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I. INTRODUCTION 

Hannful algal blooms along the Florida coast are caused by the dinoflagellate, Karenia brevis. 
This marine phytoplankton produces neurotoxic chemicals that kill fish, contaminate shellfish, 
affect human respiration, kill marine mammals, and damage a recreationally-based economy. 
Although the blooms typically initiate in the Gulf of Mexico, urban development, alteration of 
natural hydrology, and heavy agricultural activities in southwest Florida have raised concerns 
that estuarine delivery of excess nutrients may have enhanced the frequency, intensity, and 
duration of red tide blooms. Geographic redistribution of coastal nutrient loads and freshwater 
supplies, anticipated as part of the Comprehensive Everglades Restoration Project (CERP), may 
also affect red tides, perhaps with unanticipated consequences if nutrient ratios of water 
delivered to estuaries are altered. The CERP intends to divert surplus fresh water that now flows 
through the Caloosahatchee River to the Gulf of Mexico and redirect it southward, likely 
decreasing nutrient loading to the Caloosahatchee River and immediate coastal waters. 

The U.S. Anny Corps of Engineers initiated a three year project in response to the above 
concerns. The cooperative effort between the Florida Fish and Wildlife Research Institute 
(FWRI), the University of South Florida (USF) and Mote Marine Laboratory (MML) was to 
examine nutrient conditions and processes in major estuaries of the SW Florida coast. The focus 
of the FWRI-USF study was the Caloosahatchee River, while the focus of the MML work was 
Charlotte Harbor, an area of high concentrations of phosphorus. The MML objective was to 
quantify nutrient processes in surface waters of Charlotte Harbor with respect to dilution and 
biological uptake. This report describes activities through the abbreviated first year of the grant, 
from initiation on June 8, 2005 through October 31, 2005. Three major activities have occurred 
during the first year: 

Field Survey - Charlotte Harbor 
A field survey was conducted in August 23-24, 2005 to describe estuarine nutrient patterns 
resulting from wet season flows. Data included continuous records of physical parameters and 
selected nutrients, as well as laboratory analysis of remaining nutrient parameters on discrete 
samples collected from the flow-through system. Samples were also collected for K. brevis cell 
counts. 

Literature Summary 
The efforts of the U.S. Geological Survey, the Southwest Florida Water Management District, 
the Charlotte Harbor National Estuary Program, and others in the region have resulted in a 
wealth of technical infonnation on water quality in the Harbor proper. The project made use of a 
number of existing literature surveys and summarized pertinent infonnation as it may be related 
to red tides and hydrological and nutrient alterations experienced by Charlotte Harbor. The 
summary emphasized the characteristics of the Peace River as it comprises the dominant inflow 
of freshwater to upper Charlotte Harbor. The summary appears in Appendix C. 
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Table 1. Parameters and collection methods during the August 23-24, 2005 survey 
crmse. 

Parameter Collection Method 
Continuous Discrete 

CTD (temperature, salinity, density) Yes 
Chlorophyll (relative fluorescence) Yes 
Dissolved Nitrite (DNOz-N) Yes Yes 
Dissolved Nitrite-Nitrate (DN023-N) Yes Yes 
Dissolved Phosphate (DP04-P) Yes Yes 
Dissolved Ammonia (DNRt-N) Yes 
Total Kjeldahl Nitrogen (TKN) Yes 
Dissolved Silicates (DSi02) Yes 
Total Nitrogen and Phosphorus (TN, TP) Yes 
Chlorophyll a, extraction, fluorometric Yes 
Cell Counts (K. brevis) Yes 

Table 2. Locations and 11 ce coun so Iscre e sampl es. t fd' t 

Date Station Latitude Longitude 
812312005 ACE 01 26.69459 -82.2312 
812312005 ACE 02 26.76473 -82.2403 
812312005 ACE 03 26.70519 -82.2003 
8123/2005 ACE 04 26.76217 -82.1853 
812312005 ACE 05 26.69748 -82.1057 
812312005 ACE 06 26.76992 -82.1337 
812312005 ACE 07 26.76271 -82.0709 
8/23/2005 ACE 08 26.81266 -82.1415 
8/2312005 ACE 09 26.84019 -82.0677 
8/24/2005 ACE 10 26.81182 -82.1416 
8/24/2005 ACE 11 26.84119 -82.0681 
812412005 ACE 12 26.85435 -82.1398 
8124/2005 ACE 13 26.97013 -82.0709 
812412005 ACE 14 26.89472 -82.1453 
812412005 ACE 15 26.90684 -82.1044 
812412005 ACE 16 26.91727 -82.1653 
812412005 ACE 17 26.94911 -82.1985 
812412005 ACE 18 26.94313 -82.0648 
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Instrument Purchase 
Instruments purchased under the contract included an additional submersible chemical analyzer 
supplied by Subchem Systems, Inc. Adding to an instrument already owned by MML, the new 
SubChemPak Analyzer provides for high-resolution, real-time measurements of selected 
nutrients using a continuous-flow spectrophotometric analyzer. The new instrumentation will 
permit surveys to be conducted in subsequent years for ammonia and silicates in addition to the 
nitrite, nitrate-nitrite and orthophosphorus capabilities already in-house as well as permitting an 
enhanced range of response. The instrument has been constructed and staff have received 
additional manufacturer training. 

A scanning spectrofluorometer has also been purchased and received from PhotonTechnology 
International, Inc. The steady state, enhanced sensitivity QM-4 is a bench top scanning 
fluorometer capable of producing three dimensional excitation-emission data of the fluorescence 
characteristic of classes of humic compounds. The instrument has the capability to examine 
either standard filtered samples or highly scattering samples with a front face reading option. 
The instrument will assist in calibration of other field fluorescence instrumentation and will 
assist in tracing water masses in the coastal waters off of Charlotte Harbor and the 
Caloosahatchee River. 

II. FIELD SURVEY METHODS 

A. General 

The field survey of Charlotte Harbor was undertaken August 23 and 24, 2005 for nutrients, other 
physical water quality parameters, and K. brevis identification and counts in Charlotte Harbor 
proper, Boca Grande, upper Matlacha Pass, and the Peace and Myakka Rivers (Appendices A 
and B). The survey was carried out to evaluate nutrient patterns resulting from the confluence of 
the Myakka and Peace Rivers in upper Charlotte Harbor, the dilution with coastal waters and 
other freshwater sources down harbor, and the potential influence on estuarine and coastal red 
tide events. Sample parameters and collection methods are listed in Table 1. Data were 
collected continuously (every five seconds) from the underway flow-through system and were 
supplemented with discrete samples as well. Figure 1 illustrates the continuous sampling pattern 
(red line) as well as locations of discrete sampling (blue marks). Discrete station locations 
appear in Table 2. Boat speeds resulted in continuous data approximately every 40 meters. All 
samples were collected at the surface level (~0.1-0.2m). Weather during both field days was 
comparable, with light winds, seasonal temperatures, and minimal wave action. 

B. Continuous Data and Laboratory Analyses 

Enumeration of K. brevis was conducted by microscope on water samples preserved by 
Utermohl's solution. Samples were preserved at the time of collection and stored at room 
temperature out of direct sunlight. Continuous physical data were collected with a SeaBird CTD 
used in flow-through mode (SBE Seacat 19) measuring salinity, temperature, density, and 
relative fluorescence as a surrogate for chlorophyll. A SubChemPak continuous nutrient 
analyzer was used to determine dissolved orthophosphorus with an ascorbic acid-molybdate 
method. Nitrite-nitrogen and nitrate-nitrite nitrogen were determined with diazotization both 
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with and without cadmium reduction, and nitrate was computed by difference. Discrete samples 
were collected for chlorophyll extraction and fluorometric analysis (EPA 445.0). Sample 
aliquots were filtered through 0.45 ~m membrane filters (Supor-450) and field preserved for the 
later determination of dissolved nitrate-nitrite, nitrite, ammonia, and silicate. Methods used were 
EPA 353.2, Bran/Luebbe G-71-96, and Bran/Luebbe G-177-96 respectively. Aliquots of 
unfiltered sample were processed for TKN (EPA 351.2) and N023-N (EPA 353.2), and total 
nitrogen concentrations were calculated from the sum of TKN and N023-N. Total phosphorus 
was quantified using a Technicon Autoanalyzer (Solorzano and Sharp, 1980; EPA 365.4). 

Contour maps represent a pooling of both days of continuous data and were accomplished with 
Surfer™, using minimum curvature algorithms. Excessively convoluted contours were re
contoured using a local polynomial approach; either 3rd or 4th order. 
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Figure 1. Continuous data track and discrete sample locations (circles) for the August 23-
24, 2005 survey of Charlotte Harbor. 
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III. RESUL TS 

A. Physical Data 
Flow records from the Myakka and Peace Rivers in 2005 were dynamic (Figure 2). The Peace 
River clearly represents the bulk of the inflow to Charlotte Harbor, particularly during the 
August, 2005 sampling. Peak flows occurred in June and July for both rivers during this year, 
however high flow levels were also seen in March and April for the Peace River. The Myakka 
River did not show as great a response as the Peace River during these times. Flow records 
illustrated are from USGS stations 02296750 (Peace River at Arcadia) and 02298830 (Myakka 
River near Sarasota). Flow conditions during August were 2000 to 3000 cfs for the Peace River 
and 300 to 400 cfs for the Myakka River, compared to long term averages (1937-2005) of near 
1900 cfs and 600 cfs for the Peace and Myakka, respectively, during this portion of August. 

A salinity contour map prepared from continuous CTD data is presented in Figure 3. Salinity 
generally increased from the mouth of the Myakka and Peace Rivers south through the Harbor 
and to near Boca Grande. Typical for Charlotte Harbor, freshwater flow was concentrated along 
the western wall of Charlotte Harbor during the sampling event. A lens of low salinity was also 
evident in Matlacha Pass. Obscured salinity for the Harbor ranged from -4 to 30 PSU. 
Temperatures (Figure 4) were high, appropriate for the season and ranged between 30-36 °C. 
Some of the heterogeneity of the temperature contours were likely artifacts of transiting the same 
region in both the morning and the afternoon. Density (Figure 5) patterns were dominated by 
salinity with fine structure imposed by thermal differences. 

Figure 2. 
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Figure 3. Salinity contour map of continuous CTD data. 
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Figure 4. Temperature contour map of continuous CTn data. 
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Figure 5. Density contour map of continuous CTD data. 
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B. Discrete Samples 

A table of the discrete data analyses is presented in Appendix A. 

No K. brevis was found at any of the discrete stations during this sampling event, although the 
organism was present offshore during cruises conducted for other projects in August 2005 and 
October 2005, part of a K. brevis bloom that had been ongoing since January, 2005. Chlorophyll 
was high in the upper Harbor and in upper Matlacha Pass, indicating the presence of blooms of 
other organisms (noted in cell counts as diatoms and Alexandrium sp.). Continuous fluorescence 
data (Figure 6) indicated a high degree of spatial heterogeneity. 
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Figure 6. Chlorophyll a (fluorescence) contour map of continuous CTD data. 
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Figure 7 illustrates the results of discrete samples as a function of salinity. Dissolved nitrite 
(DN02-N), dissolved nitrate-nitrite (DN023-N), dissolved phosphate (DP04-P), total nitrogen 
(TN), and total phosphorus (TP) all showed a general decline with increasing salinity, although 
relationships were not uniformly smooth. However DN02-N and DN023-N were very noisy 
compared to the other parameters, and many of those samples were below detection limit at 
higher salinities. DN02-N was typically less than or equal to DN023-N concentrations indicating 
a low concentration of DN03-N. Comparison of TN with inorganic N (sum of DN023-N and 
DNH4-N) indicate that the majority of nitrogen present in Charlotte Harbor exists in organic 
and/or particulate forms. In sharp contrast, approximately 90% of all phosphorus exists in the 
soluble inorganic form. 

Dissolved silicates (DSi02) were relatively constant from 0-15 PSU; however samples above 
-17 PSU (near Boca Grande) were notably lower (Figure 7). The two low silicate stations also 
showed low concentrations ofDN02-N, DN023-N, total nitrogen, DP04-P, and total phosphorus 
(Figure 7). Dissolved silicates were slightly greater in the Myakka River than the Peace River 
under comparable salinity conditions. 
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Figure 7. Discrete water quality parameters versus salinity. 
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Concentrations of DNH4-N were present at relatively constant levels in the estuary and slightly 
increased with increasing salinity, indicating that DNH4-N was from in situ recycling rather than 
terrestrial sources and was not preferentially consumed by phytoplankton. Concentrations of 
DNH4-N were generally low in comparison to DN02-N and DN023-N when those two species 
were present above detection limits. The two stations with notably higher NH4-N concentrations 
were at ACEll and ACE13 along the eastern wall below Punta Gorda. Chlorophyll a of discrete 
samples was very patchy in distribution, presented no overall pattern with salinity, with both 
maximum and minimum concentrations at moderate (10-15 PSU) salinities. The highest discrete 
chlorophyll sample was obtained at ACEI4, along the western wall. 

Nutrient ratios of total and inorganic species [TN:TP (J..lM:J..lM) and DIN:DIP (J..lM:J..lM)] are 
presented versus salinity in Figure 8. The TN:TP ratio generally increased with increasing 
salinity. An outlier point at a salinity of 10 PSU was from a station near Matlacha Pass where 
the TP concentration was lower and the TN concentration somewhat higher than other stations of 
comparable salinity, indicating a distinctly different water mass. Both TN and TP generally 
decline with increasing salinity, but between dilution and other removal processes, removal of 
phosphorus within the estuary is more complete than that of nitrogen, resulting in an increase in 
TN:TP ratios with salinity (Figure 8a). However, DIN:DIP ratios show strong N limitation 
(values much less than 16.0) indicating that P removal is more likely to be physico-chemical 
rather than biological (Figure 8b). Both TN:TP and DIN:DIP ratios indicate N limitation. 
Inorganic ratios were all less than 1.5, and were quite variable with salinity. Ratios of total 
nutrients, indicative of ultimate nutrient availability if all particulate and organic materials were 
remineralized, approach more balanced conditions near Boca Grande and near Matlacha pass, 
but at most stations, TN:TP was less than ~7.0. 

DIN:DSi02 (J..lM:J..lM) ratios are presented in Figure 9. The ratios were extremely low indicating 
nitrogen limitation (a ratio less than 1.0 J..lM) for diatoms as well as for phytoplankton in general. 

