan for the 242 square mile Sarasota West Coast Watershed. Of primary concern in the plan was a modification of the then 67.6 square mile Cow Pen Slough
(CPS) drainage basin (Fig. II-1). The provisions of the project were to meet two
primary objectives: '""(a) to reduce flood damage frequency in the vegetable producing area . . . (b) to provide adequate drainage and flood protection in the
pasturelands to permit the production of improved pastures in the lower lying
areas along the stream channels" (Sarasota Soil Conservation District, et al.,
1967).
At the time the plans were written, CPS Channel, the main artery of the
drainage basin, was in part natural and in part artificial. The slough consisted
of natural meandering streams linking a series of shallow ponds, while the lower
reaches had already been modified by local farmers in the late 1940's (pers.
comm., Fred Heinzman, Sarasota County Department of Environmental Control) and
consisted of a small scale system of large drainage ditches.
The details of the 1961 plan called for a replacement of the natural meandering stream systems with a straight, box-cut channel and rechannelization of
the drainage ditches at the lower reaches. This would serve to increase both the
channel volume and its velocity of flow. The expanded coverage would increase
the CPS - Shakett Creek drainage area to 89.6 square miles (Table II-1). With
an increase in the cubic foot per second (c.f.s.) capacity of the channel, the
time required to draw off large volumes of rainfall from potential flood zones
would also be reduced.
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TABLE II-1

Comparison of storm flow rates between South Creek and present
CPS - Shakett Creek.
South Creek
18.6

Drainage Area (square miles)

CPS - Shakett Creek
89.6

Intermediate Regional Flood Discharge

1560 c.f.s.

5200 c.f.s.

Standard Project Flood Discharge

2040 c.f.s.

7300 c.f.s.

Actual construction of the new slough channel began in 1962, was halted in
1963 for financial reasons, and was resumed in 1967. The first 40 percent completed shortly thereafter, the new flood control system allowed regions which had
previously experienced periodic innundation, to be designated as conservation
areas or potential development areas (Sarasota County Planning Department, 1973).
However, this change in land use and drainage practices altered the region's hydrology.
Subsequent to this, undesirable changes in the quality of Dona Bay (the receiving estuary) were noted by local residents. They noticed large amounts of
freshwater weeds flowing in from CPS, followed by a drastic decrease in the quality
of the estuarine water and fishing. After the initial runoff, they noted a "rotten
egg" smell, which presumably was hydrogen sulfide, the product of anaerobic bacterial degradation of organic material. The residents approached the County and
requested that the situation be carefully studied before the remaining 60 percent
of the slough be channelized.
As suggested in this laboratory's original proposal, and documented in Section VII-B of this report, many other changes in land use have also occurred.
During a period just prior to the construction of CPS, significant changes took
place in the stretch of Shakett Creek between Laurel Road and Route 41. Mangroves
and other filtering, biologically active fringe plants were replaced by inert
seawalls and other man-made structures. Dead-end canals and homesites replaced
marshes while shallow estuarine areas were dredged to accommodate the boats of
the new homeowners. Of note concerning lower Dona Bay and generally the whole
DARB region is that since approximately 1960, almost 100 percent of the natural,
vegetation-lined shore has also been replaced by inert seawalls and other man-made
structures. At a time which almost exactly coincided with the connection of CPS
to upper Shakett Creek, the Intracoastal Waterway was also dredged through the
Venice area. It was completed in late 1966 and dedicated 1 January 1967 (pers.
comm., Col. Furbee, West Coast Inland Navigational District).
This study was done at the request of the Sarasota County Board of Commissioners and addresses the present ecological status of Dona and Robert's Bays
(DARB) and its relationship to Cow Pen Slough and other possible perturbations.
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III. HYDROGRAPHY OF DARB: A SPECIAL HYDROLAB STUDY
Introduction
Dona and Robert's Bays (DARB) are two adjoining estuaries located in the
southern district of the Sarasota West Coast Watershed. Physiographically, the
DARB system is a complex bar-built estuary enclosed by the mainland and several
barrier islands. Tidal exchange with the Gulf of Mexico is primarily controlled
by three major inlets: the Intracoastal Waterway (ICWW) to the north and south,
and Venice Inlet to the west. Two major drainage basins flow into DARB: Cow
Pen Slough (CPS) - Shakett Creek into Dona Bay, and; Curry Creek into Robert's
Bay.
The climate of the region is subtropical and characterized by long, warm,
humid summers and mild winters. Roughly 60 percent of the annual rainfall,
which averages 53 inches, can be expected from June through September (Sarasota
Soil Conservation District, 1961). This rainy season activity presented inland
drainage problems in the past for agricultural interest groups. To remedy the
situation, the CPS - Shakett Creek Basin was modified in 1963 and 1967 to handle
these excessive runoff periods. The goal was achieved with the expected increased
rate of freshwater input into Dona Bay. In fact, Ross (1973) concluded that the
CPS improvements approximately doubled the rate of peak storm runoff to Dona Bay.
The first objective of this hydrographic study was to characterize the water
movements within the DARB region to provide a basis of understanding for other
members of the research team to aid them in their respective efforts. The second
objective was to establish whether these excessive runoff periods have any influence on the hydrography of DARB, and if so, what is the relative importance of
CPS - Shakett Creek with respect to these changes. Comparisons are made between
"rainy season" and "dry season" hydrographic data. Also, a quantitative comparison is made between Dona Bay and Robert's Bay to establish the different effects
of freshwater input on the two bays. Comparative readings from the mouth of
South Creek and a section of the ICWW between that Creek and DARB helps complete
the picture.
Methods
Hydrographic profiles were taken at all stations listed in Fig. III-1 plus
several intermediate stations not illustrated. Sampling was conducted on a weekly basis with the HydroLab Surveyor Model 6D. The parameters monitored were
depth, temperature, dissolved oxygen (DO), conductivity, pH, and oxidation reduction potential (ORP).
Data were recorded in the field and then later transcribed onto IBM computer cards for storage, retrieval, and statistical evaluation. Subjective analyses were made from computer print-outs using the guidelines of Johnson et al.,
(1958), Bowden (1967), Hansen (1967), Horrer (1967), Mangelsdorf (1967),
Pritchard (1967), Ripley et al., (1971), and Martin (1972).
The five chemical and physical parameters were used to identify and evaluate water masses. Conductivity (raw expression of salinity) patterns are of
interest for two major reasons: (1) because they are an indicator of physical
processes involved and movement of water masses, and (2) because of the effects
of salinity on marine and estuarine organisms. Temperature is used to provide
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FIG. III-1 Location of hydrographic study stations.
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secondary insight into the mixing process, while pH is used as a standard index to determine the relative acidity or basicity of the water column. Dissolved oxygen levels, when diurnal patterns are considered, may be good indicators of the general health of the estuary. The ORP is used to determine
whether the net environmental condition of a water sample is reducing or oxidizing.
Results
July marked the beginning of the study and the first month of rainy season
data. The heavy monthly rainfall of 8.49 inches was reflected in low salinity
readings throughout the DARB system (Fig. III-2). The 17 July sampling reflected
a well mixed water column, while on 26 July the column was stratified. Evidence
for stratification rests in the 4.7 o/oo (parts per thousand) difference separating the average salinity values at the 0.4 m and 0.8 m depths. This observation
may best be explained by the 0.3 inches of rain during the previous day and a
mere 8.6 inch tidal drop between high and low datum planes. The DO (uncorrected
for salinity) dropped sharply from a 7.45 ppm average on 17 July to an average
of 5.70 ppm on the 26th. While nearly all readings were above 4.0 on 17 July,
it should be noted that on 26 July, stations K, L, and M all registered DO levels below 3.0 ppm. Of importance is the fact that the minimum desirable DO level to support fish is approximately 4 ppm and concentrations below 2 ppm may not
support marine life at all (Watson et al., 1970).
August rainfall accumulation of 11.53 inches (Fig. III-3) marked the heaviest monthly total of 1974. A five-day accumulation of 2.83 inches prior to the
1 August survey generated low salinity and pH averages of 8.2 o/oo and 7.86,
respectively. Similarly, DO reached disturbingly low levels ranging between
1.90 and 3.10 ppm from the U.S. 41 bridge (station M) to Venice Inlet (station
V). During the remainder of the month, these extremely low DO values rose to
more normal levels, but the salinity remained quite low (Table III-l).
TABLE III-1 August Hydrolab readings at mouth of Shakett Creek.

August

1

Sal. (o/oo)

DO (ppm)

pH

0.5

3.10

7.00

5.92

7.59

August 16
August 22

20.7

4.60

7.72

August 29

3.8

4.85

7.60

The importance of rain on this system should be emphasized. The 27 August
survey was conducted twice from station AA to station N: once before a violent
45 minute rain and once after the rain. Those observations and possible explanations can be summarized as follows:
1. The observed average DO decrease of 0.89 ppm was part of a more widespread anoxic condition but was worsened locally by the heavy influx of fresh
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FIG. III-2. Rainfall and HydroLab survey for July 1974.
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FIG. III-3. Rainfall and HydroLab survey for August 1974.

water, high water temperatures, stratification, plankton blooms, and decaying
vegetation.
2. pH increases of 2.0 were quite common and could have been influenced
by waterfront lawn fertilizers and/or a bicarbonate complex formed from newly
exposed carbonate on the upstream channel bottom (see Section V-A).
3. A 28 o/oo range in salinity values was observed before the rain while
only a 10 o/oo range prevailed later. This trend is attributed to increased
mixing and obliteration of a stratified water column.
4.

Stormwater runoff reversed the direction of the incoming tidal flow.

A September rainfall accumulation of 6.13 inches marked the end of the
rainy season (Fig. III-4). In fact, 33 percent, or 2.05 inches of that total
fell in one day during the first week. As a result, salinity returned to normal estuarine concentrations during the second week and then to normal Gulf concentrations early into the third week. Field observations from the end of the
month noted that Dona Bay water flowed into Shakett Creek for the first time
since early June. At the close of September, variation in salinity between
Venice Inlet and Shakett Creek amounted to only 6.1 o/oo as compared to the average August difference of 17.9 o/oo (Fig. III-4). Lyon's Bay showed the highest salinity during September, which was also the highest for the whole study
period. This bay has no significant freshwater runoff input and coupled with
the high water temperatures during September, changed to an "inverse estuary",
(a situation where evaporation exceeds runoff plus precipitation). Robert's
Bay had slightly higher salinity values than Dona Bay. This is explained by
Curry Creek's smaller drainage basin and subsequent lower outfall plus more
complete tidal flushings as compared to Shakett Creek (Fig. III-8).
Similarly, the other three parameters showed a return to "normal conditions"
from those of the rainy season. The September DO average climbed to 6.3 ppm
while the pH average was 8.16. The monthly temperature average was 29.8 C.
October marked the beginning of the dry season. The total monthly rainfall
of 0.02 inches had a pronounced effect on the water quality parameters (Fig. III5). The dynamic rainy season system emerged very stable in October. Salinity
averaged 33.0 o/oo (seawater is approximately 35.0 o/oo) with a 5.4 o/oo range
while the DO was consistently above 8.0 ppm. The pH experienced little variation and maintained satisfactory levels above 7.8. The average temperature was
slightly lower in response to the colder climate.
November continued the October trend with a static DARB region. Total rainfall for the period of 1 November to 15 November (end of the Special HydroLab
Study) was 0.05 inches. This, plus the winds and rough seas contributed to a
homogeneous DARB region (Fig. III-6). Salinity, dissolved oxygen, temperature,
and pH readings were identical at 0.4 m and 0.8 m depths. Salinity at station
M (Shakett Creek outfall) was 31.5 o/oo, which was almost the same as station N
(Venice Jetties); a clear indication of insignificant freshwater input, and extensive Gulf water mixing.
Discussion and Conclusions
Dona and Robert's Bays are relatively shallow estuaries in which saline
water from the Gulf mixes with fresh water from the drainage basins. The
III-6

FIG. III-6. Rainfall and HydroLab survey for November 1974.

characteristic two-layer flow with entrainment forms distinct seasonal salinity
patterns.
Variations in daily rainfall change the rate of influx of fresh water into
the DARB system. Salinity profiles in the bays change in response to these rate
changes. In normal estuarine systems, the salinity change shows a time lag and
the actual change in the salinity is less than that expected by the calculated
freshwater input. This phenomenonis referred to as a "buffering effect" (Bowden,
1967). However, replacement of the original meandering streams by the 14-mile
slough channel has bypassed this important regulatory process and, during heavy
rain periods, the buffering effect completely disappears.
Consequently, the rainy season DARB hydrographic profile differs considerably from that of the dry season. During the former, the CPS - Shakett Creek
basin outfall totally dominates the DARB salinity profile. As a result, the
rainy season currents, especially in Dona Bay, are non-tidal. This is demonstrated by either a nonexistent rainy season flood tide current at Venice Inlet
or an outward flow (reverse of normal) through the Inlet during this tidal phase.
Chemical and physical conditions during peak outflow periods are more extreme in Dona Bay than in Robert's Bay. For example, the salinity ratios between
Dona Bay and Robert's Bay are roughly 1:3. Two factors are responsible for this
disproportionate relationship. First, the CPS - Shakett Creek Basin and channel
are larger than that of Curry Creek. Therefore, during heavy rainfall periods,
the former is able to handle larger volumes of flood water and, consequently,
discharge more. Secondly, the ICWW leading into the southeast corner of Robert's
Bay supplies saline water during the ebb tide phase (Fig. III-7). Tidal friction
within Robert's Bay is reduced, because Curry Creek outflow mixes in Robert's
Bay and then exits out Venice Inlet. Dona Bay has no similar alternate saline
input and totally relies on a hydrostatic balance between Gulf water, freshwater
outflow, and minor input from Robert's Bay for its mixing.
It should be noted that the Dona Bay:Robert's Bay salinity ratio decreases
as rainfall accumulation decreases. During the dry season, that ratio changed
from 1:3 to 1:1. Apparently as control structures are closed, CPS's diminished
input of stormwater runoff accounts for the vast majority of this decreased proportion (Fig. III-8).
Rainy season activity also generates low dissolved oxygen levels and significantly lower pH levels. The low DO may result from turbid water reducing
the euphotic zone plus the heavy turbulence. Lower pH levels, of course, come
directly from the freshwater outflow.
Lyon's Bay experiences a different type of hydrographic change during peak
outfall periods. Its canal contributes only minor volumes of water, thus salinities are on the order of eight to ten times higher than those of Dona Bay
and two to three times higher than those of Robert's Bay. The higher salinities
are also reinforced by the influx of saline waters from the ICWW past station
E (Fig. III-l). One surprising effect is the extremely high DO levels. High
water temperatures coupled with ideal pH ranges are probably responsible for this
high level of DO resulting from maximum photosynthesis by marine plants.
The relatively homogeneous water column is indicative of either a large degree of mixing or the lack of any large freshwater input source. The latter is
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FIG. III-8. Dry season hydrographic model.

TABLE III-2. Maximum and minimum values for HydroLab parameters of DARB survey.
0.4 meter DEPTH
July 1974

August 1974

28.7-36.0

26.0-35.5

4.4-24.5

Acidity ( pH )

September 1974

October 1974

November 1974

28.0-32.0

21.3-28.5

19.8-25.3

0.5-36.4

5.56-34.4

4.1-35.4

30.9-35.6

7.6-8.6

7.0-11.6

7.2-8.8

7.7-8.5

7.7-8.4

Dissolved Oxygen ( ppm )

2.7-11.0

2.0-9.2

4.4-8.6

6.9-10.2

7.6-10.9

ORP

170-275

135-270

(-5)-275

118-265

202-262

Hydrolab Parameters
Water Temperature
Salinity

(C)

(o/oo)

(mv)

0.8 meter DEPTH
Hydrolab Parameters
Water Temperature
Salinity

(c)

(o/oo)

Acidity ( pH )
Dissolved Oxygen ( ppm )
ORP ( mv )

October 1974

November 1974

28.8-32.0

21.5-28.5

19.75-24.0

0.5-30.3

13.1-35.0

6.7-35.0

31.2-35.4

7.9-8.6

7.0-11.6

7.3-8.7

7.7-8.5

7.7-8.4

2.45-10.0

1.9-9.0

3.0-8.1

5.4-11.5

4.7-9.0

175-271

240-270

(-5).270

200-255

225-262

July 1974

August 1974

28.6-33.0

26.0-34.0

8.7-26.1

September 1974

the case during the dry season. Without the tremendous freshwater outfall,
characteristic of peak rain periods, tidal currents are very strong and introduce large volumes of saline Gulf water into the DARB system.
There is, of course, still a horizontal salinity gradient increasing from
the creek mouths to the Gulf. However, during exceedingly dry periods, the horizontal gradient does not exist within the DARB region, but rather within the
creeks themselves. Average salinity levels for the DARB region are close to
33.0 o/oo, while DO levels range from 5.0 to 11.0. The pH generally maintains
levels above 7.7 and ranges up to 8.5 (Table III-2).
Under dry season conditions, Lyon's Bay becomes an inverse estuary. This
situation tends to increase temperatures, DO's during the day, pH, and salinities.
Mixing within this region is minimal and tidal currents from the ICWW provide the
flushing action.
In conclusion, CPS exerts the greatest single influence on DARB salinity
during periods of heavy rainfall (see station M, Fig. III-9). This freshwater
influx disrupts the normal dynamics of the estuary and also results in heavy
loads of freshwater weeds (Section VI-B) and sediments (Sections IV and V-B) accumulating in, what is already, a very shallow estuary. Although significant
changes in salinity can be expected in this region, the present dramatic changes
to the DARB hydrography occur too fast and overload the normal buffering effect.
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IV. SEDIMENTOLOGY
Introduction
From the beginning of the study on the ecological status of Dona and
Robert's Bays (DARB) and its relationship to Cow Pen Slough (CPS), the need
for sedimentology input was evident. It was thought that analysis for sedimentation could be useful in determining possible perturbations of Dona and
Robert's Bays. Natural processes such as rainfall and tidal currents, along
with man-made activities, such as urbanization and irrigation, affect the
deposition of sediments, providing an historic record as layers of sediment.
Knowledge of bottom sediment types can help determine the productivity of an
area (Moore et al., 1960).
By examining the nature of these sediments and their distribution throughout the study area, it was felt that ecologic factors would be revealed which
would help characterize its status. Because of the limited facilities at the
Mote Marine Laboratory (MML) to carry out the sediment facet of this ecological
study, Dr. Wen Huang (University of South Florida, Geology Department) was invited to carry out this part under separate contract with Sarasota County. It
was understood that Dr. Huang's technical report would be used in a supportive
manner by the MML research team and then key points of that report would be reduced and incorporated into the overall presentation to the county for their
files.
Methods
Sampling Locations and Field Work. Sample locations (Fig. IV-7) were established which coincided with those discussed in Section V-A, with the exception of station 7. Five stations corresponding to some of those discussed in
Section III were added; two stations from Robert's Bay, and one from upstream
Curry Creek (Auburn Road). During the months of September and November 1974,
but after the initial rains, 61 water and sediments samples were collected by
Dr. Huang and his assistants. At each station, in situ measurements included
pH, temperature, conductivity, salinity, and dissolved oxygen. These were
standardized with those taken by MML investigators. Two types of samples were
collected for laboratory analysis. Bottom sediments were obtained in core samples to a depth of approximately 1 m (approximately 3 feet) using hand operated
PVC corers. Two 1/2-gallon water samples were also collected to determine the
qualities mentioned below.
In the laboratory, sediment analysis was obtained by cutting the core sample into two halves, then systematically analyzing for the following parameters:
Organic Matter Analysis. Before taking samples from each of the 16 cores
for organic analysis, characteristic layers of organic matter were photographically documented to determine significant layers of organic deposition. Approximately five grams of sample from each distinctly different organic layer
was taken, dried, and ashed at 550 C for eight hours. The weight percent of
organic matter was obtained by calculating the loss of organic matter after
ashing.
Stratigraphic Column. The stratigraphic column of bottom sediments in
each core was documented to determine any significant variations of sediment
quality with respect to lithologic (physical), biologic, and organic matter
within the core.

Fig. IV-1. Sediment collection stations.

Grain-Size Distribution. In each distinct lithologic layer or unit of the
core, approximately 20-60 grams of sample were taken for size analysis, using
the sieve and pipet technique. The results of size analysis were further calculated by an IBM 360/60 computer to obtain five parameters as follows: (1)
weight of sand, silt, and clay fractions; (2) mean grain size (0); (3) sigma
or standard deviation); (4) skewness, a measurement of the dissymmetry in
size distribution of particles of a sediment, and; (5) kurtosis, the degree of
peakedness of a graph displaying any particular quality.
Clay Mineral Analysis. A separate aliquot of the sample was taken for
clay analysis. The sediment was first digested in deionized water, and the
clay fraction (less than 2 micron size) was separated from the sediment by a
superspeed centrifuge (Sorball RC-2B) at 1000 rpm for 2 minutes. Two oriented
clay slides were prepared on ceramic tiles, one with K-saturation, the other
with Mg-glycerated saturation. For each sample, eight separate X-ray diffraction analyses were made with the two slides after heat treatment at 25, 100,
300, and 550 C.
Trace Metals. Water solutions, which had been obtained by passing water
samples through 0.45 micron and 0.1 micron filterpapers, were analyzed for Mn,
Zn, Cr, and Cu, using atomic absorption spectrophotometer (Perkin Elmer 403).
Results of the concentration of trace metals are expressed in ug/ml. Suspended
solids were also analyzed for, however, they will not be discussed herein. For
a detailed discussion see Section V-B.
Results
Among the 16 stations, the percent organic matter ranged from 1.1 to 18.
The overall average was 4.6 percent (Fig. IV-2). The distribution of significant levels of organic matter (over 2 percent) within the core, shows eight
stations having a layer of significant organic deposits on the surface. Only
station 4 (Curry Creek at Venice Byway) and station 10 (CPS, east side of fork,
above control structure 3) had less than 2 percent organic matter throughout the
core (Fig. IV-3). The stratigraphic column revealed that high organic content
was associated with small amounts of shell fragments, while the stations with
large amounts of shell fragments had correspondingly low percentages of organic
matter.
Mean grain size distribution ranged from 1.64 - 3.74 phi units (Fig. IV-4),
which places them within various degrees of sands (Table IV-1). The average mean
grain size within the top 15 cm of the 76 core samples is 2.48 phi units (0).
Manganese levels in the water ranged from less than 0.01 to 0.73 ug/ml;
zinc ranged from 0.02 to 0.21 ug/ml; chromium from less than 0.02 to 0.09 ug/ml;
and copper from 0.005 to 0.055 ug/ml (Table IV-2).
Discussion
When individual water systems within the total hydrologic survey are compared, patterns of deposition become apparent. Within South Creek, extremely
high percentages of organic matter has accumulated (Fig. IV-2). However, South
Creek is a relatively low energy system and would tend to deposit organic matter
instead of removing it in bedload. The mouth of the creek enters the Intracoastal
Waterway (ICWW) and is greatly effected by currents and movements of boats. An
eddy at station 1 was discovered to have formed at South Creek and ICWW, which
explained the high accumulation of organic deposits at this station.
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South Creek

CPS Shakett Creek Dona Bay

Curry Creek Robert's Bay

Lyons Bay

Main No. 1

Dead end CPS

FIG. IV-3.

Distribution of organic matter (O.M.) to approximately 20 cm
depth, by system and station.
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FIG. IV-4. Mean grain size per station in phi
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units.

TABLE IV-1

Sediment particle size, equivalent designation in phi units,
and Wentworth size class.

Diameter of particle
mm

Phi unit

1.0
.50
.25
.125
.0625
TABLE IV-2.

Wentworth size class

Very coarse sand
Coarse sand
Medium sand
Fine sand
Very fine sand

0
1
2
3
4

Trace element content (ug/ml) of surface water.

Station No.

Mn

Zn

Cr

Cu

1

0.13

0.21

0.08

0.053

3

0.11

0.17

0.07

0.042

4

0.09

0.17

0.05

0.040

5

0.12

0.19

0.08

0.050

6

0.10

0.19

0.09

0.053

8

0.03

0.03

<D.L.

0.009

9

0.07

0.03

<D.L.

0.009

0.02

<D.L.

0.005

*

10

<D.L.

11

0.01

0.03

<D.L.

0.009

12

<D.L.

0.02

<D.L.

0.009

A1

0.04

0.12

<D.L.

0.015

CC3

0.13

0.20

0.09

0.053

GG1

0.12

0.18

0.07

0.055

L1

0.12

0.19

0.08

0.053

W1

0.12

0.18

0.08

0.053

D.L.

0.01

0.01

0.02

0.004

* D.L. = detectable limit
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The accumulation of organic matter shows significant trends in the CPS Shakett Creek - Dona Bay system (Fig. IV-2). The percent of organic content decreases from head to mouth, with an extremely sharp increase at Dona Bay Point
(L1). A dry season flood tide supplies strong opposing fresh and saline water
intermixing and resuspension of solids at this station (see Section V-B). The
distribution of organic material at station L1 shows a large accumulation at
the surface (Fig. IV-3). It also had the second highest amount of organic matter (8.5 percent), excluding station 9 (CPS, west fork). This is probably due
to the redistribution of sediments by tidal action. It is also diagnostic to
note that this station (L1) had the highest phi mean grain size (3.25), making
its sediments the finest-grained of those sampled. The organic material is not
oxidized as readily when it is part of a fine grain sediment because the pore
spaces of the silts and clays inhibit water circulation (Kofoed et al., 1963).
This anoxia was, in fact, observed by other investigators and is dicussed further in Sections V-A, and VI-B. The clay percent at this station was 6.08.
The mean percent clay was 1.37 for all stations and 94 percent of the stations
were between zero and 1.98 percent. The silt content was also exceptionally
high (9.28 percent) at station L1. By comparison, the mean of all stations was
3.44 (Table IV-3).
A similar situation occurs in the Curry Creek - Robert's Bay system. Percent of organic matter decreases from head to mouth, sharply increasing at
Robert's Bay station W1. In fact, this value (8.5 percent) is exactly the same
as that for Dona Bay Point (L1) and was again second only to the high accumulation at South Creek (11 percent), excluding station 9 (CPS, west fork), which
is an accumulation basin without flushing. The distribution of organic matter
is also nearly identical to that of Dona Bay (Fig. IV-3). Again, it is noted
that grain size (2.72 phi) for station W1 is substantially above the mean size
for all stations of 2.48 (Table IV-3).
An interesting contrast to these systems is found nearby (Fig. IV-1).
Lyon's Bay is a relatively small, shallow bay which does not have a creek or
slough entering it. The upper reaches of the bay (station GG1) had one of the
lowest organic content readings (2.2 percent). Even this factor may be deceiving due to its occurrence at a depth of 16-18 cm within the core (Fig. IV3). The top layer had only 0.8 percent organic matter and, therefore, was not
included in the figure. The grain size approximates the average for all stations (Fig. IV-4). Station CC3, closer to the mouth of the bay, is little affected by Dona Bay. However, aerial photographs and/or building permit data
document a recent surge in development at this particular point. Its increase
in organic matter and decrease in grain size may be attributed to a higher concentration of urbanization near this area.
The upper reaches of CPS and Main No. 1 show interesting depositional values. Stations 8, 10, 11, and 12, are well below the average of organic matter
(Fig. IV-2). With the exception of station 11 (CPS at Ewing Ranch Bridge) comparable coarse grain sands are also found (Table IV-3), which are characteristic of
high energy water flow. This is not surprising since station 11 is between two
control structures. The high amount of organic matter (78 percent) found at station 9 (CPS, west side of fork) deserves special attention. The west fork is
a dead end of CPS and exhibits little flow to the remainder of the slough at
this time. However, this station is located adjacent to the Sarasota County
Landfill which has recently been extended almost to the slough's northern bank.
The stratigraphic column reveals a thick layer of dark organics at the top and
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is one of the few cores which was characterized by a sulfurous odor. Incidentally, Shakett Creek at Laurel Road (station 3) was the only other location to
exhibit the sulfur odor, which is characteristic of anaerobic breakdown of organic matter.
The occurrence of trace metals showed distinct delineation between fresh
and tidal stations. For manganese, the mean for freshwater stations was 0.03
ug/ml while the tidal stations showed a mean of 0.12. The mean level of zinc
in freshwater stations was 0.041 ug/ml while the tidal stations showed a mean
of 0.187 ug/ml. Cromium and copper exhibited similar results; the former having
mean fresh and tidal values of zero and 0.077 ug/ml, respectively, while those
for copper were 0.009 and 0.050 ,ug/ml, respectively.
Section VI-A of this report refers to the use of marine invertebrates as
bioindicators. A correlative relationship has been found between the percent
organic matter and the diversity indices (D.I.) of the invertebrate populations
(r = 0.7392). A striking correlation was found at invertebrate station D5, 6,
and 7, which coincides with the sedimentology stations W1 and L1. At these stations, a population of Macoma tenta was found. Dr. William Tiffany refers to
this species in his paper which deals with benthic invertebrates of Sarasota
Bay (Tiffany, 1974). As a bioindicator of detrimental water quality parameters,
he found the occurrence of Macoma could be correlated with high silt regions
with high organic content.
Conclusions
The discussion in this paper attempts to draw conclusions from the correlation of data made available by the initial sedimentation survey by Dr. Huang.
To this date, no previous sedimentary studies of Dona and Robert's Bays have
been conducted. Therefore, whatever correlations and data reduction are brought
out in this paper will hopefully be useful guidelines for further studies. Due
to a limited store of data, further investigations may yield contrary results
with the gathering of more data. This is true of any continued study and the
basis for our accumulation of knowledge. With this in mind, the following conclusions may be drawn:
As mentioned earlier, this paper supplies only baseline data, primarily to
aid other investigators in interpreting their own findings. In order to properly
interpret this type of overall study, samples should be taken before and after
the rainy season. The need for additional core sampling becomes evident while
attempting to draw conclusions from only one core per station which may be as
far apart as 12 miles.
CPS, with the exception of the dead end west fork, remains fairly clear of
organic matter immediately after the rainy season.
Dona and Robert's Bays are becoming heavily silted in as fine-grained organic matter and clay material accumulate on their bottoms.
CPS certainly adds organic matter to DARB, but other sources (i.e., runoff
from urbanized areas and the decay of marine algae in response to freshwater influx) could be adding significant amounts of organic matter to DARB.
If the west fork of CPS is flushed, upon connection of CPS to the Phillippi
Creek Watershed, large quantities of black organic silt will move down the slough
and be deposited in DARB, where accumulations are already substantial.
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V. WATER MONITORING
A. WATER CHEMISTRY
Introduction
General. This section of water monitoring deals with a comparison
between the Cow Pen Slough (CPS)-Shakett Creek-Dona Bay system with other
similar watersheds and their receiving estuaries. This spacial comparative
approach was taken because of the lack of any pre-CPS baseline data.
Since the water was simultaneously collected for water chemistry (discussed in this Section), suspended solids (Section V-B), chlorophyll and
plankton (Section V-C), and bacteria (Section V-D), water collection techniques are described only once in this Section.
For consistency, and unless otherwise stated, the "pre-rainy season"
includes collections 1 through 5; the "rainy season" - 6 through 15, and; the
"post rainy season"- 16 through 30.
Methods
Sampling. Initial sampling efforts were directed toward selection of a
waters e approximating CPS prior to construction of the CPS as described in
the 'Work Plan for the Sarasota West Coast Watershed", since no baseline data
were available for that period. The months of March, April and part of May,
1974 were spent inspecting, sampling and evaluating the following watersheds:
North Creek, South Creek, Curry Creek, Buck Creek and Alligator Creek. Buck
Creek initially appeared to be a reasonable 'control' until it was learned
that only a small earthen plug separated its headwaters from a large development (Rotunda West), and the natural conditions of that creek and estuary
could not be guaranteed for the duration of the study.
South Creek was selected as the best available comparison, primarily because of the unchanging nature of the creek as it flows through Oscar Scherer
State Park and a small salinity barrier which often approximates control
structure 1 on CPS. The upper reaches of South Creek, above the railroad
tracks, are channalized, but appear to have reached a reasonable level of
equilibrium, certainly exceeding that of CPS. In this respect, Curry Creek,
which is channalized from Venice By Way to Myakka River, is similar to South
Creek, but without the salinity barrier.
Twelve representative stations were chosen for routine water monitoring
(Fig. V-A-1). Three of these are on South Creek; two are affected by tidal
action and one is fresh water the majority of the time. Four stations were
selected on CPS proper and one station on Main No. 1, which will drain into the
existing CPS if the project is completed. Three stations were selected on the
Dona Bay/Shakett Creek estuarine system and one on Curry Creek. The following
is a descriptive list of sampling stations in numerical order:
*1.
2.