C. Continuous Nutrient Data 

All SubChem and CTD data are presented in Appendix B (included with electronic version). 

There is a strong correlation between the two methods (discrete and continuous) used to generate 
P04-P data (Figure 10). Other than at the highest concentration, continuous P04-P 
concentrations averaged approximately 16% greater than discrete samples. This may represent 
inter-method biases or may also indicate bacterial consumption of P04-P in the up to 48 hours 
that elapsed before the analysis of discrete samples. The upper range of linearity of the 
continuous (Subchem) method is also clearly near 12 J..lM. Continuous data at or above 12 J..lM 
may well be biased low and may be greater than actually stated. The consistency of the two 
methods below the offscale region, however, validates the P04-P data collected by the Subchem 
nutrient analyzer. 
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The discrete P04-P concentrations versus salinity present some interesting results (Figure 11). A 
general inverse relationship or dilution gradient is normally expected when examining nutrients 
of terrestrial origin as a function of salinity (low salinity = high nutrients, high salinity = low 
nutrients) with a linear relationship evident for a parameter which exhibits conservative 
behavior. This linear pattern exits in Charlotte Harbor in regions, although there is clearly more 
than one freshwater source. Continuous data (Figure 11) reveal a much greater level of 
complexity than a simple dilution gradient. For example, Boca Grande and Matlacha Pass 
present similar low P04-P concentrations and widely varying salinities, while the Myakka and 
Peace Rivers present similar salinities with different P04-P concentrations. (P04-P in the upper 
Harbor and Peace River is likely greater than illustrated, beyond the linear dynamic range of the 
instrument. ) 

The straight lines superimposed on Figure 11 indicate apparent dilution gradients and regions in 
which P04-P is behaving nearly conservatively but in which the scale is much less than the entire 
estuary. More than two water masses are clearly involved. There are also several regions where 
P04 exhibits a decline under relatively constant salinity conditions. While the mutual dilution of 
two water masses of the same salinity is possible, so is the chemical removal of P04-P. 
Biological removal is less likely due to the extremely low DIN:DIP ratios observed. The Peace 
River had the highest concentration of P04-P, whereas the Myakka (with comparable salinity) 
showed lower concentrations of P04-P. The two water masses at the southern-most sampling 
regions (Boca Grande and Matlacha) differ in that Boca Grande presented a typical dilution 
gradient while Matlacha had lower salinity, but similar low P04-P concentrations as Boca 
Grande. A classic dilution pattern is apparent from 10-15 PSU salinity, however from 15-20 
PSU, P04-P concentrations present an abrupt decline. Figure 12 illustrates the sample track with 
P04-P concentrations superimposed on salinity contours and Figure 13 illustrates the contoured 
P04-P concentrations. 
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Figure 12. Map of continuous P04-P measurements including a salinity contour. 
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Figure 13. Contour map of continuous P04-P measurements. 
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Continuous N023-N concentrations and salinity are presented in Figures 14, 15, and 16. 
Inorganic nitrogen is less available in the estuary than inorganic phosphorus. The Peace and 
Myakka Rivers have similar salinities, but different N0 23-N concentrations; with N0 23-N in the 
Peace River higher than in the Myakka River at comparable salinities (Figures 14 and 15). The 
Peace River generally has higher flow levels than the Myakka River (1094 cfs vs.261 cfs mean 
annual flow), and thus a greater influence on the Charlotte Harbor nutrient concentrations. The 
diagonal line in Figure 14 between 10 and 20 PSU illustrates the classic dilution gradient and 
indicates that maximum N023-N concentrations generally observe this gradient as an upper 
boundary. There are regions, however, where biological uptake apparently results in an abrupt 
decrease. Much of the lower Harbor exhibits N0 23-N concentrations at or below detection 
limits, particularly near Boca Grande. There are abrupt decreases in inorganic N throughout the 
center and southern reaches of Charlotte Harbor as salinities gradually increase with equally 
abrupt returns to detectable concentrations. North of Boca Grande, along the eastern wall of 
Charlotte Harbor, is an area of interest (salinity is approximately 15 PSU), where there is a 
localized source of nitrate that is not associated with freshwater inflows. (This region was also 
high in DNH4N based on discrete sample results.) Similar to the P04-P patterns, Matlacha Pass 
and Boca Grande have different salinities, but comparable N023-N concentrations. 
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Continuous nitrite data are presented in Figures 17, 18, and 19 and are generally very similar in 
appearance to N03-N distributions. Concentrations of nitrite near the Myakka and Peace Rivers 
(between 5 and 10 PSU salinity) are very high compared to nitrate concentrations alone and 
increase as riverine water enters the upper Harbor. There is also a companion spike of nitrite 
near the eastern wall of Charlotte Harbor similar to the nitrate spike. Boca Grande and Matlacha 
Pass also had nitrite concentrations near or below detection limits. 

The continuous data taken by the SubChem (P04-P and N03-N) and the CTD (salinity and 
chlorophyll a) are presented as a time series event in Figure 20 to expand on the biological 
processes occurring in the Harbor. Figure 20a is from the highest salinity regions of the Harbor 
including Boca Grande and Matlacha Pass, Figure 20b is from the middle portion of the Harbor, 
and Figure 20c includes the Myakka and Peace Rivers. Throughout almost the entire time series 
study, P04-P and salinity are inversely related. In Figure 20b, N023-N appears directly related to 
salinity, an unexpected result, until chlorophyll fluorescence is examined as well. Then, the only 
measurable N023-N is present when chlorophyll fluorescence is low. This particular 
phytoplankton community also appears to be preferentially positioned in lower salinity water. 
Chlorophyll a was highest where nitrates were lowest (indicating biological uptake of nitrates). 
In Figure 20b where biological activity is high, phosphates were low where nitrates were high. 
In contrast, some areas in Figures 20a and 20c where chlorophyll fluorescence was less marked, 
phosphates and nitrates covaried. 

The heterogeneity of N02-N and N023-N concentrations evident in the figures above is well 
matched by the distribution of chlorophyll fluorescence. Phytoplankton appear as a number of 
relatively isolated patches and occur across a wide range of salinity and nutrient regimes. 
Matlacha Pass is again distinctive, in this instance for high chlorophyll concentrations. 
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IV. CONCLUSIONS 

There is a wide variety of physical and nutrient environments in the Charlotte Harbor and its 
contributing rivers that are translated into a spatially heterogeneous distribution of both nutrients 
and chlorophyll (fluorescence). The variation presumably affords multiple species of 
phytoplankton opportunities to use specific nutrient uptake rates and physical requirements to a 
competitive advantage. The continuous data from the SubChem nutrient analyzer describes the 
variation with detail and identifies a complex spatial pattern of nutrients that cannot be observed 
with discrete sampling alone. 

The Harbor is strongly nitrogen limited for both phytoplankton in general and for diatoms. 
Nitrogen is limiting whether dissolved inorganic concentrations or total nitrogen (assuming a 
total remineralization is possible) are examined. Most nitrogen is present as dissolved organic or 
particulate. Nitrite concentrations are relatively high. in comparison to nitrate-nitrogen, but at 
times both are effectively consumed by phytoplankton. Ammonia appears to be generally 
produced by recycling except perhaps for a region with high levels of all inorganic nitrogen 
species, and appears little utilized by the phytoplankton communities in the Harbor. Inorganic 
phosphorus is the dominant form and, due to the strong nitrogen limitation, acts as a conservative 
element within specific regions, and also appears subject to physical rather than biological 
removal processes. 

The Matlacha Pass is an area of low salinity and surprisingly low nutrients that would benefit 
from further investigation. The region just south of Punta Gorda along the eastern wall appears 
to have a concentrated source of nitrogen with little freshwater inflow. The region does not have 
elevated inorganic phosphorus concentrations. No K. brevis cells were encountered during this 
two day sampling event although the K. brevis bloom which initiated offshore in January 2005 
was still present in coastal waters. 

The field study has identified a number of nutrient interrelationships within Charlotte Harbor 
during a warm weather wet season. Subsequent planned work (Years II and III) will provide 
similar details of processes during the dry season, as well as add additional information on 
specific phytoplankton communities. 

v. LITERATURE STUDY 

A literature summary has been completed on watershed influences and effects on water quality 
and flow for the Peace River. Agency data sources (including Southwest Florida Water 
Management District, the Charlotte Harbor National Estuary Program, Florida Department of 
Environmental Protection, Florida Fish and Wildlife Conservation Commission), as well as prior 
projects that Mote Marine Laboratory has completed in the region have been accessed. The 
literature review is presented in Appendix C. 
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APPENDIX A 

Nutrients and water quality for discrete samples 
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Station Latitude Longitude Time Date DNH4-N DN02-N DN03-N DN023-N TKN TN DP04-P TP 
(GMT) mm/dd/yyyy "M "M "M "M "M "M "M "M 
hhmm 

ACEOI 26.69459 -82.23115 1540 8/23/2005 0.7 U U U 34 34 l.7 3.6 

ACEOIR 26.69459 -82.23115 1540 8/23/2005 0.8 U U U 34 35 l.7 4.3 

ACE02 26.76473 -82.24031 1605 8/23/2005 0.8 U U 0.4 39 40 4.6 6.4 

ACE03 26.70519 -82.20029 1626 8/23/2005 0.7 U U U 36 37 2.5 4.4 

ACE04 26.76217 -82.18525 1645 8/23/2005 0.6 l.9 U l.8 49 51 8.4 10.7 

ACE05 26.69748 -82.10571 1708 8/23/2005 0.6 U U 0.5 63 64 2.7 5.4 

ACE06 26.76992 -82.13371 1726 8/23/2005 0.5 U U U 44 44 8.9 9.l 

ACE07 26.76271 -82.07086 1744 8/23/2005 0.5 U U U 46 46 5.3 7.6 

ACE08 26.81266 -82.14149 1805 8/23/2005 0.5 U U U 54 55 10.2 12.8 

ACE09 26.84019 -82.06772 1826 8/23/2005 0.6 2.5 U 2.2 45 47 8.6 9.2 

ACEI0/8 26.81182 -82.l4161 1607 8/24/2005 0.5 U U U 53 54 10.8 8.8 

ACE10/8 R 26.81182 -82.14161 1607 8/24/2005 0.5 U U U 53 54 10.9 13.5 

ACEll 26.84119 -82.06805 1632 8/24/2005 2.0 2.4 U 2.4 54 56 8.5 10.5 

ACE12 26.85435 -82.13982 1650 8124/2005 0.6 U U U 59 60 11.1 13.9 

ACE 13 26.87013 -82.07093 1712 8/24/2005 l.1 3.7 U 3.7 49 52 8.0 9.5 

ACE14 26.88472 -82.14528 1731 8/2412005 0.5 U U U 69 70 12.0 15.4 

ACE15 26.90684 -82.10441 1750 8/2412005 0.6 3.8 U 3.9 51 55 10.9 12.2 

ACE16 26.91727 -82.16533 1817 8/24/2005 0.5 2.7 0.8 3.5 59 62 10.9 12.7 

ACE17 26.94900 -82.19854 1835 8/24/2005 0.5 2.4 3.7 6.1 55 61 8.7 11.2 

ACE18 26.94313 -82.06483 1908 8/24/2005 0.4 3.6 12.9 16.4 69 86 16.5 23.7 

MDL 0.1 0.4 0.4 0.4 4 4 0.2 O.l 
--
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Station Latitude Longitude Time Date DSi02 TN:TP DIN:DIP DIN:DSi02 Chi a K. brevis Salinity I 

(GMT) mm/dd/yyyy 11M 11M: 11M 11M: 11M 11M: 11M ugIL ceO PSU 
hhmm counts 

ACE01 26.69459 -82.23115 1540 8/23/2005 27.1 9.4 0.4 0.027 11.08 0 27.6 

ACEOIR 26.69459 -82.23115 1540 8/23/2005 27.4 8.1 0.5 0.028 10.54 0 27.6 

ACE02 26.76473 -82.24031 1605 8/23/2005 62.5 6.3 0.3 0.019 0 22.6 

ACE03 26.70519 -82.20029 1626 8/23/2005 21.5 8.4 0.3 0.033 11.54 0 25.0 

ACE04 26.76217 -82.18525 1645 8/23/2005 98.3 4.8 0.5 0.043 0 15.5 

ACE05 26.69748 -82.10571 1708 8/23/2005 127.8 11.9 0.4 0.009 13.39 0 10.2 

ACE06 26.76992 -82.13371 1726 8/23/2005 101.3 4.9 0.1 0.005 7.09 0 13.9 

ACE07 26.76271 -82.07086 1744 8/23/2005 77.5 6.1 0.1 0.007 0 17.3 

ACE08 26.81266 -82.14149 1805 8/23/2005 107.2 4.3 <0.1 0.004 8.33 0 11.5 

ACE09 26.84019 -82.06772 1826 8/23/2005 109.2 5.1 0.6 0.049 0 16.7 

ACE 10/8 26.81182 -82.14161 1607 8/24/2005 113.6 6.1 0.0 0.005 8.76 0 11.3 

ACE10/8 R 26.81182 -82.14161 1607 8/24/2005 113.4 4.0 0.0 0.005 6.32 0 11.3 

ACEll 26.84119 -82.06805 1632 8/24/2005 107.6 5.3 0.8 0.063 0 14.3 

ACE12 26.85435 -82.13982 1650 8/24/2005 117.0 4.3 0.1 0.005 10.43 0 10.5 

ACE13 26.87013 -82.07093 1712 8/24/2005 112.8 5.5 1.1 0.076 0 13.8 

ACE14 26.88472 -82.14528 1731 8/24/2005 116.0 4.5 <0.1 0.004 19.04 0 10.9 

ACE15 26.90684 -82.10441 1750 8/24/2005 117.0 4.5 0.7 0.070 0 14.0 

ACE16 26.91727 -82.16533 1817 8/24/2005 124.4 4.9 0.6 0.054 7.07 0 7.4 

ACE17 26.94900 -82.19854 1835 8/24/2005 123.1 5.5 1.0 0.072 0 4.0 

ACE18 26.94313 -82.06483 1908 8/24/2005 107.0 3.6 1.2 0.191 13.18 0 4.2 

MDL 0.1 0.05 
-- - -- -- --- --- ---
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Nutrients and water quality for continuous samples 

(electronic version only) 

Year 1: A Spatially Intense Nutrient Survey o/Charlotte Harbor During the 2005 Wet Season 



APPENDIXC 

Literature Summary 
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I. INTRODUCTION 

Karenia brevis is a dinoflagellate phytoplankton that blooms almost annually off the west coast 
of Florida. K. brevis produces brevetoxins that can kill fish, manatees, and dolphins, 
contaminate shellfish, and produce respiratory irritation in humans, negatively impacting local 
tourism and other water-related economies. Associated fish kills, in addition to aesthetic 
concerns on recreational beaches, can result in large quantities of decaying biomass and 
depressed oxygen levels. The bloom itself can attenuate light to other photosynthetic organisms 
in the water column, alter dissolved oxygen levels, and introduce a substantial imbalance in the 
ecosystem (Villareal, 1999). Very concentrated blooms of K. brevis change the color of the 
water to shades of red, yellow, or brown, a phenomenon called 'red tide' . Other species of 
phytoplankton in other regions also form red tides, but K. brevis is typically restricted to 
southwest Florida. 

Most K. brevis blooms appear to initiate in oligotrophic waters offshore. As blooms are 
transported onshore by wind or currents, encounters with estuarine outflow and waters relatively 
higher in nutrients could result in the maintenance of a bloom for extended periods. Some 
regions of the coast could be exposed to waters from multiple estuaries. In anyone region, the 
relative proportion of inorganic nutrients available (nitrogen:phosphorus ratios), the total 
nutrient concentrations and remineralization rates, the ability of K. brevis (and other 
phytoplankton) to utilize organically bound nutrients, and the growth abilities of individual 
phytoplankton species will determine the relative competitive advantages and eventual 
dominance of either K. brevis or other phytoplankton. 

Estuaries along the west coast of Florida vary in nutrient character although they are typically 
phosphorus-rich. Dissolved inorganic nutrient ratios in Tampa Bay, Charlotte Harbor and the 
Caloosahatchee River all indicate nitrogen limitation (inorganic nitrogen:inorganic phosphorus 
[IN:IP] ratios much less than Redfield ratios of 16: 1). At comparable salinities, however, nitrate
nitrite concentrations in the Caloosahatchee River are greater than the other estuaries such that 
N:P ratios are on the order of 5-12, rather than 1-3 as in Tampa Bay and Charlotte Harbor. 
Inorganic nitrogen:silica ratios generally less than 1.0 also indicate strong nitrogen limitation of 
diatoms in the estuaries. Further offshore, however, coastal waters of the region are generally 
phosphorus limited, with IN:IP ratios for waters above 30 PSU averaging above 30 and ranging 
to above 200. Nitrogen:silica ratios increase in coastal waters but, with few exceptions, indicate 
continuing strong nitrogen limitation for diatoms in coastal waters as well. 

The Comprehensive Everglades Restoration Plan (Section 601 of the Water Resources 
Development Act of 2000) will collectively affect a number of watersheds and estuaries in 
southwest Florida, particularly that of the Caloosahachee River, although the planned hydrologic 
alterations are not expected to directly affect the Peace River and Upper Charlotte Harbor. When 
waters are diverted from the Caloosahatchee River to the south, however, the nutrient loads 
delivered to coastal waters through San Carlos Pass are expected to be reduced. As inorganic 
nitrogen supplies are reduced and nutrient ratios alter, photosynthetic organisms (such as K. 
brevis), which can utilize organic nitrogen species, could receive a competitive advantage. Any 
shifts in phytoplankton community structure might be most evident in the region where estuarine 
outflows from Charlotte Harbor and the Caloosahatchee typically combine. 
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With the far-field effects of alteration of nutrient loads in mind, the Army Corps of Engineers 
funded the work addressed by this report and by a companion project conducted by the Florida 
Wildlife Commission - Fish and Wildlife Research Institute (FWRI) and the University of South 
Florida (USF). The intent of the project conducted by Mote Marine Laboratory (MML) was to 
examine more completely the spatial distribution of nutrients in Charlotte Harbor and changes in 
nutrients due to biological processes under present-day conditions while the FWRI-USF work 
was centered on the Caloosahatchee River. Additionally, Mote prepared the literature summary 
which follows, of the changing water quality and water quantity influences on the Peace River, 
the dominant inflow to Charlotte Harbor. 

The following summary relied heavily on prior work, notably efforts by PBS&J (1999), PBS&J, 
et al. (1999), SWFWMD (2002), and Wade, et al. (2003). Water quality and quantity issues 
potentially pertinent to phytoplankton growth in the coastal waters of west Florida were 
abstracted from these and other documents in MML's literature holdings. 

The Peace River watershed and Upper Charlotte Harbor were described with respect to 
geographical and geological characteristics, and documented changes in land use. The 
hydrology of the Peace River was summarized, recognizing the sources of water and changes in 
flow. Evidence of seasonal and long term trends was compared. Trends in water quality 
parameters were summarized as were any apparent linkages between flow and water quality. A 
table of major climatic events and a timeline of events has been included at the end of the 
document to show important events in the history of the Peace River watershed. 

A brief description of the environmental requirements of K. brevis was presented together with 
present knowledge of blooms and relationships to nitrogen, phosphorus, and iron levels as well 
as possible interactions with other organisms such as the cyanobacteria Trichodesmium. 

II. PEACE RIVER WATERSHED AND CHARLOTTE HARBOR 

The Peace River watershed and Charlotte Harbor proper are described below, with information 
drawn from work funded by the Charlotte Harbor National Estuary Program and the Peace River 
Manasota Region Water Supply Authority (PRMRWSA), respectively (PBS&J, et al., 1999; 
PBS&J, 1999). The Peace River basin drains 6068 km2 (2,350 mi2

) of central Florida (Foose, 
1986), covering about 74% of the total watershed area contributing to Charlotte Harbor. 
Charlotte Harbor for this report refers to the open water from the mouths of the Peace and the 
Myakka Rivers, south to Cape Haze, the northern end of Pine Island, and west to Boca Grande 
(Figure 1). The smaller Myakka River Basin covers 1559 km2 (602 mi2

) adjacent and to the west 
of the Peace, accounting for 19% of the total watershed. The remaining watershed area includes 
coastal basins to the east of the harbor encompassing 468 km2 (180 mi2

) or 5.7%. The entire 
Charlotte Harbor watershed covers approximately 8128 km2(3138 mP) (McPherson and Halley, 
1996). The ratio of watershed to Harbor is 12 to 1, high relative to Tampa Bay at 6:1, and 
results in an estuary responsive to seasonal freshwater inflow. As a result, Charlotte Harbor 
proper has more riverine and terrestrial influences than neighboring estuaries (Tomasko, 2001). 
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The Peace River watershed consists of much of Polk County, nearly all of Hardee and DeSoto 
counties, and much of northern Charlotte County. Smaller portions of the basin are in 
Hillsborough, Manatee, and Sarasota counties to the west and Highlands and Glades counties to 
the east. The river's course begins in the Polk Uplands, where the elevation is about 60 m above 
mean sea level (MSL). The hilly terrain is home to the lakes that feed the upper river. Canals 
connect many of the lakes, often equipped with either fixed or operable control structures. The 
largest lake in the region, Lake Hancock, is part of the headwaters of the Peace River, along with 
Lake Hamilton and the Winter Haven Chain of Lakes which flow into the Peace Creek Drainage 
Canal (PBS&J, et aI., 1999). Water quality in Lake Hancock is considered highly impaired 
(SWFWMD, 2005) for nutrients and dissolved oxygen with many of the annual mean 
chlorophyll values exceeding 100 J..lg L-1 in the last 10 years. Indirectly, Lake Hancock still 
receives substantial quantities of wastewater effluent (PBS&J, et a!., 1999) 

Downstream, the Peace River flows to the southwest, and the topography changes as hills give 
way to the DeSoto Plain (at about 18-26 m above MSL). There are fewer lakes and the area 
between the Peace River proper and the tributaries is flat, hosting a variety of wetlands. The 
Peace River enters the Gulf Coastal Lowlands downstream from Arcadia, near where Shell 
Creek joins with the river from the east. The floodplain is wider, spanning over 1.5 km across in 
some areas. The channel braids, eventually entering the northeast portion of Charlotte Harbor at 
MSL. 

The Peace River is a blackwater river with upland forests around the headwaters and high levels 
of humic and fulvic acids resulting in highly colored water. The river itself is free flowing along 
its length, although there is a control structure on the Shell Creek tributary that manages the 
water supply reservoir for the City of Punta Gorda and another on Saddle Creek that regulates 
levels for Lake Hancock. For the purposes of this work, reference will be made to the Upper and 
Lower Peace River, with a division at the city of Zolfo Springs, near the transition from the Polk 
Uplands to the Desoto Plain (Figure 2). 

Tributaries supply much of the flow to the Peace River with most contributions to the Lower 
River. The gages on the four major tributaries of the Lower Peace plus the Peace River at 
Arcadia register 89% of the total flow ofthe Peace River watershed. Major tributaries are Horse, 
Charlie, Joshua, and Shell Creeks. The average estimated flow at the mouth of the Peace River 
is 1690 cfs (PBS&J, 1999). The smaller Myakka River flows into Charlotte Harbor from the 
northwest. Annual average gaged flows of the Peace River at Arcadia and the Myakka River 
near Sarasota (just below Upper Lake Myakka) are near 1100 cfs and 260 cfs respectively. 

The mainstem of the Charlotte Harbor Estuary is bounded by the mouths of the Peace and 
Myakka rivers to the North, has a north-south axis to Cape Haze, and then is oriented east-west 
(Figure 3). The lower portion of the estuary is defined to the south by Matlacha Pass, Pine 
Island, Pine Island Sound, and Cayo Costa island, before exiting to coastal waters at Boca 
Grande. The southern portion of Pine Island Sound includes Sanibel Island and San Carlos Bay 
to the south, a region heavily influenced by discharges from the Caloosahatchee River. Major 
freshwater discharges to the mainstem of the Harbor are the Myakka and Peace Rivers to the 
north and smaller coastal basins on both the east and west sides PBS&J, 1999) 
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III. HYDROLOGY 

Water enters into the Peace River by rainfall, surface water, and ground water, with variations in 
the total amounts and relative proportions of the individual sources over time. Tidal, seasonal, 
and climatic variations are present in both water quality and quantity records. 

III.A. Tidal and Seasonal Patterns 

Stoker, et al. (1989) examined tidal patterns for the Lower Peace River. The average tidal range 
was about 60 cm at the mouth, the amplitude slightly less than at the Gulf passes. Tides in 
Charlotte Harbor are mixed semi-diurnal with generally two unequal high and two unequal low 
tides per day. The barrier islands that define the southwestern boundary side of Charlotte Harbor 
impede the flow of the tide from the Gulf, so there is a strong current between islands and the 
mainland (Stoker, et aI., 1992). Salinity contours indicate that the freshwater from the Peace and 
Myakka mix with the saltier harbor waters, then preferentially flow near the surface along the 
western shore ofthe harbor, exiting the estuary through Boca Grande Pass (PBS&J, 1999). 

River and tributary flows are strongly dependant on rainfall (SWFWMD, 2005). Rainfall is 
highest during the distinct wet season, from June to September, with monthly averages of near 
20 cm. During the dry season, average monthly rainfall is near 5 em. The Upper Peace River 
north of Zolfo Springs experiences peak rainfall in July, whereas the lower watershed receives 
peak rainfall amounts in June (PBS&J, et ai., 1999). From long term records, annual rainfall in 
the watershed is typically near 132 cm yr-l (PBS&J, 1999). 

Overall, the Peace River exhibits a Southern River Pattern (SRP), typical of all unregulated 
rivers in South Florida (Kelly, 2004). There is a definite wet season from June to September, 
when approximately 60% of rainfall occurs (Figure 4). Streamflow lags behind rainfall, 
exhibiting higher flows in August and September (Figure 5). The dry season generally 
occurs during fall and spring, with the lowest flows in either November and December due to 
low rainfall, or in April and May because of the combination of less rain and high 
evapotranspiration rates. From January to March, cold fronts move across the peninsula, leading 
to some precipitation and small increases in flow, and producing a smaller winter wet season. 
Although the pattern is fairly regular, there are exceptions. The most notable recent deviation 
was the increased rainfall from the El Nifio weather phenomenon in the winter of 1997 (PBS&J, 
1999) 

III.B. Surface Water 

In the Upper Peace River, from Bartow to Bowling Green, most of the surface water flow comes 
from phosphate mine outfalls, reclaimed stream channels, and small tributaries (Lewelling et aI., 
1998). At the headwaters, water is released from Lake Hancock via a control structure. Lake 
Hancock is the receiving body for waste water effluent and is highly eutrophic. The control 
structure serves to maintain the lake at a certain level, not to guarantee a particular flow. During 
low flow periods, a larger portion fraction of the baseflow originates upstream of Zolfo Springs, 
probably due to its connectivity with the Floridan and intermediate aquifers (Kelly, 2004). 
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Figure 3. Charlotte Harbor. 
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Figure 6. Mean annual flow at the Peace River at Zolfo Springs and the Peace River at Arcadia. 

Downstream, surface water flows to the main channel from well-defined tributaries. 
On average, almost 90% of the water discharged at the mouth of the Peace River enters the river 
downstream from Zolfo Springs (Figure 6). There are four major tributaries contributing to the 
Lower Peace River. Charlie, Horse, and Joshua Creeks flow into freshwater stretches of the 
Peace River. The largest tributary, Shell Creek flows into the estuarine area 14 km upstream of 
the river mouth (PBS&J, 1999). Shell Creek is impounded by the Shell Creek Reservoir, which 
is regulated by the Hendrickson Dam control structure (SWFWMD, 1992) 

III.C. Groundwater 

Aquifers beneath the Peace River watershed include the unconfined surficial aquifer, two 
artesian intermediate aquifers, the artesian upper Floridan aquifer, and their confining units 
(Hammett, 1990). Groundwater levels are principally influenced by rainfall and withdrawals 
from the aquifers. Seasonal rainfall and recharge result in seasonally fluctuating levels of 
groundwater. Withdrawals, however, can mask or exacerbate wet and dry season patterns. 
Groundwater flow in the Upper Floridan Aquifer is, in general, from the northeast to the 
southwest through Polk, Hardee, and Desoto counties. In 1995, the flow direction in DeSoto 
County was described as having shifted to a more west-southwesterly direction. Withdrawals in 
Sarasota and Manatee counties, and a subsequent depression of the water table were likely 
responsible (Lewelling, et al., 1998). 