South Creek at Intracoastal Waterway
South Creek at Rt. 41

* Eliminated following collection No. 12 (22 August 1974). Not included in
data evaluation and summary due to short period of observation.
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Fig. V-A-1. Water quality stations.
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3. Shakett Creek at Laurel Road
4. Curry Creek at Venice By Way
5. Dona Bay at Rt. 41 (North bridge)
6. Venice Jetties at inland end of rocks
7. South Creek; west of railroad tracks in Oscar Scherer State Park
8. Main No. 1 at Cattleman Road
*9. CPS, west side of fork
10. CPS, east side of fork, above control structure 3
11. CPS at Ewing Ranch bridge
12. CPS at Rt. 72
The initial sampling schedule included bimonthly sampling of the six
tidal stations; once per month during an incoming tide and once on an outgoing
tide. This schedule was chosen to more clearly characterize water from the
Gulf as opposed to that from the watershed. Additional sampling on the same
day at the opposite tide was conducted from May through August. Freshwater
stations were sampled monthly throughout the study.
In September, two stations were eliminated from regular sampling in order
to implement a sampling change suggested by Mr. Jack Zilles, then District
Conservationist, Soil Conservation Service. Station 9, located on the dead-end
west fork of CPS was eliminated as was station 1, located at the junction of
South Creek and the Intracoastal Waterway. At the same time, sampling of
Shakett Creek at Laurel Road (station 3) and CPS at the Ewing Ranch (station 71)
was done. simultaneously during the remainder of all regular samplings in order
to try to determine the influence of Salt and Fox Creeks on Shakett Creek and
Dona Bay. Bimonthly sampling of tidal stations continued as did monthly
sampling of the fresh stations. A total of 30 scheduled collections (Table V-Al) and seven nonscheduled collections were conducted from March 1974 through
March 1975. These involved collecting over 200 separate water samples and
analyzing each for 35 parameters. In all over 6,800 pieces of numerical data
were evaluated for the Water Monitoring Section.
On site sampling procedure consisted of filling five bottles from a grab
sample collected in a stainless steel bucket. A 500 ml sample was collected
for plankton analysis (Section V-C) to which 12 ml of 50 percent gluteraldehyde
was immediately added. A one liter sample was collected for suspended solids
(Section V-B) and chlorophyll analysis (Section V-C). A 300 ml sample was
collected in a standard BOD bottle and immediately stored in the dark.
A 500 ml sample was collected in a sterile container for bacteria analysis
(Section V-D) and stored in an ice chest without cooling. A two liter sample
was collected for nutrient analysis to which no preservatives were added.
If nutrient analysis was to be delayed for more than six hours, the samples
were placed in a refrigerator maintained at 6-1O° C.
The following parameters were measured in situ: depth of sample, water
temperature, dissolved oxygen (DO), pH, conductivity, oxidation-reduction
potential (ORP), water color, air temperature, water transparency and, if

* Eliminated following collection No. 12 (22 August 7974). Not included in
data evaluation and summary due to short period of observation.
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needed, a more precise temperature of the water (± 0.05 C) and the specific
gravity for salinity determination. Tidal and flow data were noted and biological and other observations recorded.
Chemical Methods Employed. In situ measurements of sample depth, water
temperature, DO, conductivity, pH and ORP were taken with a HydroLab Surveyor
Model 6D, calibrated according to the manufacturer's specifications just prior
to field use. The instrument was found to be stable for at least 16 hours.
The conductivity subsystem was calibrated against a 0.05 M KCl solution; the
ORP subsystem against a standard ferrous-ferric ammonium sulfate solution
(Light, 1972 cited in HydroLab Instruction Manual).
In situ measurements of water color were obtained using a Taylor Water
Analyzer and color comparator # 1300-A (W.A. Taylor & Co., Baltimore, Md.). Water
transparency was measured using a standard black on white Secchi disc. The depth
at which the outline of each color was no longer distinct was recorded.
Salinity was determined by either specific gravity and temperature measurement (U.S. Naval Oceanographic Office, Special Publication SP-68) or by conductivity measurement with the HydroLab Surveyor. Silver nitrate (AgN03) titrations
(Martin, 1968) and refractive index techniques were also utilized to verify low
conductivity readings.
Five day Biochemical Oxygen Demand (BOD5) samples were collected in standard BOD bottles and stored in the dark at 20± 2 C for five days. The samples
were then transferred (without bubbling) to a beaker and stirred with a magnetic stirrer. The HydroLab DO probe was immersed and the DO concentration
measured. This value was subtracted from the DO value obtained when the sample
was collected to give the BOD5 value. This technique was used in order to
standardize the DO probe for both initial and final DO readings. No dilution
techniques were used on any of the BOD samples.
Sulfate levels were determined by a standard nephelometric method
(Standard Methods, 1971). Quantitation was performed on a Coleman Model 14
spectrophotometer equipped with a nephelometer attachment.
Turbidity measurements were performed on the same instrument in accordance
with Standard Methods (1971) and expressed in formazin units.
Nitrate levels were determined using a modification of Standard Methods
(1971). Three microspatulas of decolorizing charcoal (ca. 0.4 grams Norit)
were added to a 40 ml sample and shaken in a closed centrifuge tube. The
sample was then centrifuged for five minutes at a thousand times the force of
gravity. The samples were then filtered through a pre-washed (with 250 ml
double distilled water) 0.45 µ membrane filter. The absorbance of the filtrate
was then measured at 220 mµ and at 275 mµ in 1 cm cells on a Beckman Model DU
spectrophotometer. The observed absorbance at 275 mµ was subtracted from the
observed absorbance at 220 mµ and compared to a standard curve. The method was
confirmed using a standard addition technique (Skoog and West, 1969).
Ammonia and total nitrogen levels were determined using the Kjeldahl
method with a nesslerization finish (Standard Methods, 1971). A Coleman Model
14 with 1.5 cm cells was used for the calorimetric determinations.
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Orthophosphate (total dissolved and suspended orthophosphate) levels were
determined calorimetrically (Standard Methods, 1971) without pretreatment,
filtration, digestion or extraction. The samples were allowed to settle for
one half hour prior to analysis. Determinations were performed using a Coleman
Model 14 and a 1.5 cm cell. A ten minute color development was used for freshwater samples and an eight minute color development for tidal water. Separate
standard curves were prepared for each type of sample.
Chemical Oxygen Demand (COD) was determined using the dichromate oxidation
technique (Standard Methods, 1971). Four grams of mercuric sulfate (HgSO4)
were added to tidal samples to complex the additional chloride ion present.
Beginning with collection 13, all samples (tidal and fresh) were complexed with
four grams of HgSO4.
Results and Discussion
General. The following is an evaluation of select water chemistry parameters which normally bear importance in a study such as this one. Appendix
V-A-B has been provided to display mean annual values of select parameters by
station while Appendix V-A-A contains the tabulated raw data by collection
should any of the readers need that information. Appendix V-A-C provides
explanations necessary to interpret the above two appendices.
Salinity. Salinity is defined as "the weight in grams (in vacuo) of the
solids that can be obtained from 1 kg of seawater (also measured in vacuo) when
all of the carbonate has been converted to oxide, the bromine and iodine replaced by chlorine, all organic matter oxidized and the residue dried at 480 C
to constant weight" (Martin, 1968). In practice, salinity (expressed as
parts per thousand, o/oo) is generally determined not by evaporation, but by
refractive index, conductivity, titration with standard silver nitrate (AgNO3)
(Strickland and Parsons, 1968) or by measurement of specific gravity and temperature (U.S. Naval Oceanographic Office, 1966). In this study, all four
methods were used with conductivity selected as the method of choice.
Incidentally, it was found that the specific gravity method gave erroneously
high values when large amounts of suspended matter were present in the water.
The range of salinity encountered in this study was 0.0-38.0± 0.5 o/oo.
The highest value is indicative of long rainless periods with high rates of
evaporation (open Gulf waters average 35 o/oo). The lower salinities (excluding freshwater stations) are indicative of dilution of normally saline waters
by fresh water.
Of unique importance in the CPS study is the effect of increased drainage
into Shakett Creek and Dona Bay as a result of the CPS project. The salinity
of Shakett Creek at Laurel Road (station 3) was 3.3 o/oo for the rainy season
(defined for this report as the period including collections 6 through 15;
27 June through 30 September, 1974). The average for the dry season
(collections 16 through 30; 16 October, 1974 through 12 March, 1975) was
22.2 o/oo. The average for the entire study period (May 1974 through March
1975) was 16.4 o/oo as compared to an average of 17.9 o/oo in South Creek at
Rt. 41 (station 2).
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Dona Bay, as all estuaries, is subjected to periods of lower salinities
during the rainy season. A Fishery Biologist noted in a 1960 letter to his
Field Supervisor (Cating, 1960) that Dona Bay has a history (predating the
CPS project) of becoming virtually fresh during the rainy season. Unfortunately,
the rate of change from brackish to fresh and the duration of the fresh conditions is unknown for periods preceding construction of CPS. Ross (1973) concluded that construction of CPS approximately doubled the rate of peak storm
runoff into Dona Bay. In this respect, the project has probably drastically
altered the annual salinity cycle of Dona Bay. Coupled to the greater peak
runoff, is the fact that the influence of CPS is limited to a four month period
(personal communication, Mr. Jack Zilles) when the control structures are open.
During the remainder of the year, the control structures are closed and CPS
becomes an isolated entity until the next rainy season, when its contents are
mechanically dumped into Shakett Creek and Dona Bay. The effect of such a
high rate of salinity change as compared to a low rate of salinity change is
discussed elsewhere in relation to fishes (Section VI-C), invertebrates
(Section VI-A) and algae (Section VI-B).
Dissolved Oxygen and Biochemical Oxygen Demand. Dissolved oxygen (DO) in
natural waters arises from two sources; physical-chemical and biological.
In the absence of biological activity, the amount of dissolved oxygen is a
function of a thermodynamic equilibrium between the air and water. This equilibrium varies directly with barometric pressure, and varies inversely with
temperature and ionic strength (salinity).
The biological effect on dissolved oxygen can be either positive or
negative. Photosynthesizing organisms (mostly plants) increase the dissolved
oxygen content of their surrounding water through the production of oxygen (02)
as an end product of metabolism. Conversely non-photosynthesizing organisms
(animals) and plants during the respiratory stage consume oxygen, completing
the cycle in a healthy water system. The oxygen demand in the absence of photosynthesis (dark conditions) is known as Biochemical Oxygen Demand (BOD).
High BOD values are one indication of a poorly balanced system. All BOD values
during the study period were within normal levels and were of little use in
evaluating the relative health of various watersheds.
In the freshwater areas, the DO levels reflected the effect of submerged
photosynthetic aquatic plants. The average DO in South Creek at Oscar Scherer
State Park was 3.4 ppm as compared to 6.0 ppm at Main No. 1 at Cattleman Road
(station 8), which is heavily infested with aquatic weeds. The average DO in
CPS ranged from 8.6 ppm just above control structure 3 (station 10) to 7.1 ppm
at CPS at Rt. 72 (station 12). It is important to note that the highest average DO level recorded in CPS was at the outer perimeter of the authorized weed
control efforts, and was found to be lower in the areas under weed control. On
a temporal basis, all stations (tidal and fresh) except CPS at Ewing Ranch
bridge, showed an increase in average DO after the rainy season. (See Table
V-A-2 for comparison of pre-rainy, rainy and post-rainy season averages for
select parameters for all stations).
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The receiving estuarine waters showed a similar pattern, with Shakett
Creek at Laurel Road (station 3) having an average DO level of 7.1 ppm as compared with 5.9 ppm in Curry Creek at Venice By Way (station 4) and 5.4 ppm in
South Creek at Rt. 41 (station 2).
It is assumed that submerged aquatic plants like Elodea and Hydrilla contribute more DO to the water than do floating aquatic plants, like water
hyacinths. Hyacinths were observed in both South Creek and Curry Creek but to
a much lesser extent in CPS where the predominant aquatic vegetation was Elodea
and Hydrilla.
During late summer, extended periods of low dissolved oxygen were encountered in Dona Bay and, to a lesser extent, in Roberts Bay (see Section III).
These near-anoxic conditions were not observed during the regular water samplings, presumably because the physical locationsof the sampling sites were
characteristically fast flowing, turbulent outflows and they were sampled less
frequently. The low DO levels were not restricted to Dona and Roberts Bays but
were encountered extensively from Charlotte Harbor to Sarasota and as far offshore as five miles (unpublished data, MML Environmental Health Program).
The cause of the lower DO levels is normally a response to bacterial decomposition (an oxygen-consuming process) of aquatic weeds and suspended organic
matter, as well as re-suspension of reduced sediments. It has been shown that
agitation of sediments can account for at least a tenfold increase in maximum
oxygen demand (Berg, 1970) and can produce oxygen demands of up to 80,000 mg/1/hr.
As can be seen in Section V-B of this report, re-suspension of bottom sediments
represented a significant perturbation to CPS, Shakett Creek and Dona Bay during
and after the rainy season.
Phosphate Phosphorus (PO4-P). Phosphorus is found in all cell protoplasm
(Handbook of Chemistry and Physics, 1970) and as such is essential to all living organisms. In open ocean waters, phosphorus is the limiting nutrient to
growth as it exists in smaller quantities (by atom) than any other essential
nutrient (Redfield, 1958 cited in Martin, 1970). Further evidence for the importance of phosphorus is given by Riley and Chester (1971a) who state that
phosphorus is probably the cause of eutrophication of estuaries and landlocked
bodies of water in which blooms of phytoplankton subsequently die off, consuming
the available dissolved oxygen. However, this is probably not the case in
Florida estuarine waters, which are fed by runoff from rich phosphate deposits
inland. Turner and Hopkins (1974) found Tampa Bay had less than the 15:1 (N:P
atomic ratios) value characteristic of open ocean waters, while the nitrate and
chlorophyll levels in Tampa Bay were higher than other estuaries studied.
In the CPS area, the source of phosphate can reasonably be expected to
arise from drainage of nearby Hawthorne phosphate deposits (U.S.D.A., 1959) as
well as runoff of fertilized farms and lawns and seepage of detergents from
septic tank drainfields in the more urbanized areas.
The range of phosphate levels encountered during the study period ranged
from a low of 0.005 to a high of 1.31 ppm during the regular samplings.
The average values for the study period indicate that the upper reaches of CPS
above control structure 3 (i.e. the west side of fork, station 10) were lowest
in average phosphate concentration (0.054 ppm), while the highest average levels
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were encountered in South Creek (0.440 ppm). In general and with the exception
of Main No. 1 at Cattleman Road (station 8), those waters in contact with large
quantities of aquatic weeds showed lower average phosphate levels than those not
in contact with rapidly growing weeds.
Beginning in September, the phosphate levels in CPS dropped sharply,
presumably due to uptake by the new crop of Elodea and Hydrilla replacing the
old which was washed away (Fig. V-A-2). During the rainy season, CPS was
virtually swept clear of Elodea and Hydrilla and the bottom 'scoured' clean by
the outflow of water. Bedrock was exposed in several areas investigated
(including CPS at Rt. 72) at which time some of the calcium carbonate (CaCO3)
probably dissolved to reestablish equilibrium with the overlying waters.
The release of calcium and carbonate ions produced two effects in CPS.
The calcium ions combined with phosphate ions to form calcium phosphate
(Ca3(PO4)2), which precipitated to the bottom, further reducing the phosphate
levels as measured in the surface waters. The carbonate ions formed a new
bicarbonate buffer system, with a subsequent increase in pH which was observed
in CPS (Table V-A-2).
Comparison of phosphate levels in CPS above control structure 1 at Ewing
Ranch bridge with the phosphate levels measured in Shakett Creek at Laurel
Road at slightly different times indicate that the peak levels may have occurred
earlier in Shakett Creek than in CPS (Fig. V-A-2). This indicates possible input
from Salt and Fox Creeks which enter Shakett Creek between control structure 1
and Laurel Road, or an initial re-suspension of bottom sediments in Shakett
Creek in response to the opening of the control structures. Intensified monitoring several times per week at several stations between control structure 1 and
Laurel Road prior to and shortly after the opening of the control structures
would delineate the influence of Salt and Fox Creeks with respect to phosphorus
on Shakett Creek, but the need for such a sampling program was not obvious until
after the control structures were open. Nevertheless, the average phosphate
concentration in Shakett Creek was nearly twice that of the lower reaches of CPS
(0.159 ppm vs. 0.081 ppm). By comparison, the average phosphate level in
upstream South Creek was 0.440 ppm vs. 0.310 at South Creek and Rt. 41.
Nitrate Nitrogen (NO3-N). Nitrate represents the highest oxidation state
of nitrogen. As such, it is an important nutrient, especially as an oxygen
source in oxygen-deficient environments (Riley and Chester, 1971). Due to the
high phosphate levels encountered in Florida, it is probable that nitrate is
the limiting nutrient to phytoplankton populations (Turner and Hopkins, 1974).
Because it is readily assimilated by higher plants, it constitutes a large
percentage of many of the commercial fertilizers applied to the croplands and
suburban lawns.
A comparison of average nitrate levels indicates that those waterways
characterized by rapid weed growth showed sharply reduced nitrate levels
(Table V-A-3).
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TABLE V-A-3. Average nitrate values for study period (15 May 1974 through
12 March 1975).
Station

2
0.74

NO3-N (ppm)

3
0.72

4
0.81

7
1.01

8*

10*

11

0.53

0.34

0.49

12*
0.41

*Areas characterized by extensive aquatic weed growth.

The effect
phosphates: the
levels increase
nitrate pattern
(Fig. V-A-3).

on downstream estuarine waters is similar to that found for
levels decrease going downstream in South Creek, while the
going downstream from lower CPS into Shakett Creek. The temporal
in CPS/Shakett Creek is also similar to that of phosphate

Ammonia and Total Nitrogen (NH3-N and
). Ammonia is the most reduced form
of nitrogen, a metabolic by-product of many organisms and is sometimes accepted
as chemical evidence of sanitary pollution when encountered in raw surface
samples (Standard Methods, 1971). The ammonia levels encountered in the study
did not reveal any major input of ammonia, and ranged from a low mean of 0.17 ppm
at Venice Jetties to a high mean of 0.31 ppm at upstream South Creek.
Total nitrogen is defined as the sum of organic nitrogen plus ammonia
nitrogen as determined by the classic Kjeldahl method (Standard Methods, 1971).
The agreement of the average levels for all stations is good (Table V-A-4).
Comparison of the total nitrogen levels in CPS proper (stations 10, 11, and 12)
indicates that the slough is slightly depressed as compared to upstream South
Creek, Main No. 1 at Cattleman Road and Curry Creek at Venice By Way. The waters
of South Creek at Rt. 41 and Shakett Creek at Laurel Road are comparable with
regard to total nitrogen levels.
TABLE V-A-4.

Station
Total nitrogen
(ppm)

Average total nitrogen values for study period (15 May 1974 through
12 March 1975).
2

3

0.65

0.66

7
0.72

0.70

8*

1O*

11

12*

0.74

0.58

0.57

0.69

*Areas characterized by extensive aquatic weed growth.
Chemical Oxygen Demand (COD). Chemical oxygen demand is a measure of the
amount of equivalent oxygen required for the oxidation of suspended and dissolved
matter susceptible to oxidation by a strong oxidant, although ideally only
organic matter will be oxidized. COD levels in estuarine environments must be
interpreted with extreme caution, because the chloride ion present represents a
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positive interference (see Methods Section). Recently a modification of the
standard method was published (Bauman, 1974), which describes a method to
quantify the interference due to chloride, but it was not introduced mid-study
in the interest of consistency. Accordingly the COD values presented should
generally be evaluated in relative terms when the chloride content of the sample
exceeds 5,000 mg/l (8 o/oo salinity). COD levels associated with samples of less
than 8 o/oo salinity are not subject to this restriction.
The average estuarine COD levels (stations 2 through 6) were significantly
higher than the freshwater stations 7 through 12, and probably reflect a chloride
interference. Within the estuarine stations, the lowest average value was
observed at Dona Bay and Rt. 41 (Table V-A-5). The upstream station at Shakett
Creek and Laurel Road was slightly higher but, at the same time, showed a lower
average salinity. The average COD level in Curry Creek at Venice By Way was
very similar to Shakett Creek, with the highest average COD level occurring at
South Creek and Rt. 41.
TABLE V-A-5.

Station

Average chemical oxygen demand (CCD) and salinity levels for study
period (15 May 1974 through 12 March 1975).

2

3

4

5

6

COD

134

119

122

94

114

Salinity

17.9

16.4

11.4

23.0

27.8

7

8*

60
**
F/W
F/W
84

10*

11

12*

38

42

37

F/W

F/W

F/W

* Areas characterized by extensive aquatic weed growth.
**Freshwater stations.

Comparison of the COD levels in the freshwater stations indicated that the
upper surface waters of CPS contain less oxidizable matter than upstream South
Creek and Main No. 1 at Cattleman Road. The average COD levels encountered in
CPS were less than half of the COD level encountered in Dona Bay at Rt. 41 and
approximately a third the level encountered in Shakett Creek and Laurel Road.
A temporal comparison of COD levels in Shakett Creek at Laurel Road
(Fig. V-A-4) reveals several important facets of the dry/rainy cycle of local
estuaries and Shakett Creek, in particular. An abnormally high COD value
(557 ppm) was recorded for this area (station 3) during the first heavy rains of
the season (27 June 1974). From that date until late September, the salinity
remained 0.5 o/oo (i.e. below the accepted level of chloride interference).
The average COD (8 samples) for the period from mid-June to late September
(collections 5 through 15) was 174 ppm (average salinity = 3.3 o/oo). On the
other hand, the average COD (4 samples) in CPS at Ewing Ranch (station 11) for
the same period was 72 ppm. The higher levels at Laurel Road indicate additional
input from other sources and/or oxidation of re-suspended sediments in upper
Shakett Creek, due to the flow of water over control structure 1. Areas of anoxia
near the bottom were detected in both CPS and Shakett Creek as early as April 1974.
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The sudden re-suspension of these anoxic sediments could account for the high COD
levels (see Section V-B for more detailed discussion of sediment re-suspension).
The next major peak in early November may be indicative of the degradation
of freshwater weeds in Dona Bay due to the rising salinity, as well as an indication of chloride interference in the analysis. This peak was initially thought
to be in response to aquatic weed control efforts on 11 October, when the entire
slough was sprayed with herbicide. This explanation now seems less likely in
view of the fact that the COD levels in the slough did not show a similar
increase as the weeds died, although the effects of stratification could have
masked the effect.
Conclusions
The waters of CPS proper compared very favorably with the waters of South
Creek and Curry Creek and, on the average, the nutrient levels in CPS were
below the levels found in the latter two watersheds. This is attributable,
in part, to the uptake of nutrients by aquatic weeds in upstream CPS. The waters
of CPS were also found to be lower in nutrients than the receiving waters of
Shakett Creek. This indicated either additional input below control structure 1
and/or a re-suspension of bottom sediments from tidal action or water flowing
over the control structure.
The COD levels encountered in South Creek during peak runoff periods were
comparable to those in Shakett Creek.
The salinity changes in Shakett Creek and Dona Bay are great, yet evidence
exists-to suggest that the levels produced are natural. However, the rate of
change is unnatural and results from CPS being isolated for approximately eight
months a year and suddenly opened during a period of high runoff.
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APPENDIX V-A-A
Tabulated Raw Data by Water Monitoring Collection Number

Information available upon request

APPENDIX V-A-B
Yearly Average of Select Parameters, by Station*

NH3-N
mg/l

N

NO3-N

COD

mg/l

mg/l

mg O2/l

PO4-P

SO4

O2

mg/l

mg/l

mg/l

pH

S o/oo

2

0.28

0.65

0.74

134

0.310

1,395

5.4

7.6

17.9

3

0.23

0.66

0.72

119

0.159

1,379

7.1

7.6

16.4

4

0.23

0.72

0.81

122

0.311

862

5.9

7.4

11.4

5

0.24

0.65

0.67

94

0.148

1,617

7.0

7.8

23.0

6

0.17

0.53

0.48

114

0.076

1,867

7.6

8.1

27.8

7

0.32

0.70

1.01

84

0.440

231

3.4

7.5

F/W**

8

0.29

0.74

0.53

60

0.416

264

6.0

7.5

F/W

10

0.26

0.58

0.34

38

0.054

421

8.6

7.6

F/W

11

0.23

0.57

0.49

42

0.081

320

7.4

7.8

F/W

12

0.29

0.69

0.41

37

0.142

340

7.1

7.6

F/W

* Stations 1 and 9 were sampled only 8 and 4 times, respectively, for the period
15 May through 22 August 1974. Those dates were omitted from this Appendix to
avoid confusion.
** Considered fresh water (F/W)
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APPENDIX V-A-C
Information Necessary for Interpretation of Appendices V-A-A and B.
Time

Based on 24 hour clock with 1200 as noon. Indicates time samples
were taken.

Tid. Act.

Indicates the direction of the tide when sample was taken.
I = incoming, O = outgoing, S = indicates no apparent tidal flow
(slack).

Dpth. (5)

Indicates total depth of water at point sample was taken. Depth
in feet represented by ' and taken with Secchi disc. Depth in
meters indicated by M and were taken with HydroLab.

H2O Tmp. (2)

Indicates water temperature obtained using precision thermometer
with 0.1 C graduations.

Color

Indicates intensity of water color measured with Taylor water
analyzer. 70+ indicates that the water color was beyond the
highest standards (70 units).

Secchi

Indicates water transparency. The first number indicates the depth
at which the outline of the white sections were lost while the
second number indicates the depth at which the outline of the black
sections were lost (in feet). If bottom is reached before outline
is lost, a B follows the number. A value of 2/6B would indicate
that the white outline was lost at 2 feet and the black outline was
still visible when the disc was resting on the bottom at 6 feet.

Sal. (3)

Indicates the salinity measured with a direct reading hydrometer,
corrected for temperature.

Dpth. (4)

Indicates the depth of the sample or HydroLab readings. Same units
of measurement as Dpth. (5).

DO

Indicates the apparent dissolved oxygen in mg/l corrected for
temperature, but not salinity.

Cond. 1

Indicates the electrical conductivity of the water expressed
micromho/cm.

pH

Indicates the pH of the sample.

ORP

Indicates the oxidation reduction potential of the sample in
millivolts. To convert to standard hydrogen electrode add 222 mv.
to reading.

SO4

Indicates the level of sulfate ion, expressed in *mg/liter.

BOD-5

Indicates the biochemical demand for oxygen over a five day period,
expressed in mg/l.
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NO3-N

Indicates the level of nitrogen as nitrate ion, expressed as mg/l.

NH3-N

Indicates the level of nitrogen as ammonia, expressed as mg/l.
Indicates the level of nitrogen as ammonia and as Kjeldahl
organic nitrogen, expressed as mg/l.

PO4-P

Indicates the level of reactive orthophosphate in unfiltered,
undigested sample, expressed in mg/l.

COD

Indicates the chemical oxygen demand, expressed in mg/l equivalent
oxygen.

Turb.

Indicates the level of light scattering particles in the water.
Expressed in formazin units.

Sal. (1)

Salinity as determined from a specific gravity and temperature
measurement and compared with Navy Oceanographic Tables.
Expressed in parts per thousand.

Sal. (6)

Salinity as calculated from conductivity measurements.
Expressed in parts per thousand.

SS

The level of suspended solids smaller than 250µ and larger than
0.45µ. Expressed as mg/m3.

Chlor a

The level of chlorophyll a in the water, expressed in mg pigment/m3.

Chlor b

The level of chlorophyll b in the water, expressed in mg pigment/m3.

Chlor c

The level of chlorophyll c in the water, expressed in mg pigment/m3.

Chlor

Indicates the total of chlorophylls a, b and c. Expressed in
mg pigments/m3.

F. colif.

Indicates the number of fecal coliform colonies per 100 ml.

colif.

Indicates the total number of coliform colonies per 100 ml.

F. strep.

Indicates the number of fecal streptococcus colonies per 100 ml.

Ratio FC/FS

Indicates the numerical ratio of fecal coliform to fecal
streptococcus.

Curr. (6)

Indicates the observed intensity of the current; None (N),
Slow (S), Intermediate (I), Fast (F), Very Fast (VF), Flood (FL).

*mg/l equivalent to ppm for purposes of this report.

V-B. SUSPENDED SOLIDS
Introduction
To understand the changes that have taken place with the construction of
Cow Pen Slough (CPS) channel, one has to have a clear picture of how the land
and water functioned at that time. The myriad of slough ponds which had formerly served as exposed holding areas for rainfall, were characterized by an
average rate of evaporation of approximately 53 in. per year (Florida Board of
Conservation, 1966). The peak in evaporation rate coincided-well with the
rainy season and provided a significant means of excess water removal. In
fact, studies conducted in other parts of Florida indicated that evapotranspiration (a combination of evaporation from water surfaces and transpiration
by plants) consumed from 70 percent to 80 percent of the annual rainfall (Meyer,
1971; Leach et al., 1972).
The construction of the CPS channel changed this relationship. As Klein
et al., (1974) noted, "drainage through canals lowers the water table below
land surface, with a resulting decrease in evapotranspiration". Those investigators further stated that "when rainfall is heavy, ground water moves to canals
that cut into the biscayne aquifer and is discharged to tidewater ...". Since
rivers and their tributaries are the primary mechanism of erosion, an increased
reliance on drainage practices as opposed to localized evaporation accelerates
the rate of sediment transport. Ketchum (1972) found that as a result of increased freshwater outflow, density currents, often associated with accelerated
sediment transport, increased the sedimentation rates within the harbor under
study up to 54 times.
Not only has artificial drainage become a more widely used alternative for
rainfall removal, but in addition, the CPS drainage basin area has been increased.
Formerly 67.6 square miles, the drainage basin has been enlarged to 89.9 square
miles, representing a regional gain of 33 percent. According to a study in South
Carolina (Simmons and Herrmann, 1969), diversion of flow into an estuary caused
a dramatic increase in freshwater inflow, which resulted in appreciable salinity
stratification and the elimination of salt water from the upper reaches. It is
not surprising then that Ross (1973) concluded that in the case of CPS, improvements approximately doubled the rate of peak storm runoff to Dona Bay.
Methods
Water samples were collected as described in Section V-A-2 from the stations
depicted by Fig. V-A-1
The procedure was basically that described by Vosburgh, 1973. Before each
collection, .45 micron Millipore filters were tarred and stored for use. The
filters were numbered near the edge with a ball-point pen, soaked for at least
five minutes in distilled water to remove soluble materials, and then dried in
a drying oven at 75°C for one hour. The dry filters were transferred to a desicator, and then weighed on a Mettler analytical balance to ± .OOO1 g. Four
blanks were run with each collection of samples to estimate within-group variation. Care was taken at all times to avoid contamination of the filters.
Water samples were passed through No. 60 (.250 mm opening) sieve screening
to filter out detritus then filtered on a Millipore filter apparatus using the
tarred filters. Two distilled water rinses were used to prevent salt retention
in the filters. The amount of sample water filtered was closely measured.
V-B-1

Generally .5 liter or less was used, depending on the rate of flow of the sample through the filter. The blanks were treated in the same manner as the regular samples. The filters were then dried and re-weighed in the same manner as
before.
The amount of particulate matter in milligrams/meters3 of water was determined from the equation:

where: 1000 liters = 1 meter3; W1 was the weight (in milligrams) of the tarred
filter; W2 the weight of the filter after filtering; X was the average weight
change of the blanks; and, V was the volume of the sample in liters.
Results
May, 1974, marked the beginning of the regular sampling schedule. The month
was typical of pre-rainy season activity with a rainfall accumulation of only
1.67 in. As a result, suspended solid (SS) levels were all below 6000 mg/m3 except for station 5 (Dona Bay at the 41 bridge) which had a slightly higher concentration of 6300 mg/m3 (Table V-B-1a, b and c).
Results from the tidal collection of 15 May and the freshwater collection
on 22 May ranged from a minimum of 1560 mg/m3 at station 11 (CPS at Ewing Ranch)
to a maximum of 6300 mg/m3 at station 5. Although the SS levels did not progressively increase in perfect order from the headwaters of CPS to Dona Bay, they
did approximate that trend (Table V-B-2).
Of interest is the seemingly unexplained high value on 22 May at station
12 (CPS at Route 72). Neither the percentage increase of the watershed area
from station 10 (above control structure 3 on CPS) to station 12, nor the increase in capacity of the channel seem to explain the difference. Further investigation reveals, however, that there is a relatively significant gradient increase of +1.26 X 10-4 ft/ft between the two stations (Table V-B-2). It would
follow then that this region, if any, would be more apt to respond to small
amounts of rainfall and, therefore, reflect increases in SS. Since the 5-day
rain accumulation prior to the 22 May sampling date was 0.22 in. (Table V-B-3),
rainfall could have been the cause.
Station 11 had the lowest reading on 22 May of 1560 mg/m3. This is understandable considering that it lies between the two control structures (Fig. VA-l) and probably has relatively still water during dry season periods. It
should be noted that, at this time, both control structures were closed and, (as
indicated by aerial IR photographs), water levels were consequently high.
Station 3 (Shakett Creek at Laurel Road), the first tidal station below
control structure 1, had a moderate level of 3900 mg/m3 on 15 May. The salinity
at this station was 33.6, which indicates very little freshwater input into
Shakett Creek and points to tidal flushing as the probable source of the low
levels. Stations 5 and 6 followed with higher levels of 6300 and 5300 mg/m3,
respectively. The samples were collected during an ebb tide so the SS most
likely originated as resuspended bottom sediment from Shakett Creek.
During May, freshwater SS levels in upstream South Creek (station 7) were
significantly higher than the average CPS levels. Station 7, which showed a
V-B-2

TABLE V-B-1a. Suspended solids values (mg/m3) at tidal stations (1-6)
Date/Coll. #

1

2

3

4

5

6

Avg.