When the surface water table is above the potentiometric surface, groundwater moves downward 
to recharge the aquifer. When the potentiometric surface is above the land surface, it has the 
potential to discharge into rivers and tributaries. With data from September of 1996, Y obbi 
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(1996) showed that the groundwater movement was downward upstream of Bartow (recharging) 
and upward from Hardee County to the river mouth (discharging; SWFWMD 2002). 

The form of an aquifer determines how easily it is recharged and what quality of water can be 
withdrawn from it. The Peace River groundwater basin has several different aquifer types, 
described below in descending order. On the surface, the unconfined surficial aquifer ranges 
from under 8 m to over 15 m thick and is made out of quartz sand, silt, shell and phosphatic 
gravel (Wolansky, et ai., 1979). The ground water level dips to as low as 3 m in the dry season 
and climbs as high as the land surface in the wet season (PBS&J, 1999). 

The intermediate aquifers consist of two formations, the Tamiami-upper Hawthorn and the lower 
Hawthorn-upper Tampa (Scott, 1988). These are confined, and thicken from north to south. 
Near the headwaters in Polk County, the aquifer is closer to the surface and is only about 30 m 
thick. Near the mouth ofthe Peace River, it is more than 180 m thick (Duerr, et ai., 1988). The 
upper zone is mostly used for irrigation and drinking water, except in the south where sulfide and 
chloride levels make it non-potable. The lower zone is more transmissive, but the water south of 
Hardee County is highly mineralized (Hammett, 1990). 

The upper Floridan aquifer is 76 m below the surface in Polk County and 213 m below in 
Charlotte County. The water is highly mineralized in the south and generally non-potable 
(Hammett, 1990). The Floridan Aquifer supplies most of the domestic and industrial 
groundwater. In the south, where mineralization increases, withdrawals are primarily made from 
the surficial and the Hawthorne intermediate aquifer. 

III.D. Ground and Surface Water Withdrawals and Discharges 

Groundwater withdrawals, discharges from the Peace River basin, and influences on river flows 
and groundwater levels are summarized below from SWFWMD (1997), SWFWMD (1992), and 
Marella (2004). From data compiled by USGS every five years, there is an overall increase in 
freshwater withdrawals and discharges in the state of Florida due to demands from an increasing 
population. Withdrawals for counties in the Peace River Basin are largely groundwater, with the 
exception of Charlotte County where groundwater and surface water withdrawals are nearly 
matched (Figure 7) (Marella, 2004). A majority of withdrawals are for agricultural use, again 
with the exception of Charlotte County (Figure 8) (Marella and Berndt, 2005). 

Urban water use includes public water supply, mining facilities, industrial operations, and 
recreational uses. In general, urban water use will continue to increase as urban areas and 
industrial operations expand. Withdrawals from both the Peace River surface and groundwater 
supplies are scheduled to increase over the next 17 years in order to respond to the growing 
regional demand and integration between the potential sources of water is likely to increase. The 
largest public water supplier, the Peace River Manasota Regional Water Supply Authority 
(PRMRWSA), has constructed an aquifer storage and recovery reservoir (ASR) in order to 
remain within the permitted maximum surface water withdrawals and yet still meet demand 
(PBS&J, 1999). 
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Figure 7. Surface water and groundwater withdrawals by county in 2000. The withdrawals in 
Polk and Charlotte counties are not all contained within the Peace River watershed. 
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Figure 8. Permitted water withdrawal (MGD) use by county in 2000. The withdrawals in Polk 
and Charlotte counties are not all contained within the Peace River watershed. 
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There are 20 potable water supply permit-holders on the Peace River as of 1999 (PBS&J, 1999). 
All but a few of the permit holders draw directly from the Floridan aquifer. The Charlotte 
Harbor Water Association and the City of Arcadia draw from intermediate aquifers. The City of 
Punta Gorda draws from the Shell Creek Reservoir, on which there is a control structure. The 
last exception, the Peace River Treatment Facility, has a complex system involving both surface 
water withdrawals, surface water storage through ASR, and subsequent withdrawals from the 
Floridan Aquifer. The larger urban areas, the Peace River Treatment Facility, Lakeland, and 
Winter Haven, are each permitted to withdraw a little over 7 MGD with a total average use of 
approximately 80 MDG for all public water supplies. 

The Peace is largely agricultural (43% of the basin) (SWFWMD, 1990). Specific agricultural 
activities influence the amount of nutrients potentially carried by surface runoff. Since 1990, 
some of the land designated as pasture (a relatively low impacting land use) has been replaced 
with row crops, which require higher irrigation and fertilization rates. The most prevalent 
agricultural land use throughout the basin is citrus which requires and discharges substantial 
amounts of water. Irrigation for all agricultural lands in 1990 was estimated as 140 MGD in 
Polk County alone (PBS&J, et aI., 1999) although not all of the county is within the Peace 
watershed. Hardee and Desoto counties, mostly contained within the Peace watershed, were 
estimated to use 82 MGD and 119 MGD respectively (PBS&J, et ai., 1999). 

Mining activities comprise about 9% of the land in Peace River Basin, of which 93% is located 
in Polk County (SWFWMD, 1990). In 1997, the largest single permit was held by IMC-Agrico 
Co. & Farmland, with an average permitted withdrawal of over 20 MGD (SWFWMD, 1997). 
Total mining usage was estimated as 92 MGD (PBS&J, et ai., 1999). Industrial land use within 
the Peace River basin, although less than half a percent of the area, totaled 238 MGD of water 
usage, with all permittees drawing on groundwater (PBS&J, et aI., 1999). Most industrial usage 
was again located in Polk County. The City of Lakeland, with a permitted average withdrawal of 
over 170 MGD, and the Ridge Generating Station Ltd. at just over 10 MGD, were two of the 
largest permits. 

Discharges from domestic wastewater treatment may be disposed of through spray fields, 
percolation ponds, discharge into surface waters, or injection into deep groundwater after 
specified levels of treatment (Figure 9). There are 15 large domestic wastewater treatment plants 
centered around the urban areas on the Peace, and 72 in Polk, Desoto, and Hardee counties. In 
addition to treatment plants, there are more than 100,000 septic tanks in use in the area (Figure 
10) (Marella 2004). Surface discharges, especially from the two large cities of Winter Haven 
and Lakeland in the headwaters, make up a substantial component of overall flow in the Upper 
Peace River (PBS&J, et aI., 1999). 

III.E. Trends in Hydrology 

There is continuing debate over the causes of long term trends in groundwater, rainfall, and 
streamflow. Both upwards and downward monotonic trends have been identified for all 
variables, depending on the investigation and the period of study. Other analyses concluded that 
there was a climatic step-trend with a multi-decadal period. There is not much argument on the 
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Figure 9. Permitted wastewater discharges (MOD) by county in 2000. The discharges in Polk 
and Charlotte counties are not all contained within the Peace River watershed. 
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Figure 10. Number of septic tanks by county. Not all septic tanks are contained within the 
Peace River watershed. 
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decline of groundwater, but the portion attributable to climatic rather than anthropogenic 
influences is difficult to ascertain. 

III.E.1. Streamflow and Rainfall 

There are three long-term gauges of interest on the Peace River that are operated by USGS: the 
Peace River at Bartow, the Peace River at Zolfo Springs, and the Peace River at Arcadia. Using 
these data, both increasing and decreasing trends in mean annual streamflow have been observed 
over various time periods. The largest declines have been reported in the Upper Peace River, 
upstream from Zolfo Springs, between 1961 and 1975, while declining trends or the absence of a 
trend has been reported for the Peace River at Arcadia (PBS&J, 1999). 

Even early work determined that mean annual streamflow values exhibited different trends over 
different time frames. Hammett (1990) used non-parametric tests on streamflow data starting in 
the late 1930s to 1984 and found declines in mean annual flows for the period of record at 
Bartow, Zolfo Springs, and Arcadia. Lewelling et at. (1998), using similar methods as Hammett 
(1990), found declining trends on the Peace for the entire period of record (roughly 1940-1994). 
There were no trends, however, with greater than a 90% confidence level for data from 1974 to 
1994. SWFWMD (2002) performed the same Kendall-tau tests on flow data from 1940 through 
2000 and also found significant declining trends at all three stations, especially at Bartow. When 
smaller time periods were examined in the same study, contrasting significant patterns were 
evident. Seasonal Kendall tests were performed on data from 1970 to 2000 and 1985 to 2000. 
The two shorter time periods yielded a significant (p<0.1) increasing trend at the Bartow gauge. 
It seems clear that streamflow data for the last 20 years do not exhibit the same trends as 
streamflow data prior to 1960 (SWFWMD, 2002). 

Trends in flow taking into account seasonal influences have also been examined, and the results 
vary by investigation. Coastal Environmental (1996b) used parametric tests to examine seasonal 
flows, and with data through 1993, found significant declines in flow for Bartow and Zolfo 
Springs in both the wet and dry season. Flow at Arcadia was found to have declined in the wet 
season (PBS&J, 1999). Since the mid 1930's and early 1940's, the change ranges from a little 
over 1% per year for the Peace at Arcadia to about 2.5% per year for the Peace at Bartow. 
Interestingly, a SWFWMD minimum flows and levels study (2002) which compared total annual 
flows at Bartow between 1940-2000 and 1985-2000 periods found that, although the total annual 
flows had declined in magnitude, the seasonal distribution by month remained comparable. 

To investigate underlying causes of changes in streamflow, Flannery and Barcelo (1998) 
compared rainfall and streamflow patterns, showing that although the magnitude of long term 
changes did not correspond, the timing and general shape of changes in rainfall and streamflow 
were very similar (Figure 11). Others found decreases in rainfall and streamflow from the 
1950's to the 1980's, with a rebound in streamflow the 1990's (PBS&J, 1999). These results 
have been somewhat superseded by the higher rainfall and flows received in the 1990s. 

The changes in streamflow over time can also be attributed to longer term changes in climate 
which in tum affects annual and seasonal rainfall. McCabe and Wolock (2002) examined flow 
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trends for most of the United States and found that a step change occurred near 1970, after which 
rainfall and streamflow decreased in peninsular Florida. The step change was coincident with 
changing sea surface temperatures in the North Atlantic, the Atlantic Multidecadal Oscillation 
(AMO; Kelly, 2004). 

The long-term oscillation of the AMO in the North Atlantic is correlated with precipitation 
patterns in the Eastern United States. Most areas experience a negative relationship, while 
central and southwest Florida experience a positive correlation of rainfall with sea surface 
temperature (Basso and Schultz, 2003). Most recently, the two temperature phases of the AMO 
have endured from approximately 1940-1969 (high temperature, high rainfall) and from 1970-
1999 (low temperature, low rainfall), and rivers in southwest Florida have experienced 
comparatively high and low flows, respectively. Flows in southwest Florida show evidence of a 
step trend of declining flows near 1970 (Kelly, 2004). The two periods are distinct from one 
another, and that there are few significant changes within the individual 30 year periods (Figure 
12). Another climatic signal superimposed on that generated by the AMO is the influence of 
high sea surface temperature in the eastern Pacific in 1997 to 1998 resulting in higher than 
normal winter rainfall, commonly referred to as EI Niiio. 
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There is also evidence supporting human activity as a direct contributing cause of decreasing 
streamflow. Withdrawals and discharges to the Peace River Basin ground and surface waters, 
summarized previously, have changed over time. A structure used to maintain the level of Lake 
Hancock in the headwaters, further limiting flow to the headwaters, was constructed in 1963. 
Many wastewater discharges to the headwaters were eliminated starting in 1985. This may have 
contributed to the more severe decline in flow in the region in the mid-1980s (SWFWMD 2002). 
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Figure 12. Annual mean streamflow and annual total rainfall at the Peace River at Arcadia. 

III.E.2. Streamflow and Groundwater Withdrawals 

The effects of the consumptive use of groundwater could both decrease and augment flows in the 
River. Drawdown of surficial groundwater tables and deeper potentiometric surfaces could 
result in decreased baseflow to the Peace, particularly evident in the dry season (concurrent with 
the growing season for row crops). Depending on the use of the groundwater, it could be 
returned as augmented flow to the River as irrigation runoff or as treated domestic wastes. The 
magnitude of the effect of groundwater pumping on flow is expected to increase with a rising 
population and with more intensive land uses. Most phosphate mining (and associated 
groundwater withdrawals) occur in the Upper Peace River, adjacent to the main channel. 

Because of an increasing demand for industrial and domestic water, salt water intrusion into the 
aquifers has become a concern in southwest Florida. The Peace River Basin lies within the 
Southern Water Use Caution Area (SWUCA), as declared in 1992 by SWFWMD. According to 
the Southwest Florida Regional Planning Council, over-pumping the aquifers under the basin for 
agriculture and phosphate mining has contributed to lowering the output of the Upper Peace 
River to one third less than its historical value (SWFRPC, 1995 quoted in FDEP 2005). 
Decreasing flows in some parts of the river are greater than those expected from rainfall 
reductions or climatic oscillations alone (Kelly, 2004; PBS&J, 1999). 

The decline in groundwater levels preceded the step trend in rainfall that occurred in the 1970's 
by at least 20 years, as evidenced by a decline in flow from Kissengen Springs. Kissengen 
Spring, with a source in the Floridan aquifer and near the headwaters of the Peace River, used to 
discharge 29 cfs into the upper Peace River (Peek, 1951), but ceased flowing continuously in 
1950, and since the 1960s has had no reported discharge. 
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Historically, the Upper Peace River was an area of widespread upward leakage and artesian flow 
from the intermediate Hawthorne layer (Hammett, 1988). Groundwater was an important 
component of dry season flows from the headwaters. More recently, reduced rainfall and 
recharge coincident with the 1970 to 1999 AMO phase and increased groundwater withdrawals 
have led to a reduction in the potentiometric surfaces of the lower aquifers (Hammett, 1990; 
SWFWMD, 2002; Basso, 2002). As a result, there has been a reversal in the historic 
hydrological condition in the headwaters, with reduced artesian flow and the river now 
recharging the intermediate and Floridan aquifers in the upper reaches (Hammett, 1990). 