15 May '74 1

2,300

2,100

3,900

3,500

6,300

5,300

3,900

12 June

4

2,000

3,600

4,400

2,590

3,600

2,600

2,830

19 June

5

1,400

1,200

4,000

2,600

3,800

1,400

2,400

27 June

6

7,500

11,000

53,440

23,960

28,750

8,690

22,220

18 July

8

10,800

12,300

10,700

8,210

8,560

850

8,540

24 July

9

10,600

11,300

9,620

6,490

7,550

6,750

8,720

16 Aug

11

7,880

8,430

7,680

6,880

5,880

750

6,250

22 Aug

12

6,880

6,380

6,700

3,880

10,880

5,920

6,770

7,340

8,630

4,750

3,630

8,130

6,500

9 Sept

13

25 Sept

14

30Sept

15

37,050

9,170

13,410

10,500

7,500

15,530

16 Oct

16

20,170

14,630

30,500

15,130

10,300

18,150

23 Oct

17

21,250

6,680

8,790

5,190

3,720

9,130

30 Oct

18

6 Nov

19

15,000

3,290

29,770

11,100

4,640

12,760

13 Nov

20

10,180

12,900

9,060

14,930

31,520

15,720

20 Nov

21

7,000

4 Dec

22

1,250

13,000

2,000

7,940

500

6,250

12,500

5,350

10,330

9,690

8,730

9,540

8,670

2,310

21 Jan ‘75 25

3,500

19 Feb

28

8,000

8,750

5 Mar

29

5,000

2,500

12 Mar

30

19,250
6,170

11,270

9,500
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TABLE V-B-1b.
Date/Coll. #

Suspended solids values (mg/m3) at non-tidal stations (7-12)
7

8

9

10

11

12

Avg.

2

5,850

4,800

4,850

2,810

1,560

5,810

4,280

6 June

3

2,480

5,600

7,600

5,130

3,600

5,540

5,000

10 July

7

4,250

28,820

14,600

10,500

12,900

10,500

13,600

7 Aug

10

6,000

18,700

14,400

19,700

11,700

16,700

14,500

9 Sept

13

25 Sept

14

30 Sept

15,

16 Oct

16

16,830

23 Oct

17

4,920

30 Oct

18

6 Nov

19

6,820

13 Nov

20

8,230

20 Nov

21

22 May '74

11,500
9,000

4,670

3,250

7,670

-

1,330

5,180

1,810

3,910

1,250

2,400

- 10,500

5,750

4,750

1,500
11,750

29 Jan ‘75

26

6,500

12 Feb

27

2,500

19 Feb

28

12 Mar

30

250

5,450

250

6,310

4,250

6,580

1,500

2,000
250

1,250

4,730

9,020

10,360
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6,190

500

1,250

810

6,670

6,190

6,250

TABLE V-B-1c. Suspended solids averages (mg/m3) for stations 1 - 12.
1

Rainy Season

2

Dry Season

3

Tidal Stations

Pre-Rainy Season

1

1,900

8,730

- - -

2

2,300

13,400

13,270

3

4,100

14,330

7,460

4

2,900

9,650

15,720

5

4,570

10,820

10,930

6

3,100

5,510

10,780

Freshwater Sta.

Pre-Rainy Season

Rainy Season

Dry Season

7

4,170

6,420

3,950

8

5,200

16,930

4,990

9

6,230

14,500

- - -

10

3,970

11,620

250

11

2,850

10,850

5,710

12

5,680

9,510

1,430

1

15 May 1974 - 19 June 1974

2

27 June 1974 - 30 September 1974

3

16 October 1974 - 12 March 1975
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TABLE V-B-2. Suspended solid levels from pre-rainy season period and physical
parameters of CPS drainage system.

Date ('74)
May 22

Station

SS mg/m

10

2810

12

5810

11

1560

3

3

% Area of
Watershed1
39.3

Channel
Capacity

Gradient
ft/ft
-5

320 c.f.s.

3.56x10

48.2

900 c.f.s.

-4
2.12x10
2.00x10-4

84.0
97.0

1035 c.f.s.

3900

1356 c.f.s.

5

6300

100.0

1652 c.f.s.

6

5300

100.0+

May 22

7

5850

May 15

2

2100

1

2300

May 15

1

Sarasota Soil Conservation District, 1961.

1.00x10

-4

TABLE V-B-3.

1 to 10 day accumulation periods prior to each CPS collection.
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concentration of 5850 mg/m3 on 22 May, was comparable to the highest concurrent
CPS level (i.e., at station 12). It is difficult to explain this anomaly with
rainfall patterns and indicates that perhaps a man-made factor caused the peak.
Tidal stations 1 and 2 on South Creek had the lowest levels of 2100 mg/m3 and
2300 mg/m3, respectively. Both samples were collected during a high slack tide
when SS tend to settle out most rapidly (Covill et al., 1970). This, combined
with the extensive man roves, Spartina, and Juncus in the lower reaches of South
Creek (Stabensky, 1974 explain these lower levels, which are attributable to
particulate filtration (see Section VI-B).
The narrow range in May SS level of only 4740 mg/m3 (among all stations)
clearly reflected dry season conditions. These levels are to be regarded as
baseline values with which comparisons can be made during the rainy season.
The three collections of 6 June, 12 June and 19 June closely followed the
May trends, except for relatively small increases in SS levels at freshwater
stations (Tables V-B-1a and 1b). Concentrations at CPS stations 10 and 11 nearly
doubled, while those at stations 12, 8, and 9 remained the same and that at station 7, on South Creek, decreased by one-half. The increase at the two former
stations is peculiar considering that the 10-day rain accumulation prior to the
6 June collection was 0.00 in. On-site observations on 6 June at station 10
noted, "oil on water surface . . . Elodea appears to have heavy layer of silt on
it". In contrast, the water level at station 7 was distinctly lower than the
previous sampling on 22 May and very likely was well filtered by water plants.
In response to very little rainfall prior to 19 June, the SS levels in Venice
Inlet approached pristine conditions. Shakett Creek, reflected very dry conditions also, while station 3 was lower, but still represented the maximum SS level
for the tidal stations.
The latter part of June (collection 6 on 27 June) marked the start of the
rainy season. The 4.56 in. rainfall accumulation for 24 hours prior to the collection had extensive effects on the SS levels. The water table was already well
saturated prior to the immediate rainstorm of 26 June, as indicated by the 5-day
accumulation of 9.51 (Table V-B-3). Therefore, most of the 4.56 in. of rain
probably had a direct effect on the slough system. The SS response at station
3 of 53,440 mg/m3 was the highest, representing a 13-fold increase from 19 June
(only six days before). Stations 4 (Curry Creek at Venice By Way) and 5 (Dona
Bay at Route 41) responded similarly with high levels of 23,960 mg/m3 and 28,750
mg/m3, respectively, showing an 8-fold increase over the 19 June levels. Station
2 (South Creek at Route 41) SS levels also increased by a factor of approximately
8, but because its previous level was only 1200 mg/m3, the elevated concentration
was only 11,000 mg/m3. Although the increase is considerable, the resultant
magnitude is significantly lower than the average CPS - Dona and Robert's Bay
(DARB) level and only half the collection average of 22,220 mg/m3 for that day.
Stations 1 (South Creek at Intracoastal Waterway) and 6 (Venice Jetties)
showed the least significant increase. This is interesting considering that both
stations were experiencing an ebb tide during the collection and this tidal influx was not exerting a hydrostatic resistance to the flushing action. The salinities, however, provide a clue as to why the levels were lower than would be
expected. A sharp salinity gradient is indicated by salinities 1.5 o/oo and
23.9 o/oo at stations 5, and station 6, respectively (Figs. V-B-1 and 2). A
similar relationship existed at South Creek where the salinity changed drastically
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from 2.9 o/oo at station 2 (Route 41 bridge) to 18.2 o/oo at station 1 (South
Creek at Intracoastal Waterway). In both cases, this trend was paralleled with
a sharp drop in SS levels as the water column became progressively saline. For
example, SS levels decreased from 28,750 mg/m3 to 8,690 mg/m3 within the relatively short distance between station 5 (Route 41 bridge) and station 6 (Venice
Inlet). Since Shakett Creek was experiencing extensive flushing, the heavy
sedimentation rates, generated in part by floculation, took place within Dona
Bay. Observations of uprooted grasses and other terrestrial vegetation, and
Elodea and Hydrilla plus water hyacinths, mentioned several times in the on-site
notes, were a good indication of the erosional forces and consequent sediment
transport taking place on the slough. Water color was also noted as "dark brown
with a reddish cast".
The 27 June collection was conducted during the peak of the rainy season
(Fig. V-B-1). Although 27 June was not “typical” of the 1974 rainy season period, but rather represented an extreme, it should be noted that 1974 was a comparatively dry year and that in previous years this peaking trend might have been
more extreme.
July continued the rainy season trend of high, but somewhat attenuated SS
levels. The tidal station average dropped to 8,600 mg/m3, down approximately
14,000 mg/m3 from the peak on 27 June. Despite the significant decrease, the
new levels were still approximately double those of the pre-rainy season period.
South Creek (stations 1 and 2), which had formerly experienced lower SS levels
than DARB on 27 June, had higher levels on 8 July.
The tidal stations responded somewhat differently than the freshwater stations during the remainder of July and August. SS levels at station 1 (South
Creek at Intracoastal Waterway) and 3 (Shakett Creek at Laurel Road) were very
similar (Table V-B-4a). Although SS concentration similarities are quite apparent, there is a sharp difference in salinities between the two stations as
can readily be seen (Table V-B-4b). It should be pointed out here that we are
talking about concentrations of suspended solids and not absolute amounts. That
is, although the concentrations may be similar, the difference between the quantities of SS contributed by South Creek and CPS is great.
Once again, the above trend indicates that because Dona Bay - Shakett Creek
periodically experiences more extensive freshwater flushing than South Creek, it
is not nearly as subject to routine saltwater mixing during the rainy season.
Thus, South Creek has SS levels similar to the upper reaches of Shakett Creek
but salinities comparable to a region midway between station 5 and station 6 in
Dona Bay.
Station 2, located at the 41 bridge on South Creek, emerged as the consistently higher station throughout July and August with levels on the order of
1,000 mg/m3 to 4,000 mg/m3 above the tidal station averages. On 18 and 24 July
and 16 August its levels were slightly higher than the CPS peak at station 3,
while later, on 22 August and 9 September, levels were less than station 3.
An unusually high reading of 10,880 mg/m3 during the July-August period was
on 22 August, at station 5. Normally the SS levels during this period decreased
from Shakett Creek to Venice Inlet, however, station 5 in this instance was significantly higher than all other stations (including station 4).
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TABLE V-B-4a. Suspended solid levels (mg/m3) at South Creek and Shakett Creek.
- 1974 July 18

July 24

Aug. 16

Aug. 22

Station #1

10,800

10,600

7,880

6,880

Station #3

10,700

9,620

7,680

6,700

TABLE V-B-4b.

Salinities (o/oo) at South Creek and Shakett Creek.
- 1974 -

Station #1
Station

#3

Aug. 16

Aug. 22

July 18

July 24

10.8

13.4

10.0

11.1

0.5

0.5

0.5

1.1

V-B-12

September 1974, was an unusually dry "rainy season" month and should be
regarded as the "transitional" period (i.e., higher salinities because of increased tidal influences). The total monthly rainfall was 3.31 in. of which
78 percent fell during the first week. Despite the sharp decrease in rainfall,
the SS levels at the tidal stations were considerably higher on 30 September as
compared to 9 September.
October clearly marked the beginning of the dry season. Total rainfall for
the month was 0.2 in. Except for above average SS levels at station 11, the
rest of the freshwater stations showed a gradual decline starting from 30 October
through to 12 March (collection 30).
The tidal stations, however, fluctuated in an apparently inconsistent manner
(see Discussion Section). All tidal stations demonstrated a second dry season rebound in SS on 6 and 13 November. Of note was the unusually high value of 31,520
mg/m3 at station 6 (Venice Inlet) on 13 November. This was not an analytical error as both a high turbidity reading of 17.1 (Formazin) and observations noting,
"cloudy water . . . scum on surface", further substantiated this unusually high
value.
Discussion
Since rainfall patterns have been shown to correlate well with resultant SS
levels (Carter et al., 1973), a good understanding of these patterns during the
study is necessary. Rainfall accumulation values have been condensed in Table VB-3 such that the progressive accumulation from a 1 to 10 day period prior to each
sampling collection can be seen. This table is important because it is an indirect
means to determine how saturated the water table is prior to the most immediate
rainfall of a sampling period. To demonstrate this trend, Fig. V-B-3 illustrates
the correlation between accumulation and SS values at station 11. It would follow
that if the water table were saturated prior to an immediate rainfall, a large
portion of that accumulation would travel directly to drainage channels. The contrasted situation would be one in which a relatively low water table would absorb
most of the immediate rainfall.
Tidal influences have also been shown to affect SS levels (Gascoine and
Wildish, 1971). Consequently, a table of tide records during sampling collections has been provided (Table V-B-5). Rowan (1974) observed that especially
during the rainy season, a saltwater - freshwater interface moves within the
DARB region in response to changes in the tidal phase and rainfall pattern. Salinity readings, indicative of the degree of mixing between freshwater outfall
and saline Gulf water, are assembled in Table V-B-6. Mixing of converging freshand saltwater masses usually accompanies reduced flow of either and causes floculation, a process in which small particles carried in tidal waters tend to settle
due to salinity gradients. Naturally, this process would have a direct effect on
SS levels, and must be considered when evaluating the data.
The aerial infrared slides, taken as part of the project, provide additional
information concerning the extent of influence of the late June rains on Dona and
Robert's Bays even during early July (see Section VII-A). The 10-day accumulation
prior to 27 June was 9.51 in. as compared to 2.37 during the 10 days prior to 8
July (date of second flyover). Yet even with a 75 percent decrease in rainfall,
the slides clearly showed water violently rushing over both control structures 1
and 2 with foam trailing at least one-half mile below each. Infrared slides also
indicated that, as a result of the heavy freshwater influx, the entire DARB region was flooded with freshwater all the way to the Venice Jetties. South Creek

TABLE V-B-5. Venice Inlet tide tables.
Date/Coll. #

High

DP

Low

DP

High

DP*

Low

DP

15 May

1

20:05

1.46

2:21

.36

8:48

1.46

14:53

.82

22 May

2

2:46

1.18

5:23

1.09

12:05

2.55

20:37

-.35

6 June

3

12:47

2.46

21:18

-.09

12 June

4

17:58

1.55

0:22

.46

6:49

1.64

13:48

1.00

19 June

5

11:09

2.64

19:51

-.27

27 June

6

20:09

1.27

0:33

.82

7:00

2.00

14:38

.64

10 July

7

4:51

1.73

10:49

1.00

16:22

1.82

23:15

.64

18 July

8

11:09

2.73

19:42

-.18

24 July

9

4:27

1.91

11:14

.73

16:46

1.64

22:55

.91

7 Aug

10

3:06

1.82

9:29

.73

15:15

2.00

21:51

.73

16 Aug

11

1:14

1.46

5:02

1.27

11:17

2.55

19:21

.09

22 Aug

12

3:19

2.18

10:51

.46

16:53

1.55

21:52

1.18

9 Sept 13

4:48

2.28

13:49

.36

25 Sept 14

22:45

1.46

1:54

1.37

7:58

2.00

16:16

.46

6:27

.46

12:33

1.91

18:42

.91

18:55

1.27

30 Sept 15
16 Oct

16

0:03

2.28

7:54

-.09

14:32

1.64

23 Oct

17

5:46

1.82

14:07

.46

20:59

1.46

30 Oct

18

22:31

2.18

5:53

-.09

12:21

1.55

16:54

1.18

6 Nov

19

3:08

2.00

11:48

.91

19:08

1.46

23:32

1.27

13 Nov

20

22:25

2.28

6:1O

-.36

13:15

1.37

16:30

1.27

20 Nov

21

2:51

1.82

11:04

.18

18:00

1.37

22:52

1.09

4 Dec

22

2:00

2.00

1O:15

-.18

17:10

1.37

21:58

1.09

11 Dec

23

5:26

-.46

21:26

2.18

15 Jan

24

6:25

-.09

14:32

1.18

20:44

.36

21 Jan

25

1:34

.09

8:01

.82

10:44

.73

26 Jan

26

0:21

1.91

7:58

.27

13:59

1.37

19:39

.46

12 Feb

27

0:01

1.73

7:22

-.09

13:12

1.27

18:59

.46

19 Feb

28

0:55

-.09

17:07

1.82

5 Mar

29

2:28

-.09

18:27

1.73

12 Mar

30

7:15

.13

12:57

1.37

13:21

.27

0:45

0:20

1.82

1.64

*Datum plane.
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similarly showed the same black coloration (indicative of freshwater) throughout and it is interesting to note that the width of the creek, under the railroad bridge, approximately doubled compared to 31 May (the first flyover).
Again, no weeds were visible on the entire slough system which was indicative
of previous uprooting and erosion. For non-tidal stations 8, 9, and 11, 10 July
represented the peak SS levels of the rainy season, however, stations 7, 10, and
12 did not peak out until 7 August. This is interesting considering that all
three of the latter stations are located on the upper reaches of their respective
drainage networks. Rainfall data indicates that the region received 0.00 in. of
rain for the 3-day period prior to 10 July, as opposed to .47 in. for the same
period prior to 7 August. This would indicate, therefore, that SS levels on the
upper reaches of both systems are more closely related to immediate rainfall.
A sequential comparison of the infrared photos from 31 May, 8 July, 16 August,
and 25 September 1974 indicate that the slough at station 10 swelled and shrank
in direct response to changes in rainfall. Accompanying these changes were reduced flushing and a gradual re-establishment of water weeds. Fig. V-B-4, illustrates the SS response to this seasonal change during the period 22 May to 30
October 1974.
Although there was a sharp decrease in rainfall in September, the SS levels
at the tidal stations were higher towards the end of September. This would indicate that tidal flushing was probably the primary cause. Infrared photos from
25 September (5 days before) showed distinct green colored water masses (characteristic of saline water) in Dona Bay, Robert's Bay, Shakett Creek, and the lower
South Creek. Salinity readings taken on the same day at Shakett Creek indicated
that the IR film reflected differences in salinity as little as 10.5 o/oo. Station 4 (Curry Creek at Venice Byway), which had previously maintained consistently
lower salinities, was still distinctly black. A canal was dug in mid-September on
South Creek (pers. comm., Capt. Ken Alvarez, Florida State Dept. Parks and Recreation) affecting the SS levels at station 2 (South Creek at Route 41). It is interesting to note that, except for station 2, Curry Creek had the highest SS concentrations on 30 September. It would seem likely then that Curry Creek was showing initial signs of a tidal action "backwash" from SS that had been flushed past
station 4 during peak rainfall periods. Although the salinity at that time was
only 2.1 o/oo, it marked the first detectable trace of saltwater mixing since 19
June.
The September sampling of the 25th coincided with the fourth flyover so it
is worthwhile to describe the visual conditions that were associated with their
respective SS levels. The aerial survey revealed that water weeds (primarily
Hydrilla and Elodea, based on ground observations) were still present at station
9 and had become considerably re-established in the upper slough at stations 10
and 12. However, no plants were visible in the lower slough at station 11 (Ewing
Ranch). Water levels were markedly lower at the former stations, while the latter appeared unchanged. A comparison between IR slides from 16 August and 25
September reveals that the major water plant restoration took place between those
two aerial surveys. It is not surprising then that SS levels on the slough decreased by a factor of 3.5 during that same interval. Station 11, which still
had no plants, decreased by only a factor of 1.5, well below the average decrease.
Station 12, which had experienced a proliferation of weeds, sharply decreased by
a factor of 12.5. On the other hand, station 7 (upstream South Creek), responding to dry conditions in a similar fashion as it did on 6 June (pre-rainy season
period), had an unusually high SS concentration. In effect, South Creek maintained
elevated SS concentrations from late June while the slough system, responding to
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FIG. V-B-4. Sequential sampling of suspended solids at stations 10, 12, and 11
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a decrease in rainfall, dropped below the levels of South Creek. It is evident,
therefore, that during peak rainfall periods, Shakett Creek and Dona Bay flushes
more extensively, but because the lower portion of South Creek is much smaller
in area than Dona Bay it requires less freshwater input to maintain high SS
levels. In addition to this physical response, the fringe vegetation along the
shores of South Creek attenuates the SS profile over time. That is, it prevents
a large amount of SS from entering the water all at once.
Although the CPS - Shakett Creek watershed and the South Creek watershed
take in a large region, there are similar factors which affect the various stations located throughout. The most obvious common influence is rainfall and its
subsequent effect on erosion and SS. From there, the factors can be directly
broken down into two separate groups consisting of non-tidal and tidal influences.
Finally, these two general categories are directly influenced by the specific physical characteristics of each station location (i.e., shape of region, gradient and
proximity to Gulf or upstream watershed).
As previously mentioned, rainfall data was used to indirectly determine the
relative amounts of floodwater filtering through each respective basin. It must
be understood, however, that this is not an absolute value, but rather an index
to determine the relative saturation of the water table. The rainfall index has
shown that there is a good correlation between heavy rain periods and high SS
(see 27 June, Fig. V-B-5). However, this is not to say that high SS levels are
found only during heavy rainfall periods, as is evidenced by data from station
5 on 16 October (Fig. V-B-1). Gascoine and Wildish (1971) observed the same general correlation and noted that during heavy rainfall periods, inorganic particulate matter (silt and clay) accounted for approximately 80 percent of the SS weight.
Despite the extensive channeling of CPS, heavy floodwater takes a certain
amount of time to filter through the drainage system. This has been well demonstrated by the IR slides showing heavy flow at both control structures 1 and 2
on 8 July (following heavy June rains) as compared to essentially no flow on 16
August, even though the period prior to 16 August had received more rain. The
inconsistency does not necessarily suggest that the rainfall data is not representative of actual rainfall within the watershed, but rather demands that further consideration be given to long term conditions before drawing conclusions.
Therefore, it appears that very heavy rainfall periods not only generate high
SS levels, but also thoroughly saturate the water table for at least one to two
weeks after. It is during this "trailing" period that additional rains will show
a magnified effect, as compared to what would have been expected without any prior
rain. However, on the upper reaches of CPS, where control structures are lacking
and where water drains more rapidly, the time lag also diminishes and at some point
during the rainy season, this lag does not even exist. Basically, then, the control structures (when closed) work as a dampening system that regulates the impact of rainfall. Naturally, the CPS dampening system has a limit, and preliminary indications from the SS values indicate that during peak rainfall periods this
limit is exceeded.
The freshwater stations are directly affected by rainfall. Station 10 (CPS
above control structure 3) had the widest range in SS for the slough. During
May, a dry period, the station had a very low water level and was choked with
weeds. The low water level in itself, seemed to result in two trends: (1) it
encouragedthe establishment of water weeds; and, (2) it tended to remove a large
percentage of the finer sediment from the stream bed in that area. The first

point is obvious while the second point needs elaboration. In deeper channel
water there is usually a laminar flow where surface water, because of less friction from the bottom, tends to move at a faster rate. As a result, SS which tend
to settle in calmer water, are not nearly as disturbed on the bottom as on the
top. However, as the water level drops, the water column will experience a more
uniform flow and this, in turn, will sweep away finer, previously settled particulate matter and leave behind the heavier sand and gravel.
Because of the elevation difference between control structure 2 and station
10, the latter can be nearly dry while the former has 8 feet of water. Consequently, during dry periods (as demonstrated in the aerial IR photos on 31 May
1974), the river bed at station 10 is composed primarily of sand in the shallows
with most of the fine particulate matter trapped in the water weeds and depressions. Such were the conditions encountered on 22 May 1974 with typical SS levels
of 2810 mg/m3.
Rainfall has an immediate effect on the upper reaches of the slough. As a
result, the light rains of early June generated relatively high SS levels of
5130 mg/m3 at station 10. After the onset of heavy rains at the end of June,
the SS levels at station 10 nearly doubled. It seems, however, that 10,500 mg/m3
represents a "post-active" SS level as opposed to a level resulting from the direct
effect of the heavy rains. Unfortunately, the freshwater stations were not sampled
directly after the rains, so there is no conclusive evidence to prove this estimation. However, it would be safe to assume that SS levels, on 8 July, were on the
decline from a previously higher concentration. Supportive evidence for this assumption rests in the very high value of 19,700 mg/m3 exhibited at station 10 on
7 August following immediate rains (Fig. V-B-6).
Although the rainfall accumulation during the 10-day period prior to the 27
June collection was considerably greater than the accumulation prior to 7 August
(Table V-B-3), the major rainfall preceding 7 August was received directly before
the collection as was not the case for the 10 July collection. In addition, all
weeds were flushed from station 10 following the heavy June rains, leaving the
stream bed very susceptible to erosion.
Water levels continued to fluctuate somewhat at station 10 in response to
rainfall, but for the most part decreased after 7 August. Correspondingly, the
SS levels dropped and the plants re-established themselves. Station 10 continued
to maintain near zero SS levels throughout the remainder of the sampling period.
The location of station 10 can be characterized as a section of the slough
which remains extremely stable during the dry season with pristine SS levels.
Because of its shallowness, it is an ideal habitat for water weeds, and the growth
in turn stabilizes the bottom, even during light rains. Heavy rains, however,
flood the stream bed, flush the plants, and generate high SS levels. These levels
continue to fluctuate in direct response to immediate rainfall and the return to
pristine conditions at the close of the rainy season (Fig. V-B-6).
SS at station 12 (CPS at Route 72) show the same response to floodwater as
station 10 (Fig. V-B-7). Although there are fewer plants and normally higher
water levels, the bottom still collects very little sediment. In fact, the sediment layer measured only 4 in. in October 1974. It seems that the relatively steep
gradient at this section in the slough (Table V-B-2) keeps the bottom well swept
of particulate matter. SS profiles of station 12 were nearly identical to those
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of station 10 during both the rainy season and dry season. There was no significant soft sediment on the channel bottom (both stations 10 and 12), therefore,
large increases in SS levels are due to heavy erosion of soil from the land upstream or from the soil on the banks of the channel.
The pattern of station 7, on South Creek, in some ways resembled the SS
profile typical of stations 10 and 12. The rainy season peaks were not nearly
as sharp as those of the latter two stations, but its response to immediate rainfall was similar. The more rounded peaks may best be explained by the regulating
effects of South Creek's more natural system, which serves to effectively maintain lower SS levels despite increases in flow velocity and volume.
Of the two stations, 10 is physically more similar to station 7 than is 12.
Both have somewhat meandering stream beds with relatively lower water levels.
Station 7, however, is not nearly as completely flushed, has vegetation on its
banks, does not experience a proliferation of water weeds, and does not approach
near-dry levels during dry weather periods. Consequently, the dry season SS
levels at station 7 are understandably higher than those at station 10.
Station 9, located on the dead end canal of the eastward extension of CPS,
was only sampled four times. It is interesting to note that the response of SS
during the heavy June rains was somewhere between those of stations 12 and 11
(Figs. V-B-7 and V-B-3, respectively). SS concentrations leveled off at about
14,500 mg/m3 because the dead end nature of the canal did not permit appreciable
flow, which was typical of the slough channel proper. For this reason, plants
(as well as other solids) remain in the channel, unless otherwise killed by herbicides. Station 9, therefore, is typical of a channel section of CPS, in which
the physical dimensions of the channel and lack of water flow limit the peaking
response of SS. This clearly demonstrates the significance of channel flow in
attaining high levels of SS.
Station 11 (CPS at Ewing Ranch) is located between control structures 1 and
2. The significance of its location is great. The structures themselves maintain high water levels in the channel at almost all times. This prevents soft
sediments from being swept clear from the bottom and provides an ideal holding
area for some of the solids. Also, high water levels keep the steep banks submerged, which are, for the most part, unsuitable for emergent freshwater weeds
to grow on. Weeds were not present in any of the aerial IR slides of station 11
taken on 31 May, 8 July, 25 September or during the last week of October 1974,
which covers both the rainy season and the dry season. Not only do the cattle
degrade the sides while watering and the banks remain free of water weeds, but
because the sides are soft, they provide an ideal situation for sediment to fall
to the bottom, especially during periods of swift channel flow. A small number
of sections surveyed by the Soil Conservation Service in 1968 indicated that the
channel had filled in some places either due to bank carvings or sedimentation
since the original construction (Ross, 1973).
Most important, however, is the deepness of the channel. A depth measurement of 9 feet, 2 in. was recorded during the dry period in October when the gates
were still open. During the rainy season when channel velocities increase tremendously, settled solids are resuspended from the bottom. However, in deep channels, (e.g., station 12), the upper water column water sample is not usually representative of the gross sediment transport occurring at the bottom. Referring
to these "density currents", Ketchum (1972) attributed a 50-fold sedimentation

rate increase to this phenomenon in a South Carolina estuary. This soft sediment
layer which was measured at station 11 in October exceeded 13 in. This clearly
indicates that this length of CPS channel does, in fact, accumulate a soft sediment layer and experience density current sediment transport.
The sedimentology of the region further complicates the drainage dynamics
of station 11. CPS channel cuts through a 3/4 mile long region of Pamlico peaty
muck just above the station site. This type of soil experiences very poor drainage, has a high water table, and retains water long after other soils become dry.
Thus, the deposit probably keeps the water table fairly "charged" despite intermittent dry conditions experienced at other stations. This further explains why
water levels between the two control structures probably remain relatively high
throughout the year.
In terms of response to rainfall, the SS of station 11 peaked on 10 July,
the first collection following the major June rains. As much as it is a peak,
it is the beginning of a plateau as the levels declined slowly to 8 September
(Figs.V-B-3 and V-B-4). Unlike stations 10 and 12, station 11 does not quickly
respond to rains. It appears to be a more regulated drainage system, which probably results from the presence of the control structures (refer to 10 July, 7
August, and 25 September in Fig. V-B-3 to note its stable SS levels as compared
to stations 10 and 12, located in the upper reaches).
It was not until 25 September that the SS level dropped in response to the
latter dry half of September. During this period the flow stopped, particulate
matter settled out, and SS levels consequently declined to 7,670 mg/m3. However,
on 15 October, the SS levels rebounded to a peak for 1974. This is unusual considering 0.00 in. of rainfall had fallen for the previous 18 days. At this time,
though, the water levels were extremely low because control structure 2 had been
closed on 12 October, while structure 1 had remained open until 14 October. Consequently, the region between the two control structures drained at normal rates
while it received minimal input. Consequently, the soft settled particulate matter started to move with the channel water when water levels became very low. It,
in fact, acted like a supernatant in a test tube while the clear solution (water)
was decanted. The low water level effect was further complicated by the fact that
an herbicide had been applied on 10 and 11 October, several days prior to the collection. The slow settling response from rising water levels could possibly explain why SS levels at station 11 did not reach a minimum level until 23 October.
SS peaked again on 13 November. This probably resulted from the rising water
level in the slough (in response to closed gates) combined with the decomposition
of organics due to weed control spray.
Station 3, the uppermost tidal station in Shakett Creek, closely followed
the SS profile of station 11. This is not surprising considering that they are
located close to each other and are linked by a channel similar in width to that
of the CPS channel. Therefore, except for tidal influences and the presence of
a control structure, station 3 can be regarded as the lower reach of the CPS channel. This is particularly true during the rainy season when freshwater input is
so strong that tidal influences are minimal and salinities are below 5 o/oo (i.e.,
from 27 June through to 9 September). Gascoine and Wildish, (1971) noted that
" . . . further up the estuary, the ebb interval is longer as a result of river discharge". Therefore, even though one would expect an oscillatory effect (Ketchum,
1969) in response to tides at station 3, the net directional flow of SS would be
toward the lower reach of Shakett Creek.
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The most striking feature of station 3 is the tremendous peak of 53,400
mg/m3 on 27 June following heavy rains. A conservative estimate from this level
indicated that during these typical flood conditions at least 450,000 pounds of
sediment are transported past station 3 per day (Table V-B-7). This peak of 1974
probably resulted, in part, from CPS floodwater containing heavy SS levels rushing over control structure 1 combined with resuspended bottom sediments from below the control structure. Although both Salt Creek and Fox Creek probably accounted for part of the inflated SS concentrations at station 3, it is highly unlikely that they significantly contribute to such a high level because of their
meandering nature and small watersheds. Thus, a portion of the SS in the water
probably originated from soft bottom sediments between station 3 and control structure 1.
During periods of slower channel flow, solids were observed being deposited
above control structures 1 and 2. During heavy rains, however, this settled sediment was washed over the control structure. This action, too, contributed to inflated SS levels. Measurements in October 1974 revealed that soft sediment beneath
the Laurel Road bridge (station 3) was 27 in. thick. Not only does this indicate
that this particular section of Shakett Creek encounters heavy sedimentation rates,
but it also indicates that high SS levels at station 5 could have originated from
soft resuspended sediment at station 3.
A comparison of water samples collected at station 3 during different tidal
phases, reveals that, during the rainy season, SS levels were not influenced by
tides (Fig. V-B-8). As mentioned before, salinities support this point. However,
during the dry season, SS levels were clearly higher during the incoming tide than
they were during the outgoing tide, as demonstrated for station 4 in Table V-B-8.
This suggests that high SS levels originated from below station 3 during the dry
season (Fig. V-B-8). Mixing with entrainment has been shown to account for high
levels by Gascoine and Wildish (1971) and Bowden (1967). If the net directional
flow of SS during the dry season was actually upstream as SS levels indicate, then
large volumes of solids flushed during the rainy season could actually have been
redeposited once again above station 3.
There was an interesting SS response at station 3 on 15 October, one day after
control structure 1 was closed and the first true dry season measurement. Both
tidal station 3 and freshwater station 11 (Ewing Ranch) simultaneously experienced
a high SS peak during this very dry weather (Figs. V-B-5 and V-B-3, respectively).
Yet at the same time, Shakett Creek experienced a high salinity of 19.4 o/oo and
an incoming tide. Here we have a classic case where both freshwater influences
and tidal influences contributed to a resultant high response in SS levels. This
same response occurred again on 13 November when the salinity was 17.6 and the
tidal phase was approximately the same. This trend thus indicates that there was
probably a high SS tidal interface that was associated with this particular tidal
phase. A comparison of SS levels vs. salinity, and SS levels vs. tidal height
at station 3 (Shakett Creek at Laurel Road) demonstrates this coincident response
(Fig. V-B-8).
Station 3, therefore, can be characterized as representative of a section of
Shakett Creek that experiences heavy freshwater influences from CPS and lesser
amounts from Fox Creek and Salt Creek, during the rainy season accompanied with
unusually high SS levels. However, during the dry season there is a gradual predominant shift to tidal influences, with resultant higher salinities and associated
sediment resuspension. During this latter period, there is still significant
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TABLE V-B-7.

Calculation of surface sediment transport at station 3
on 27 June 1974.

Actual Suspended Solids Measurement: 53.4 g/m 3
Conservative Estimate Used in Calculation: 30 g/m3
Conservative Flow Rate at Station 3: 2800 c.f.s.
(based on mean annual flood)

(1)

Conversion Factor:

Flow Rate = 2800 c.f.s.
35.31 ft3
79.29 m3
sec

5.24 lbs.
sec

X

=

30.0g
sec

=

= 79.29 m3 /sec.

4233.96
sec

~314.0 lbs.
min.

g

= 5.24 lbs.
sec

= ~18,878 lbs.
hr.

(1) U. S. Geological Survey, 1974.
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= 453,085 lbs. =
day

226 tons
day

FIG. V-B-8. Effect of salinity and tides on suspended solids at station 3.
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freshwater input to prevent salinities from exceeding 30.0 o/oo. This would
come primarily from Salt and Fox Creeks, when control structure 1 is closed.
Station 5, located at the Shakett Creek outfall to Dona Bay, is variably
influenced by both tidal patterns and freshwater input. Local constrictions to
flow such as bridges, causeways, and oyster bars reduce the influence of both of
these factors. ROSS (1973) suggested that the most significant constriction in
the Shakett Creek - Dona Bay system is the shallow condition of the bay. The
constriction caused by Route 41 bridges should also be considered in this light.
The effect of these constrictions was well illustrated in SS levels and salinities. During the rainy season when freshwater outfall was high, salinities
declined at station 5 but usually not nearly to the extent of station 3. This
points to the area between station 3 (Laurel Road) and station 5 (Route 41 bridge)
as the more constricted region. Ross (1973) stated, "Little effect [with respect
to hydrography and as a consequence of CPS channelization] appears seaward of U.S.
41 bridge and causeway. The major effect is seen to occur in the area between
U.S. 41 bridge and the railroad bridge".
This is true except during periods of very heavy rain and subsequent heavy
freshwater outfall. On 27 June, for example, salinities at both station 5 and 3
were near zero (1.5 o/oo and <.5 o/oo, respectively). Thus, the constricting effects of the Route 41 bridge and shallows were not able to "buffer" the influence
of this level of freshwater input. However, SS levels declined considerably from
station 3 to station 5, with a difference of approximately 25,000 mg/m3 between
the two stations. This strongly suggests that the region that Ross singled out
as a highly constrictive area also experiences heavy sedimentation, especially
during peak flow periods in Shakett Creek. In a very extensive E.P.A. study,
Carter et al., (1973) found that these "stilling basins" provide optimum conditions for disposition.
SS levels continued to decline after June until the trend shifted with a
5000 mg/m3 increase on 22 August at station 5. Salinities indicate that this was
the first significant tidal mixing since the peak June rainfall. The water sample
was obtained during the ebb slack tide which indicates that the high SS levels
originated from Shakett Creek. Since only 0.10 in. of rain fell during the 5 days
prior to the collection, it is most likely that the particulate matter originated
from the sediment in the stilling basin above station 5. This is understandable
since large velocity changes in flow are associated with higher SS levels at the
apertures to bays (Carter et al., 1973).
A return to salinities approximating those of normal Gulf waters was accompanied by a dramatic increase in SS. Higher levels were encountered during flood
tides which indicates that the particulate matter either originated from the Gulf
or from sediment in Dona Bay (Fig. V-B-2). A sediment core taken from Dona Bay on
18 October revealed a very soft light organic surface with a slightly denser strata
beneath. Dona Bay was markedly more turbid near the bottom than was the region between Dona and Robert's Bay or in Robert's Bay, which indicates that there were
localized turbidity currents within the bay.
It
mittent
the ebb
station

is interesting to note that although the outgoing tide, during the interdry periods of the rainy season, had significantly higher SS levels than
tide, the opposite was true during the actual dry season. SS levels at
5 were significantly lower during the ebb tide than they were during the
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opposite tide (Fig. V-B-9). This, once again, indicates that during the dry season there could be a net transport of sediment from Dona Bay back into Shakett
Creek. This constant suspension and resuspension of bottom sediments in Dona
Bay explains why the region is so turbid well after the end of the rainy season.
Dona Bay can be characterized as a region which receives heavy SS input from CPS Shakett Creek during the rainy season. However, the deposited solids in Dona Bay
are resuspended during dry season tidal activity, thus sustaining high SS levels
for a major part of the year.
Station 4, located on upstream Curry Creek (where it flows under Venice Byway), responded quite differently to tidal and freshwater influences. Salinities
were generally much lower during the rainy season with readings consistently below
1.0 o/oo during the sampling period 27 June to 30 September. Thus, station 4, like
station 3 (Shakett Creek at Laurel Road), was dominated by the influences of freshwater outfall during the rainy season. This was primarily due to the narrowness
of the channel and distance upstream from the mouth of Curry Creek, which consequently did not permit saltwater penetration. Salinities below 0.5 o/oo were recorded even during rainy season incoming tides.
The flushing activity of 27 June generated high SS levels at station 4; only
slightly lower than those experienced at station 5. These lower values were probably due to restricted flow and the absence of thick sediment deposits upstream.
Unlike station 5, station 4 did not experience an August increase in SS. This
discrepancy is directly attributed to the lack of tidal mixing at station 4 throughout the entire rainy season as indicated by salinity values.
Consequently, it was not until the end of September, when tidal influences
began to affect the channel, that pronounced increases in SS levels were observed
(Fig. V-B-10). The two major factors that appeared to affect the SS levels, during
the dry season, were depth of the channel and direction of flow (Table V-B-8). As
experienced at station 5 (Dona Bay at Route 41), SS levels increased dramatically
during a strong flood tide. This would indicate that the basin of soft sediments
located between the Route 41 bridge and station 4 was probably resuspended during
incoming tidal flow. High SS levels were also recorded during the ebb flow, but
were probably generated because of shallow depth during the sample collection,
rather than increased tidal friction (Fig. V-B-8). This indicates that sediment
transport in the form of density currents was probably common at station 4, but
went undetected because of the normally deep water column at the collection site.
Station 4 can be characterized as a region which experiences strong freshwater
influences during the rainy season and reduced, but significant, freshwater influences during the dry season. This is not surprising in view of the absence of
control structures. Unusually high SS levels accompanied increased tidal mixing
and were highest during the dry season flood tides, indicating an active resuspension of sediments from the downstream silted basin.
Station 6, located at Venice Inlet, was naturally the most tidally influenced
station within DARB. As a result, salinities were not nearly as low as those for
stations 3, 4 or 5. Although SS levels at station 6 peaked on 27 June as did most
other CPS stations, it was not nearly as dramatic as the concurrent peaks observed
at stations 3 and 5. In fact, SS levels at station 6 never exceeded 10,000 mg/m3
throughout the entire rainy season period. It was noted, however, that during this
period, when salinities at stations 5 and 6 were at a common low (e.g., 18 July, 24
July, and 9 September), SS levels at the two stations most closely approximated each
other. This was not usually the case, however, and significant salinity gradients
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TABLE V-B-8.

Date (1974)
9

September

30 September

Influence of increased tidal activity on suspended
solids at station 4 following the rainy season.

Salinity

Tide

0.5

Ebb

2.10

S.S. (mg/m3)

Depth (m)

4,750

2.2

Flood

13,410

1.4

30,500

1.1

16 October

18.8

Flood

23 October

19.8

Ebb

8,790

1.4

6

19.5

Ebb

29,770

0.6

November
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between the two stations were accompanied by marked differences in SS levels.
Not only does this indicate that Dona Bay probably experienced heavy sedimentation, but also that the bay is unable to flush much of the sediment deposited
during heavy rainfall periods.
A comparison of SS in water samples from station 6 collected at different
tidal phases during the rainy season indicates that SS concentrations were lowest during high tides and significantly higher towards the end of an ebb tide
(Fig. V-B-11). This shows that, during this period, some of the high SS levels
coming from Shakett Creek effectively penetrated into Dona Bay and exited out
Venice Jetties during an outgoing tide.
The opposite was true during the dry season as evidenced by a comparison of
tidal phases vs. SS levels and salinities vs. SS levels (Fig. V-B-11). It is
evident that SS were very low during lower salinities associated with ebb tides
and were strikingly higher during high salinities associated with flood tides.
It is also clear that some resuspended sediment was transported back into Dona
Bay during the dry season. It is assumed that since concentrations were lower
during outgoing tides, the SS were being deposited within Dona Bay between stations 3 and 5. For example, a comparison of SS levels at stations 5 and 6 indicate that the high SS levels experienced on 13 November most likely originated from
the Gulf (Figs. V-B-1 and V-B-2), probably from local beach dredging operations.
It is possible that the high SS levels observed in October and November represented
a resuspended "backwash" of sediments that had previously been flushed out of Dona
Bay during the rainy season.
SS levels, at the mouth of South Creek (station 1), were most singly influenced
by the degree of mixing between freshwater input from the Creek and saltwater from
the Intracoastal Waterway (ICWW). A strong inverse relationship existed between
salinities and SS levels (Table V-B-9). Unlike CPS - Shakett Creek, the heavy June
rains had much less effect on the SS levels of the Creek. In fact, the levels did
not peak until well into July. This indicates that South Creek experienced considerably less freshwater flushing than CPS - Shakett Creek. It is interesting to
note, however, that salinities more closely resembled those of Venice Inlet during
the rainy season. Unlike station 4, neither depth of the water column, nor tidal
phase seemed to have any direct influence on the resultant SS levels.
Station 2 (South Creek at Route 41) exhibited almost identical SS levels as
station 1, while they both were sampled. This seems to indicate that once SS were
flushed past station 2, they continued out the mouth of South Creek to the ICWW.
The most obvious difference between the two tidal stations on South Creek, however, was the salinity. Throughout the rainy season there was a sharp salinity
gradient between the two stations. Yet oddly enough, SS material did not settle
out of the water column between the two stations, as experienced in the region between station 3 (Laurel Road) and station 5 (Route 41 bridge in Dona Bay). This
suggests that the current in South Creek was adequate enough to keep the solids in
suspension, whereas during the rainy season, Dona Bay, which experienced relatively
slower moving water, served as a settling basin. Consequently, most of the sediment that flushed out of South Creek was deposited outside the creek system.
It should be emphasized, that although South Creek did not experience the peaking SS response to heavy rainfall during June, it did maintain higher SS levels
throughout the remainder of the rainy season. It is important to note that we are
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FIG. V-B-11. Effect of salinity and tides on suspended solids at station 6.
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TABLE V-B-9.

Date (1974)

Relationship between salinities and suspended solids
at station 1.

S.S. (mg/m3)

Salinity (o/oo)

15 May

2,300

37.4

19 June

1,400

39.1

27 June

7,500

18.2

18 July

10,800

10.8

24 July

10,600

13.4

16 August

7,880

10.0

22 August

6,880

11.1
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dealing here with concentration rather than absolute quantity. This is perhaps
the most significant difference between the two systems. It would follow then
that although CPS - Shakett Creek exerted a greater SS stress on its estuarine
system than did South Creek, the high level of stress was of shorter duration.
The effects of these SS (on benthic invertebrates, algae and fishes) as they
settled is covered in Sections VI-A, B and C, respectively.
Unfortunately, extremely high SS levels were artificially generated in South
Creek during September and October due to a canal tie-in in mid-September. The
SS levels did not return to those of more normal dry season concentrationsuntil
later November. Consequently, South Creek experienced a dry season peak in SS
similar to Dona Bay. Because the artificial levels were so high, it is impossible
to determine whether South Creek would have experienced a natural SS "rebound" had
the artificial influence not existed.
In conclusion, the South Creek system was more stable during the rainy season
than was Shakett Creek - Dona Bay. That is, after the initial peak in the latter
at the beginning of the rainy season, SS were generally higher in South Creek but
did not fluctuate nearly as much as in Dona Bay. During the dry season, however,
SS in South Creek were higher than in Dona Bay probably because it remained in SUSpension rather than settling out as has been shown for Dona Bay.
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V-C. CHLOROPHYLL AND PLANKTON
Introduction
All organisms have an effect on their environment and the environment, in
turn, has a direct effect on the organisms. The plankton (microscopic aquatic
life which depend on the movements of water for their own movement) are of interest for many reasons. They were addressed in this study because: (1) they
form the basis for many aquatic food chains; (2) many of the anoxic conditions
and fish kills observed in this part of Florida involve algal blooms, and; (3)
often the particular species or groups of algae present can be indicative of
water quality.
Many plankton species produce their own food by photosynthesis, which also
yields oxygen as a metabolic by-product. These phytoplankton make up a large
portion of the total plankton and are often associated with fish die-offs when
the community respiration exceeds the oxygen production by the phytoplankton.
Chlorophyll and other pigments are necessary for photosynthesis and their
quantities are indirect measures of the "production" of a water body. For
these reasons, plus an interest in the relationship between various plankton
groups and the different pigments, water chlorophyll levels are included in
this section.
Methods
Water samples were collected as described for water chemistry (Section VA-2) from the twelve stations depicted by Fig. V-A-1
To determine the amount of chlorophyll, water samples were collected in one
liter polyethylene bottles. The procedure was carried out beginning immediately
after reception of the samples, generally 1-4 hours after collection.
In the laboratory, .45 micron millipore filters were soaked in distilled
water for at least five minutes to remove soluble materials. Solutions prepared
in advance were: 90 percent acetone - 10 percent water, and a suspension of 10
g MgCO3 - 1 L H20.
The samples were first passed through a No. 60 mesh (.250 mm) sieve and then
filtered on a millipore apparatus using the pre-soaked filters. The sample volume filtered was carefully measured which was generally .5 liter or less, depending on the rate of flow of the sample through the filter. To prevent chlorophyll
acidification, 1 ml of the magnesium carbonate suspension was added to the last
few hundred milliliters of water filtered. The filters were rinsed through twice
with distilled water.
Upon removal from the filtration apparatus, the peripheral excess was trimmed
from each filter, and the filters were dissolved in 5 ml of 90 percent acetone in
labeled centrifuge tubes. The tubes were then placed in a dark box in a refrigerator for 20 hours to allow chlorophyll extraction to take place. After 20 hours,
the samples were removed from the refrigerator and the volume of each centrifuge
tube was brought up to 5 ml with 90 percent acetone. The samples were centrifuged
for 10 minutes at 3000 rpm, and the absorbances measured spectrophotometrically
at 630, 645, and 665 nanometers using 1.5 cm path length cuvettes on a Coleman
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Model 14 spectrophotometer. The samples were read against a blank prepared in
the same manner as the samples, re-using the filtered sample water.
Chlorophylls were determined from the equation:
where V is the volume of water filtered in liters, L is the cell path length correction (10 cm divided by the path length of the cell being used in cm), D is the
dilution correction (0.1 times the number of milliliters of 90 percent acetone in
the extraction volume), and C is the value obtained from the following equations
(Strickland and Parsons, 1968):

where E stands for absorbance at the wavelengths indicated by the subscripts after correction for the blank. Blank correction in this procedure was automatic
since the samples were read against the prepared blank. Total chlorophyll is the
sum of the three chlorophylls, except in the case of a negative value, which is
considered an artifact and counted as zero. These values were determined using
a WANG calculator and IBM punch cards.
Due to the small sample volumes used and the unavoidable presence of colloidal material in the extractions, chlorophyll values obtained in this study
are likely to be accurate to only about + 25 percent. Controlled experiments
indicate an internal accuracy of + 10-25 percent for the procedure, with decreasing consistency for smaller amounts of chlorophyll. Another factor which may have
interferred with numerical results was the probable presence of pheophytins and
other chlorophyll decomposition by-products, which were not distinguished spectrophotometrically from chlorophylls. According to Strickland and Parsons (1968)
the precision of the measurement of chlorophyll c with this method is variable,
and almost always too high.
Water samples for plankton counts were collected as described above, except
that during the period from 15 May through 22 August 1974, plankton samples were
collected from stations 1 through 6 twice per collection day: once in the morning
with the regular samples and once during the afternoon in conjunction with an onsite HydroLab analysis. The samples were immediately placed in 500 ml polyethylene bottles, to which was added 12 ml of 50 percent gluteraldehyde to kill predaceous organisms and preserve the sample. Samples were kept cool in the field
and returned to the laboratory, where they were refrigerated an additional three
hours. After this period of settling, approximately 450 ml water was aspirated
off and the remainder transferred to a 50 ml centrifuge tube. A second aspiration procedure reduced the volume to 10 ml at which time repetitive subsamples
were viewed through a binocular scope utilizing a grided, .9 cmm hemocytometer
to quantitate major groups of organisms (i.e., blue-green and green algae, flagellates, diatoms and "others").
Results
As mentioned above, for the first three months of the study, plankton samples

were taken both mornings and afternoons during the tidal station collections.
This was done to elucidate any diurnal changes in plankton populations which
might result from changes in the sun's angle. Since a cursory examination of
these three months data indicated no consistent difference between morning and
afternoon samples, the afternoon sampling was discontinued. Although some interesting, yet subtle, changes occurred, an in-depth examination of these data
will have to await future analysis.
Considering only the morning collections at the tidal stations, the bluegreen algae showed a peak in August, commonly a larger one in January and a
smaller one around September - October. Green algae showed a less well-defined
and less consistent peak during the months of October through December. Diatoms
occurred in highest numbers from September through March with a frequent decrease
during December and January.
With regard to the freshwater stations, trends in numbers were less consistent but this is likely due, in part, to less frequent sampling (i.e., one vs.
two samplings per month). Although blue-green algae peaked during October and
December at several stations, green algae and diatoms showed no obvious trends
at the above frequency of collections.
Overall, station 2 (South Creek at Route 41) exhibited the highest average
count of blue-green algae for all stations, while station 8 (Main No. 1 at Cattleman Road) exhibited the highest average count for the freshwater stations (Table
V-C-1).
TABLE V-C-1

STATION

Mean algae counts ( + s.d.) per station for the period May 1974
through August 1975 (counts/1 x 103).
GREEN

BLUE-GREEN

114 + 48.2
254 + 197
114 + 67.7
114 + 85.4
56.9 + 42.5
45.4 + 38.6
57.9 + 47.3
98.5 + 56.4
25.9 + 16.9
41.6 + 51.9
151 + 228
62.9 + 60.2

95.7 + 93.7
1*
171 + 191
2
147 + 103
3
132 + 160
4
132 + 132
5
122 + 152
6
97.0 + 78.0
7
128 + 69.3
8
33.3 + 18.1
9*
42.5 + 30.1
10
85.1 + 86.1
11
51.3 + 52.3
12
* not sampled for entire-study

DIATOMS
61.0
45.0
182
194
44.4
70.5
39.6
76.3
77.7
17.7
46.7
40.7

+
+
+
+
+
+
+
+
+
+
+
+

23.5
56.1
198
253
19.6
57.0
29.9
74.2
78.4
9.92
46.5
52.3

Station 2, once again, reflected the highest average count of all stations
for the green algae but station 8 was second to 11 (Cow Pen Slough at Ewing
'Ranch bridge) for the freshwater stations.
Station 3 (Shakett Creek at Laurel Road) and 4 (Curry Creek at Venice Byway) showed the highest average numbers of diatoms for all stations, while station 8 showed the highest number of the regularly sampled freshwater stations.

V-C-3

Total chlorophyll (chlorophylls a, b, and c) varied considerably over the
year's study with the tidal stations consistently showing the highest concentration (Fig. V-C-1). High levels were observed during June, July, September,
November 1974 and January 1975.
Chlorophyll a made up the majority of the total chlorophyll and its temporal
pattern paralleled that of the total chlorophyll (Fig. V-C-2).
Discussion and Conclusions
In retrospect, it is generally felt that the estuarine plankton were too
ephemeral to be of diagnostic value in this study without more baseline data and
a more detailed analysis. In addition, the sources of chlorophyll a could not
always be easily identified. However, the results of some initial data reduction
are presented here so as to serve as a data bank for future research and local information.
A comparison of South Creek (represented by station 2 values) and Shakett
Creek (represented by an average of station 3 and station 5 values) indicated
that South Creek had higher chlorophyll a values for most of the year with a
reversal in May and August 1974 and January - March 1975 (Fig. V-C-3).
An initial analysis of station 2 (South Creek at Route 41) indicated that
the rise in chlorophyll a, which began in late June followed a sharp increase in
phosphate and a decrease-in salinity (Fig. V-C-4). During this period, nitrate
nitrogen (NO3-N) remained fairly constant. Therefore, at least in South Creek,
chlorophyll a increases were correlated with phosphate and salinity changes but
not with nitrate. As to whether phosphate is the limiting factor for algal blooms
commonly observed in this area awaits future research.
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V-D. BACTERIA
Introduction
The bacteriological examination of water is a convenient indicator of the
degree of contamination by wastes, from both human and other animal sources.
Traditionally, tests are designed to detect the presence of specific indicator
organisms, rather than of pathogens (Gallagher and Spino, 1968; Environmental
Protection Agency, 1974b). The coliform bacteria groups have been the principal
indicators of the suitability of water for various human uses and as evidence of
the presence of pathogenic bacteria groups (McKee and Wolf, 1963; Gallagher and
Spino, 1968; Cairns and Dickson, 1973; Millipore, 1973; Environmental Protection
Agency, 1974b). The purpose of the bacteriological survey of the Cow Pen Slough
(CPS) drainage area, Dona and Robert's Bays, and neighboring drainage areas, was
to determine the degree and source of bacteriological contamination of these
waters, with special attention given to the influence of human wastes.
Evidence of water contamination by warm-blooded animals' fecal bacteria is
regarded as evidence of a health hazard to humans (Geldreich, 1967; Geldreich,
1970; Environmental Protection Agency, 1974a). The fecal coliform group of
bacteria rarely occurs except in association with fecal contamination. However,
in environmental waters relatively free from recent pollution, fecal coliform
may still range from 10 to 30 percent of the total coliforms (Environmental
Protection Agency, 1974a).
In recent years, increasing attention has been directed to the value of
fecal streptococci as indicators of significant pollution of environmental
waters (Geldreich, 1970; American Public Health Association et al., 1974).
They are consistently present in the feces of warm-blooded animals and in
environments associated with animal discharges. Thus the presence of fecal
streptococci is positive evidence of fecal pollution (Geldreich, 1970;
Environmental Protection Agency, 1974a, 1974b).
In addition to the numbers of indicator bacteria present (i.e., total
coliforms, fecal coliforms, and fecal streptococci), their relative numbers can
also yield valuable information. Fecal coliforms do not survive as long as do
non-fecal coliforms and fecal streptococci in water. Therefore, the differentiation (i.e., ratio) between these bacterial groups can indicate the source,
recency, and remoteness of pollutants (Von Donsel et al., 1967; Storrs, 1970;
Environmental Protection Agency, 1974a, 1974b).
Methods
Samples were collected as described for water chemistry (Section V-A-2)
from the stations depicted by Fig. V-A-1.
The methods employed to determine the number of various bacteria in the
water samples were the same as those used by the Sarasota County Environmental
Control Laboratory (pers. comm., Dr. Jose Gerra). Detailed explanation and
rationale of these methods may be found in Gunkel and Rheinheimer, 1972;
Millipore, 1973; Cairns and Dickson, 1973; American Public Health Association
et al., 1974; Environmental Protection Agency, 1974a. Appropriate dilutions
were made immediately upon arrival of the samples at the laboratory at which
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time 100 ml samples were put through Gelman metricel type GN-6 filters. Filters
were then placed on media in petri dishes and incubated.
For detection of total coliforms, M-Endo MF broth medium was used, and
samples incubated at 35°C for 24 hours. Fecal coliforms were detected using
M-FC broth medium and an incubation period of 24 hours at 44.5°C. M-Enterococcus
Agar medium and an incubation period of 48 hours at 35 C was used for fecal
streptococci.
Counts of colonies are reported as colonies per 1O0 ml. Fecal coliform/fecal
streptococcus ratios were calculated as an aid to determining whether the source
of fecal contamination was human or other warm-blooded animals (Geldreich and
Kenner, 1969; Gunkel and Rheinheimer, 7972; Millipore, 1973; American Public
Health Association et al., 1974; Environmental Protection Agency, 1974a, 1974b).
Results
The raw data on bacteria can be found in App. V-A-A, at the end of Section V-A
on water chemistry.
Total coliform counts in excess of 10,000 per 100 ml did not occur frequently
during this study; most stations did not show dangerously high counts at any time
(Table V-D-I). In the upper CPS the east fork above control structure 3
(station IO), which is a shallow cattle crossing, had an elevated count on only
one occasion, November 20, 1974. Shakett Creek at Laurel Road (station 3) also
showed an elevated count in this drainage area on December 4.
Main No. 1 at Cattleman Road (station 8) had coliform counts greater than
10,000 per 100 ml on two occasions, both during the rainy season. In South Creek
the estuarine stations at the ICWW (station 1) and Rt. 41 (station 2) had elevated counts on one occasion and on three occasions respectively. Curry Creek
at Venice By Way (station 4) did not have any elevated total coliform counts at
any sampling.
Fecal coliform/fecal streptococcus (FC/FS) ratios in excess of four are
indicative of human sources of bacterial pollution (Geldreich and Kenner, 1969;
Gunkel and Rheinheimer, 1972; Millipore, 1973; American Public Health Association,
et al., 1974; Environmental Protection Agency 1974a, 1974b). A four-plus ratio
occurred in all areas though not at all stations (Table V-D-1). South Creek at
the Intracoastal Waterway (station 1) and the dead-ended west fork of CPS
(station 9) were sampled only through August 22, up to which time no elevated
ratios were observed. The freshwater stations of CPS at the Ewing Ranch bridge
(station 11) and at Highway 72 (station 12) ratios were greater than four on 22
and 16 percent of the sampling occasions. Also the west fork above control
structure 3 (station 10) showed a ratio above four on one occasion. The estuarine
stations, Shakett Creek at Laurel Road (station 3), Dona Bay at Rt. 41 (station 5),
and Venice Jetties (station 6) yielded ratios greater than four on 14 to 15
percent of the samplings.
Twenty percent of the
ratios. Of the South Creek
ratio over four twice, and
Creek at the Venice By Way

samples from Main No. 1 (station 8) had elevated
stations, the Rt. 41 bridge site (station 2) had a
Sorrento Shores once out of six collections. Curry
(station 4) showed high ratios on three occasions.
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Low fecal coliform/fecal streptococcus ratios (i.e. less than 0.7) are
strongly indicative of pollution by the feces of livestock and/or birds
(Geldreich and Kenner, 1969; Gunkel and Rheinheimer, 1972; Millipore, 1973;
American Public Health Association et al., 1974; Environmental Protection
Agency, 1974a, 1974b). This low ratio occurred frequently at all stations.
The CPS stations, both estuarine and freshwater, showed ratios of 0.7 or less
25 to 39 percent of the time, except for CPS west fork (station 9), which showed
ratios of 0.7 or less 50 percent of the time (Table V-D-2).
TABLE V-D-2.

Percent of total samples, by station, with FC/FS ratios <0.7,
indicating pollution primarily by livestock and/or birds.

Station
1
2
3
4
5
6
7
8
*9
10
11
12
**SS

Collections

Ratios <0.7

Percent

8
20
28
20
20
20
11
10
4
11
23
12
6

7
6
8
7
5
7
2
4
2
3
9
4
2

88
30
29
35
25
35
18
40
50
27
39
33
33

*On a dead-end canal inadequately flushed.
Sorrento Shores

At Main No. 1 (station 8) 40 percent of the collections had ratios that
were significantly low. At upstream South Creek (station 7), only 18 percent
of the ratios were low. At Rt. 41 and South Creek (station 2) and at Sorrento
Shores the respective percents were 30 and 33. Although at South Creek and
the Intracoastal Waterway (station 1) the low ratios occurred 88 percent of the
time, this station was sampled only slightly past the middle of the rainy season.
The percent of low ratios at Curry Creek and Venice By Way (station 4) was 35.
Fecal coliform counts comprising more than 30 percent of the total coliform
counts is indicative of significant pollution by warm-blooded animals (Von Donsel
et al., 1967; Environmental Protection Agency, 1974a). This occurred at least
once at all stations (Table V-D-1) except CPS west fork (station 9), which was
not sampled after 22 August 1974. In the CPS area most stations showed this
indicator of warm-blooded animal fecal pollution about 10 percent of the time
However, Dona Bay at Rt. 41 (station 5) had more than 30 percent fecal coliforms
15 percent of the time.