Lewelling et al. (1998) demonstrated that from Bartow to Ft. Meade, the Peace River floodplain 
and river channel is now a groundwater recharge area. Every year between 1975 and 2000, the 
flow at Bartow has exceeded the flow at Ft. Meade downstream for periods lasting between 26 
and 256 days as the water in the river channel percolates downward through sinkholes and sand
filled depressions (SWFWMD 2002). 

Groundwater levels declined most steeply from 1961 to 1975. Since the mid-1970s, the 
potentiometric surface has recovered somewhat, nearing levels observed in the early 1960s by 
the mid 1990s. In 1996, phosphate industry water withdrawals were only 40% of the total 
withdrawals for mining in 1975. Reductions in groundwater use by the phosphate industry 
accompanying decreased production was thought to have contributed to a rebound in the 
potentiometric surface of the upper Florida aquifer in the headwaters region (Flannery and 
Barcelo, 1998), but the recovery in potentiometric surface since 1975 has not yet returned to pre-
1960 levels. The Upper Peace has experienced very low flows and the river ran dry at Bartow in 
the 1998 and 1999 dry seasons. Kissengen Spring has not flowed since 1961. The entire river 
can disappear below ground into the karst topography above Ft. Meade (PBS&J, 1999). 

Kelly (2004) graphically examined the effect of rainfall on river flow and showed that the annual 
pattern of watershed yields for subbasins with relatively little development (Charlie and Horse 
Creeks), were remarkably similar to the flows in the mainstem where a substantial portion of the 
watershed is in mining land use (the Peace River at Arcadia). The 1990 land uses in Charlie and 
Horse Creek subbasins were predominantly pasture, rangelands, and wetlands leading to the 
conclusion that declines in mid to high flows Arcadia are the result of climatic signals rather than 
from exclusively anthropogenic causes. 

Other anthropogenic influences on flow indicate augmentation of streamflow. The Joshua Creek 
subbasin is mostly devoted to agriculture, and groves have more of a presence (PBS&J, et aI., 
1999). Kelly (2004) noted that Charlie and Horse Creeks had similar watershed yields to that of 
the Peace at Arcadia. Joshua Creek, however, showed a monotonic increasing trend during the 
dry season months from 1951-1985, a result attributed to reject irrigation water based on the 
increasing mineral content observed. SWFWMD (2004) notes similar increases for Prairie and 
Shell Creek tributaries as well. Interestingly, despite declines in flow noted for streamflow at 
mainstem stations in the Peace (Section III.E.1 , above), there had been not been a significant 
decline in total gaged streamflow (four major tributaries plus the Peace River proper) for the 
Peace River since 1965 (PBS&J, 1999). Declines in flow noted due to changes in rainfall and 
lowered potentiometric surface appear to have been offset by flow increases due to irrigation 
with groundwater. 
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III.F. Circulation in Charlotte Harbor 

Surface waters from the Peace River flow through Charlotte Harbor and eventually to the Gulf of 
Mexico. A number of numerical simulations have been constructed to represent the process. 
Early work (Miller and McPherson, 1991) used a two dimensional box model to estimate 
flushing time in the northern part of the harbor, using vertically averaged salinities. Under 
conditions of average inflow from the Peace and Myakka (-2,500 cfs), 75% of a parcel of water 
in the most upstream portion of the estuary would be flushed from the northern harbor to the 
Gulfin 100 days. (Goodwin, 1996) also used a two dimensional approach strictly accurate only 
when the Harbor can be considered to be depth-averaged. The Harbor is often vertically 
stratified during high flows, but the conclusions of the study still demonstrated an expected 
reduction in residence times under high flow conditions, with increased transport between upper 
and lower Charlotte Harbor, as well. Stratification under high flow conditions could be expected 
to reduce actual residence times of freshwater even more. 

Another two dimensional simulation (McPherson, et al. 1996) examined flushing under flow 
conditions intermediate between mean and median values (526 cfs for the Myakka River, 1728 
cfs for the Peace River). Approximately 50% of water in the northern Harbor was flushed to the 
Gulf of Mexico within 20 days and after 30 days, 70% of the northern Harbor water had been 
replaced. High flows (roughly triple) reduced the 50% flushing time to approximately 10 days. 
Reduction of flows to 460 cfs for the Peace and Myakka combined (approximately one-fifth of 
the intermediate flows) reduced flushing, such that 60% of water in the upper Harbor had been 
replaced within 30 days. 

More recently, SWFWMD contracted for a three dimensional curvilinear model prepared by the 
University of Florida to evaluate minimum flows required in the Peace and Myakka Rivers. 
Aspects modeled will include hydrodynamics, waves, sediment transport and water quality and 
model boundaries extend into the Gulf of Mexico. The University of South Florida has similarly 
prepared a three dimensional circulation model (based on the Princeton Ocean Model) driven by 
heat flux, tides, and wind of Charlotte Harbor to interface with a similar physical model of the 
West Florida Shelf (Weisberg and Zheng, 2003). 

IV. WATER QUALITY 

A variety of water quality trends, at times conflicting, have been identified for the Upper and 
Lower Peace River. Some of the water quality trends have been influenced by the short term 
rainfall trends from 1998 to 2002. Reduced rainfall is expected to result in improved water 
quality because of a drop in loadings from storm water pollution. On the other hand, increases in 
rainfall would produce higher flows and flushing rates, discussed above. Summaries and 
analyses of water quality data are taken chiefly from Wade, et al. (2003) and PBS&J, et al. 
(1999). 
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IV.A. Land Use 

Anthropogenic pollution can be classified as point (end of pipe) and nonpoint sources. The 
magnitude of nonpoint sources is dependent on land use and contributes to loading through the 
mobilization of soils, nutrients, and other contaminants by rainfall and runoff. The following 
land use summaries are drawn primarily from studies by SWFWMD (1990), and SFWMD 
(1988). Phosphate mining is the principal industrial land use in the Upper Peace River and has 
been carried out for over 100 years (PBS&J, et at., 1999). As of 1999, there were three 
corporations that still mined phosphate in the Upper Peace River and several more which have 
mined previously but which are now only performing mandated reclamation work. Records 
indicate that 60,649 acres of the Peace River basin (about 4% of the watershed) were mined 
between July 1975 and December 1997. Of the mined area, a little over half has been revegetated 
and reclamation is underway in another 9% (PBS&J, 1999). 

Agriculture plays a larger role in the middle reaches of the River, but gives way to urban areas 
nearer the coast. Agricultural land use comprises slightly less than 40% of the entire basin, with 
citrus dominating the middle regions and more row crops and rangeland present downstream. 
The fraction of agricultural lands in row crops and citrus has increased significantly over the last 
few decades. However, pasture and rangelands still take up a significant portion of the Lower 
and some of the Upper Peace River Basin. A smaller portion of the basin consists of upland 
forests and forested freshwater wetlands. Near Charlotte Harbor, relatively unaltered lands are 
protected by the Charlotte Harbor Aquatic Preserve and the Charlotte Harbor State Reserve 
(PBS&J, 1999). 

There are several cities on the Peace River that contribute to nutrient loadings with domestic 
wastewater treatment plants. The largest urban areas are in the headwaters and near the mouth. 
In the Upper Peace River, Winter Haven and Lakeland both withdraw potable groundwater from 
the Floridan aquifer and discharge treated effluent with two major domestic and 3 major 
industrial treatment plants. Near the mouth of the Peace River, Port Charlotte and Punta Gorda 
have permitted domestic waste discharges. In the coastal basins immediately surrounding 
Charlotte Harbor, about half of the land was commercial or residential in 1990 (PBS&J, 1999). 
Most residential areas in the basin are medium density (PBS&J, et at., 1999). 

IV.B. Nonpoint Sources 

A disproportionately large amount of nutrients originate from nonpoint sources. According to a 
land use model (Coastal Environmental, 1995), most total nitrogen (TN), most total suspended 
solids (TSS), and a large portion of total phosphorus (TP) are delivered to the Peace River via 
streamflow and direct runoff. Nonpoint source loadings were estimated with detailed rainfall 
values, SWFWMD land use data (1990), and USDA soil data, using literature-based runoff 
coefficients and typical stormwater concentrations. The coefficients were specific to South 
Florida, differed by land use, hydrologic soil group, and whether the rainfall events occurred in a 
wet or dry season. With data from 1985 to 1991, the model estimated that nonpoint sources 
contributed 67% of TN loads, 41 % of TP loads, and 90% of TSS loads. Modeled future 
conditions indicate that nonpoint source pollution would continue to be the biggest contributor of 
TN, TP, and TSS. The model anticipates larger loadings from septic systems as a result of 
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residential expansion through 2010. More recently, Staugler and Heyl (2005) used 1990 census 
data to determine the possible nutrient contributions from the septic tank systems of residential 
areas and found that septic tanks could account for up to 11-21 % of the total nitrogen load and 3-
6% ofthe total phosphorus load for the Myakka and Peace Rivers. 

More specific results from Coastal Environmental (1995) determined that in the Upper Peace 
River basin, most of the TSS was attributed to industrial and urban land use, primarily phosphate 
mining and residential areas. In the Lower Peace River, TSS was contributed more by lands in 
agriculture and upland forests. Total nitrogen and phosphorus were both linked to agricultural 
land use throughout the watershed, with the exception of a high TN contribution from urban 
influences in the headwaters. The Lower Peace River had more pastures and groves (PBS&J, et 
at., 1999), but row crops and citrus groves in the lower watershed have continued to increase, a 
land use change that has increased the total nitrogen load (PBS&J, 1999). One interesting note, 
however, was that although agricultural lands take up more area than do urban lands in the lower 
Peace River subbasin, urban land contributed more to nonpoint source pollution (PBS&J, et at., 
1999). McPherson, et at. (1996) concluded that nutrient loadings in general have increased from 
1975 to 1985 because of increases in wastewater and agricultural runoff (PBS&J, 1999). Aside 
from direct runoff, atmospheric deposition of nutrients to Charlotte Harbor was also substantial. 

IV.e. Point Sources 

In contrast to nonpoint source loads, point sources accounted for 10% of TN, about 20% of TP, 
and 10% ofTSS to Charlotte Harbor (Coastal Environmental, 1995). In 1999, the Peace River 
Basin contained 166 domestic point sources and 196 industrial point sources (PBS&J, et at., 
1999). Most of the industrial point sources were in the Upper Peace River, near Bartow, Payne 
Creek, and Zolfo Springs. In the Lower Peace River basin, there are fewer industrial point 
sources than domestic ones, and fewer point sources overall. Of the 114 domestic and industrial 
facilities that were permitted to discharge in the Charlotte Harbor region, 88 were on the Peace 
River (Hammett, 1990). Of those, phosphate ore and citrus processing accounted for most of the 
industrial eftluent. 

Until recently, Lake Hancock was the receiving waterbody for both municipal and industrial 
eftluent and experienced significant nutrient loads. As a result of the extensive and persistent 
blooms of blue green algae, there is a thick layer of unconsolidated organic material on the lake's 
bottom. The Lake is characterized as having a high concentration of blue-green algae, high 
turbidity, and high biochemical oxygen demand, resulting in oxygen depletion. Releases are 
made from Lake Hancock by control structure P-ll. Water quality of the Lake has improved 
since the City of Lakeland's WWTP ceased discharge of 6.4MGD into an upstream canal in 
1987. The outflow from Lake Hancock has declined as a result, from 62.6 cfs in 1975 to 59 cfs 
in 2003 (BCI, 2005), a decline of 2.3 MGD. 

IV.D. Selected Water Quality Variables 

In a summary of all long-term studies for the Charlotte Harbor and Lower Peace River (PBS&J, 
1999) many of the listed data sets include the Upper Peace River as well. The data support the 
conclusion that many water quality parameters in Charlotte Harbor and the Lower Peace River 
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have not changed significantly since 1975 (PBS&J, 1999). More water quality problems are 
apparent near the headwaters and Lake Hancock. Exceptions were a gradual decline of 
phosphorus, likely due to increased regulation of phosphate mining effluent, and an increase in 
nitrogen, attributed to changing agricultural land use. Since the PBS&J 1999 report, long-term 
rainfall patterns appear to have changed between 1998 and 2002. More recent water quality 
trends were examined in Wade, et al. (2003). Results summarized below include information on 
conductivity, color, orthophosphate (P04) and total phosphate (TP), nitrate and nitrite, total 
Kjeldahl nitrogen (TKN), ammonium (NH4l, phytoplankton, phytoplankton response to 
nutrients, dissolved oxygen, and chlorophyll a. 

IV.D.I. Conductivity 

Conductivity can be indicative of both saline waters and of highly mineralized groundwater, with 
the lowest values typically found in rainfall and surface runoff. Salinity in the estuary varies 
longitudinally along the tidal reach, across the channel, and with depth, depending on patterns of 
flow, freshwater runoff, wind, tide, and harbor salinity. Within the Harbor, freshwater from the 
Peace and Myakka preferentially flows near the surface along the western side ("the western 
wall"), eventually reaching the Gulf of Mexico through Boca Grande Pass (Goodwin, 1996). 
The average salinities of the estuarine portions of the Peace River can vary as much as 25 PSU 
per year. 

During low flows and controlled by stream bed elevations, saline water penetrates farther 
upstream, affecting the distribution of both flora and fauna. The limit of saline influence 
appears to be near the confluence with Horse Creek with little flow-related change in salinity at 
locations upstream (PBS&J, et aI., 1999). During high flows, the Peace and Myakka Rivers are 
generally fresh to the mouth, and Charlotte Harbor becomes vertically stratified as a sheet of 
freshwater isolates saline waters at depth. During warmer weather, the saline waters thus 
isolated can develop hypoxic conditions on the harbor bottom. 

A study by Stoker et al. (1989) found daily variations in salinity dependent on tide, while long
term variation was linked to streamflow. The study found that the most significant variables for 
predicting the location of high tide salinity concentrations were the daily mean tide and gauged 
streamflow from the Peace River at Arcadia and Horse Creek near Arcadia. During high 
streamflow, the lowest 32 km of the Peace River were flushed in a minimum of two days. 
Flushing took 40 days in cases of extreme and extended low flows (PBS&J, 1999). 