Main No. 1 (station 8), despite having fairly high counts especially during
the rainy season, did not show excessively large contributions of fecal coliforms
to the total counts. Upstream South Creek (station 7) had the most frequent
occurrence of this fecal pollution indicator - 36 percent of the samplings.
Of the six samplings done at Sorrento Shores, 17 percent indicated warm-blooded
animal fecal contamination. Samplings at the other two stations on South Creek
also showed this indicator of pollution approximately 15 percent of the time.
Upstream Curry Creek (station 4) indicated warm-blooded animal fecal pollution
15 percent of the time.
Table V-D-3 presents incidence of three measurements of significant
pollution. This table indicates the seasonal variations in these parameters
and their relation to variations in rainfall.
On 6 November 1974, CPS at Ewing Ranch Bridge (station 11) showed an
unusually low count of all bacteria. Again, on 5 March 1975 all tidal stations
plus station 11 showed unusually low counts. On 12 March 1975, all freshwater
stations (except upstream South Creek; station 7), and Shakett Creek at Laurel
Road (station 3) showed very low bacteria counts.
In concluding this section on the results of the bacteriological survey of
these drainage areas, a note of caution should be emphasized. Sampling at
South Creek at the Intracoastal Waterway (station 1) and CPS west fork
(station 9) was discontinued after 22 August 1974. Station 1 was examined for
bacteria only eight times, and station 9 only four times. The Sorrento Shores
station, sampled only for bacteria, was observed only six times. In drawing
conclusions, caution must be exercised when considering percentages based on SO
few samples.
Discussion and Conclusions
Available experience indicates that methods used for evaluation of freshwater samples can also be used for detection of bacteria in saline water
(American Public Health Association et al., 1974); however there are potential
problems (Storrs, 1970; Barada, 1972; Barada and Partington, 1972). It must be
kept in mind that seawater is bactericidal (Cook and Childers, 1970; Storrs,
1970; Savage and Hanes, 1971; Gunkel and Rheinheimer, 1972), and like many
environmental factors (such as temperature, sunlight, adsorption and sedimentation) it has varying effects on different bacteria (Von Donsel et al., 1967;
Water Quality Criteria, 1968; Cook and Childers, 1970). Caution must, therefore,
be used in drawing conclusions based on relative numbers of different bacterial
groups and consequent ratios in saline water.
Along these same lines, in considering the bacteriological data collected
during this study, another factor relative to salinity must also be kept in
mind in evaluating the tidal stations. During the period of heavy rainfall,
26 June through 9 September, the CPS freshwater outfall dominated the salinity
profile of Dona Bay, which became essentially fresh (Section III). A similar
situation existed at South Creek and Rt. 41 (station 2) and presumably the
Sorrento Shores special sampling station. Therefore during these rainy months,
the interpretations of the ratios for tidal stations in these drainage areas
should bear the same validity as those for freshwater stations.
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The high total coliform counts observed from time to time did not necessarily indicate fecal pollution. On the occasions when only a small percent of
the total coliform count consisted of fecal coliforms, the source of coliform
bacteria was primarily the soil or non-warm-blooded animals (Von Donsel et al.,
1967; Environmental Protection Agency, 1974a). That is, the bacteria were not
from humans nor livestock.
In the CPS area and in the other drainage areas as well, both freshwater and
estuarine, the majority of the high total counts were not primarily due to fecal
pollution. Especially after the start of the rainy season in June, runoff from
fields and roadways probably contributed the majority of non-fecal coliform bacteria.
The FC/FS ratios offer more significant evidence of the human factor in
bacterial pollution. In the CPS-Shakett Creek-Dona Bay area, high ratios occurred
especially after the start of the rainy season. At some of the stations such as
Shakett Creek at Laurel Road (station 3) and CPS at Highway 72 (station 12),
evidence of picnicking, such as cans and litter, suggest this as a possible source
of human contamination. At stations adjacent to navigable water, discharge from
boats is a very significant potential source of human fecal contamination.
Attention must be directed, however, to overflow from septic tanks as the
major source of human pollution. The number of occurrences of high FC/FS ratios increases markedly after June, the beginning of the rainy season, and persists through
the winter months. During periods when the water table is high, septic tank drainfields do not operate efficiently and seepage into surface waters increases (U.S.
Dept. H.E.W., 1958 and pers. comm., Mr. H. Chamberlain, Sarasota County Environmental Health Dept.). Main No. 1 at Cattleman Road (station 8) with high ratios
(20 percent of the collections) reflects its proximity to human habitation.
Of the South Creek stations, only the station at Highway 41 (station 2)
had ratios indicating human bacterial pollution. The possibility of seepage from
the septic tanks and campgrounds in the State Park upstream from this station
should be considered as a probable source.
In l5 percent of the collections from Curry Creek at Venice Byway (station 4),
high ratios occurred. A report from the Florida Department of Pollution Control
indicates that following heavy rains, overflow from the Venice Lakes Mobile Home
Park sewage treatment plant has frequently occurred. This overflow discharges
into ditches that lead into Curry Creek near our sampling station 4, which reflects a fairly high incidence of all pollution indicators (Table V-D-1).
The incidence of low ratios is frequent at all stations. Since these ratios
indicate that livestock and/or birds contribute the fecal portion of the coliform
bacteria, it is reasonable to presume that the low ratios reflect the use of the
land adjacent to the freshwater stations for cattle grazing. The differential
effects of varying salinity on the two bacteria in the ratio must be considered
in interpreting low ratios at estuarine stations. This probably accounts for
the very high percent (i.e. 88) of low ratios at the saline station 1 (South
Creek at ICWW) as well as the use of adjacent islands as roosts by marine birds.
In the CPS-Shakett Creek-Dona Bay area, occasions when fecal coliforms made
up more than 30 percent of the total coliform count were not frequent, except at
the Rt. 41 bridge over Dona Bay (station 5). There are several inhabited areas
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nearby, as well as runoff from the highway to account for fecal pollution by
warm-blooded animals in this area.
This particular indicator did not occur frequently at Main No. 1 at
Cattleman Road (station 8).
The freshwater station on upstream South Creek (station 7) showed a high
incidence of fecal bacteria pollution. Interestingly, a study of Oscar Scherer
State Park in 1970 (Lugo and Snedaker, 1970) pointed out that the reservoir
there is inadequately flushed and presented a potential health hazard.
Fecal coliforms comprising more than 30 percent of the total count occurred
fairly frequently at the Curry Creek sampling site (station 4). This area, like
the Dona Bay stations is near several inhabited areas, as well as receiving any
overflow from the nearby mobile home park.
The occurrence of unusually low counts of all bacteria at most stations
was previously noted. The bactericidal effects of herbicide sprays used for
weed control may have been responsible for these low counts since they occurred
during periods of weed control spraying.
The primary conclusion concerning the human impact on the surface waters
of the areas under study is that areas of human habitation are contributing
significantly to bacterial pollution. Barada and Partington (1972) state that
in order for soil-cleansing of water to be effective, contaminated water must
move through at least 100 feet of unsaturated soil. They recommend that septic
tanks be at least 300 feet removed from waterways in order to avoid contamination
by seepage. This is especially relevant in areas where high water tables reduce
the efficiency of septic tank drain fields. Most residences on Dona Bay do not
meet this recommendation. Residential areas with septic tanks or sewage treatment plants along Curry Creek, Shakett Creek and Dona Bay should be checked to
be certain that these facilities are adequately removed from the waterway.
The channeling of the drainage in the CPS area is primarily through ranch
lands. The presence of bacteria from livestock feces is not surprising.
The reestablishment of vegetation along the canal banks to more effectively
filter and slow down the land runoff would reduce this input.
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VI. BIOLOGICAL SURVEYS
VI-A: BENTHIC INVERTEBRATES
Introduction
Changes in community structure, such as species composition, species
diversity, and density of organisms, may be manifestations of environmental
stress. Benthic organisms are particularly sensitive to environmental changes
because their relative immobility prevents avoidance of detrimental conditions.
Therefore, characteristics of benthic communities may serve as a useful tool for
detecting environmental perturbations.
The use of benthic invertebrates as indicators of various detrimental and
favorable environmental conditions has long been known (Sverdrup, Johnson and
Fleming, 1946; Gaufin, 1973). The Department of Natural Resources, the National
Oceanographic and Atmospheric Administration, the Environmental Protection Agency,
and many other federal, state, and local governmental agencies have prepared
innumerable guidelines to water quality which have used benthic invertebrates as
bioindicators (see EPA, 1973 for a comprehensive review).
Recently, McNulty (1970) summarized the available literature on estuarine
pollution and its effects on benthic invertebrate communities. McNulty's book
and several others (Cairns and Dickinson, 1973; Olson and Burgess, 1967; Thomas,
Goldstein and Wilcox, 1973) have further demonstrated the use of benthic macroinvertebrate communities as indicators of various detrimental perturbations to
the environment. Wass (1967) stated that benthic invertebrates are the best
indicators of pollution because of their "constant presence, relatively long
lives, sedentary habits, and differing tolerences of stress". He discussed the
biological and physiological basis of indicator organisms and communities by
concluding that "Those forms indicative of pollution have certain characteristics
such as tolerance of low oxygen levels, high biotic potential, and small size".
The most common biometric analysis employed in the characterization of
community structure is the Shannon-Weaver Diversity Index (Shannon and Weaver,
1949). This one parameter is considered by many to be the most powerful tool in
the determination of "healthy" vs. "unhealthy" ecosystems (e.g. the higher the
diversity index, the "healthier" the ecosystem). It should be noted, however,
that the Shannon-Weaver Diversity Index does not always lend itself to an easy
interpretation in estuarine areas which are normally stressed by drastic fluctuations of many water quality parameters (e.g. temperature, salinity, and DO).
Commonly, a more useful enumerative-type analysis is simply to compare the total
number of species (S) and total number of individuals (N) between stations.
It is also extremely important to have at least one year of baseline data available (preferably before the introduction of the perturbation to be studied) in
order to establish normal seasonal fluctuations in benthic macroinvertebrate
populations.
In addition, knowledge of the substrate is important in understanding the
sedimentary environment within the study area. Substrate is the most important
abiotic factor regulating the distribution and abundance of benthic communities
under natural conditions (Collard and D'Asaro, 1973). Therefore a substrate
survey is necessary to facilitate the selection and analysis of comparable
benthic invertebrate stations.
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Grain size is a significant textural parameter in unconsolidated rocks
because it is related to the dynamic conditions of transportation and deposition
(Folk and Ward, 1957; Krumbein and Sloss, 1959). The analysis of sediment
properties is an attempt to quantify a continuum of past integrated processes
involving the nature of the clastic particles as well as the physical forces
acting upon them (Holme and McIntyre, 1971).
Interpretations of the granulometric characteristics of sediments should
not be oversimplified with regard to the parameters of sedimentation. The nature
of the current of wave action necessary to account for the erosion, transportation, or deposition of a sediment cannot be deduced entirely from grain size
(Shephard, 1963). Under natural conditions, it would be expected that coarse
sediments would be found in areas subjected to high energy conditions (e.g. wave
and currents), and fine sediments would be encountered in low energy systems.
The chemical conditions of the sediment are of great importance. The presence of non-living organic matter in bottom deposits is a natural consequence of
detrital input (EPA, 1973). Although organic matter is the food source of many
benthic organisms, excessive amounts may result in anaerobic conditions if the
remineralization process consumes the available oxygen. High organics, and
therefore a high concentration of fine sediments, are almost always associated
with a low DO, and an impoverished benthos (Taylor and Saloman, 1968).
Some sources of carbonate (another commonly quantified parameter) in
sediments include mollusk shell material, foraminifera and coccolithophore tests,
and inorganic precipitates. Therefore, carbonates may comprise a significant
portion of the marine sediments and are of importance in understanding the origin
of the sediment and the depositional environment.
Perhaps the second most important natural abiotic parameters which affect
the distribution and abundance of benthic communities are salinity and dissolved
oxygen.
In summary, the analysis of the benthic data obtained from Dona and Robert's
Bays (DARB) will be restricted to identification and enumeration of the organisms
collected and to the computation of Shannon-Weaver Diversity Indices. The
enumerative parameters (N and S) and the bioindex (Shannon-Weaver) provide tools
for measuring the quality of the environment and the effect of induced stress on
the structure of a community. The use of these analyses is based on the generally observed phenomenon (in freshwater and terrestrial ecosystems) that
relatively undisturbed environments support communities having larger numbers of
species with no individual species present in overwhelming abundance (EPA, 1973).
Materials and Methods
Sampling Stations. Initially, three sample stations were chosen as
"controls" in South Creek. These are designated as S 1, 2, 3 (Fig. VI-A-l).
As the study progressed, station S 3 was dropped and replaced by a station in
Buck Creek (B 2). Eight experimental stations were chosen in the DARB system.
These are designated as D 1, 2, 3, 4, 5, 6, 7, 8.
Benthic Sampling of Invertebrates. The benthic sampler employed in this
study was a Taylor Bucket Dredge (Taylor, 1965). This dredge was deployed from
the transom of a motorboat and then hauled horizontally until full. The Taylor
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dredge is not considered to be a "quantitative-type" sampler in that it does not
sample a vertical column (yielding a predictable surface area) as do the Ekman,
Petersen, Ponar, and simple corer-type samplers. However, personal experience
has shown (via SCUBA observation) that the Taylor dredge consistently samples
the top 10 cm of substrate (where almost all of the benthic macroinvertebrates
occur in our estuarine areas) along a horizontal profile of approximately
one-third meter (12 inches) by approximately one meter. When the bucket is full,
it continues to scrape the substrate, but it allows little or no additional
substrate to enter the bucket.
One major advantage of the Taylor dredge is that it can be used over a wide
array of estuarine substrata from fine mucks to consolidated sands, with the
notable exception of consolidated limestone outcroppings. Because of this,
sampling from different substrata can be more easily compared to one another and
therefore differences become more easily quantified. The Ekman, Petersen, and
Ponar grabs are severely limited by substrate variability, each one being
designed for a different substrate (EPA, 1973).
On two occasions a simple plug sampler was used to obtain near-shore cores.
This sampler has an effective surface sampling area of 1/64m2. It was simply
forced 20 cm into the substrate and removed with the core intact.
There are no set guidelines to determine exactly what constitutes an
adequate representative sample. Thorson (1957) recommended that a surface area
of 0.1 m be sampled at each station. The EPA and State of F1orida Department
of Pollution Control (DPC) have established no set criteria, but the EPA (1973)
has suggested that enough replicates be taken to construct a species saturation
curve to determine how many samples are necessary to sample each available
species per habitat. Experience in Sarasota Bay (Tiffany, 1974) has shown that
the Taylor dredge gives an adequate representative sampling in one hauling per
station.
Sorting of Benthic Invertebrates. Each sample was washed through a series
of three screens of decreasing mesh size (2 mm, 1 mm, and 0.5 mm). In this
manner, large macroinvertebrates could be removed before they damaged smaller
fragile forms. Reish (1959) demonstrated that a 0.5 mm mesh effectively
retained 95 percent of all available species and 75 percent of the individuals
in the original sample. As Connor (1974) pointed out, if one goes to a smaller
mesh size (e.g. 0.27 mm which retains 90 percent of the individuals and 95.4 percent of total species), the sorting time becomes unreasonable, as the mean
sediment particle size in the Sarasota Bay area is 0.32 mm.
The invertebrates were stored in 70 percent isopropanol after removal from
the screens. Identification was made with the use of binocular scopes and a
multitude of available keys.
Bio-indices and Enumerative Analyses. Three basic analyses were conducted
after identification: The total number of individuals (N); the total number of
species (S), and; the Shannon-Weaver Diversity Index (Shannon and Weaver, 1949).
The index was calculated from the following formula:
where C=3.321928, N=total number of individuals, and ni = number of individuals in
the ith species.
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A fourth analysis, Morisita's index,
a measure of the similarity or
the common percentage overlap between two sampling stations, was calculated on
ten of the sampling stations after the initial sampling in June 1974. This
index is used to demonstrate the similarity between comparable habitats within
a sampling program.
is calculated as follows:
= number of individuals of species
i in sample 1
= number of individuals of species
i in sample 2
= total number of individuals in
sample 1
= total number of individuals in
sample 2
= Simpson's diversity index for
sample 1
= Simpson's diversity index for
sample 2

where

Results
The results of species identification follow in the form of data sheets
for each station, by date. The data are summarized in Tables VI-A-1 through
VI-A-4 in the form of Phylogenetic lists for each sampling date by station.
The enumerative and bioindex data are presented in Tables VI-A-5 through
VI-A-8 for each sampling date, by station. Those data are summarized, in part,
in Figure VI-A-2 which is a histogram of the Shannon-Weaver Diversities for
each sampling date by station.

1 Simpson's diversity index is an estimate of the probability that two individuals
selected at random from a sample will be of the same species. It is calculated
as follows:
where nli and N1 are as above
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TABLE VI-A-1

Phylogenetic list of invertebrates collected, by station, during
the May 1974 survey.
Station Number
South Creek

TAXA
I.

S1 2 3

Dona-Robert's Bays
D1

2

3

4

5

6

7

8

POLYCHAETES

Cirriformia grandis
Chaetopterus variopedatus
Cistenides gouldi
Diopatra cuprea
Eteone heteropoda
Goniada teres
Namalycastis abiuma
Nereis sp.
Nereis pelagica occidentalis
Notomastus sp.
Onuphis sp.
Terebellides stroemi
Spiochaetopterus costarum oculatus

67 4 120
3
2
1
6 47
9
30 7
18

3

6
1
47

2

1

1 3

1
1
1 1

4

5
1
148 21 2

II. AMPHINEURANS
Ischnochiton sp.

1

III. SCAPHOPODS
Dentalium eboreum
Dentalium texasianum

5
4

1

2

IV. GASTROPODS
Batillaria minima
Bulla occidentalis
Cerithium muscarum
Haminoea succinea
Neritina reclivata
Prunum apicinum
Tectonatica pusilla

7

1
15
21
8

2

10 15
4
2

1

16

1
1

2

V. BIVALVES
Abra aequalis
Amygdalum papyria
Anadara sp.
Anodontia sp.
Anomalocardia cuneimeris
Chione grus
Chione cancellata

1
3 28
2
1
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1

3

2 14

11 56
4
2
5

South Creek
V. BIVALVES (cont.)
Corbula barrattiana
Laevicardium mortoni
Lyonsia floridana
Macoma tenta
Mercenaria campechiensis
Mulinia lateralis
Solemya occidentalis
Tagelus divisus
Tellidora cristata
Tellina lineata
Tellina tampaensis
Tellina texana
Tellina versicolor
Trachycardium muricatum
Transenella conradiana

S1 2 3
1

Dona-Robert's Bays
D1

2

8

4
1
9 27 59
1
8
19
1 7
3
1
5 33 21
8 3
1

3

4

5

6

1 9 4

86
3
2 3 12

1

18

1

87 47 1
1
4 8 1

1

21

VI. CRUSTACEANS
Ampelisca sp.
Cronius sp.
Crustacean sp. A
Gammarus sp.
Lysianopsis sp. (?)
Pagurus longicarpus
Portunus gibbessii

27

1 1 3

9

41
12 14
1

13 46
1

1

VII. ECHINODERMS
Hemipholis elongata
Ophiolepis sp. (?)
Ophionema sp.
Ophiophragmus sp.
Thyone sp.

3

VIII. TUNICATES
8 34

Bostrichobranchus sp.
IX. CEPHALOCHORDATES

4

Amphioxus sp.

VI-A-7

8

2

2
1

7

12

TABLE VI-A-2.

Phylogenetic list of invertebrates collected, by station, during
the July 1974 survey.
Station Number
South Creek

TAXA
I.

S1 2 3

Dona-Robert's Bays
D1

2

3

4

5

6

7

8

POLYCHAETES
3

Cistenides gouldi
Diopatra cuprea
Namalycastis abiuma
Nereis sp.
Nereis pelagica
Onuphis sp.
Spiochaetopterus sp.
Terebellides stroemi

1

6

2

4
2
100

58

6

2

II. GASTROPODS
Cerithium muscarum
III. BIVALVES
1

Anodontia sp.
Anomalocardia cuneimeris
Chione cancellata
Chione grus
Corbula barattiana
Macoma tenta
Mytilus edulis
Tellina texana

6

1

1

1

1
9

2
1
1

6

4

2
1 2
2 2
1

2

IV. CRUSTACEANS
2

Callinectes sapidus
Gammarus sp.

2
3 2

3

v. ECHINODERMS
Hemipholis elongata
Ophionema sp.

2
2
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S1 2 3
I.

D1 2

3

4

6

B1

8

7

1
38
1 3
9 18

2

53

6
1

3
140 19 26

3
1

3

2

1 4 3
1

1
21 4

4
2

1

1 19
43

52

7

2

1

5
1

16
5

8

GASTROPODS

Batillaria minima
Cerithium muscarum
Prunum apicinum
III.

5

POLYCHAETES

Chaetopterus variopedatus
Cirriformia grandis
Cistenides gouldi
Diopatra cuprea
Goniada teres
Maldane sarsi
Namalycastis abiuma
Nereis pelagica occidentalis
Nereis sp.
Notomastus SD.
Onuphis magna
Onuphis sp.
Pista palmata
Spiochaetopterus sp.
Terebellides stroemi
II.

Buck Creek

Dona-Robert's Bays

South Creek

2

1

1

BIVALVES

Abra aequalis
Amygdalum papyria
Anodontia sp.
Anomalocardia cuneimeris
Arca transversa
Chione cancellata
Chione grus
Corbula barattiana
Laevicardium mortoni
Littorina irrorata
Lucina multilireata
Macoma tenta
Mercenaria ampechiensis
Mulinia lateralis
Mytilus exustus
Tagelus divisus
Tellina tampaensis
Tellina texana
Tellina versicolor

1
2

4
2

3 8

7

1 6

2

1 24

1
9 20
3
1
1

1

4
1 3

2

3
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2

1 6 1

1 2
1

1

6 18
1
11

146
2

1

1
5 1 3
3
8
1 2
3

14

1
4

2
3

25

1
1
31

7
2

South Creek
IV. AMPHIPODS
Ampelisca sp.
Gammarus sp.
Leptochelia

S1

2

3

1

Dona-Robert's Bays
D1 2

3

4

5

6

7

V. ECHINODERMS

2 18

VI. CEPHALOCHORDATES
Amphioxus sp.

1

VI-A-10

8

B1

2
12
12

8

Hemipholis elongata
Ophionema sp.

Buck Creek

1

TABLE VI-A-4.

Phylogenetic list of invertebrates collected, by station, during
the April 1975 survey.
Station Number

S1

TAXA

2

3

Buck Creek

Dona-Robert's Bays

South Creek

D1 2

3

4

5

6

7

8

B1

I. POLYCHAETES
Arenicola cristata
Cirriformia qrandis
Cistenides gouldi
Diopatra cuprea
Eteone heteropoda
Goniada teres
Namalycastis abiuma
Nereis pelagica occidentalis
Nereis sp.
Notomastus sp.
Onuphis sp.
Polydora sp.
Spiochaetopterus
Terebellides stroemi

1
30 1
1
12

7 1 1

1
1

3
1

10

4

16

1
3
8

15

2
5

2
1

2 2
18

2

9
11

3

II. SCAPHOPODS
Dentalium eboreum
Dentalium texasianum

1

4
1

1

2

III. GASTROPODS
Bulla occidentalis
Haminoea succinea
Nassarius vibex
Neritina reclivata
IV.

1
5 4
1 1

2

1

1
2

BIVALVES

Abra aequalis
Aequipecten gibbus
Amygdalum papyria
Anadara sp.
Anodontia sp.
Anomalocardia cuneimeris
Arca transversa
Brachiodontes exustus
Chione grus
Corbula barrattiana
Laevicardium mortoni
Lyonsia floridana
Macoma tenta

1

4
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5

3 17
1 3

7
76

2
1 8 5 1
10 2

1

10
4
18 8

2

3

2
3
3 1
4

1

2

1 3

1
2
8

2

Station Number

IV. BIVALVES (cont.)
Mercenaria campechiensis
Mulinia lateralis
Tagelus divisus
Tagelus sp.
Tellina tampaensis
Tellina texana
Tellina versicolor

S1 2 3
7

4

D1

2

3

4

2

19 5

5

6

7

8

2 6
5

8

1 20

172 6 38

12

Buck Creek

Dona-Robert's Bays

South Creek

10

8

16 21
15

4

B1 2

11

5

7

1
1

21

V. CRUSTACEANS
Ampelisca sp.
Leptochelia sp.
Lysianopsis sp.

4
2
23 24

12

VI. ECHINODERMS
Hemipholis elongata
Ophiolepis elegans
Ophiophragmus sp.

2
1

6
4

VII. TUNICATES
Bostrichobranchus

2

1 1

VIII. CEPHALOCHORDATES
2 1

Amphioxus sp.

VI-A-12

28

TABLE VI-A-5. Species diversities, May 1974.
Station

Total No. of
organisms (N)

S1
S2
S3
D1
D2
D3
D4
D5
D6
D7
D8

188
351
310
98
72
16
128
4
205
197
24

Total No. of
species (S)

Shannon-Weaver
diversity index

18
30
18
6
8
9
9
2
9
18
4

2.221
2.894
1.853
0.506
1.229
2.055
1.066
0.562
1.101
2.110
0.883

TABLE VI-A-6. Species diversities, July 1974.
Station

Total No. of
organisms (N)

Total No. of
species (S)

Shannon-Weaver
diversity index

S1
S2
S3
D1
D2
D3
D4
D5
D6
D7
D8

3
9
3
0
6
8
22
68
12
10
110

3
3
2
0
1
4
6
8
4
3
5

1.098
0.410
0.636
0
0
1.992
1.513
1.330
1.243
1.088
0.341

VI-A-13

TABLE VI-A-7. Species diversities, December 1974.
Station

Total No. of
organisms (N)

S1
S2
S3
D1
D2
D3
D4
D5
D6
D7
D8
B1
B2

225
69
27
18
6
151
30
55
60
87
70
132
138

Total No. of
species (S)

Shannon-Weaver
diversity index

12
12
2
5
2
4
12
12
9
17
7
14
7

1.266
3.302
0.158
1.397
0.692
0.179
2.793
4.036
1.102
4.721
1.512
2.847
3.641.

TABLE VI-A-8. Species diversities, April 1975.
Station

Total No. of
organisms (N)

S1
S2
D1
D2
D3
D4
D5
D6
D7
D8
B2

117
117
184
127
66
17
38
112
40
59
101

Total No. of
species (S)
15
24
3
7
6
8
7
18
12
12
15

VI-A-14

Shannon-Weaver
diversity index
3.026
3.970
0.390
1.926
1.662
2.587
2.129
3.746
2.797
2.706
3.144

Discussion and Conclusions
General, Bioindicators and Similarity of Stations. In general the species
diversities, total number of species (S), and total number of organisms (N) is
higher for the South Creek and Buck Creek stations than the Shakett Creek stations.
The enumerative analyses do not differ drastically between the South Creek and
DARB stations; however, they are slightly higher in the former. The higher
number of individuals distributed more evenly over a higher number of species
(as indicated by N, S, and the Shannon-Weaver Index) can be liberally interpreted to mean that the Shakett Creek area, which in turn feeds DARB, is probably
a more stressed system than either South Creek or Buck Creek (Fig. VI-A-2).
By comparing the seasonal fluctuations in salinities at all stations
(excluding Buck Creek), some very interesting qualitative comparisons can be
made. When the salinities are high in South Creek, the diversities are correspondingly high. The same situation exists also for parts of DARB, and it is
incredibly evident for December 1974 (Fig. VI-A-2).
In relation to the sediments, the great majority of all sediment samples
are composed of the sand fraction (for at least the top 10 cm). There are,
however, differences in the amounts of organics observed at each sampling area.
Surprisingly, the amount of organics is quite high in South Creek, undoubtedly
due to the lower energy system and less tidal flushing that exists there. It
is also interesting to note the presence of the burrowing amphipod, Ampelisca in
South Creek, near Oscar Scherer State Park, in May 1974. This coincided with a
high concentration of organic detritus and fine sediments which occurred in that
area at that time. It also coincided with a very low DO reading. These data
further back-up information recorded for Sarasota Bay (Tiffany, 1974) which
illustrated that Ampelisca may be a bioindicator for high organics, fine silt
fractions, and low oxygen (which, in this case, are all interrelated).
Another organism which has definitely been correlated to high concentrations of detrital organics, Spiochaetoterus (McNulty, 1970; Tiffany, 1974), was
also found in South Creek (S1). It was found there consistently and, with one
exception, nowhere else.
As the sedimentological characteristics were sampled and analyzed only
once, at approximately the same time as the December 1974 invertebrate sampling,
quantitative comparisons can only be made for that sampling period. Correlation
coefficients, comparing the diversity indices at each invertebrate sampling
station with the percent organic matter present at (or near) that station revealed interesting results (Table VI-A-9). Stations D5 (Dona Bay at Rt. 41)
and D7 (Dona Bay and ICWW) show a high correlation to high concentrations of
detrital organics. It is also interesting to note that small populations of
Macoma tenta were found at those stations at that time. M. tenta has been
suggested as a possible indicator species for high organics (Tiffany, 1974).
Although M. tenta was found at other stations during this study, it was always
found in association with fine, silty sediments, containing detrital organic
materials.

FIG. VI-A-2 Shannon-Weaver diversity indices for benthic macroinvertebrates
collected May 1974 - April 1975. Stations are displayed (left to
right) from source to the mouth.

* Red tide present
N.S. = No sample
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TABLE VI-A-9.

A comparison between benthic invertebrate species diversity *
and percent organic matter in upper 10-15 cm core sediment.†
Station

D.I.

% O.M.

S1
S2
D1
D3
D4
D5
D7
D8

1.27
3.30
1.40
.18
2.79
4.04
4.72
1.51

5.00
11.00
2.40
2.00
2.00
8.50
8.50
4.30

r = 0.7392; df = 6 (p <0.05)
* Invertebrates collected in December 1974.
† Sediment cores collected within approximately two months before invertebrates
were sampled and near, but notnecessarily at, invertebrate collection sites.
A correlative relationship was also observed at station 2 in South Creek
between the diversity indices and percent organics in December 1974. This
correlation must be considered as a sampling artifact, as the invertebrate
station and the nearby sediment station experienced drastic physico-chemical
dissimilarities (i.e., the sediment station was located near the creek bank in
an eddy system which deposited silt, while the invertebrate station was located
in the center of the creek).
An attempt was made to organize invertebrate sampling stations into similar
assemblages based on the results of the initial sampling in May 1974. A
trellis diagram was generated using Morisita's index of similarity (Figs. VI-A-3
and 4). The stations were arranged in the diagram in order of their spatial
proximity in the environment. As a result, clusters of high similarity values
indicate actual areal groupings in the environment. As indicated in Fig. VI-A-3,
clusters of higher similarity values occurred between the three South Creek
stations during the May 1974 collections and also occurred between stations D1,
2, and 3 in Dona and Robert's Bays. The mean similarity values for the South
Creek stations is 0.438, and the mean similarity value for stations D1, 2, and
3 in Dona and Robert's Bays was 0.409. These values indicate that a moderate
amount of consistency in the species composition and densities of animals
occurred within the South Creek system during the May 1974 collection. The
upstream stations in South Creek (S1 and 3) are quite similar (0.835), and are
both also dissimilar from the estuarine station 2.
The values for Dona and Robert's Bays (for the May collection) indicate
moderate consistency in the species composition and densities for the Shakett
Creek stations (D1, 2, and 3), but, in total, they reflect little similarity
between the seven stations in Dona and Robert's Bays. The mean similarity for
all stations in Dona and Robert's Bays was 0.102, whereas the total mean
similarity (all 10 stations) was 0.125. Minor similarities between the South
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Creek and the Dona and Robert's Bays stations do exist. The mean similarity
between the two areas was 0.105, which is slightly higher than the mean
similarity within Dona and Robert's Bays stations. The cause of this overlap
is due to significant similarities between South Creek station S3 and Dona
and Robert's Bays stations D3, 4, and 6, and between South Creek station S2 and
Dona and Robert's Bays station S7.
A second trellis diagram was generated by rearranging the sample stations
so that stations with high similarities were grouped together (Fig. VI-A-4).
The arrangement produces a ranking or continuum of similarity with the most
dissimilar stations being widely spaced. Clustering of high similarity values
takes place in two areas both of which are comprised of the same stations as in
the spatially arranged diagram. However, the stations causing overlap between
the South Creek and the Dona and Robert's Bays stations are now located intermediate to the South Creek and Dona and Robert's Bays groupings of similar
stations.
This ranking of stations was then compared with an independent arrangement of stations based on sediment and hydrographic data from all four sampling
periods to determine whether or not the biological assemblages of May 1974
were similar to the physico-chemical assemblages of stations. The results of
of station arrangement based on sediment and hydrographic data appear in
Table VI-A-10. This arrangement of stations resulted in six assemblages of
stations: S1-3; D1-3; D4 and 7; D5 and 6; D8; and B1 and 2. As the D8 and
Buck Creek stations (B1 and 2) were not sampled when the Morisita's indices
were calculated, they cannot be compared to the trellis diagrams.

TABLE VI-A-10.

Station(s)

A comparison of stations grouped by system for all collections.
N= number of individual benthic invertebrates; D.I. = ShannonWeaver Diversity Index.†

May

Collection
Dec.
July

April

Mean + S.D.

* Grouping based on sediment, hydrography and water chemistry.
† Values in body of table are means per collection for grouped stations.
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In all cases, except one, the arrangement of stations was the same. The
exception is D5 and 6. Although these are similar stations on the basis of
physico-chemical parameters over the year cycle, they differed considerably in
their May biotic constituency. This is perhaps explained on the basis of the
difference in proximity to the mouth of Robert's Bay. In the clustering arrangement, D6 resembles D7 and 4 (both in Dona Bay). This similarity is probably
due to its proximity to the confluence of Dona and Robert's Bays.
Invertebrate Changes by System. The following discussion of relationships
between salinities, suspended solids, and biological parameters in the DonaRobert's Bay system is organized by geographic locations (which also corresponds
to the above mentioned arrangements) in order to facilitate discussion of the
effects of opening the flood control gates of Cow Pen Slough. Control gates
were opened in June of 1974, resulting in drastically lowered salinities and
concurrent high concentrations of suspended solids in the Shakett Creek-Dona Bay
system (see Sections III and V-B, respectively). In many instances these
drastic and immediate changes in the area resulted in lowered species diversities,
and in some cases, obliteration of all benthic macroinvertebrates.
South Creek: In May 1974, the South Creek system showed an almost linear
progression of species diversity increase from source to mouth (Fig. VI-A-2).
The salinities at all three sample stations were virtually the same. In July,
the diversities were lower, probably due to freshwater runoff and suspended solids
(attributable to the concurrence of the rainy season). The salinities at
stations S1 and 3 were lower than station S2 due to the latter's proximity to the
ICWW and open Gulf waters. In December, the diversities again resumed the
previous pattern. By April 1975, the salinities were again high (see Section V-A)
the suspended solids counts down (see Section V-B), and the diversities correspondingly high.
Shakett Creek-Dona Bay: Again, there is almost a linear progression in
diversity from source to mouth in stations D1 - 3. Station 4 is located in a
dredged boat basin in Dona Bay, surrounded by seawalls on two sides and partially
isolated by shallow waters on the bay sides.
In July, following the opening of the Cow Pen Slough control structures,
this system suffered the most noticeable and drastic change of any system
observed throughout the year. Station 1 was barren; the previous fine substrate
was washed away leaving yellow coarse sands which were not previously observed.
At station D2, the same flushing occurred exposing previously covered bedrock.
Only one specimen was observed alive at station D2. Station D3 maintained a
higher diversity due to its protection by mangroves. Station D4 varied little,
as it was located in a protected, but highly disturbed, location.
In December, all stations still had low diversities. Although the salinities
had increased to normal, the suspended solids counts were all still very high.
By April, stations D2 and 3 increased in diversity, but station D1 was still low.
The high siltation and resultant fine sediments in this area are most probably
the causative factor. Station D4 remained fairly constant throughout the
sampling period, due to its unique location and its own perturbations.
Station D7 was not drastically affected by the drainage from Shakett Creek,
as it is further from the point of discharge of Cow Pen Slough. However, the
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salinity at this station in July 1974 (after the opening of the control
structures) was quite low for a brief period.
Curry Creek-Robert's Bay: The seasonal and man-made extremes in environmental parameters were not experienced by this system.
In May, the salinities were comparable with South Creek, however the
diversities were surprisingly low. This is perhaps due to the red tide experienced in that area during the previous fall and winter which decimated local
populations of organisms. Fish collections in May also produced few specimens
(see Section VI-C). By July, only one station (D5) increased in diversity.
Station D8 dropped slightly due to the decrease in salinity from freshwater
runoff during the rainy season.
By December, the diversities were increasing, except at station D6.
In April 1975, sampling revealed further increases in diversities.
Buck Creek: The Buck Creek stations were only sampled in December 1974 and
April 1975. This system is fairly unperturbed by unnatural environmental fluctuations. Although fine sediments are recorded for this area, Buck Creek
supports a variety of organisms such as arcid clams and nereid worms which
normally thrive in "healthy" waters.
In conclusion, the data suggests that the organisms observed have the
ability to withstand wide fluctuations of many natural environmental parameters
which are experienced in the estuaries on the west coast of Florida. However,
the additional stress of high volumes of fresh water and concurrent high concentrations of suspended solids on an already naturally-stressed ecosystem have
resulted in several cases of lowered diversities and two cases of complete
benthic depopulation.
Literature Cited
Cairns, J., Jr. and K. L. Dickson (eds.). 1973. Biological Methods for the
Assessment of Water Quality. American Society for Testing and Materials.
Philadelphia. 256 pp.
Collard, S. B. and C. N. D'Asaro. 1973. Benthic invertebrates of the eastern
Gulf of Mexico. In J. I. Jones, R. E. Ring, M. O. Rinkel, and R. E. Smith
(eds.), A Summary of Knowledge of the Eastern Gulf of Mexico. Martin
Marietta Aerospace, Orlando Division, Orlando, Florida.
Connor, E. F. 1974. The Effects of a Domestic Sewage Outfall on the Distribution
and Abundance of Marine Benthic Polychaeta and Mollusca, with Comments on
Continua & Community Structure. B.S. Thesis. New College, Sarasota, Florida.58pp.
Environmental Protection Agency. 1973. Biological Field and Laboratory Methods
for Measuring the Quality of Surface Waters and Effluents. C. I. Weber (ed.)
EPA-670/4-73-001.
Folk, R. L. and W. C. Ward. 1957. Brazos River bar, a study in the significance
of grain size parameters. J. Sed. Petrol. 27: 3-27.