According to data from the early 1970s to the early 1990s, conductivity declined at Bartow, 
while there were dry season increases at Arcadia and at Horse Creek near Arcadia (Coastal 
Environmental,1996). The decrease at Bartow was attributed to greater regulation of point 
source discharges in the Upper Peace; discharges from wastewater treatment plants and citrus 
processing plants usually have high conductivity. There has also been a decline in groundwater 
pumping and a subsequent decline in discharges of more mineralized groundwater by the 
phosphate industry. The increases near Arcadia may be due to the agricultural use of 
mineralized water from the Floridan aquifer and the attendant reject irrigation water, particularly 
during the dry spring growing season (PBS&J, 1999). 
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IV.D.2. Color 

The Peace River and its tributaries are "black water" streams, dominated by highly colored 
freshwater from decaying wetland vegetation. With higher flows in the wet season, large 
increases in color occur in both the river and estuary. Increased color leads to increased light 
attenuation and the light penetration of the water column is reduced for much of the year. This 
nearly annual occurrence effectively limits the formation of submerged aquatic vegetation 
communities on the river and harbor bottom. The narrow photic zone also affects the 
composition of phytoplankton communities, encouraging the dominance of species that can stay 
close to the surface (blue green algae) or are otherwise motile (dinoflagellates) (PBS&J, et ai., 
1999). 

In the freshwater reaches of the Peace, there is a strong relationship between flow and color. The 
Peace River Manasota Hydrobiological Monitoring Program (HBMP) analyzed data collected 
monthly by the Environmental Quality Laboratory (EQL) at four isohalines from 1983 to 1998. 
Water color increased with flow to a maximum of about 300 PCU. Further increases in flow did 
not appreciably increase color. In the Harbor, highly colored freshwater is diluted with saline 
waters low in color. Since flows are seasonal, the wet season yields a larger area of the Harbor 
with high levels of color. The most saline regions (20 PSU and above) did not experience as 
wide an annual range in color as the fresher regions, although there was some seasonal variation 
(PBS&J, 1999). Monthly SWFWMD data in the Lower Peace estuary recorded peak color above 
200 PCUs during the wet summers of 1994 and 1995, although higher values were observed in 
the late 1970's and early 1980's with similar flows (PBS&J, et ai., 1999). 

There was some disagreement on the importance of color with regard to light attenuation. 
McPherson and Miller (1994) performed a study that linked light attenuation with non
chlorophyll suspended matter (detritus), chlorophyll, and color, in that order of importance. In a 
study by Post et al. (1997), higher nutrient loads were associated with higher color in tidal river 
segments, but data indicated that there was no significant relationship between chlorophyll and 
light attenuation and that the observed light attenuation was most likely strongly influenced by 
color alone. Graphs of light attenuation for the HBMP (1998) data closely matched color, 
however, supporting previous conclusions by USGS and EQL that color is the determining factor 
in light attenuation in the Peace River and Upper Charlotte Harbor. Dixon and Kirkpatrick 
(1999) in a spectrally explicit model, found that color explains more than half of variation in 
light attenuation, with turbidity explaining much of the remainder. 

IV.D.3. Turbidity 

Turbidity, a measure of light scattered at 90° from the incident beam, is increased in proportion 
to total suspended solids, phytoplankton, organic detritus, and inorganic silt. In addition to 
effects on light attenuation and submerged vegetation, high levels of turbidity for extended 
periods oftime, can adversely affect zooplankton and fish communities. 
Data collected by EQL from 1976-1990 (PBS&J, et ai., 1999) showed significant, long term 
increases in turbidity for the Peace River at Arcadia, Horse Creek at SR 70, and the Lower Peace 
River. The increase may be attributed to the increase in agricultural land use. (Fertilization and 
irrigation may also have led to increases in nitrogen, chlorides, and dry-season streamflow.) 
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In comparison, the SWFWMD data collected monthly at two stations in the southern most 
portion of the Peace from 1993 to 1996 (PBS&J, et al., 1999) do not reflect the high turbidity 
values that EQL found during this same time period. The wet season values from the 1993-1996 
data also did not have the consistent high peaks of earlier wet seasons in the late 1970's and early 
1980's. Using more recent data, Wade, et al. (2003) found that TSS in the Lower Peace was 
increasing (a greater than 5% increase per year) between 1996 and 2000. 

IV.D.4. Orthophosphate and Total Phosphorus 

Phosphorus is present in the water column in a variety of forms: orthophosphate (P04), 

particulate phosphorus (PP), dissolved organic phosphorus (DOP), and dissolved phosphate (DP, 
comprised of both orthophosphate and dissolved organic phosphorus). Many phytoplankton 
cannot access organic and insoluble forms of phosphorus, while others, including K. brevis, can 
enable an enzyme to mobilize phosphorus and facilitate cellular incorporation. 

The most distinctive water quality feature of the Peace River is the high levels of phosphorus, 
much higher than most other estuarine systems. The bed of the Peace River runs through the 
same strata utilized for commercial mining and early settlers to the region mined phosphate by 
recovering the phosphatic pebbles lining the stream bed (Estevez, 1984). Within the Harbor, one 
can track phosphate with dilution curves as riverine water mixes with coastal water, indicating 
that the element is in such excess (for phytoplankton) that it acts as a conservative parameter 
(McPherson and Miller, 1990). The naturally occurring phosphorus has been augmented, at 
times substantially, by mining and phosphatic waste spills, although these have declined 
markedly over past years. 

Other studies support the idea that orthophosphate and total phosphorus act as conservative 
constituents in the Charlotte Harbor estuary. Levels of orthophosphate decrease almost linearly 
with increasing salinity, indicating that decreases in concentration primarily reflect dilution. 
USGS data from 1982 to 1990 showed that the distribution of total phosphorus and 
orthophosphate in Charlotte Harbor depended on physical mixing and input from the rivers 
(McPherson, et aI., 1996). According to the HBMP study (1998), orthophosphate is present in 
its highest levels during low and moderate freshwater flow periods, presumably since during low 
flows, baseflow consists of a greater fraction of groundwater flowing from the phosphorus-rich 
aquifers rather than from low-phosphorus rainfall and surface runoff (PBS&J, 1999). 

The decline over time in concentrations of phosphorus is the most notable change of all water 
quality parameters in the Peace (Coastal Environmental, 1996). Levels have declined since 
1980, probably because of improved regulation of discharges from phosphate mines. Before the 
mid-1980s, phosphorus was exhibiting an upward trend. Fraser (1986) performed a study with 
data from 1976-1984 and found an increasing trend in orthophosphate in Charlotte Harbor. Over 
a different time period, USGS data (1962-1996) showed an overall decline in phosphorus from 
Bartow to Arcadia, with the decline the most evident in the upper river. The EQL data from 
1983-1998 shows an overall decline since the 1980s (PBS&J, 1999). Post, et al. (1997) found an 
increasing trend in the TN:TP ratio, probably due to decreases in TP. Most recently, decreasing 
trends in total P were identified for the lower Peace River, Horse Creek, the upper Peace River, 
and for a few stations in Charlotte Harbor proper. 
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IV.D.S. Nitrogen 

The relationship between nitrate-nitrite nitrogen and flow is complex. EQL data from 1983 to 
1998 indicate that freshwater inflows carry the most nitrogen. SWFWMD data collected between 
1993 and 1996 show TKN increased during and after the unusually high flows of 1994 and 1995. 
In general, loadings from agricultural lands to which fertilizer has been applied will be higher 
when it rains. It is not surprising, then, that long-term nitrate highs are observed in the wet 
season (Coastal Environmental, 1996). 

There are significant temporal trends in nitrate-nitrite-nitrogen in specific areas of the Peace 
River basin. Wade, et al. (2003), in 1996 through 2000 data, found that nitrate-nitrite exhibited 
slight but significant decreases at Bartow and upstream. The decline in nitrates may be attributed 
to a reduction in permitted discharges and also with the removal of the Lakeland WWTP 
discharge in 1987. There were significant increases in nitrate-nitrite nitrogen, however, 
upstream and downstream of Arcadia. Upstream of Arcadia, between Zolfo Springs and Bartow, 
are several fertilizer plants that are associated with the phosphate industry. 

In Horse Creek, nitrate-nitrite concentrations are positively correlated to chloride levels and have 
higher loadings during the wet season (Coastal Environmental, 1996), suggesting the influence 
of increasing agricultural land use. Downstream in the Lower Peace River, the nitrate-nitrite 
levels have been significantly decreasing, especially since 1990 (PBS&J, et al., 1999). Using 
USGS data from the 1970s to the early 1990s, a significant drop in nitrate nitrogen 
concentrations was also observed for the dry season at both Zolfo Springs and Arcadia. There is 
also a significant downward trend in nitrogen reported at the Peace in Arcadia in the EQL data, 
which could be attributed to improvements in the wastewater treatment plant owned by the City 
of Arcadia (PBS&J, et al., 1999). More recently, Wade, et al. (2003) found substantial increases 
of nitrate-nitrite at Arcadia between 1996 and 2000 that were greater than 5% per year. 

USGS data from 1982 to 1990 indicated the distribution of ammonia nitrogen in Charlotte 
Harbor depends more on recycling within the estuary than on input from the rivers. Ammonia 
concentrations increase in deeper water, probably due to vertical salinity stratification and low 
concentrations of dissolved oxygen that allow for ammonia regeneration from bottom sediments 
(McPherson, et al., 1996). More recent trend analyses (Wade, et al., 2003) detected few trends 
in ammonia for either the lower Peace or upper Charlotte Harbor, and a slightly decreasing or no 
trend at stations between Bartow and Arcadia. 

Ammonium and nitrate-nitrite loads are well correlated with chlorophyll a and algal biomass in 
some data sets (SFWMD 2005). When nitrogen is limiting, however, inorganic nitrogen 
concentrations can often be inversely related to phytoplankton biomass, as the presence and 
growth of phytoplankton results in the consumption of all available inorganic nitrogen. 

Ammonium and organic nitrogen together comprise total Kjeldahl nitrogen (TKN). Ammonium 
can be incorporated by some phytoplankton. Microbes and fungi also remineralize organic 
nitrogen in the microbial loop process, thus making nitrogen available to phytoplankton. Some 
forms of organic nitrogen are resistant to decomposition and so in systems with a significant 
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detrital load, organic nitrogen and total nitrogen are not always good predictors of ultimate algal 
or phytoplankton growth, even in nitrogen-limited systems (SFWMD 2005). 

Nitrogen can act as a conservative element in light-limited areas or as a non-conservative 
element in waters of higher salinity (higher water clarity) where phytoplankton growth occurs. 
Consequently, inorganic nitrogen concentrations can covary with color and decrease as estuarine 
waters become saltier. When low flow results in lower color values and higher light penetration, 
biological uptake may depress nitrate-nitrite concentrations in the Peace River to near detection 
limits (PBS&J, et at., 1999). USGS data from 1982 to 1990 showed that nitrate-nitrite nitrogen 
was nonconservative in the estuary, with the decline in concentration from the river to Charlotte 
Harbor even more marked because of salt water dilution in addition to nitrogen uptake 
(McPherson, 1996). 

IV.D.6. Nutrients and Phytoplankton 

Montgomery, et al.(1991) performed a series of in situ experiments to determine how levels of 
nutrients affected naturally occurring phytoplankton in Charlotte Harbor. The results were 
measured by chlorophyll a and 14Carbon uptake. Relative changes in the two variables were 
variable with regard to season, location, nutrient and size fractions. In areas of low salinity, 
phytoplankton responded more to additions of inorganic nitrogen during seasonal low flow 
periods when color levels were lower than when flows and color were high. High freshwater 
inflow increases both ambient inorganic nitrogen and water color, and may result in light 
limitation of phytoplankton, regardless of nutrient supply. 

In areas of higher salinities (and lower color), addition of inorganic nitrogen confirmed that 
waters were nitrogen-limited, in accordance with calculated ratios of inorganic nitrogen to 
phosphorus. During summer high flows, phytoplankton growth was limited by light availability 
in low salinity areas and by nitrogen in high salinity areas. During other times in the year, all of 
Charlotte Harbor could be considered a nitrogen-limited system (PBS&J, 1999). 

The presence of phytoplankton significantly affects inorganic nitrogen levels in the Peace River 
and Charlotte Harbor, while phytoplankton responses are controlled by the availability of 
inorganic nitrogen, light, and ambient temperature. Using EQL data from 1983 to 1998, 
phytoplankton production and biomass were generally low, regardless of temperature, during 
low flow periods (PBS&J, 1999). At the beginning ofthe wet season, fresh water flow increased 
and phytoplankton in intermediate salinities showed a positive response, the magnitude of which 
was dependent on temperature. As flows increased, available light in the water column 
decreased because of an increase in color. Light limitation, therefore, can reverse the initial 
positive response to increased flow and nutrients. As a result, the highest measured carbon 
uptake and chlorophyll a levels were recorded at intermediate salinities during low flows with 
high seasonal temperature and high light availability. Peaks production occurred in Charlotte 
Harbor in the fall, when flow (and light limitation) is decreasing, and when temperature and 
ambient nitrogen levels are still comparatively high. 

McPherson et at. (1996) also used the USGS data from 1982 to 1989 to attribute the non
conservative behavior of nitrogen to phytoplankton uptake. Productivity and growth exhibited 
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maxima during late summer coincident with peak flows and nutrient loadings. The highly 
colored freshwater runoff resulted in light limitation for phytoplankton in the low salinity 
portions of the estuary, and allowed higher production near the mouths of the rivers, once 
freshwater inflows were diluted by seawater to moderate salinities of 10-20 PSU (McPherson, et 
ai., 1996). 

The following conclusions come from an EQL report analyzing data from 1983 to 1993 at 4 
isohalines in the Peace River and Upper Charlotte Harbor, summarized in PBS&J (1999). At 0 
PSU in Charlotte Harbor and the Lower Peace River, blue-green algae made up much of the 
phytoplankton community from February to April. Green algae increased in May during low 
flow from the Peace River. Flagellates increased coincident with increasing summer river flows. 
Diatoms were dominant during late fall and winter, when flow and temperature declined. 
Dinoflagellates did not flourish in the low salinity. At 6 PSU, dominance of green and blue
green algae declined. Diatoms and flagellates bloomed alternately, with periodic dinoflagellate 
blooms. At 12 PSU, there were seasonal blooms of diatoms, flagellates and dinoflagellates. 
With increases in river flow (increased silica supply) and temperature, diatoms become more 
important. At 20 PSU, patterns of phytoplankton communities were similar to that at 12 PSU, 
although with increasing dominance of diatoms. 