Gaufin, A. R. 1973. Use of aquatic invertebrates in the assessment of water
quality, pp. 96-116. In J. Cairns, Jr. and K. L. Dickson (eds.), Biological
Methods for the Assessment of Water Quality. ASTM STP 528.
Holme, N. A. and A. D. McIntyre. 1971. Methods for the Study of Marine Benthos.
International Biological Programme, London, England. 334 pp.
Krumbein, W. C. and L. L. Sloss. 1959. Stratigraphy and Sedimentation.
W. H. Freeman and Company, San Francisco, California. 248 pp.
McNulty, J. K. 1970. Effects of Abatement of Domestic Sewage Pollution on the
Benthos, Volumes of Zooplankton, and the Fouling Organisms of Biscayne Bay,
Florida. University of Miami Press, Miami, Florida. 107 pp.
Olson, T. A. and F. J. Burgess (eds.). 1967. Pollution and Marine Ecology.
Interscience, New York, New York. 364 pp.
Reish, D. J. 1959. A discussion of the importance of the screen size in washing
quantitative marine bottom sediments. Ecology 40: 307-309.
Shannon, C. E. and W. Weaver. 1949. The Mathematical Theory of Communication.
University of Illinois Press, Urbana, Illinois. 117 pp.
Shepard, F. P. 1963. Submarine Geology. Harper and Row Publishers. New York,
New York. 538 pp.
Sverdrup, H. U., M. W. Johnson and R. H. Fleming. 1946. The Oceans. PrenticeHall, Inc. Englewood Cliffs, New Jersey. 1087 pp.
Taylor, J. L. 1965. Bottom samplers for estuarine research. Chesapeake Sci.
6: 233-234.
and C. H. Saloman. 1968. Some effects of hydraulic dredging and
coastal development in Boca Ciega Bay, Florida. Fish. Bull. 67(2): 213-241.
Thomas, W. A, G. Goldstein and W. H. Wilcox. 1973. Biological Indicators of
Environmental Quality. Ann Arbor Science Publishers, Inc. Ann Arbor, Michigan.
254 pp.
Thorson, G. 1957. Bottom Communities, Chapter 17. In J. W. Hedgpeth (ed.).
Treatise on Marine Ecology and Paleoecology. Geol. Soc. Amer. Mem. 67: 1296 pp.
Tiffany, W. J., III. 1974. Checklist of Benthic Invertebrate Communities in
Sarasota Bay with Special Reference to Water Quality Indicator Species.
Contribution No. 2, Flower Gardens Ocean Research Center, MBI, Galveston,
Texas. 123 pp.
Wass M. L. 1967. Indicators of Pollution, pp. 271-284. In T.A. Olson and
F. J. Burgess (eds.), Pollution and Marine Ecology. Interscience Publishers,
New York, New York.

VI-A-23

VI-B. PLANTS - WITH EMPHASIS ON MARINE BENTHIC ALGAE.
Introduction
The west coast of Florida supports a rich and varied marine algal flora as
well as marine angiosperms (Dawes, 1974). Mangrove swamps and salt marshes are
common estuarine communities found in protected channels south of Tampa Bay.
These highly productive swamps form a major portion of the littoral vegetation
in the protected coastal regions of Nokomis, Florida. The marine and brackish
water algae as well as the mangroves and salt marsh plants have long been considered important in stabilization of the littoral zone and establishment of
land (Davis, 1943; Dawes, 1965).
It is for the above reasons that attention was given to the marine plants
in the overall study of Cow Pen Slough and Dona and Robert's Bays. A survey of
the algal and marine angiosperm flora of Dona and Robert's Bays was initiated in
March 1974. The purpose of this study was to determine the effects of changes in
upland drainage and increased coastal development with consequent removal of
mangroves and salt marsh plants. This was accomplished by a comparative approach
between the marine flora of Shakett Creek-Dona Bay and other similar estuaries
which differed with respect to drainage, dredging, development, boat traffic, etc.
Methods
This report is concerned with marine algal collections made at four sites
on Dona Bay (DB-2,3,4,5), two sites on Robert's Bay (RB-2,3), one site at the
juncture of the two bays (DB-RB-1) and two sites on South Creek (SC-1,2). The
locationsof all sites are shown in Figure VI-B-1. The sites were selected on the
basis of little direct disturbance by man (no seawalls, dredging) but where the
direct effects of bay flushing would be noted. Four collections were made in order
to include seasonal data (8 May, 7 August, 17 December 1974, and 15 March 1975).
Natural substrates (oyster shells, mangrove proproots, black rush stalks)
were collected as well as macroscopic algae, water samples, and the surface layer
of mud or sand. Each collection was labeled and preserved until identification.
Observations regarding the coastal vegetation and site conditions were recorded
in the field and expanded upon return to the laboratory. The May 1974 and March
1975 collections were made and identified by Dr. Clinton Dawes (Department of
Biology, University of South Florida). The August and December (1974) collections
were made and identified by Mrs. Susanna Dudley (Mote Marine Laboratory). The
report was prepared by Dr. C. Dawes.
Results and Discussion
General. A brief site description and list of algal species found at each
site for four dates of collection are given in Appendices VI-B-A through
VI-B-I. The algae are organized according to division and an "X" indicates
their presence on a given date.
Seasonal Aspects. A distinctive winter-spring and summer-fall flora was
evident only for some red and brown algae (App. VI-B-A and Fig. VI-B-2). This
seasonality was evident for the algal populations from Dona and Robert's Bays
and from South Creek. The small amount of seasonal species is, however, surprising, since areas of similar environments in Tampa Bay and Sarasota Pass do
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Fig. VI-B-1. Plant collection stations.
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exhibit strong seasonality. It appears that the wide fluctuations in salinity,
associated with the rainy season, override the algal seasonality (see Salinity
Section below and Figs. VI-B-2 through VI-B-5).
The brown algae and some red algae were only found in the winter months,
typical of Tampa Bay (Dawes, unpublished data; Dawes, 1974). The green algae did
not show such a seasonality, rather a marine and freshwater flora were characteristic of the winter and summer months respectively. The blue-green algae showed
no major seasonal response.
Comparisons Between Algal Floras. If the three divisions of typically
marine macroscopic algae collected at the three bays are compared (excluding the
blue-green and unicellular freshwater algae), a few distinctions can be made
between selected sites. Comparison of the lower sites in each estuary, SC-1
(South Creek); DB-2 (Dona Bay); RB-2 (Robert's Bay), indicates that these three
sites have some similar physical features with relation to salinity, temperature,
turbidity (see Sections V-A and V-B). However, DB-2 and RB-2 are sites located in
the lower portions of highly populated bays where development is extensive and
most of the marine coastal vegetation has been removed. On the other hand, SC-l
(Fig. VI-B-2) is a site midway in the lower portion of South Creek with little
immediate development and the shore is lined with red and black mangroves.
TABLE VI-B-1.
Algal Group

Total number of red, green and brown algae.
SC-1

DB-2

10

6

5

16

Green algae

6

7

9

11

Brown algae

2

6

2

4

18

19

16

31

Red algae

RB-2

DB-RB-1

If the three systems are compared (Table VI-B-1), the total number of red,
green, and brown algae varies only slightly between the three comparable sites
(SC-l, DB-2, RB-2). There are differences between numbers of red algae and brown
algae, however. The red algae are higher in number at SC-1 and the number of
brown algae are higher at DB-2. Since both red and brown algae are usually good
indicators of low organic contamination, it appears that the bays are about equal
in this respect. The flora of DB-RB-1, a site at the mouth of Dona and Robert's
Bays, and therefore under the influence of the Gulf of Mexico, is larger (double
the number) and more diverse. This would indicate a more stable marine
environment.
Secondly, the total number of macroscopic algae is very small when compared
to estuarine sites in Tampa Bay (Dawes, 1974). Also, the distinctions between
the three estuaries are not sharp although the balance of algae seems to be best
represented at South Creek. In general, the algal diversity is very low in all
three bays, even at the lower, more marine sites (SC-1, DB-2, RB-2, and DB-RB-1),
and this diversity decreases dramatically as the collection sites are followed up
into the bays (compare App. VI-B-B vs. VI-B-E; VI-B-F vs. VI-B-G; VI-B-H vs.
VI-B-I and Figs. VI-B-4 vs. VI-B-5).
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It appears that algal numbers and diversity are not due to development or
removal of shoreline vegetation. Rather, some other factor (like salinity)
must account for the low species number and lack of diversity at the three bays.
Salinity. Comparison of hydrographic data (Section III) with algal compositions for the three bays immediately implicates salinity as the dominating
physical factor that controls algal diversity. Hourly measurements at both Dona
Bay and South Creek during the spring of 1974 showed salinity changes of 20 o/oo
within 3 hours. All three bays showed salinity changes from 37 to 1.5 o/oo
within a month. For example, at SC-l the salinity was 37.6 o/oo on 19 June and
1.5 on 18 July (Fig. VI-B-2). Such dramatic salinity changes within a few
hours such as 20 o/oo or within a month (36 o/oo) would remove most of the "normal
marine" algae. In this regard, if the flora of SC-1 (App. VI-B-H) is compared
for May and August, the loss of marine species is obvious (see also Fig. VI-B-2).
Thus, the freshwater species of green algae and increase in blue-green algae occur
at all stations in August and December.
Figures VI-B-2 through VI-B-5 demonstrate the effects of salinity on the
number of freshwater green algae and marine algae for SC-1, RB-2, DB-2, and
DB-4. In the figures, salinity is plotted along with the total number of red,
green, and brown algae for each collection (expressed as bar graphs). It is
obvious that the salinity of early May and June 1974 are high (37-34 o/oo) and
within three weeks all three bays have essentially become freshwater lakes with
salinities of less than 0.5 o/oo. The floristic changes, as expressed by the
green algae, show a complete reversal in August when the floras are almost
exclusively freshwater (App. VI-B-A through VI-B-I). Recovery of the marine
flora, especially the green algae, can be seen by December although freshwater
forms are still present. The recovery is slow since almost a complete loss of
marine algae occurs in the summer. Thus, salinities are back to "normal marine"
levels (30 o/oo) by late September, but the marine algae are still resettling
in December and are not completely represented until March. This 'lag time'
was also observed with benthic invertebrates (Section VI-A) and fishes (Section
VI-C). Essentially the species able to reestablish each year must be pioneertype algae and this would also account for the low diversity. Such a floristic
cycle is an excellent example of antecedent events where recovery of the marine
algae lags behind the removal factor, salinity.
Seagrasses. No major beds of seagrasses were found at any of the sites on
the three bays. A small stand of Diplanthera wrightii (shoal grass) was present
at DB-RB-1. Since no grass beds were found in the less disturbed South Creek
basin as well as the disturbed Dona and Robert's Bays, the original considerations of man's influence had to be reconsidered with respect to seagrasses.
Turbidity, typically reduced where grass beds occur because of sediment trapping
conditions, was high in Dona and Robert's Bays. This may be due to the removal
of shoreline vegetation in the two bays.
The lack of seagrasses in all three bays must be due to the major seasonal
changes in salinity. Thus, it appears that seagrasses were not a common constituent at any time in the recent past. The freshwater environment in the summer
would kill off any of the typical seagrasses like Diplanthera, Thalassia or
Syringodium and the high winter salinities would remove Ruppia.
Mangrove and Salt Marsh Swamps. If the site observations for SC-1 (App.
VI-B-H) are compared against those of DB-2-5 (App. VI-B-B through VI-B-E) and
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RB-2-3 (App. VI-B-F and VI-B-G), a dramatic difference is evident in the littoral
flora. South Creek has a well developed mangrove fringe in the lower basin and
a continuous salt marsh fringe in the mid region (SC-2). Except for islands
(DB-RB-1; DB-2; DB-3; RB-3) which man has not developed, Dona and Robert's
Bays are developed along the littoral zone and the swamps have been replaced
by fill and seawalls.
The distinction between South Creek and Dona and Robert's Bays can also
include differences in water turbidity. Due to the complete lack of seagrass
beds, the bay bottom is easily disturbed, yet South Creek had a much lower
turbidity during plant collections. This is, in part, due to the loss of the
fringing marshes in Dona and Robert's Bays. These swamps function in trapping
debris and sediment as well as serving as a substrate for filamentous algae
that also trap fine particles.
A Note on Freshwater Weeds. During the July collections, hyacinth "rafts"
were noted floating in Shakett Creek, Dona and Robert's Bays and the Venice Inlet
by several collection crews. Such rafts have been repeatedly observed in nearshore Gulf waters during summer rainy seasons. Of importance is that only a
relatively few hyacinth root systems were noted in Dona Bay fish trawls. Since
hyacinths, for the most part, float through and out estuarine systems, rather
than sink as do many submergent freshwater plants, it is felt that water hyacinths,
unlike Elodea and Hydrilla, are not a major stress factor in Dona Bay. NO
decaying freshwater weeds were noted in South Creek, although there was evidence
of some terrestrial vegetation in the form of leaves and snags, and deep bottom
mud was consistently found in some places which is a normal condition.
Conclusions
The marine algal flora of all three estuaries exhibits only small seasonal
changes due to light (photoperiod) or temperature and a major change due to
salinity. In the winter, the lower portions of all three bays achieve a population of pioneer marine algae while the upper portions retain a freshwater or
brackish water flora. In the summer, all portions of all three estuaries reflect
a strong freshwater influence. The total diversity is low, again reflecting a
marginal environment when compared to more stable estuaries (with respect to
salinity) like those found around Tampa Bay
The lack of seagrasses, due to wide fluctuations in salinity, exaggerates
the effects of sediments since little is available to trap the fine particles
and slight disturbances (including boat wakes) will re-suspend the particles.
The removal of the fringing mangroves and salt marsh plants further permits continued re-suspension of sediment and therefore increased water turbidity.
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VI-C.

FISHES

Introduction
Estuaries are primary contributors to the productivity of an ecosystem,
serving as nursery areas for the many fishes and invertebrates that incorporate
low salinity into their life cycles (Breder, 1940, 1942; Kilby, 1955; Gunter,
1956; Odum, E., 1960). The west coast of Florida has a diverse assemblage of
fishes, enriched by euryhaline species1 such as the mugilids, engraulids, gerreids, cyprinodontids and sciaenids. The smaller fishes among them are important
components of the food chain for larger predators (Ginsberg, 1952; Reid, 1954;
Springer, 1960; Finucane, 1965; Gunter and Hall, 1965; Briggs, 1958, 1973).
Gunter et al., (1974) stated that 98 percent of game and commercially-important
fishes spend part of their life cycles in an estuary.
Natural and induced stresses are reflected in the biotic and water quality
parameters of the aquatic environment, and may cause shifting of faunal population structures (Waldinger, 1968; Wilhm and Dorris, 1968). Springer and Woodburn
(1960) concluded after their study of the fishes of Tampa Bay, Florida, that man's
alterations of inshore marine habitats were detrimental to the future abundance
of fish species in that area. Sykes and Finucane (1964) showed that five of the
most commercially-important Gulf species inhabited the Tampa Bay Estuary during
their immature developmental stages, and were being decimated by pollution. Fishes
are motile organisms that are capable of responding to adverse environmental conditions by migration. Nevertheless, stresses can be severely damaging to fish populations, particularly those in estuaries. It is primarily young fishes, which requite estuarine waters to complete the juvenile stage of their life cycle, that
are driven off or killed. This depletion of young fishes, and thus the supply of
future adults of the species, may have far-reaching impact on the entire ecosystem.
In their study of the fauna of the Charlotte Harbor Estuary to the south of Sarasota,
Florida, Wang and Raney (1971) noted that conditions which adversely affect small
estuarine fishes could also jeopardize Florida's commercial and sport fishing industries.
Fishes serve as excellent bio-indicators for an ecological study of an area
(Bechtel and Copeland, 1970; Grimes and Mountain, 1971; Mountain, 1972). Fish
species cover indicators for every possible ecological situation, as they are found
in all aquatic habitats, on or over all types of bottoms, at all depths, and their
feeding and breeding habits are extremely diverse (Springer and Woodburn, 1960).
It is biologically characteristic of stressed systems to have a comparatively large
number of individuals of a few small species (Gunter et al., 1974). Thus, numbers
of fishes (N), numbers of species (S) and diversity indices calculated from these
data provide a quantitative assessment of the relative productivity of a system.
Diversity indices are widely used as measures of environmental conditions, and are
based on the premise that balanced ecosystems tend to have greater species diversities and thus larger index numbers than comparable systems under stress (Odum, H.
et al., 1960; Margalef, 1968; Taylor, 1973). They reflect the distribution in,
and relative importance of, each species to the biotic community.
This study of the fish fauna of Cow Pen Slough (CPS) - Shakett Creek - Dona
and Robert's Bays (DARB) estuarine system (Fig. VI-C-1) was initiated in spring of
1974. The study was part of an investigation of the effects of the channelization
and controlled freshwater drainage of CPS on the downstream areas. A comparative
1

Those species with a wide tolerance for salinity.

approach, between the above estuarine system and nearby South Creek and its estuary, was taken to determine the relative productivity and health of the respective ecosystems, as reflected by their fish populations. Buck Creek, a small,
winding, mangrove-bordered system approximately 45 miles south of Sarasota, was
also briefly surveyed for comparative data.
Methods
Fishes were sampled at six stations (XII, III, V, X, IX, IV) in the CPS Shakett Creek - DARB system and four stations (VII, VIII, II, I) in the South
Creek system. Collecting sites were selected on the basis of the downstream gradient from the freshwater source, and are shown in Fig. VI-C-1. CPS on the Dort
Ranch property (fish station XII) and the Oscar Scherer State Park swimming lake
(VII) are freshwater stations; Shakett Creek between the Laurel Road bridge and
CPS control structure 1 (III) and South Creek below the park salinity dam (VIII)
are brackish; Dona Bay at U. S. 41 (V) and South Creek at U.S. 41 (II) are brackish-to-marine orientated. The Dona - Robert's Bays junction (X), Robert's Bay
(IX), Robert's Bay at U.S. 41 (IV) and the Intracoastal Waterway (ICWW) at the
mouth of South Creek (I) are essentially marine sites. Observations of the physical and biological characteristics of the stations were recorded in the field during
collection periods and subsequently expanded upon at the laboratory (Tables VI-C-l
and 2).
Collections were taken on 3, 9, and 29 May, 17 and 25 July, 3 and 5 December
1974 and 25 and 26 March 1975. The dates were chosen to incorporate maximal seasonal variation in water parameters and biotic populations. Additionally, fishes
were sampled in Buck Creek on 26 November 1974 and 10 April 1975.
Site conditions necessitated the use of a variety of collection techniques
(Tables VI-C-1 and 2). An otter trawl was used where possible, as it is one of the
most productive methods of sampling fish populations. The trawl was 4 m long, with,
0.6 m doors and 10 m bridle; the mesh was 5 cm stretched and had 1 cm stretched mesh
at the cod end to retain smaller fishes. A minimum of two ten minute trawls, covering approximately 153 m each, were made per site. A 7.6 m (25 ft) inboard and a
7.3 m (24 ft) outboard were used in trawling. The trawl was pulled at the slowest
speed possible for the vessels, estimated at 1000 rpm. Fast-swimming species such
as mullets and needlefishes were observed, but could not be captured by trawl. Such
species are, however, noted in App. VI-C-B.
Difficult access, oyster or rock bottoms, shallow water depths and/or snags
prohibited trawling at CPS station XII, South Creek stations VII, VIII and II, and
at Buck Creek. Thus, beach seines and dip nets were utilized at these sites. Seining, in general, sampled the water area from bottom to surface. A seine was used
in deep water, however, at the CPS Dort Ranch station (XII) and South Creek lake
(VII) by swimming it to the bottom. Seining and dip netting methods do not sample
the variety of ecological niches in which fishes are found as efficiently as a trawl
and the area that can be covered is much more limited. Consequently, more individuals and species would have doubtlessly been taken at the above stations had they
been possible to trawl. A 35 mm Nikonos underwater camera was also used in July
at station VII, to document the presence and relative size of un-collectable fish
species (Avent and King, 1974; Jones et al., 1974).
Samples were labeled and preserved (10 percent formalin) in the field, then
returned to the laboratory for species identification. The classification of fishes
VI-C-3

TABLE VI-C-1. Seasonal descriptive summary of stations sampled for fishes in the Dona and Robert's Bays
estuarine system, May 1974 - March 1975.
STATIONS

DATE

GEAR

XII Cow Pen Slough, above C.S.2
Cow Pen Slough, below C.S.2

May 74
July
Dec
Mar 75

S,N
S
S,N
S,N

III Shakett Creek, Laurel Road
Bridge to C.S.1

May
July

S,N,T
T

Dec
Mar

SAL.
/oo

o

WATER
TEMP.
°C

DEPTH
m*

BOTTOM CONDITIONS

28.0
27.8
17.0
24.0

.3-2.4
.3-0.9
.3-1.8
.3-2.4

33.8
0.5

28.3
29.6

2.4-2.7
2.4-2.7

T
T,N

27.0
31.5

18.5
25.7

2.4-2.7
2.4-2.7

May

T

36.7

27.6

1.5-1.8

July
Dec
Mar

T
T
T

7.0
33.0
33.0

30.6
15.0
25.8

1.5-1.8
1.5-1.8
1.5-1.8

Sand-shell-little mud. Ext. mar.
algae
Deep,foul,black muck. Ext. dec. E/H
Sand-shell-silt-mud. Some mar. algae
Sand-shell-silt. Ext. mar. algae

May
July
Dec
Mar

37.0
11.0
34.4
34.5

26.2
31.0
16.0
23.5

1.8-2.1
1.8-2.1
1.8-2.1
1.8-2.1

Sand-shell
Sand-shell. Some E/H and mar. algae
Sand-shell
Sand-shell

IX Mid-Robert's Bay

May
July
Dec
Mar

37.3
11.0
34.4
34.5

26.2
31.0
16.0
23.5

1.8-2.4
1.8-2.4
1.8-2.4
1.8-2.4

Sand-shell-silt. Ext. mar. algae
Sand-shell-much gray mud
Sand-shell-gray silt. Ext. mar. algae
Sand-shell-silt. Mar. algae, some dec.

IV Robert's Bay at U.S. 41

May
July
Dec
Mar

36.0
11.0
34.4
34.5

26.2
31.8
17.5
23.5

1.2-2.0
1.2-2.0
1.2-2.0
1.2-2.0

Sand-shell
Sand-shell-much grey mud
Sand-shell-grey silt. Some mar. algae
Sand-shell-silt. Mar. algae, some dec.

V Dona Bay from U.S. 41 bridge

X

Dona-Robert's Bays junction

Key: Gear
S = seine
N = dipnet

T = trawl

S,T
T
T
T

Terms
E/H = Elodea/Hydrilla
ext = extensive

mar = marine
dec = decaying

Sand-muck. Ext. E/H
Gravel bar-brown silt. Little E/H
Sand-black muck. Little E/H
Sand-muck. Little E/H
Deep black mud
Deep,foul,black muck. Ext. E/H,
fresh & dec.
Deep,foul,black muck.
Black mud

*lm = 3.28 ft.

TABLE VI-C-2.

Seasonal descriptive summary of stations sampled for fishes in the South Creek estuarine system,
May 1974 - March 1975, and in Buck Creek, November 1974 and April 1975.

STATIONS *

DATE

GEAR

VII

May 74
July
Dec
Mar 75

S,N
S,N,C
S,N
S,N

VIII So. Cr. below sal. dam,
Oscar Scherer State Park

May
July
Dec
Mar

S,N
S,N
S,N

II

So.Cr., U.S. 41

May
July
Dec
Mar

I

ICWW, mouth of So. Cr.

Buck Creek

Key:

So. Cr. above sal. dam,
Oscar Scherer State Park
swim. lake

Gear
S = seine
N = dipnet
C = camera
T= trawl

SAL.
/oo

o

BOTTOM CONDITIONS

25.2
26.6
17.8
26.0

.3-2.4
.3-2.4
.3-2.4
.3-2.4

Sand.
Sand.
Sand.
Sand.

26.0
0
2.0
26.2

25.2
26.6
17.8
27.5

.3-1.2
2+
.3-1.5
.3-1.2

Sand-shell-mud
Ext. flooding. No. coll.
Deep mud-sand-shell
Sand-shell-silt-mud

S
S
S
S

37.0
11.3
22.8
30.6

25.4
32.4
18.0
26.3

.3.3.3.3-

Deep mud-sand-shell
Deep muck (like quicksand)
Muck-sand-shell
Muck-sand-shell

May
July
Dec
Mar

T
T
T
T

37.7
15.0
34.4
34.5

26.7
29.0
14.5
24.0

1.8-3
1.8-3
1.8-3
1.8-3

Sand-shell-silt
Sand-shell-mud
Sand-shell-mud
Sand-shell-silt

Nov 74
Apr 75

S
S

34.9
34.9

23.5
26.0

.3-1
.3-1

Sand-shell-silt
Sand-shell-silt

Chara = freshwater algae

0
0
0
0

DEPTH
m*

WATER
TEMP.
°C

* lm = 3.28 ft.

.9
.9
.9
.9

Dense
Dense
Dense
Dense

Chara.
Chara.
Chara.
Chara.

TABLE VI-C-3. Dominant fish species collected at Cow Pen Slough, Shakett Creek and Dona and Robert's Bays
stations, May 1974 - March 1975 (in percent of total catch per station).
DOMINATE SPECIES
STA. MO.
DARB
XII

FIRST

%

SECOND

%

THIRD

%

May
July
Dec.
March

Gambusia affinis
G. affinis
G. affinis
Fundulus seminolis

77.4
23.5
76.9
69.6

Lepomis macrochirus
L. macrochirus
Micropterus salmoides
Gambusia affinis

6.4
23.5
15.4
26.0

Lepomis gulosus
Lepisosteus platyrhincus
Lepomis macrochirus
Micropterus salmoides

III

May
July
Dec.
March

Eucinostomous argenteus
Gambusia affinis
Menidia beryllina
M. beryllina

80.6
83.6
53.2
54.5

Menidia beryllina
Achirus lineatus
Eucinostomous argenteus
E. argenteus

14.5
6.1
16.1
23.3

Cyprinodon variegatus
Lepomis punctatus
Trinectus maculatus
Sardinella anchovia

V

May
July
Dec.
March

Sphoeroides spengleri
Eucinostomous argenteus
E. argenteus
Lagodon rhomboides

33.0 Opsanus beta
33.0 Syngnathus scovelli
85.0
56.2 Synodus foetens
18.7 Monacanthus hispidus
76.7 Gobiosoma robustum, Nicholsina usta, O. beta, ea.

12.5
4.6

May
July
Dec.
March

Gobiosoma ginsburgi
Eucinostomous argenteus
E. argenteus
Eucinostomous gula

42.8
90.7
43.6
50.0

Synodus foetens
Anchoa mitchelli
Eucinostomous gula
Lagodon rhomboides

28.0
6.4
39.4
33.3

1.6
15.5
16.6

May
July
Dec.
March

Gobiosoma ginsburgi
Eucinostomous argenteus
E. argenteus
Eucinostomous gula

63.3
96.9
45.2
61.5

Anchoa mitchilli
Gobiosoma robustum
Gobiosoma ginsburgi
Synodus foetens

20.0
1.5 Lutjanus synagris
9.7
15.4

May
July
Dec.
March

Anchoa mitchilli
Eucinostomous argenteus
None (4 fish - 4 species)
Laqodon rhomboides

X

IX

IV

80.0
100.
50.0

Opsanus beta

Lutjanus synagris
Anchoa mitchilli
Eucinostomous argenteus

6.4
13.7
7.7
4.3
4.1
4.0
8.0
3.9
33.0

0.9

TABLE VI-C-4.

Dominant fish species collected at South Creek stations, May 1974 - March 1975, and at Buck
Creek, November 1974 and April 1975 (in percent of total catch per station).
DOMINATE SPECIES

STA. MO.

FIRST

%

SECOND

%

THIRD

%

SO.
CREEK
VII
May
July
Dec.
March

Gambusia affinis
Lepomis macrochirus
Gambusia affinis
Lepomis microlophus

75.6
45.4
86.8
35.9

Lepomis macrochirus
Gambusia affinis
Lepomis macrochirus
Lepomis punctatus

13.5
10.0
6.6
25.6

Lepomis sp.
Micropterus salmoides
Lepomis sp.
Gambusia affinis

5.4
10.0
6.6
18.0

VIII May
July
Dec.

Gambusia affinis
No collection-(flooding)
Gambusia affinis

61.1

Poecilia latipinna

22.2

Anchoa hepsetus

11.1

44.4

Lepisosteus platyrhincus 44.4

March Eucinostomous argenteus

61.3

Gambusia affinis

22.3

Archosargus
probatocephalus
Leiostomus xanthurus

11.2
6.5

Mugil cephalus
May
Eucinostomous argenteus
July
E. argenteus
Dec.
March E. argenteus

100.
40.0
90.0
62.8

(only fish taken)
Lepomis microlophus

30.0

Fundulus grandis

20.0

Diapterus plumieri

20.5

Microgobius gulosus

Gobiosoma ginsburgi
Eucinostomous argenteus
Archosargus
probatocephalus
March Lagodon rhomboides

66.6
95.9
71.4

Gobiosoma robustum
G. robustum
Eucinostomous argenteus

33.3
2.5
14.3

Opsanus beta
Prionotus scitulus

1.6
14.3

17.7

Poecilia latipinna

16.6

P. latipinna

12.7

II

I

May
July
Dec.

BUCK
CREEK Nov.
1974
Apr.
1975

9.0

81.3

Eucinostomous argenteus

27.7

Floridichthys carpio

Lagodon rhomboides

38.2

Eucinostomous argenteus 22.5

was determined by P. Bird. Total individuals and species were enumerated for
each station per collection. Standard lengths (SL) of specimens were measured
to the nearest 0.1 mm with a dial caliper. Total and species biomass (weight)
were recorded to the nearest 0.1 g. Random fishes were dissected and their
stomach contents and gonadal condition noted.
In appendices, the order and nomenclature of fish species follow that of
Bailey et al., (1970). Classed SL measurements were used for frequency distributions.
The water parameters of depth, dissolved oxygen (DO), pH, temperature, conductivity and oxidation-reduction potential (ORP) were monitored in situ during
faunal collections with a Surveyor Model 6D HydroLab (see Section V-A-2). Salinities were obtained from the conductivity readings. Backup salinity data were
calculated from specific gravity hydrometer readings taken at the site. Bottom
and other samples, such as aquatic weeds, were collected when warranted.
Species diversity indices in numbers (Dno) and in biomass (Dwt) were calculated using the Shannon-Weaver formula: D
where Ni is the
number or weight of the individuals in the i'th species and N is the total number
or weight of the individuals in the collection (Odum, E., 1959; Pielou, 1966a,
1966b; Bechtel and Copeland, 1970). The formula has the advantage of being independent of sample size (Shannon and Weaver, 1963).
Results
Water Quality. The water parameters of salinity and temperature, as noted
at each station during seasonal collections, are shown in Tables VI-C-l and 2.
The results were comparable with those obtained in the regular water monitoring
program (Section V-A).
Collections. The seasonal length-frequency distributions for all collected
fish species are shown in App. VI-C-A. A systematic list is given in App. VI-C-B
of fish species at each station that were collected and/or observed during faunal
surveys. Dominant fish species at all stations for each collection are given in
Tables VI-C-3 and 4. Table VI-C-5 presents seasonal collection results in the
total numbers of fishes and species taken in combined Shakett Creek - DARB and
South Creek estuarine waters, exclusive of freshwater stations.
TABLE VI-C-5. Seasonal collection totals from combined DARB and South Creek
estuarine waters.
SYSTEMS
STATIONS
COLLECTION
May 1974
July
December
March 1975
(Footnotes follow)

DARB
III, V, X, IX, IV
No. fish
No. sp.
190
705
184
273

12
11 (1)
26
29
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SOUTH CREEK
VIII, II, I
No. fish
No. sp.
22
135 (2)
46
125

6 (3)
6
8
13

(1)

Includes two freshwater sunfish species (Lepomis), whose occurrence is not
normal in estuarine waters.
(2) Station VIII was not sampled due to flooding.
(3) Includes one Lepomis species.
The fish collected during this study totaled 2,140 individuals, and represented 71 species. Individuals totaling 1,470 were taken in the CPS - Shakett
Creek - DARB system: 1,352 from estuarine waters and 118 from the freshwater
source (CPS). In the South Creek system, 328 total fishes were taken in estuarine
waters and 150 in fresh water. The two Buck Creek collections comprised a total
of 192 individuals.
The May 1974 collection in DARB and South Creek estuarine waters reflected
the presence of red tide (a bloom of the toxic dinoflagellate Gymnodinium breve)
that had appreciably thinned fish populations. G. breve toxin is somewhat speciesspecific for fishes (Steidinger and Joyce, 1973), thereby potentially affecting
sampling results.
The greatest total number of fishes was collected in July 1974. Combined
DARB estuarine stations, however, had the lowest number of species recorded (i.e.,
11) for any of the collections (Table VI-C-5). A single mojarra species
Eucinostomous argenteus, an extremely adaptable species capable of surviving wide
salinity fluctuations comprised 87 percent of the catch at these stations. E.
argenteus also constituted the majority (91 percent) of the combined South Creek
estuarine catch in July. All South Creek stations were not sampled, however, as
extensive flooding prohibited collecting below the salinity dam in Oscar Scherer
State Park (station VIII).
The July collection was facilitated in CPS at the Dort Ranch (XII) by the
drastic change in depth at the site. A gravel bar that had built up below control
structure 2 enabled the width of the slough to be seined (see Table VI-C-1 for seasonal changes in depth and bottom conditions at this station).
Considerable improvement was noted in the general "health" of waters at DARB
estuarine stations in December. The total number of species taken in combined
DARB estuarine waters was 26, a dramatic increase over the 11 species noted from
July. However, South Creek, exclusive of freshwater station VII, appeared to be
subjected to increased stress. Both DARB and South Creek estuarine areas showed
an increased number of species in the March 1975 collection (Table VI-C-5).
Buck Creek, as judged from site observations and collection efforts, appeared
to be a healthy system with prolific fish fauna. Eleven species were collected
there in both November 1974 and April 1975. Four of the species represented by
the Buck Creek collections were not taken at any of the regular stations (App.
VI-C-B).
Species Diversity Indices. The number of individuals (N), number of fish
species (S) and the diversity indices based on these numbers (Dno) are given for
each station for each collection in Table VI-C-6. The mean annual Dno for each
station and seasonal means for the DARB and South Creek estuarine collections are
also shown. The extremely low mean species diversity index for DARB estuarine
stations in July
= 0.370) is particularly striking. A histogram, showing
the correlation, by station, of the Dno index and salinity is given in Fig. VI-C-2.