IV.D.7. Dissolved Oxygen 

During high flows from the Peace and Myakka Rivers, the waters of Charlotte Harbor become 
vertically stratified, with lenses of freshwater isolating the lower saline waters from the 
atmosphere. The lower layer may become hypoxic (dissolved oxygen [DO] below 2.0 mg L-1

) if 
temperatures are sufficiently high and stratification persists. The phenomenon is seasonal and 
depends on freshwater flow and temperature. Stratification during winter months does not 
generally produce hypoxic events. 

Data from USGS (from the 1970s onward) found several trends in DO (Coastal Environmental, 
1996). There were increasing trends in DO at Zolfo Springs in the dry season and Horse Creek 
for the wet season. There was a long-term decreasing trend for the Peace River at Arcadia in the 
wet season (PBS&J, 1999). Using EQL data from 1976 to 1990, it was determined that sites 
from the river's mouth to the PRMRWSA plant generally had dissolved oxygen levels greater 
than 5.0 mg/L. When there were high freshwater inflows and temperatures, hypoxic or even 
anoxic conditions developed in the lower strata near the mouth of the river and in deeper portions 
of the central Harbor. High flows without high temperature, such as the record wet winter during 
the El Niiio of 1997, did not result in hypoxic conditions. The lower depths of the Peace River, 
upstream from the 1-75 bridge, also appear to have lower DO levels during high flows, which 
may be exacerbated by an increase nighttime respiration if phytoplankton concentrations are 
high. In the winter months, there can be higher DO levels because of increased solubility of DO 
in colder waters (PBS&J, 1999). 

In USGS data from 1982 to 1989, McPherson, et ai. (1996) found near anaerobic conditions in 
Charlotte Harbor that stretched over days to weeks in deep water (greater than ~3m). Camp 
Dresser & McGee, Inc (1998) performed a study on historic occurrences of hypoxic areas in 
Charlotte Harbor using data from USGS, SWFWMD, EQL, and MML. Hypoxic bottom water 

Year 1: A Spatially Intense Nutrient Survey o/Charlotte Harbor During the 2005 Wet Season 
Appendix C 26 



was most prevalent in the lower Peace River in June, and generally spreads down-Harbor during 
the wet season as stratification extends with increasing flow. Once hypoxia is established, 
conditions can remain stable over large areas for long periods of time. The hypoxic area usually 
extends over the greatest area by September, but by November, with wind-driven overturn of 
stratification from winter cold fronts, most of the harbor returns to near 4.0 mg L-1 dissolved 
oxygen. 

Camp Dresser & McGee, Inc (1998) indicated that both water column biochemical oxygen 
demand and sediment oxygen demand may jointly result in hypoxic conditions. The spread of 
hypoxic water was correlated with cumulative flows and inversely related to windspeed, 
accounting for 50-60% of the observed data. When hypoxia occurred, there were also high 
freshwater flows and therefore vertical salinity stratification. The vertical stratification would 
effectively reduce re-aeration from the atmosphere and would allow oxygen demanding 
substances both in the saline waters at depth and from the sediments to continue to depress DO 
levels. 

V. HARMFUL ALGAL BLOOMS 

The Gulf of Mexico is home to 30 or more toxic phytoplankton species (Steidinger, et at., 1997). 
These species are always present in background concentrations. Karenia brevis is a 
dinoflagellate usually encountered in Gulf waters at 2,000 cells L-1 or less, but populations can 
increase to 100's of million cells per liter. At cell counts greater than 100,000 per liter, the 
population is classified as a harmful algal bloom (HAB) and is called a 'red tide' because of the 
discoloration of the water associated with high concentrations of the K. brevis organism. Other 
HABs can also form red tides, though K. brevis is almost exclusive to southwest Florida 
(Murphy, et aI., 1975). 

Blooms typically appear to initiate in oligotrophic waters offshore and are then moved by winds 
and currents to shore. Regions of initiation typically range from offshore of Tampa Bay south to 
off of Ft. Myers and include the region offshore from Charlotte Harbor and Boca Grande. After 
initiation, blooms can be transported up and down the coast. 

V.A. Stages of K. brevis Blooms. 

The information on red tide blooms that appears below has been summarized from information 
published by FWRI (2002). There are four stages to a red tide bloom: initiation, growth, 
maintenance, and dissipation. Information about these stages has been gathered by research 
cruises as far back as the 1960s. 

The initiation of a bloom begins when K. brevis from the water column or from shelf sediments 
is introduced to an area, generally about 20 to 70 kilometers offshore in oligotrophic waters. To 
amass the necessary cell count to be considered a bloom, the phytoplankton must grow and be 
concentrated without significant losses. As growth rates of K. brevis are relatively low, physical 
concentration mechanisms must also play a role in accumulating cell counts to bloom 
concentrations. 
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As cell concentrations increase, the bloom and associated brevetoxins may be in high enough 
concentrations to kill fish. Blooms can either remain offshore or be pushed inshore by winds and 
currents. The bloom can remain both offshore and inshore for months. Once the bloom is 
sufficiently large, it must be maintained by nutrients from either internal, recycled sources or 
from external supplies to permit cell division. Nutrients from estuarine discharges, sediments, 
atmospheric deposition, decomposing fish, and recycled from phytoplankton exudates and other 
organic detritus all could be utilized with the relative importance of each dependent on the 
precise bloom location and conditions. The relationship between inshore and offshore conditions 
and bloom maintenance is slowly becoming more understood. The final stage is the decline of 
the bloom. Wind and currents can dilute the cell concentrations, move the bloom to another 
area, or otherwise disrupt the physical accumulation of cells. Seasonal variations in salinity and 
light, producing less ideal conditions for growth, may also playa role in bloom dispersal. About 
70% of red tide blooms on record since 1878 have lasted 1-4 months, usually occurring during 
the late summer or fall. 

V.B. Estuarine Influence on K Brevis Blooms 

Karenia brevis blooms are affected by a diversity of variables. When it comes to predicting the 
behavior of red tide blooms, however, the relationships between a wide range of factors and 
bloom response may be too complex for any single one of the current models. 

Karenia brevis would not flourish in the highly colored low salinity reaches of the Peace River 
or other estuaries. It may well, however, use riverine nutrients that have been diluted in coastal 
waters. In the lab, K. brevis exhibits optimum growth within specific light, temperature and 
salinity ranges. K. brevis was exposed to permutations of these factors (Magana and Villareal, 
2005) and had higher growth in all combinations of temperature and salinity when light was 
increased. K. brevis can tolerate temperatures from 15° to 30°C but exhibits much lower growth 
in 15°C conditions. Salinity tolerance varied from 22.5 to 46 PSU, although a study by Brown, 
et al. (2005) describes a bloom that was maintained near the panhandle in less than 20 PSU 
conditions. 

During initiation, phosphorus and nitrogen concentrations have been documented at normal 
oligotrophic levels (Vargo, et al. , 2004). The organism needs to obtain nutrients to sustain 
growth, however, leading to a number of hypotheses on how K. brevis can initiate in low-nutrient 
water. In an in situ study of K. brevis and various forms of N, it appeared that the organism can 
use both inorganic and organic forms of N that are present. In addition, while many 
phytoplankton consume inorganic nitrogen prior to utilizing organic forms, K. brevis appears to 
use both forms equally. This ability may confer a competitive advantage on K. brevis in regions 
supplied with a greater proportion of organic nitrogen relative to inorganic species. The ability to 
utilize organic forms of N may also permit K. brevis to take advantage of offshore 
Trichodesmium blooms, a cyanobacteria that can fix atmospheric nitrogen and which releases 
ammonium ions and dissolved organic N (Mulholland, et al., 2002). It is quite possible that the 
off shore blooms of Trichodesmium supply a form of nitrogen that K. brevis can access easily 
(Bronk, et aI. , 2002). 
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The nitrogenase enzyme required by Trichodesmium for nitrogen fixation incorporates iron as an 
essential trace element. Kim and Martin (1974) first tried to correlate the iron from African dust 
clouds to red tide during a bloom on the West Florida shelf in 1972 and the maximum observed 
iron index for the area occurred just before the bloom began to initiate. The postulated link is 
that Trichodesmium may be iron-limited. Once iron is supplied, however, blooms of 
Trichodesmium fix nitrogen and release organic N as a nitrogen source that K. brevis is well 
adapted to utilize. Other sources of organic nitrogen could also be produced by near-bottom 
diatom blooms fueled by nutrients from shelf-break upwelling (Walsh, et al. 2003), or by 
decomposing fish. 

Nutrients may also be provided by the estuarine flux of nitrogen and phosphorus when blooms 
reach coastal waters. Vargo et al. (2004) identified estuarine DIN:DIP ratios generally less than 
1.0 within the Charlotte Harbor estuary, supporting the idea of nitrogen limitation due to natural 
phosphate enrichment. High levels of silicates in coastal samples indicated that estuarine water 
was being transported into coastal waters, including entrained nitrogen and phosphorus. 
Varget et al. (2002) identified four K. brevis blooms during the ECOHAB program off of the 
West coast of Florida which all initiated after vertical density stratification broke down and were 
associated with the thermal and salinity fronts that occurred after horizontal mixing. Estuarine 
flux was estimated to supply only from 5% to 20% of the required nitrogen and from 4% to 90% 
of the required phosphorus to maintain the bloom. Karenia brevis may well be utilizing 
estuarine nutrients, but the estimates indicate that other sources are necessary as well, 
particularly for nitrogen. Motile K. brevis cells may also migrate vertically to access nutrients in 
deeper water (Vargo et al. 2002), useful when stratification and nutrient-rich deeper waters are 
present. 

Dixon and Steidinger (2004) performed a study correlating river flow and rainfall, as a surrogate 
of nutrient loading, to the presence and duration of K. brevis blooms in three study regions along 
the west coast of Florida. The study also examined atmospheric deposition of nitrogen, 
hurricanes and tropical storms, and several climate indices. The durations of K. brevis blooms 
off of west central Florida (off of Tampa Bay) were crosscorrelated with rainfall and flows of 
most rivers in the central region and with some southern rivers (Peace, Myakka Rivers) with lags 
of either two months or less. Duration of blooms in the southwest Florida region (off of 
Charlotte Harbor and to the south) were primarily correlated with flows from the Peace River 
and with a few rainfall stations in south Florida and were uncorrelated with discharge from the 
Caloosahatchee River. 

VI. SUMMARY 

Implementation of the CERP in southwest Florida is expected to change nutrient and freshwater 
delivery to the coast. Flows will be diverted from Lake Okeechobee and the Caloosahatchee 
River to storage reservoirs and other routes southward to recreate more historical patterns of flow 
in south Florida. Total freshwater, and loadings of associated color, inorganic and organic 
nitrogen and phosphorus are all expected to decline in the Caloosahatchee River, San Carlos 
Bay, portions of Pine Island Sound, Matlacha Pass, and in nearshore coastal waters. In 
comparison to the Caloosahatchee River, Charlotte Harbor and Tampa Bay are not expected to 
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be significantly altered by the CERP, although hydrologic and water quality alterations have 
occurred in these estuaries as well. Both Tampa Bay and Charlotte Harbor have greater supplies 
of phosphorus relative to nitrogen than do waters in the Caloosahatchee although all three 
estuaries are strongly nitrogen limited. 

The forgoing report was designed to summarize eXIstmg information on the Peace River 
watershed and Charlotte Harbor as climatic and anthropogenic alterations over time may have 
influenced blooms of the harmful algae Karenia brevis. 

The Peace River watershed comprises about 74% of the area contributing to Charlotte Harbor. 
The overall ratio of the entire Charlotte Harbor watershed with the estuary area is 12:1 and 
substantially higher than the 6:1 for Tampa Bay, indicating that watershed influences in 
Charlotte Harbor could be relatively strong. Much of the watershed drains to the lower river, 
providing minimal opportunity for instream alterations of contributed nutrients. Flow to the 
Harbor is strongly seasonal with a wet season extending from June to September and a smaller 
wet season between January and March. Strong E1 Nino events can disrupt this pattern, 
producing excessive winter rains. 

Most freshwater withdrawals within the Peace River basin are of groundwater, and the bulk is 
used for irrigation. Approximately 43% of the basin area is classified as agricultural. Mining, 
industrial, and potable water supplies form the other major uses. Treated domestic wastes are the 
major discharges to the River. Streamflow in the basin has changed significantly over time, with 
the direction of trend dependent on the time period examined. Long term climatic changes (the 
Atlantic Multidecadal Oscillation) are linked with a step change in annual rainfalls, with higher 
rainfall and flow prior to 1970 and after the late 1990's. Groundwater levels have declined in the 
basin until some artesian spring ceased flowing, with declines preceding the rainfall changes 
associated with the AMO. As of 1998, the upper River had changed from a region of discharge 
to a region of recharge due to lowered groundwater levels. Groundwater levels, coincident with 
a decline in industrial and mining usage, have recovered since the lows observed in mid1970s, 
but not to the extent observed in 1960's. Wastewater discharges have also been reduced, further 
decreasing flows. As of 2000, however, the AMO phase has resulted in increased rainfall and 
streamflow. It remains to be seen how soon or completely groundwater surfaces will respond. 

Other uses of groundwater actually augment flow in some regions, through reject irrigation water 
evident as increased mineralization of surface waters. Elevated nutrient loadings are associated 
with reject irrigation water and with domestic waste discharges. Even is domestic wastes are not 
discharged directly to surface waters, spray fields, percolation ponds, and septic tanks can all 
provide increased nutrient loading. Most water quality problems are located near the 
headwaters, and trends in water quality in Charlotte Harbor proper are generally limited to 
declining phosphorus associated with increase regulation of mining interests. Maximum 
nitrogen loads occur in the wet season and relationships of nutrients with phytoplankton are 
complex. Light limitation occurs at the freshest stations in the wet season and dilution with 
clearer more saline waters must occur before phytoplankton can utilize the nutrients supplied. 
The Harbor is strongly nitrogen limited and although some basins have increasing concentrations 
of inorganic nitrogen, there are no overall trends for either nitrogen or chlorophyll in the Harbor 
proper, and the lower Peace River actually has declining trends of nitrate-nitrite nitrogen. 
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Ammonia nitrogen appears to be produced in situ through bacterial recycling. Phosphorus is 
present in such levels as to act as a conservative element. 

Hannful algal blooms dominant in the region are formed by the dinoflagellate Karenia brevis. 
Blooms originate in offshore oligotrophic waters and growth rates are low enough such that 
some form of physical concentration mechanism (perhaps along density fronts) must also playa 
role in initiating a bloom. The organism has the ability to utilize both inorganic and organic 
nitrogen and so nutrients from estuarine discharges, sediment release, atmospheric deposition, 
fish kills, and recycled from the bloom or from other phytoplankton could all play a role in 
maintaining cell counts during an extended bloom. Estuarine discharges of inorganic nitrogen 
and phosphorus alone are insufficient to maintain the extended blooms that have been observed, 
however. Minimum salinity requirements of K. brevis are near 20-22 PSU and within limits, 
increased light fosters growth. Salinity tolerances would limit the intrusion of K. brevis into 
Charlotte Harbor and would allow other phytoplankton to consume the inorganic nitrogen 
present in the upper Harbor. Based on the ability to utilize organic nitrogen, however, the 
reduction in inorganic nitrogen supplies or the relative fraction of inorganic nitrogen may 
provide a competitive advantage for K. brevis. 
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VII. CHRONOLOGY OF SIGNIFICANT EVENTS 
The following time line outlines changes and developments pertinent to water quality in the 
Peace River Basin. Much of this chronology is attributable to Estevez, et al. (1984), PBS&J 
(1999), and SWFWMD (2005). Noteable red tide's are identified when samples recorded high 
cell counts of K. brevis for a number of months in the region between Tampa Bay and the Keys 
(FFWC-FMRI,2003). Cell count record begins in early 1950's. 

Pre-1900s 
mid 
1800's settlers of European descent begin living in the Peace River Basin. 

They used the land mostly for cattle ranching and agriculture. 
1881: Capt. J. Francis LeBaron of ACOE surveyed the Peace River to assess the feasibility of 

digging a waterway to connect the Peace to the St. John's River. He found a waterway 
was impassible, but also identified accessible phosphate in the Peace River basin. 

1900-1919 

1904: Gov. Napoleon Bonaparte Broward promised the citizens of Florida that the Everglades 
would be drained to make way for development. 

1907: The Everglades Drainage District created to publicly fund drainage efforts. 
1913: The General Drainage Act of 1913 allows landlords to drain adjacent land to reclaim it. 

1920-1939 

1926: A major storm hits Charlotte Harbor. (Hammett, 1990) 
1930's A new channel was dug in Peace Creek from Winter Haven to northeast of Bartow to 

drain the prairie and low flatwoods (Lanquist, 1953). 
1931: Streamflow decreased substantially during the period 1931-1984 in many parts of the 

Peace River and was attributed to ground water withdrawals. (McPherson et al., 1996). 
1933: Flood. Maximum discharge -35,000 cfs 
mid-1930's: Under the Work Progress Administration, the Peace River was cleared of debris 

from below the Homeland Bridge in Polk County to its mouth (Lanquist, 1953). 
1935: The "Labor Day Hurricane," a category 5 storm, passes near Charlotte Harbor. 

(Hammett, 1990). 
1936: Kissengen Spring begins a slow decline in discharge, probably because of groundwater 

withdrawal. When it was first measured in 1898, discharge was 20 MGD. After 1936, 
flow declined until ceasing in 1950. 

1940-1949 

1940: This year marks the beginning of high North Atlantic Ocean surface temperatures in the 
Atlantic Multidecadal Oscillation (correlated with a step change increase in rainfall and 
streamflow (Kelly, 2004). This half-period in the oscillation lasts until 1969. 

1946-1947: Mackerel fishermen report red tide fish kills of the coast of Southwest Florida near 
Naples (Gunter et aI., 1947). 

1947: Two hurricanes and attendant flooding strike South Florida. The canal network is 
overwhelmed. 
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April 14, Slime Spill Virginia-Carolina Chemical co. 
May 14, slime spill, Swift and Company 
July 11, turbidities released from Pauway mine 
Aug 8, Peace valley plant released water 4300ppm turbidity 
Sept. 22, Flood with maximum discharge of23,600 cfs 

1948: Sept 29, Flood with maximum discharge of 16,200 cfs 
The federal Flood Control Act of 1948 funds a flood control project for South Florida to 
be designed by the ACOE. 
Red Tide first identified as an organism called Gymnodinium breve by Davis (1948). 

1949: The Florida legislature delineates a Central and Southern Florida Flood Control District 
to address the new ACOE project. 
Aug 31, Flood with maximum discharge of 26,600 cfs 

1950-1959 

1950: Jan, 17 Phosphatic clay discharge present from Homeland to Brownville. Fish kill. 
Feb, Kissengen Spring becomes the only major artesian spring to cease flowing 
continuously. Some discharge continued until 1960, the last recorded flow. 
July 21, Low DO linked to citrus industry effluent 
Oct 31, Fish kill linked to ammonia discharge 
Nov 20, Phosphatic clay discharge 
1951: Feb 19, Phosphatic clay discharge, Virginia-Carolina Co. 
July 4, Phosphatic clay discharge, International Mining and Chemical Co. 
July 27, Phosphatic clay discharge, International Mining and Chemical Co. 
Sept 3, Phosphatic clay discharge, Swift and Co. 

1951: Peek (1951) documents the end of continuous discharge for Kissengen Spring. 
1952: Feb 13, Phosphate clay discharge, International Mining and Chemical Co. 

Mar 7/8 14,000 ppm turbidity measured downstream ofFt. Meade 
Oct. 27, Phosphatic clay discharge, American Agricultural and Chemical Co. 

1953-1954: extended red tide bloom first noted off Tampa Bay, moves southward 
1956: The Cuban Revolution begins. Many Cubans flee to Florida, where their work and 

experience helps root the sugar industry in the slowly draining Everglades. 
1957: A study by Selwyn Jack Bein determines that levels of phosphorus are not correlated to 

initiation and growth of red tide blooms. Using data from before, during, and after a red 
tide bloom, Bein concluded that "the waters of the west coast of Florida maintain a 
sufficient phosphorus content to support a Red Tide at all times of the year and that 
fluctuations in this have no direct value in predicting outbreaks" (Bein, 1957). 

1957: Red tide bloom. 
1958: Mar 5-7 The U.S. Bureau of Commercial Fisheries held a Red Tide Symposium in 

Galveston, TX. 
Mar 16, Phosphatic clay discharge, Swift and Co. 

1959: Mar 27, Phosphatic clay discharge, Swift and Co. 
1959 Red tide bloom. 
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1960-1969 

1960-1965: Transition period for Peace River flows. Hammett (1990) showed lower discharge 
per inch of rainfall in 1965 to 1984 as opposed to the period prior to 1960. Lower 
discharge attributed to lower groundwater levels. 

1960: Jan 8, Phosphatic clay discharge, Swift and Co. 
Jan 15, Phosphatic clay discharge, International Mining and Chemical Co. 
Aug 3, Flood with maximum discharge of 19,800 cfs 
Sept 10, Hurricane Donna, a category 4 stonn, hits Charlotte Harbor directly. 
Sept 15, Flood with maximum discharge of21,000 cfs 

1961: The Southwest Florida Water Management District is fonned as a response to the 
flooding caused by Hurricane Donna. 

1963: Structure P-ll regulating the discharge of Lake Hancock constructed. 
1963: Red tide bloom 
1964: Approximately 200 pounds of the organophosphorus insecticide Parathion dumped into 

the river near Arcadia 
Oct 25, phosphatic clay discharge from Virginia-Carolina Co. 5,500 pounds of fish killed. 

1965: April 27, Phosphatic clay discharge, Annour Phosphate Co. 
1966: Hurricane Alma comes within 80 km of Charlotte Harbor (Hammett, 1990). 
1966: May 3, Phosphatic clay discharge affects 35 km of stream, Annour Phosphate Co. 
1967: Mar 11, Phosphatic clay discharge affects 137 km of stream, Mobil Chemical Co. 

Mar 11, Phosphatic clay discharge into Lake Hancock, Hydro Mines, Inc. 
1967: Red tide bloom 

1970-1979 

early 1970's Mote Marine Laboratory initiates a multiyear study of red tide in Charlotte Harbor 
1970: The first year of low temperatures (associated with lower rainfaillstreamflows) on the 

surface of the North Atlantic Ocean in the Atlantic Multidecadal Oscillation (SWFWMD, 
2002). This half of the oscillation lasts until 1999. 

1971: Phosphatic clay discharge affects 122 km of stream, Cities Service, Inc. 
1971: Red tide bloom. 
1972: The Florida Legislature passed the Water Resources Act of 1972, mandating that the five 

water management districts establish minimum flows and levels for surface waters and 
aquifers in their respective regions. 
Constitutional amendment was passed to use state bonds to buy environmentally sensitive 
land. With the Environmentally Endangered Lands Program, the state acquires 350,000 
acres. 

1973-74: Red tide bloom 
1974: A site between the mouths of the Myakka and the Peace examined for water quality 

trends between 1974 and 1984 (Fraser, 1986), finding a decrease in near surface 
dissolved oxygen and an increase of orthophosphorus. 

1975: Reclamation of phosphate mines becomes mandatory. 
Environmental Quality Laboratory (EQL) begins collecting comprehensive data on the 
Peace River watershed and Charlotte Harbor. 
The Florida legislature delineates a plan for a series of special aquatic areas. The Florida 
Department of Environmental Regulation is fonned (FDEP 2005). 
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1976: The first Consumptive Use Permit (CUP) for a water treatment facility on the Peace 
River was issued by SWFWMD. A permit provision was that General Development 
Utilities had to conduct Hydrobiological Monitoring Program (HBMP) to assess the 
impact of freshwater withdrawals on the Peace and upper Charlotte Harbor. 
The C&SF Flood Control District is re-christened the South Florida Water Management 
District (FDEP 2005). 

1976: Red tide bloom. 
1978: Red tide bloom. 
1979: The Florida Department of Environmental Protection begins monitoring the shellfish 

waters in Charlotte Harbor for fecal coliform. Some recreational and shell fish areas are 
closed (Lipp, et a/. , 1999). 
The state legislature signs the Conservation and Recreational Lands (CARL) Program 
into existence to acquire more land. The governor of Florida creates the Charlotte Harbor 
Resource Planning and Management Committee. 

1980-1985 

1980: Jan 4, 12 million gallons of turbid water and phosphatic clays released from Agrico. 
First water treatment plant on the Peace River, maintained by General Development 
Utilities. 

1980: Red tide bloom. 
1981-82: Red tide bloom. 
1982: USGS data from 1982-1990 shows the distribution of total phosphorus and 

orthophosphorus in Charlotte Harbor depends on physical mixing and input from the 
rivers (McPherson et a/., 1996). 

1982: Between February and March, 39 manatees die from exposure to red tide in the 
Caloosahatchee Area. 

1983: EQL begins monitoring for the Peace River Manasota Authority Hydrobiological 
Monitoring Program (HBMP). Monthly samples are taken at 4 isohalines (0,6,12 and 20 
PSU). 

1984: May 21, streamflow at Arcadia declines to 54 cfs in a dry period that lasts until mid-July. 
Nearly 70% oflands in the Caloosahatchee, Myakka, and Peace River watersheds were 
considered agricultural in this year (Hammett, 1990). 

1987: On the state level, the Surface Water Improvement and Management (SWIM) Act is 
passed. On the national level, the National Estuary Program is formed. 

1988: The Peace River Water Treatment Plant changed withdrawal schedules to accommodate 
the natural variation in flow ofthe river and to increase minimum flows to the estuary. 

1990-1999 

1990: The public Peace River/Manasota Regional Water Supply Authority took over the Peace 
River plant and planned capacity increases, possibly linking it to the water supply in 
Sarasota County. 

1991: Montgomery, et al.(1991) performed a series of in situ experiments to nutrient impacts on 
natural assemblages of phytoplankton in Charlotte Harbor 

1991: Red tide bloom. 
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1992: SWFWMD included the Peace Basin in the Southern Water Use Caution Area (SWUCA) 
in effort to stop regional deterioration of groundwater supplies and look to conservation 
and alternative supply sources. 

1992: Red tide bloom. 
1993: The Florida Environmental Reorganization Act makes a Florida Department of 

Environmental Protection out ofthe Department of Natura 1 Resources and the 
Department of Environmental Regulation. 

1994-1997: The longest red tide bloom to date migrates as far north as Tarpon Springs and as far 
south as the Florida Keys. Manatee mortalities occur in Charlotte, Lee, and Sarasota 
counties. 

1995: A rainfall deficit identified for the Peace River Basin (Coastal Environmental, 1995). A 
significant decline in flow was determined from 1970 onward and attributed to ground 
and surface water withdrawals along with reduced storm water runoff. 
U.S. EPA delegated the Florida DEP to implement the National Pollutant Discharge 
Elimination System (NPDES), effecting a 32% reduction in permitted point source 
discharges. 
Charlotte Harbor National Estuary Program (CHNEP) established. 

1996: Congress passes the Everglades and South Florida Ecosystem Restoration Act to increase 
efforts to improve water quality and restore hydrological patterns. 

1997: Ecology and Oceanography of Harmful Algal Blooms (ECOHAB) program funded 
through NOAA. The Florida Harmful Algal Bloom Task Force established to identify 
data gaps and recommend additional research and monitoring needed on Florida red tides 
and other HABs. 

1997-1998: El Nino affects local weather patterns, producing one of the wettest winters 
recorded. Streamflow exhibited highs in the Peace and Myakka Rivers. Large releases 
were conducted by SFWMD from Lake Okeechobee. Fish with bloody spots and lesions 
are found in Charlotte Harbor (FDEP, 2005). 

1998: Mar 23, the Peace River at Arcadia has a recorded streamflow value of 18,500 cfs. 
1998: Red tide bloom. 
1999: Florida Watershed Restoration Act passed to implement pollution load reduction goals 

(PLRGs), total maximum daily loads (TMDLs) and to address non-point source loadings 
from 
agriculture. 

2000-2005 

2000: The Charlotte Harbor National Estuary Program (CHNEP) gains approval for its 
Comprehensive Conservation and Management Plan. Two months later, SFWMD lowers 
the level of Lake Okeechobee by 0.6 m, releasing large amounts of freshwater into 
through the Caloosahatchee and St. Lucie estuaries. CHNEP lodges a formal complaint 
with SFWMD (FDEP, 2005). 

2001: Sept 16, Peace River at Arcadia had a streamflow of 20,700 cfs. 
2004: Hurricane Charlie hits the Peace River watershed directly. Flooding in the upper 

watershed ensues. Dissolved oxygen levels are depressed. 
2005-present: Red tide bloom. 
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