* freshwater station
** red tide current
FIGURE VI-C-2.

Fluctuations in the fish species diversity index
and salinity at sampling
stations, May 1974 - April 1975.

Diversity indices in biomass (Dwt) were calculated on the total and species
weight for each collection. These data are presented in Table VI-C-7.
Discussion
Water Parameters. The parameter of water temperature was found to be consistent throughout the estuarine systems during collection periods and generally
consistent with the seasonal temperature pattern of central west coast Florida
waters. Therefore, it is not considered a stress factor. High water temperatures
during August and September 1974 contributed, however, to a phytoplankton bloom
and resultant low dissolved oxygen levels that caused mortalities of biota in
(primarily) Gulf waters (Bird, in prep.).
Wide seasonal fluctuations in salinity were apparent at DARB and South Creek
estuarine stations (Tables VI-C-1 and 2; Fig. VI-C-2). Salinity changes are, indeed, a natural part of the dynamics of an estuary, and the life cycles of estuarine fauna are partially regulated by such shifts. In July, however, the extent
and rapidity of the freshwater influx and resultant salinity decrease in DARB was
dramatic, particularly at Dona Bay below U. S. 41 (fish station V), where fresh
waters flooding from Shakett Creek - CPS were noted to hold back the flow of an
incoming tide (see Sections III and V-A for salinity data from regular monitoring
programs). As will be noted in the discussion of salinity, rapid shifts are considered a major stress factor in the DARB system.
Comparative Stations. Numbers of individual fishes (N), numbers of species
(S) and fish species diversity indices (Dno) were utilized to assess the general
health of the DARB system and the comparative estuaries. These parameters appeared
to correlate with observed stress factors. Diversity indices (obtained by the use
of the Shannon-Weaver formula) of less than 1 have been correlated with heavy stress
for benthic macro-invertebrates, 1 to 3 with moderate stress, and more than 3 with
relatively healthy environmental conditions (Wilhm and Dorris, 1968). The same
correlations have been successfully applied to fish populations (Bechtel and Copeland, 1970).
The freshwater stations at CPS on the Dort Ranch (XII) and at the State Park
lake on South Creek (VII) appeared to provide stable environments for fishes. Both
stations had prolific fish populations that were homogeneous in composition. Except for the March 1975 collection, they were essentially equal in fish species
diversity (Table VI-C-6). The lower diversity at station XII in March was caused
by difficulties encountered in collection due to an increase in water depth at the
site (Table VI-C-1).
Several differential factors must be noted in order to draw comparisons between DARB and South Creek estuarine stations. The South Creek system is shallower
and of shorter length than that of DARB, has less volume of freshwater input, less
disturbance of natural borders, and empties into the ICWW rather than a shallow bay.
In retrospect, it does appear, however, to have considerable stress factors of its
own. Extremely high suspended solids levels were recorded in October in response
to upstream ditching in the Park in September (Section V-B). In addition, increased
freshwater drainage was recorded at Oscar Scherer State Park in December (Fig. VIC-2). This drainage was from the park swimming lake, according to a ranger. Lastly,
there were unavoidable disparities between collection techniques used in the two
systems. DARB estuarine stations were trawled, while South Creek below the park
salinity dam (VIII) and at U. S. 41 (II) had to be seined, thus potentially decreasing
collection results..
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Shakett Creek above Laurel Road (III) was a relatively more productive station for fishes than Dona Bay (V). One reason for this was that its fish fauna
contained species that were less marine-orientated than those of Dona Bay and
were, therefore, not as susceptible to sudden salinity shifts. Also, it appears
that excessive sediments from CPS, other runoff and resuspended solids are
channelized through and out of Shakett Creek into Dona Bay (see Sections V-A and
V-B on water chemistry and suspended solids, respectively).
The mean annual diversities for station III and comparable South Creek station VIII are similar (Table VI-C-6). During collections, both stations were noted
to harbor an interesting variety of fishes (App. VI-C-A and B).
Both Dona Bay (V) and South Creek (II) exhibited a low mean annual diversity
(0.986 and 0.701, respectively), indicative of heavy stress on an annual basis
(Table VI-C-6). Station II appeared severely affected by the red tide in May of
1974 (only a single specimen was collected) and in December by adverse water conditions in South Creek. It was, however, in much better condition than Dona Bay
in July. This is shown sharply in Fig. VI-C-2 by the salinity-diversity correlation and in Table VI-C-6 in the species diversity indices for the July collection
(1.263 for South Creek II and 0.587 for Dona Bay V). With all variables taken into
consideration, it must be concluded that Dona Bay is severely stressed during the
summer season, when excessive CPS runoff dominates estuarine water conditions.
Station IV (Robert's Bay at U. S. 41) and the ICWW at the mouth of South Creek
(I) were the least productive stations in their respective systems. This was not
unexpected for the ICWW, as it is not an enriched habitat for fishes, due, in part,
to the original dredging and continual bottom disturbances by boat traffic.
Station X (junction of Dona and Robert's Bays) and IX (Robert's Bay) have no
comparable South Creek sites. They were sampled in order to afford a better understanding of the DARB estuarine system. Station X is influenced to a greater extent by waters from Dona Bay. Station IX is the most marine-orientated of the estuarine collection sites (in terms of fish fauna) and was generally the most productive station for fishes. The dramatic decrease in diversity at stations X and
IX in July is quite significant, and reflects extreme stress conditions (Table VIC-6).
Buck Creek, as judged from observations and the two sampling efforts undertaken there, is a healthier system than either South Creek or DARB. The lack of
data from all seasons, however, makes informed comparisons between the systems difficult. When first investigated in March of 1974, Buck Creek was a highly saline
system with prolific invertebrate and fish populations. Diversity indices from
Buck Creek collections were higher than those from DARB or South Creek stations,
with the exception of Robert's Bay in December (Table VI-C-6). Diversity based on
fish numbers (Dno) and diversity in biomass (Dwt, Table VI-C-7) were approximately
equal for Buck Creek, indicating that it is a well-balanced system.
Life History and Diversity. Life history data for fish species collected during
this study are reflected in the seasonal occurrence and the size distribution relationships shown in App. VI-C-A. The majority of the fishes collected (other than
brackish-water killifishes and live-bearing species such as Gambusia) were juveniles.
Data are also presented on the occurrence (or, non-occurrence) of species at stations in App. VI-C-B. The dominant fish species at stations are given for each seasonal collection in Tables VI-C-3 and 4. The dominance in July of a single mojarra
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species (Eucinostomous argenteus) at estuarine stations is marked.
continued to be dominant in Dona Bay (V), Dona-Robert's Bays junction (X and
Robert's Bay (IX) in December, and in South Creek (II) for three consecutive seasons (July, December, March). Continued dominance for consecutive seasons by one
fish species is often indicative of stress.
Species diversity evaluations must consider the life histories of the biota
with which they deal. This is particularly true in estuaries. Estuarine fish
fauna is generally composed of three types of species: a few brackish-water species such as the killifishes which complete their life cycle within the estuary,
a very few freshwater species with high salinity limits, and marine species that
tolerate unstable estuarine conditions, at least for a part of their life cycle,
but have low-salinity limits (Gunter, 1942; Gunter and Hall, 1965). The latter
group dominates estuarine fauna, with the adults characteristically migrating offshore into high salinity waters to spawn, after which the young return to the estuary to mature (Pearse, 1936, 1950; Gunter, 1938, 1945; Gunter and Shell, 1958;
Breder and Rosen, 1966). On Florida's west coast, this group includes the mullets,
tarpons, snooks, some grouper and snapper species, and some sciaenids such as the
sea trout.
Summer is generally the most productive season in west central Florida waters.
Fish fauna are expected to decrease in numbers and species in winter due to decreases in temperature, flora and life cycle influences (Kilby, 1955; Springer,
1960; Springer and Woodburn, 1960). Thus, the low species diversity indices (Dno)
at DARB estuarine stations in July, which were all half or less of the December
indices, appear especially significant (Table VI-C-6 and Fig. VI-C-2).
Estuarine waters are affected by the life cycle patterns of their fish fauna,
and the averaging of diversity indices eliminates seasonal variation due to this
life history phenomena (Bechtel and Copeland, 1970). Thus, mean annual diversity
indices
were calculated for each station, exclusive of Buck Creek (Table
VI-C-6). Inferencesfrom these means are that Dona Bay (V), Dona-Robert's Bays
junction (X) and Robert's Bay at U.S. 41 (IV) are heavily stressed on an annual
basis. Shakett Creek above Laurel Road (III) and Robert's Bay (IX) are considered
to be moderately stressed annually.
Species diversity indices were also calculated for fish biomass (Dwt) because
diversity is related to energy distribution among species. Large fishes use greater
energy to maintain their larger biomass, so have less energy remaining to combat
stresses. Thus, stress tends to limit size as well as numbers of species (Wohlschlag
and Cameron, 1967; Wilhm, 1968). Diversity based on fish weights, however, can be
biased by several variables, one of which is the inclusion of one or two large species in a collection where the majority of the fishes are small. This factor was
the cause of the low Dwt index at CPS station XII in July and December, where the
presence of several large fishes negated the numbers of individuals and species in
the sample (Table VI-C-7). It was also the cause of low Dwt at South Creek stations
VIII and I in December. The Dwt index does show some interesting relationships,
but because of the possible bias in its interpretation it will not be generally used
in the evaluation of DARB.
Salinity. It is felt that the extremely rapid rate of salinity decrease during
and following heavy summer rains constitutes a major perturbation in DARB. This is
strikingly evident in the correlation of salinity and species diversity for DARB
estuarine stations (Fig. VI-C-2). When salinities were higher, diversities were
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correspondingly higher. Diversity was much lower in Dona and Robert's Bays in
July
= 0.307) than in May, even though a red tide was prevalent in May
(Table VI-C-6).
The mortality rate of organisms at low salinities is influenced by water
temperature, the length of time salinities remain low, and the rate of salinity
change (Gunter, 1961). Of these factors, rate is considered the most critical
(Love, 1970). The channelization of CPS and Shakett Creek, and the method of
timed water release, have greatly increased the rate of salinity shifts in downstream areas (Section III). Ross (1973) calculated that CPS channelization approximately doubled the rate of peak storm runoff to Dona Bay compared with the
original rate. Previous correspondence of a fishery biologist to his Field Supervisor (Cating, 1960) noted that essentially freshwater conditions existed in Dona
Bay during the rainy season (prior to the CPS improvement project). Data from
that time are missing on the rate of salinity change, but it is known that winding,
natural-bordered systems release fresh waters at a slower rate than channelized
systems, and, tend to retain more sediment and debris carried by the waters (Odum,
E., 1960; Thomas, 1970; Odum, W. and Heald, 1972).
Briefly, marine bony fishes maintain their normal osmotic balance by drinking
seawater and excreting excess salts through the gills and, lesser amounts, through
the kidneys. Fishes encountering dramatic salinity changes must be able to overcome increased difficulty in respiration, to prevent the loss of essential body
salts, and to prevent undue osmotic swelling of cellular tissue (Odum, H., 1953).
Salinity shifts do not generally kill adult fishes outright unless there is
no time for migration. There are greater effects on young fishes, however, which
are not as motile and whose osmoregulatory accommodation is less well-developed.
Gunter et al., (1974) stated that the greatest limiting effects of salinity and
other environmental factors are upon the reproductive stages of organisms and the
young. Estuarine populations are primarily composed of young fishes. Even if young
fishes are not immediately killed, the destruction of their food supply such as algae and invertebrates can have the same end result (see Sections VI-A on benthic
invertebrates and VI-B on plants).
Sediments. Great increases in water turbidity were noted in Shakett Creek
(III) and Dona Bay (V) during the July collection. Large quantities of foul-smelling
black muck and decaying Elodea/Hydrilla masses, many with root systems, were taken
in trawls at those stations. Muck deposits in Shakett Creek were sufficient to hamper collecting efforts, as the quantity picked up served to "anchor" the boat. Dona
Bay had a marked change in bottom composition: from clean sand and healthy marine
algae in May to a thick layer of muck and decaying water weeds in July (Table VI-C1). The Dona Bay bottom was again investigated by Bird in September of 1974, in connection with the suspended solids efforts, and a layer of muck was found to be still
present.
Sediments, flushed from CPS and Shakett Creek, are felt to be a major stress
on fish populations in Dona Bay. Sedimentation affects fish indirectly by covering
and smothering benthic prey organisms and directly, if extreme, by clogging their
gills. Sediments may also affect fishes by adversely altering the physical and chemical parameters of the waters in which they live.
Conclusions
The following conclusions are based on the number of individuals, number of
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species, and the species diversity of fishes collected in the DARB estuarine system. Also considered were: life history data of the species represented, the
physical and chemical parameters of the waters, and the site conditions observed
during and between collection periods. The fish populations of DARB estuarine
waters are moderately-to-heavily stressed on an annual basis, and severely stressed
during the period of heavy summer rains and peak freshwater influx from CPS. The
greatest adverse effects are on Dona Bay. Its fishes are limited in numbers and
species diversity, and, as shown by the mean annual diversity index for Dona Bay,
are under heavy stress on an annual basis.
The extremely rapid rate of salinity decrease from freshwater runoff from the
channelized CPS and Shakett Creek is a major perturbation on Dona Bay and, to a
lesser extent, on Robert's Bay. Such sudden dramatic salinity shifts affect fish
populations directly by driving off or killing young fishes and indirectly through
destruction of other trophic levels on which they depend for food.
Sediments flushed from CPS and Shakett Creek constitute another severe stress
on Dona Bay. Heavy sedimentation covers and smothers benthic prey organisms, destroys fish habitats, and may adversely alter the physical and chemical parameters
of the water. Flooding CPS waters also uproot and transport large quantities of
freshwater aquatic weeds (Elodea/Hydrilla), which are deposited in Dona Bay. The
decaying weed mass further contributes to the covering layer on the bottom of the
bay and appears to provide an unhealthy environment for fishes.
These stresses may have extensive impact upon the entire ecosystem, particularly as they occur in the summer season when estuarine populations contain sensitive juvenile fishes, which require estuarine residence during this period. Decimation of young fishes limits the supply of future breeding adults, and thus may
change the faunal composition of an area.
The fish fauna of CPS and upper South Creek appear prolific and comparable to
recorded Florida freshwater fauna. South Creek estuarine waters are ranked as
moderately-to-heavily stressed, although some modification of this estimate may
have been possible had more efficient collection methods been feasible.
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VII. PHOTOGRAPHY AND COMPUTER WORK
VII-A. AERIAL INFRA-RED PHOTOGRAPHY
Introduction
The value of aerial infra-red photography and other remote sensing of our
environment has long been recognized (Amer. Soc. Photogrammetry et al., 1971;
Gallagher, Reimold and Thompson, 1972; Thompson et al., 1973). More recently,
the value of aerial infra-red with specific regard to wetlands has been recognized and discussed (Amer. Soc. Photogrammetry, 1971; Gallagher et al., 1972;
Reimold, Gallagher and Thompson, 1973; Reimold and Linthurst, 1974).
Methods
With the above background as a recognition of aerial photography, infrared (I.R.) aerial photos were taken at approximately one month intervals from
2000 feet over the 12 stations set up for the Cow Pen Slough (CPS) study (see
Fig. V-A-1). I.R. photos were also taken at the same intervals from 5000 feet
over the Dona Bay and Shakett Creek areas. To maintain proper sun angle, the
photography was done between 9:30 and 11:00 AM. Film used was 35 mm Kodak Infrared Ektachrome. All film used was from the same emulsion number and kept frozen until 12 hours before the flight. Processing was done routinely by Kodak.
A Pentax camera with a 50 mm Takumar F 1.4 lens was used. A #12 minus blue
filter and an 85B filter were used over the lens. Using the Pentax throughthe-lens metering system, experimentation indicated that ASA 130 was, in general, the most effective. The resulting exposures varied from F 3.5 at 1/250
sec. to F 6.3 at 1/250 sec., depending on ambient conditions. Pictures were
taken perpendicular to the earth's surface through a hole in the floor of a
Cessna 172.
Results
The aerial I.R. slides were made available to the individual team research
ers and they have commented on these in their respective sections. Since there
was some skepticism expressed by certain individuals not associated with the
research as to the amount of information available from I.R. slides taken at
2000 feet, some typical aerial I.R. photos follow on the next page. As can be
seen, several very interesting events have been documented by this technique
(see Table VII-1 for interpretation of Fig. VII-1).
Discussion and Conclusions
The aerial I.R. proved to be an invaluable asset to the multidisciplinary
approach to this study. Since specific discussions relating I.R. photos to
other facets of this research are covered in the respective sections, it will
not be duplicated here.
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PLATE-4

PLATE-1

PLATE-5

PLATE-2

PLATE-6

PLATE-3

FIG. VII-A-l.

Typical aerial infra-red photos used for back-up interpretation.
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TABLE VII-A-1. Some typical highlights of infra-red photos depicted by Fig. VII-A-1

Plate

Location*

Date

Comments

1

Sta. 10

31 May 1974

Canal from mucklands is weedchoked while dead-end, west
fork is clear; low water
level.

2

Sta. 10

8 July 1974

Weeds flushed out; higher
water level.

3

Sta. 10

16 August 1974

Weeds just starting to build
up in stagnant areas; water
level way down.

4

Sta. 10

25 Sept. 1974

Weeds back to pre-rain conditions (Plate 1); extensive weeds still in dead-end
west fork.

5

C.S. 1

8 July 1974

Water high and flowing over
control structure.

6

C.S. 1

16 August 1974

Water still high; flow
ceased.

* See Fig. V-A-1 for exact location map.
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VII-B. HISTORIC PHOTOGRAPHY
Introduction and Methods
In many studies similar to this, the value of historic records are too
often overlooked. One of the initial high priority items for this research was
to acquire as complete a record of land use changes in the CPS-DARB (Dona and
Robert's Bays) area as possible. Thanks primarily to the helpfulness of the
County, the Soil Conservation Service, and local residents, fairly complete
historic aerials were acquired for 1948, 1957, 1960 and 1972.
Results and Conclusions
A comparison of the changes in land use which were documented by the historic
photographs provided great insight into the problem at hand. In 1948, the CPSDARB area was almost pristine, with the meandering Salt and Fox Creeks supplying
varying quantities of fresh water and silt to the estuarine Dona Bay over an
attenuated period (Fig. VII-B-1). During the period approximating 1955 to 1960,
major changes in land use occurred in the stretch of Shakett Creek between
Laurel Road and Rt. 41. Mangroves and other filtering, biologically active
fringe plants were replaced by inert seawalls and other man-made structures.
Dead-end canals and homesites replaced marshes while shallow estuarine areas were
dredged to accommodate the boats of the new homeowners. The other significant
event which is historically documented for this area is that, instead of dumping
the dredge spoil on the uplands, it was dumped in the shallow areas around still
existing mangrove islands. The effect of this was to prevent the few remaining
mangroves from filtering the increased runoff from CPS, when it was constructed,
and stabilizing the bottom sediments by isolating them with a ring of dredge fill.
Of note concerning lower Dona Bay and, generally, the whole DARB region west
of Rt. 41 is that even before 1948, some of the natural, vegetation-lined shore
had also been replaced by inert seawalls and other man-made structures and by
1960, almost all of it had made the transition.
These and other changes have been depicted in red on Fig. VII-B-2, the base
map of which is dated 1972. "Seawalls", as shown, represent primarily concrete
vertical walls, dumped rocks and other man-made structures. Although difficult
to show from an art standpoint, some degree of dredging and landfill has occurred
along most of the seawalls shown. Since an effort was made to reflect a conservative estimate of shoreline change, small-scale fills and some channel dredgings
and landfill areas that could not be easily confirmed have been omitted. It should
also be noted that landfill areas bordering on water without seawalls are mostly
unnatural cliffs with little filtering vegetation growing on them.
Fig. VII-B-2 gives some indication of the rapid suburbanization which took
place in that area. U. S. Government census data indicate that the population
of the Nokomis-Laurel area increased from 2,253 to 3,238 between 1960 and 1970;
an increase of almost 30 percent. This is probably an underestimate of the
impact of suburbanization on Dona Bay per se since, as depicted by the aerials,
most of the residential units along its shoreline appeared around and after 1960.
This change was not geographically restricted as the whole Venice-Nokomis area
experienced an unprecedented growth rate. Venice's population approximately
doubled between 1960 and 1970 (3,444 and 6,648 respectively).
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Therefore, before CPS was connected to Shakett Creek in 1967, the stage for
the subsequent ecological trauma had already begun to be set.
At a time which almost exactly coincided with the connection of CPS to
upper Shakett Creek, the Intracoastal Waterway was also dredged through the
Venice area. It was completed in late 1966 and dedicated 1 January 1967
(Pers. comm., Col. Furbee, W.C.I.N.D.).
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VII-C. COMPUTER WORK
Introduction
Because of the myriad of water quality data (see Section V-A), it became
necessary to enlist the aid of the computer to help store, retrieve and analyze
those data.
Methods
Mr. Dana Rowan coordinated the computer work. Initially, raw data from
the water quality monitoring program was transferred to IBM cards for use in
the Sarasota County Vocational Technical Center’s IBM 1401 computer. Using the
AUTOCODER language, a program was prepared by Mrs. Mildred Blake, Data Processing Instructor, which would provide a read-out listing of data and calculation
of averages.
As time passed and data accumulation increased, a more complicated program
was sought which could handle more diverse statistical treatments. Utilizing
the New College, Natural Science Department's EMR DEC PDP-11/45, the data were
transposed by Mr. Rory Sutton from IBM cards to paper tape. A DEC PDP-11/20
computer and PDP-11 FORTRAN-IV language were used to provide a variety of programs including mean, standard deviation, correlation coefficient, mode, etc.

VIII. PESTICIDES
Introduction
Concern over the quality of our estuaries and the effects of pesticides
and other aquatic pollutants has been shown at many levels (U.S.G.P.O., 1970a,
b, c, 1971; Pimentel, 1971), and been the subject of several conferences. As
a result of these and other studies it is clear that organochlorines such as
DDT and its derivatives, and polychlorinated biphenyls (PCB's) and many other
environmental contaminants are now globally distributed (Dustman and Stickel,
1966; Risebrough, et al., 1968b; Peakall and Lincer, 1970; Woodwell, et al.,
1971).
The U. S. production of the major chlorinated hydrocarbons has been established (Table VIII-1) and it is undeniable that the oceans are the recipients
and ultimate accumulation sites for these persistent organochlorines (Goldberg,
et al., 1971; Risebrough, et al., 1972). It has been estimated that up to 25
percent of the DDT produced to date has been transferred to the sea (S.C.E.P.,
1970). Risebrough, et al. (1968a) indicate that 107 gm DDT per year is being
transported by the Mississippi River to the Gulf of Mexico. Although evidence
for PCB leakage into a Florida estuary is present (Duke, et al., 1970), there
are no estimates of long-term transfer rates available for the U. S. However,
Holden (1970) estimated that 9.08 x 105 gm (one ton) per year is dumped into
the ocean from Glasgow sewage treatment plants.
Literature indicates that as a result of 'salting out', the detritus, which
is the base of the estuarine food web (Heald, 1971; Odum, 1971), may contain up
to 50 ppm total DDT (Odum, et al., 1969) and Woodwell, et al. (1967) estimated
the accumulation in a similar habitat at 14.7 kilograms per hectare.
Superimposed upon this accumulation is an unprecedented degree of biological magnification as persistent organochlorines are passed up the food chain.
Woodwell, et al. (1967) found more than three orders of magnitude more DDT plus
metabolites in avian tissue than in plankton. The presence and effects of these
pollutants on estuarine organisms has been a major subject of a number of conferences (Tarzwell, 1965; Eisenbud and Steven, 1966; Lauff, 1967). Preliminary
residue work carried out by the Project Coordinator in cooperation with colleagues at Cornell University indicates that a wide range of DDE (the major
breakdown product of DDT) and PCB's (as Aroclor 1254) can be expected in the
eggs of estuarine birds inhabiting the west coast of Florida (Table VIII-2).
DDE in eggs ranged from a low 2.46 ppm (OD) in the brown pelican to a high of
20.9 ppm in the snowy egret. PCB's spanned a wider range: 1.30 ppm in the egg
of a brown pelican to 161 in that of a snowy egret.
Methods
Oysters were periodically collected by hand from the mouths of major
streams throughout the study. At least twelve oysters were collected and pooled
for each sample. Fishes that were analyzed were collected during the regular
biological surveys using techniques described in Section VI-C. The exact dates
and locations of collections are noted with the residue data presentation below.
The analytical procedure used for residue analysis was a modification by
W.A.R.F. (Wisconsin Alumni Research Foundation - personal communication, D. L.
Hughes) of an earlier one (U.S.D.H.E.W., 1970) and has been described in detail
VIII-1

VIII-2

TABLE VIII-2.

Organochlorine residue levels in egg contents of selected Florida
fish-eating birds collected in 1972. Taken from Lincer and
Zalkind (1973).

Species

DDE,
ppm based on:
EF-†
N* OD**
20.9

51.0

PCB,
ppm based on:
OD
EF

Snowy Egret
(Egretta thula)

1

Black Skimmer
(Rynchops nigra)

2

4.50

Least Tern
(Sterna albifrons)

2

3.17

8.65

1
Brown Pelican
(Pelecanus occidentalis)

2.46

9.31

Laughing Gull
(Larus atricilla)

3

11.70

31.70

17.2

White Ibis
(Eudocimus albus)

1

8.74

31.37

Great Egret
(Casmerodius albus)

1

10.36

30.63

Great Blue Heron
(Ardea herodias)

1

20.0

12.1

120.

161

0.9

2.2

0.15

0.30

0.07

0.23

0.10

0.40

47.7

0.61

1.59

9.8

35.1

0.09

0.31

7.5

22.1

0.06

0.18

2.10
11.6
1.30

29.1

392

Dieldrin,
ppm based on:
OD
EF

5.75
31.9
5.00

174

2.18

13.1

* N refers to number of nests sampled. One egg per nest was analyzed with

the exception of the Least Tern where two from one nest and one from the
other were sampled.

** OD refers to oven dry weight of sample.
† EF refers to extractable fat weight of sample.
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elsewhere (Lincer, et al., 1970; Lincer, in press). The tarred beaker containing the sample was oven dried for 48 hours at 40-45 C. The beaker and contents
were cooled to room temperature in a desiccator and then reweighed to obtain
tissue oven dry (OD) weight. The dried sample was ground with coarse anhydrous
sodium sulfate (Na2S04) to aid homogenization and remove any remaining water.
It was then placed into a Soxhlet extraction apparatus and extracted for eight
hours with a 1:3 mixture of ethyl ether and petroleum ether. The extract was
concentrated to 50 ml and a 5 ml (10 percent) portion placed in a tarred beaker,
evaporated to dryness at 40-45 C for 2 hours, weighed again, and total fat calculated. The clean-up procedure followed that outlined in the "Pesticide Analytical
Manual" (U.S.D.H.E.W., 1970) which employs a florisil column to remove interfering substances and some fats. This procedure also served to separate PCB's and
DDT-type compounds from dieldrin by elution into two fractions. The fractions
were thenconcentrated to 5 ml and transferred to vials for injection. A Varian
Aerograph Model 2100 chromatograph, equipped with two Ni63 electron capture detectors was used for pesticide quantification. The following gas chromatographic columns and operating conditions were used: (A) 1.5 percent OD-17 plus 2.95
percent QF-1 Chrom. W 80/100, 4 mm (i.d.) x 2 meters; (B) 4 percent SE-30 plus
6 percent OV-210, Chrom. W 80/100, 4 mm (i.d.) x 2 meters. Injector, column,
and detector temperatures were 225, 200, and 290 C, respectively. The two columns, filled with liquid phases of different polarities, were used simultaneously. Quantification was based on peak height as desired compounds eluted early
with symmetrical peaks. The residue micrograms in the sample were calculated
for both columns and the lower of the two figures was routinely chosen as the
basis for expressing parts per million (ppm). Agreement was usually within fifteen percent. Recoveries of common organochlorines (e.g., p,p'-DDE, -TDE and
-DDT) exceeded 88 percent. W.A.R.F.'s recovery values for Aroclor 1254 using
this technique ranged between 85 and 90 percent (personal communication, D. L.
Hughes). No corrections were made for recovery.
Results
The residue data reported below (Table VIII-3) are from biological samples
collected specifically for the county project. They are, however, only part of
an ever increasing data bank being accumulated at the Mote Marine Laboratory.
Oyster residue levels ranged from a low of no detectable total DDT in two Samples collected in May and August from Robert's Bay and Dona Bay, respectively,
to a high of 0.56 ppm in a sample collected in June from Phillippi Creek.
Both freshwater and estuarine fishes were surprisingly lower in pesticide
residue levels than the Oysters. The lowest amount of total DDT (0.008 ppm) was
found in a largemouth bass collected from the Oscar Scherer State Park swimming
lake. The highest amount (0.038 ppm) was found in a spotfin mojarra collected
in the South Creek estuary.
Discussion
Although the eggs from fish-eating birds reported in Table VIII-2 were not
collected for this study, their pesticide residues are worthy of comment. The
low residue level found in the pelican egg is slightly lower than, but comparable to, that reported by Schreiber and Risebrough (1972) for the same species
and general location collected in 1970. These organochlorine levels found in
pelican eggs are low when compared with those found in California, Louisiana,
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TABLE VIII-3. Pesticide residue levels in fishes and oysters collected in conjunction with Cow Pen Slough Project.

Sample

Collection
Location
Date

Oysters**

Buck Cr.

Oysters

Residue*

Total
DDT

DDE

DDD

DDT

5-2-74

0.004

NDi

0.056

0.060

Dona Bay

5-2-74

0.011

ND

0.045

0.056

Oysters

Robert's Bay

5-2-74

ND

ND

ND

Oysters

South Cr.

5-2-74

0.002

ND

0.015

0.017

6-12-74

0.024

0.267

0.269

0.560
0.304

Oysters

Phillippi Cr.

ND

Oysters

Dona Bay

6-12-74

0.021

ND

0.283

Oysters

Dona Bay

8-27-75

ND

ND

ND

Silver jenny***

Buck Cr.

4-10-75

0.005

0.006

0.006

ND

ii

0.017

O.S. Park Lk.

3-25-75

0.008

ND

Tr

0.008

Shakett Cr.

3-26-75

Tr

Tr

0.015

0.015

South Cr.

3-26-75

0.015

0.009

0.014

0.038

Spotfin mojarra

Shakett Cr.

3-26-75

0.006

0.004

0.009

0.019

Largemouth bass

CPS; DD Ranch

3-25-75

0.012

0.005

0.016

0.033

Largemouth basst
Silver jenny
Spotfin
mojarratt

* parts per million on an oven-dry weight basis
** Crassostrea virginica
*** Eucinostomus gula
t Micropterus salmoides
tt Eucinostomus argenteus
i None detectable
ii Trace

Texas and the Carolinas. This is commensurate with the fact that the west coast
of Florida boasts one of the few reproductively successful brown pelican populations in the United States. A 9 percent reduction in mean eggshell thickness in
the Florida pelicans reported by Schreiber and Risebrough (1972) has evidently
not yet significantly affected reproductive success but gives reason for concern
for other estuarine fish-eating birds since our preliminary work indicates that
their eggs contain similar DDE levels and similar or higher PCB levels. To our
knowledge, there are no additional residue data available on these fish-eating
birds from this area and very little information regarding the comparative sensitivity of those species to DDE in terms of eggshell thinning (Keith and Gruchy,
1972).
There has been extensive investigation by the E.P.A. scientists at the Gulf
Breeze laboratory on pollution in Escambia Bay. That estuary is approximately
450 miles from our study area and is the drainage system for an entirely different watershed. Except for the above bird eggs, the only residue data reported
for this coastal area of Florida concern bald eagle eggs and oysters.
Bald eagle eggs collected in Lee County in 1969 contained an average of
18.4 ppm DDE, 1.11 ppm dieldrin, 12.2 ppm PCB and 0.5 ppm mercury (Wiemeyer,
et al., 1972). The shells of these eggs showed a 19 and 17 percent decrease in
weight and thickness index, respectively, when compared with pre-1946 norms.
Sprunt and Ligas (1966) reported that less than half (45 percent) of active nests
raised young. Active bald eagle and osprey nests are presently under observation
on the west coast of Florida and according to Dr. Oliver Hewitt, our resident ornithologist, only 50 percent of the nests produce young.
The oyster residues were reported as part of a nationwide coastal monitoring
program (Butler, 1966; Quick and Mackin, 1971) and were 0.01 ppm DDE for the
Charlotte Harbor area and 0.02 ppm DDE for the Sarasota Bay area. The results of
the few oysters analyzed as part of this study (Table VIII-3) indicate that these
residues are approximately the same but so few samples have the potential of being
misleading.
Preliminary work here at Mote on an oyster monitoring program includes collecting oysters from 22 estuarine locations encompassing an area from northern
Tampa Bay to the Peace River where it empties into Charlotte Harbor. These samples are in various stages of the analytical procedure leading to pesticide de-termination.
Concerning the fish, some possible trends were noted. For instance, the
largemouth bass collected in CPS contained four times as much total DDT as did
a similar bass collected from the spring-fed Oscar Scherer State Park pond. Although the sample size is quite small, it is of interest, that the spotfin mojarra
(Eucinostomous argenteus), which prefers protected bays and creeks, contained
generally higher residues than its more open-water counterpart, the silver jenny
(E. gula). Also, the spotfin mojarra collected at South Creek contained twice
the residue found in the same species collected in Shakett Creek. Again, the
paucity of samples does not justify a more lengthy discussion but these data will
be added to and considered in future pesticide research.
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IX. EXECUTIVE SUMMARY
Introduction
The Sarasota West Coast Watershed is located in the upper southwest region of Florida and experiences typical Gulf coast subtropical weather patterns. Annual rainfall averages approximately 53 inches and 60 percent of
this can be expected from June through September.
In response to local inland flooding of crop and agricultural areas, the
"Work Plan for Sarasota West Coast Watershed" was published in 1961. The two
primary objectives were: (1) to reduce flood damage frequency in the vegetable producing areas, and; (2) to provide adequate drainage and flood protection to permit the production of improved pastures in lower lying areas.
The Plan called for modification of an existing approximately 70 square
mile Cow Pen Slough drainage basin. This included replacement of natural,
meandering stream systems with a straight, box-cut channel and rechannelizing
drainage ditches in the lower reaches of the slough. Construction began in
1962 and by 1967, 40 percent of the project had been completed. Subsequent
to this, undesirable changes in the quality of Dona Bay (the receiving estuary) were noted by local residents. They approached the county and requested
that the situation be carefully studied before the remaining 60 percent of the
slough be channelized.
This study was done at the request of the Sarasota County Board of Commissioners and addresses the present ecological status of Dona and Robert's
Bays (DARB) and its relationship to Cow Pen Slough and other possible perturbations.
Hydrography of DARB
By monitoring water quality characteristics such as temperature, dissolved
oxygen (DO), conductivity, pH and oxidation - reduction potential (ORP) over
a six-month period, hydrographic DARB region tidal models were produced for
both the "rainy" and "dry" seasons.
July marked the beginning of the "rainy" season, while the most rain (11.
53 inches) fell on the watershed in August. Variations in daily rainfall
changed the rate of influx of fresh water into the DARB system. Salinity profiles in the bays changed in response to these rate changes. In normal estuarine systems, the salinity change shows a time lag and the actual change in
the salinity is less than that expected by the calculated freshwater input.
This phenomenon is referred to as a "buffering effect". However, replacement
of the original meandering streams by the 14-mile slough channel has bypassed
this important regulatory process and, during heavy rain periods, the buffering effect completely disappears.
Consequently, the rainy season DARB hydrographic profile differs considerably from that of the dry season. During the former, the Cow Pen Slough (CPS)Shakett Creek basin outfall totally dominates the DARB salinity profile. As a
result, the rainy season currents, especially in Dona Bay, are non-tidal. This
is demonstrated by either a nonexistent rainy season flood tide current at
Venice Inlet or an outward flow (reverse of normal) through the Inlet during
this tidal phase.
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Rainy season activity also generates low dissolved oxygen levels and significantly lower pH levels. The low DO may result from turbid water reducing
the euphotic zone plus the heavy turbulence. Lower pH levels, of course, come
directly from the freshwater outflow.
Chemical and physical conditions during peak outflow periods are more extreme in Dona Bay than in Robert's Bay. For example, the salinity ratios between Dona Bay and Robert's Bay are roughly 1:3. Two factors are responsible
for this disproportionate relationship. First, the CPS - Shakett Creek Basin
and channel are larger than those of Curry Creek. Therefore, during heavy rainfall periods, the former is able to handle larger volumes of floodwater and,
consequently, discharge more. Secondly, the Intracoastal Waterway (ICWW) leading into the southeast corner of Robert's Bay supplies saline water during the
ebb tide phase. Tidal friction within Robert's Bay is reduced, because Curry
Creek outflow mixes in Robert's Bay and then exits out Venice Inlet. Dona Bay
has no similar alternate saline input and totally relies on a hydrostatic balance between Gulf water, freshwater outflow, and minor input from Robert's Bay
for its mixing.
The Dona Bay:Robert's Bay salinity ratio decreases as rainfall accumulation decreases. During the dry season, that ratio changed from 1:3 to 1:1.
Apparently, as control structures are closed, CPS's diminished input of stormwater runoff accounts for the vast majority of this decreased proportion. Without the tremendous freshwater outfall, in response to the rains, tidal currents
are very strong and introduce large volumes of saline Gulf water into the DARB
system.
There is, of course, still a horizontal salinity gradient increasing from
the creek mouths to the Gulf. However, during exceedingly dry periods, the
horizontal gradient does not exist within the DARB region, but rather within
the creeks themselves. During this period, average salinity levels for the
DARB region are close to 33.0 o/oo, while DO levels range from 5.0 to 11.0.
The pH generally maintains levels above 7.7 and ranges up to 8.5.
Sedimentology
Since timing allowed only a post-rainy season sediment collection, an in
depth analysis was not justified. However, after maximum runoff had occurred,
fine-grained sands, organic matter and clay accumulated in Dona Bay.
The pattern of deposition was similar in the Curry Creek - Robert's Bay
system but significantly different for Lyon's Bay, which does not have a major
freshwater input.
South Creek displayed a different situation, which reflected a more attenuated runoff and low energy resulting in along-term history of organic
deposition.
Overall (i.e., 16 stations), the percent organic matter in cores ranged
from 1.1 to 18.0 with an average of 4.6. The dead-end, west fork of CPS is
currently an accumulation basin for organic matter, which is not being flushed.
Manganese in the water column ranged from less than 0.01 to 0.13 ppm;
zinc ranged from 0.02 to 0.21; chromium from less than 0.02 to 0.09 ppm, and;
copper from 0.005 to 0.055 ppm. Trace metals increased 4 to 5-fold from freshwater to tidal stations.
IX-2

Water Chemistry
Freshwater input, primarily from CPS, exerts a dominating influence on the
salinity of Dona Bay.
Within CPS, nutrient levels were fairly constant, but generally peaked at
station 12 (Route 72). Conversely, low nutrient levels were commonly associated
with areas of rapid weed growth indicating the nutrient uptake function of these
exotic plants. Yearly averages for the three regularly-sampled stations in the
slough were as follows: NH3 (ammonia) - 0.23 to 0.29; total nitrogen - 0.57 to
0.69; NO3 (nitrate) - 0.34 to 0.49; PO4 (phosphate) - 0.054 to 0.142 ppm. Ammonia and total nitrogen levels were similar in Shakett Creek - Dona Bay to those
in the slough, however, nitrate and phosphate levels were elevated (approximately
0.70 and 0.153 ppm, respectively).
With regard to nutrients, the CPS water contained, in general, lower nutrients than either that of South or Curry Creeks. However, the nutrient patterns
in all three were quite similar as all stations were generally characterized by
increased nutrient levels during the peak runoff period (i.e., rainy season).
Chemical oxygen demand (COD) levels reached alarming levels following the
first significant rainfall of the summer (late June). The levels encountered in
South Creek, Curry Creek, and Shakett Creek were 550-600 mg/l equivalent oxygen
despite the low salinities (approximately O-3 o/oo). These high levels probably
were in response to resuspension of bottom sediments.
Based on a yearly average, Main No. 1 contained nutrient levels that exceeded those of the CPS stations. The mean phosphate level for Main No. 1
(0.42 ppm) was three times that of station 12 (CPS at Route 72), which was the
highest of the slough stations. Nitrate values were also higher for Main No.
1 than the slough but only by 10 to 50 percent. The COD of Main No. 1 was 50
percent greater than that of the slough, while the DO was 25 percent lower.
Compared to other upstream stations, the nutrients of Main No. 1 water
were generally similar to those of South and Curry Creeks. Phosphate levels
were higher than those of Curry Creek and nitrate levels were lower than those
of both South and Curry Creek. The mean DO for Main No. 1 (6.0 ppm) was between that of South and Curry Creek while its COD was less than either.
Suspended Solids
The suspended solids (SS) concentrations in the upper reaches of CPS are
quickly influenced by moderate rainfall, as compared to a regulated SS response
observed on the lower reaches of the slough due to control structures. Longer
durations of heavy rainfall" cause increased channel flow, accompanied by dramatic increases in SS levels in CPS and in Shakett Creek - Dona Bay. Resuspension of bottom sediment accounts for the major percentage of the SS increase.
The SS levels recorded during the rainy season probably represent only a
small portion of the sediment transport that moves along the bottom in the form
of turbidity currents. However, a conservative estimate of the amount of SS that
enter Dona Bay during peak rainfall periods is 226 tons per day.
The effect of heavy rainfall periods on resultant SS levels is strikingly
greater in CPS - Shakett Creek than in South Creek. This is probably because
South Creek meanders, is lined with natural vegetation and more effectively
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flushes solids out of its system. On the other hand, it is easier for solids
to enter CPS and, of those that do, a significant portion settle within Shakett
Creek and upper Dona Bay.
Constrictions, such as bridges, oyster bars, and shallow bay regions, create
"stilling basins" in Shakett Creek and Dona Bay, which in turn provide ideal
settling conditions for SS. Resuspension of these sediments, deposited in Dona
Bay and Shakett Creek during the rainy season, accounts for very high SS levels
in that region during the dry season. Consequently, Dona Bay and Shakett Creek
remain very turbid for a major part of the year.
Following the rainy season, increased tidal influences in Dona Bay and
Shakett Creek reverse the Gulfward transport of sediment. However, relatively
low SS levels observed at Venice Inlet throughout the year indicate that the
major portion of SS flushed into Shakett Creek and Dona Bay from CPS does not
immediately flush into the Gulf.
Main NO. 1 has markedly higher SS levels than CPS throughout the year. If
it is connected to CPS it would contribute those higher levels to the CPS water
plus probably generate an increase in erosion and consequent SS levels along the
slough. This, of course, would be accompanied by an increase in sedimentation
in Shakett Creek and Dona Bay.
Chlorophyll and Plankton
South Creek had generally higher chlorophyll a levels than Shakett Creek,
with some reversals noted.
A rise in chlorophyll a levels in South Creek in late June followed a sharp
increase in phosphate and a decrease in salinity, while nitrate did not significantly change over this period.
Plankton counts for blue-green and green algae and diatoms were not consistently different for morning and afternoon sampling at tidal stations during May
through August 1974. Peaks in morning numbers of plankton occurred with varying
regularity at tidal stations and even less consistently at freshwater stations.
Station 2 (South Creek at Route 41) reflected the highest overall average
count of blue-green and green algae. Station 8 (Main No. 1 at Cattlemen Road)
showed the highest average blue-green algae and diatom count and second highest
green algae count for all the freshwater stations.
Bacteria
Generally, total coliform counts greater than 10,000/100 ml, fecal coliform:fecal streptococcus ratios greater than 4 and fecal coliform counts representing more than 30 percent of the total coliform counts are considered indicators of significant water pollution.
Station 8 (Main No. 1 at Cattlemen Road) exhibited the highest incidence
(20 percent) of total coliform counts being greater than 10,000/100 ml. This
was followed closely ( 15 percent) by station 2 (South Creek at Route 41) and
then by station 10 (CPS, above control structure 3), with a percent incidence
of 9.

Station 11 (CPS at Ewing bridge) exhibited a fecal coliform:fecal strep
ratio greater than 4 (which is indicative of human rather than livestock pollution) on 22 percent of the samplings while Main No. 1 at Cattlemen Road showed
a close 20 percent incidence. Curry Creek, lower CPS, Shakett Creek and South
Creek at Sorrento Shores were all comparable with percent incidences ranging
between 14 and 16. Of all the regularly sampled stations, only the South Creek
freshwater station 7, above Oscar Scherer State Park, was without incidence of
a fecal coliform:fecal strep ratio greater than 4.
Fecal coliform counts greater than 30 percent of the total coliform count
is indicative of "significant" pollution by warm-blooded animals. This occurred
at least once at all regularly sampled stations. The four most frequent incidences of this occurred in South Creek (range: 12.5 to 36 percent). The occurrence of fecal coliform counts being greater than 30 percent of the total were
similar for the CPS, Shakett Creek and Dona Bay (8 to 15 percent). However, the
most frequent occurrence was at station 5 (Dona Bay at Route 41), where maximum
suburbanization has taken place. Similar percentages were observed in similarly
inhabited areas on Curry Creek. Main No. 1 was intermediate in this parameter
with an incidence of 10 percent.
Benthic Invertebrates
High species diversity, total number of species and total number of organisms are usually associated with better environmental quality. In general, these
parameters were higher for South Creek and Buck Creek than Shakett Creek and nearby areas.
There were direct correlations between species diversity (and organism numbers) and salinity fluctuations. That is, as the salinity decreased, so did the
diversity and vice versa. The opening of the control gates in CPS resulted in
lowered salinities and high concentrations of suspended solids in the Shakett
Creek - Dona Bay system. The lowered salinities and higher suspended solids,
in turn, resulted in decreased species diversities (and decreased total and species numbers) in the Shakett Creek - Dona Bay system, with two stations (proximal to CPS) being totally decimated of organisms.
Freshwater runoff during the rainy season resulted in increased suspended
solids in all study areas and decreased diversities. This natural perturbation,
however, had a nominal effect in comparison to the opening of the CPS control
gates.
There were distinct differences between Dona Bay and Robert's Bay, based on
similarity indices and qualitative physico-chemical evaluations.
The
tuations
say that
salinity

Intracoastal Waterway appears to have a mitigating effect on the flucin salinities for stations located near its perimeter. This is not to
it per se makes the system any "healthier", but it provides an effective
buffer due to its contained volumes of sea water.

Three benthic invertebrates, Ampelisca sp., Spiochaetopterus sp., and Macoma
tenta are suggested as possible indicators of a disturbed or "unhealthy" substrate,
when they occur as the predominant species at any particular station.
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Plants with Emphasis on Marine Benthic Algae
The diversity of algae in the Dona Bay, Robert's Bay and South Creek estuaries was quite low. The total number of algal species identified at comparable
sites for each of the systems was 19, 16, and 18, respectively. At the confluence of Dona and Robert's Bays, where Gulf influence was greatest, 31 species
were noted.
The influence of freshwater runoff resulted in extremely low salinities and
high suspended solids. The dramatic drop in salinity, occurring at all sites is
considered to be the prime factor in low algal diversity. The algae were "pioneer"
type species indicating a marginal environment, with essentially freshwater forms
occurring in the summer. During the winter, in the lower portions of all three
systems, where salinities were highest, the greatest variety of algae developed.
The observed turbidity is considered to be, in part, caused by the lack of
bottom-stabilizing benthic seagrasses, which are absent due to the wide fluctuations in salinity. The replacement of mangroves and otherestuarine fringe plants
by seawalls and other man made structures around Dona and Robert's Bays has also
significantly increased turbidity.
Fishes
The fish fauna of CPS and upper South Creek appear prolific and consistent
with recorded Florida freshwater fauna.
The DARB estuarine system is severely stressed during and following the period of heavy summer rains and peak freshwater influx from CPS. The greatest adverse impact is on Dona Bay. Fishes in Dona Bay are limited in their numbers and
species diversity, and are considered to be under heavy stress on an annual basis.
Fish populations in Shakett Creek and Robert's Bay are moderately stressed annually.
The rapid rate of salinity decrease from freshwater runoff channelized through
CPS and Shakett Creek constitutes a major perturbation to Dona Bay and, to a lesser extent, Robert's Bay. Such sudden, dramatic salinity shifts affect fish populations directly by driving off or killing young fishes and indirectly through
destruction of prey species and habitat.
Sediments flushed from CPS and Shakett Creek constitute another severe stress
on Dona Bay. Heavy sedimentation covers and smothers benthic prey organisms and
also destroys fish habitats. In addition, sediments affect fishes by adversely
altering the physical and chemical parameters of the waters in which they live.
At the same time, large quantities of freshwater aquatic weeds (primarily, Elodea/
Hydrilla) are uprooted and transported by waters flooding from CPS and deposited
in Dona Bay. The decaying weed mass further contributes to the covering layer
on the bottom of Dona Bay and appears to worsen an already unhealthy environment
for fishes.
The above stresses may have extensive impact upon the entire ecosystem, particularly since they occur in the summer season when estuarine populations contain
juvenile fishes, which require estuarine residence during this period. Decimation
of young sports, commercial and prey fishes limits the supply of future breeding
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adults, and thus may change the faunal composition of an area. The comparative
estuary of South Creek is also ranked as moderately-to-heavily stressed, although
it is felt that this estimate would be altered had comparably efficient collection methods been possible.
Aerial Infra-red and Historic Photography
Aerial infra-red, as a tool; proved to be especially valuable in this study.
Monthly overflights, often coinciding exactly with water quality sampling on the
ground provided a heretofore unequalled documentation of ground events. Freshwater weed concentrations in upper CPS and adjacent ranchlands before and after
the initial rains were particularly noteworthy. Of similar interest, was the
photographic documentation of CPS water flowing over structures and the location of the freshwater - Gulf water interface in the DARB region.
Historic photographs were collected from varied sources and, when placed
in a temporal sequence, elucidated many of the reasons why Dona Bay has been
impacted so greatly by changes in adjacent land use. During a period just prior
to the construction of CPS, significant changes took place in the stretch of
Shakett Creek between Laurel Road and Route 41. Mangroves and other filtering,
biologically active fringe plants were replaced by inert seawalls and other manmade structures. Dead-end canals and homesites replaced marshes while shallow
estuarine areas were dredged to accommodate the boats of the new homeowners.
The other significant event which is historically documented for this area is
that, instead of dumping the dredge spoil on the uplands, it was dumped in the
shallow areas around still existing mangrove islands. The effect of this was
to prevent the few remaining mangroves from filtering the increased runoff and
stabilizing the bottom sediments by isolating them with a ring of dredge fill.
Of note concerning lower Dona Bay and generally the whole DARB region is
that since approximately 1960, almost 100 percent of the natural, vegetation
lined shore has also been replaced by inert seawalls and other man-made structures. At a time which almost exactly coincided with the connection of CPS to
upper Shakett Creek, the Intracoastal Waterway was dredged through the Venice
area.
Pesticides
DDT and two of its metabolites (DDE and TDE) were found in the oysters collected in the estuarine areas and the fishes collected in both freshwater and estuarine areas of the systems studied. Pesticide levelswere fairly low, ranging
from a low of 0.008 ppm DDT in a bass collected in Oscar Scherer State Park swimming lake to a high of 0.56 ppm total DDT in oysters collected at the mouth of
Phillippi Creek.

IX-7

X. CONCLUSIONS AND RECOMMENDATIONS
Knowing that this Section will be the only one read by many decision makers
with full schedules, every attempt has been made to present this overview in a
straightforward and concise manner. Some details have, undoubtedly, been lost
in an effort to provide a smooth flowing, logical picture of the existing situation and remedies. However, the omission of those details should in no way be
interpreted as their being any less important.
Cow Pen Slough (CPS) exerts the greatest single influence on the salinity
of Dona Bay during periods of heavy rainfall. This freshwater influx disrupts
the normal dynamics of the estuary and results in heavy loads of freshwater weeds
and sediments accumulating in, what is already, a very shallow estuary. The concentration of dissolved nutrients in CPS water is low probably because rapidly
growing exotic weeds (primarily Elodea and Hydrilla) are taking them up as quickly
as they become available. However, the massive transfer of fresh water, freshwater weeds and sediment occurs at a rate which exceeds the ability of the estuary to handle it. The suspended solids alone, which are carried in the upper
water layers past Laurel Road are conservatively estimated at 226 tons per day
during peak runoff periods. The impact of this runoff (and its contents) is magnified because the normal "buffering effect" of an estuary, fed by meandering
streams has been circumvented by an upstream box-cut channel fed by lateral channels, specifically designed to increase runoff rate.
The use of lands adjacent to the slough for cattle grazing poses some unique,
yet not insurmountable, problems. The sides of the slough are eroding badly,
partly due to the physical damage to the earth by cattle as they move down the
sides to drink. One rancher (D. Dort) has already fenced off part of the slough
from his cattle and the vegetation which has taken hold has given the slough sides
appreciable stability.
The effects of suburbanization on Dona Bay, Robert's Bay and especially lower
South Creek were reflected by the water quality monitoring program. Both the incidences of high bacterial counts and high nitrate and phosphate implicate poorly
located septic drain fields and runoff from lawns too frequently fertilized.
Something that should not be underestimated is the effect of replacing shoreline, filtering vegetation (mangroves, Spartina, Juncus, etc.) with inert seawalls
and other man-made structures. The removal of these plants has reduced the stability of the estuary's bottom sediments, allowing them to be constantly resuspended.
Otherwise healthy mangroves have also been functionally 'removed' from the system
by ringing them with the spoil from the channels and dead-end canals, which were
provided for the residents' boats.
The "buffering effect" of a normal estuary has also been circumvented immediately around Dona Bay by the replacement of slow sheet-flow and meandering
rivulets by streets, roofs and other impermeable structures and by providing culverts specifically designed to remove water quickly rather than allowing it to
infiltrate into the ground.
The Intracoastal Waterway (ICWW) around Venice was completed in late 1966
and dedicated 1 January 1967. Damage was done to a community that took thousands
of years to evolve its level of stability. The perturbation of dredging, followed
by continual boat wake damage, has left that environment very unsettled. The ICWW
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does not provide a significant source of faunal and floral recruitment for Dona
Bay after maximum runoff damage but it does provide most of the saline water for
Robert's Bay and some for Dona Bay which is helpful in maintaining salinity levels approaching normal.
For perhaps one-half to two-thirds of the year (the dry season) Dona Bay
functions as well as (or as poorly as) many of the estuaries on the west coast of
Florida which are surrounded by recent development.
Once the CPS control gates are opened, the effects of that rapid rate of
runoff are almost immediately reflected by the fishes, benthic invertebrates and
marine plants (Fig. X-1). The floor of Dona Bay is covered with a layer of combined sediment, (sand, silt and organic ooze) and dying freshwater plants (primarily Elodea and Hydrilla) from the upland watershed. This layer builds up at
a high rate, smothering estuarine benthic invertebrates and plants. With the
exception of one species, fishes disappear from the area, probably because their
habitat is destroyed and they, like the freshwater weeds, do not have the physiological mechanisms to handle the rapid rate of salinity change or sedimentation.
Subsequent to the immediate physical impact of runoff, the oxygen levels of
the bay bottom continue to decline as benthic marine algae and other organisms
die and bacterial degradation occurs emitting hydrogen sulfide gas.
Sometime in late fall, tidal action overcomes the dominating effects of runoff. This comes with mixed blessing. On the one hand, Gulf waters help to keep
the salinity within acceptable limits and with that water comes recruitments for
decimated flora and fauna. At the same time, the tidal action resuspends bottom
sediment making establishment of those faunal and floral recruits difficult. If
the bay was characterized by large seagrass flats, bottom stability would occur
much faster. However, seagrasses can also not survive in that environment because of the wide and lasting fluctuations in salinity.
By December, the relative "health index" of Dona Bay has returned to approximately the same level as before the rainy season. In all fairness, the limitations set by a one year sampling does not provide information on year-to-year
normal variations and in addition, subtle differences between observed conditions
in June and December may have been missed. Therefore, the possibility of continuous, long-term degradation of Dona Bay and lower Shakett Creek is very real
(Fig. X-1).
Many estuaries on Florida's west coast may be filling in on a geologic time
scale, but there is some evidence the Dona Bay may be filling in on a much shorter
time scale. In this light, the Shakett Creek/Dona Bay area between Laurel Road
and Route 41 is acting, specifically, as a "settling basin". After the rainy
season, sediments from this area are resuspended by tidal action and constantly
redistributed within that area and downstream.
Robert's Bay is the recipient of fewer runoff problems than Dona Bay, the
input of which is spread out over a longer period. In addition, Robert's Bay
recovers more quickly from these perturbations because it is flushed more thoroughly by the ICWW and the incoming Gulf waters through Venice Jetties.
The above is the situation as observed over the last year, with the CPS
project approximately 40 percent constructed. One of the changes that would
occur during flood conditions would be the re-routing of water from Main NO. 1
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into CPS and then Dona Bay, instead of Phillippi Creek, where it flows now.
Therefore, the quality of that water should be of concern to the decision
makers.
The water sampled from Main No. 1, which drains the mucklands and some
developments, contained nutrients that exceeded those of the CPS water. The
mean phosphate level for Main No. 1 (0.42 ppm) was three times that of station
12 (CPS at Route 72), which was the highest of the slough stations. Nitrate
values were also higher for Main No. 1 than the slough but only by 10 to 50
percent. The COD of Main No. 1 was 50 percent greater than that of the slough,
while the DO was 25 percent lower.
In addition to the nutrients being present in higher quantities, it should
be of concern that runoff containing applied fertilizers are likely to contain nutrients in ratios approaching optimum for plant growth. This is reflected by the
fact that Main NO. 1 water showed the highest average blue-green algae and diatom.
count and the second highest green algae count for all the freshwater stations.
Water from Main No. 1 also contained markedly higher suspended solids than
CPS water throughout the year, exhibited the highest incidence of total coliform exceeding 10,000/100 ml, and was second highest in incidence of bacterial
ratios indicating human fecal pollution.
A fact, of unknown importance at this time because of the sample size,
which might be considered in this matter, is that the highest pesticide levels
were found in the oysters at the mouth of Phillippi Creek. These levels may result from homeowner use but it would be safe to assume that greater quantities
of these pesticides are applied on the muckland crops (i.e., which are now drained
by Main No. 1, then Phillippi Creek) than on the pasturelands which presently
border the CPS.
A potentially less important problem is what will be flushed out of the now
dead-end west fork of CPS. This canal, which is next to the County landfill is
filling up with anaerobic sediment made up of primarily organic matter and silt.
After any period of non-flushing, the contents of this "stilling basin" would
also add to the biological damage to Dona Bay.
Although the water sampling program did not implicate the County landfill
as the source of nutrients which supported a lush growth of aquatic weeds and
high COD in the dead-end west fork, no other source was revealed. In addition,
that landfill has been greatly expanded since the end of this study to within a
dangerously close proximity to the slough.
With respect to management recommendations, the following objectives should
be sought. The suggested remedies will allow the County to reach those objectives
at a minimal expenditure of funds and energy.
Until it can be shown that the existing CPS and the suburban area can be
managed in such a way as to allow a reasonably high quality of estuarine life,
completing the remaining 60 percent of CPS can not be recommended.
Objective No. 1: Reduce the rate, amount and duration of impact of fresh water,
freshwater weeds, suspended solids and sediment that enter Shakett Creek Dona Bay. This will also minimize the extremes in chemical and physical
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conditions in that estuary.
Remedy: With regard to handling the runoff water which accumulates in CPS, wait
as long as possible to open the control gates and if they must be opened,
alternate methods should be sought which will not place the receiving estuary in a state of shock.
Remedy: Redirect as much of the initial runoff as possible back into the uplands and swamps, where the suspended solids and aquatic weeds can be utilized
(recycled) without damage to the estuaries. As part of this technique, it is
possible that portions of Salt and Fox Creeks could be put back into function.
In this regard, South West Florida Water Management District is using similar
techniques on their Four Rivers Basin Project that should be investigated.
Meandering connections, through swamp areas and flag ponds should be used
wherever possible. If the right land were purchased, with little additional
expenditure, it could additionally function as a County park with recreational attractions like hardwood hammocks, with natural history educational trails,
and freshwater fishing. If this is not possible because of land ownership or
acquisition problems, a series of wide, shallow settling ponds with levees
would be a logical second alternative. This would be less desirable because
of the energy and cost necessary for initial installation and, more so than
the natural swamp systems, the ponds would need periodic removal of the solids
that had settled and the weeds that grew in the shallow waters.
Remedy: Alternate methods for weed control should be sought. Biological control
of weeds should be implemented wherever possible as an alternative to herbicide application.
An increased geographic coverage should include juxtaposed drainages. That
is, weed control should be supported that will extend beyond the political
boundaries of CPS to reach the biological boundaries. These peripheral areas
contained most of the water hyacinths and some of the submerged vegetation
observed entering Shakett Creek - Dona Bay. Flashboards should be installed
on the culverts leading into CPS from adjacent lands to retain weeds.
If chemical methods must be used, it is an absolute necessity that dead and
decaying weeds be removed as soon as possible with a "Mud-Cat" or similar
machine before that decay process utilizes available oxygen and releases the
nutrients which support the blue-green algae bloom that usually follows.
With correct timing, physical harvesting of weeds is preferable over other
alternatives. It has been found that especially the floating plants (like
water hyacinth) with long trailing roots are capable of absorbing high quantities of many substances in addition to nutrients, (Marine Resource Digest
7(8), 1975). If water hyacinths, or some other easily-harvested weed, could
be encouraged (vs. Elodea/Hydrilla), allowed to adsorb nutrients, etc., then
harvested before the rainy season, many of the present weed problems would be
solved. The floating water hyacinths, although perhaps an eyesore to some,
are preferable to the submerged Elodea and Hydrilla. This is because after
they take up large quantities of nutrients, they float downstream then are
flushed out into the Gulf rather than remaining in the bays to decay, releasing
nutrients and creating an oxygen demand.
With regard to removing dead weeds after spraying or harvesting live weeds,
it is of paramount importance that this organic matter be removed from the

vicinity of the slough. If simply dumped on the sides of the slough,
natural biological breakdown and physical forces will assure the matter finding its way back into the slough to start the cycle all over again. If
harvesting live weeds is the chosen alternative, the ‘traveling screen'
should be reinvestigated as an alternative. In any case, some positive
use (recycling) for this nutrient-rich organic matter should also be
sought to help get Sarasota back in harmony with the rest of the environment.
Remedy: Fence off the slough and provide for cattle access at designated cement
aproned areas. Local vegetation will likely take over most bare embankments but in areas where the dredge spoil and/or seed stock is not conducive to growth, horticultural techniques should be utilized. This will
stabilize the slough banks, reducing this input of sediment and organic
matter.
Remedy: If at some point in the future the CPS construction is completed, it
is strongly recommended that meandering channels and wide, flat overflow
areas, which would mimic natural systems,be seriously considered. These
would allow for the deposition of sediments and collection of weeds before
they are transported to the receiving estuary.
Before connecting the Phillippi Creek watershed to the west fork of CPS,
that dead-end canal should be cleaned out and the potential input from the
newly located County landfill should be carefully investigated.
Objective No. 2: Reduce nutrient and bacterial input into Shakett Creek - Dona
Bay from residential areas and help the estuary reattain some of its ability
to stabilize quickly after the normal perturbations of runoff.
Remedy: Check existing septic tanks for efficiency and distance from water's
edge. Ineffective systems should be moved and/or replaced by effective
ones.
Remedy: Shoreline residents should minimize fertilization, pesticide applications and watering in general and apply the bare minimum or none of these
within 50 feet of the water's edge.
Remedy: Do not allow any further suburbanization along the shores of the Curry
Creek, Shakett Creek, and DARB region until adequate sewerage treatment
facilities can replace existing archaic and/or poorly placed ones.
Remedy: Consider dredging and filling permit applications in the context of
potential long-term damages to the whole community rather than the shortterm gain to an individual.
Remedy: Reestablish shoreline mangroves and other filtering, biologically active
plants wherever possible. This can be done on the outside of many seawalls
where water is shallow. Return isolated mangrove swamps to functioning
parts of the system by removing the ring of dredge fill that now isolates
them. This is particularly evident in Shakett Creek between Laurel Road
and Route 41. These are projects that could be done by high school biology
classes, 4-H groups or civic organizations.
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Remedy: Institute an adult education program addressing the ways in which
all the residents can and should reduce their impact on their estuary.
Remedy: Although, from a strictly physical point of view, it would be desirable to increase the flushing of Dona Bay, as suggested by Dr. Ross, it
is felt that additional channelization is not the answer. Such dredging
would disrupt a benthic community, and the estuary as a whole, to an extent that would result in a net loss. Since the main bottleneck to the
flushing is apparently Route 41, it should be of interest that almost 60
percent of the potential openings under the Route 41 bridges (both Dona
Bay and Robert's Bay) were occluded with oyster communities on several
occasions. These should be checked and removed periodically, especially
before the rainy season. Needless to say, should the Dona Bay bridges
ever need to be replaced, removal of the island between the two bridges
and installation of an elevated bridge would help flushing immensely.
Objective No. 3: Create and maintain a situation whereby the long-term effects
of land use changes and management alternatives will be more easily discerned.
Remedy: The County of Sarasota should continue to maintain its present environment awareness and seek ways to encourage baseline, long-term studies which
will provide its professionals with a clearer picture of normal variations
in biological, chemical and physical parameters. Had baseline information
been available on CPS or a similar local drainage before channelization,
these recommendations could have been produced at a fraction of the expenditure in funds and energy. With the results of this study in hand,
the County will be in much better shape to consider the impact of I-75 if
it is to cross CPS or similar drainages. There are, however, major areas
of Sarasota and nearby counties (like the Myakka Watershed and Charlotte
Harbor) that are slated for drastic changes in land use in the near future,
yet we know actually very little about the normal working details of those
systems. This is the time to plan ahead for those decisions.
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