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Figure 8c: Spatial analysis of transmissivity data for wet vs dry seasons (2004-2008)
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Figure 9a:  Spatial analysis of chlorophyll-a data (2003-2007 and 2004-2008)
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Figure 9b:  Spatial analysis of chlorophyll-a data for wet and dry seasons (2003-2007)
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Figure 9c:  Spatial analysis of chlorophyll-a data for wet and dry seasons (2004-2008)
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Figure 10a: Spatial analysis of bottom dissolved oxygen data (2003-2007 and 2004-2008)
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Figure10b: Spatial analysis of bottom dissolved oxygen data for wet and dry seasons

(2003-2007)
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Figure10c: Spatial analysis of bottom dissolved oxygen data for wet and dry seasons

(2004-2008)



8.0 Results and Discussion

EASTERN AND WESTERN STRATA:

Geographic Trends in Spatial Analysis and Data Distribution Plots

Geographic water quality trends in Pinellas County coastal waters for 2004-2008 are shown in

spatial interpolation plots (Figures 8a, 8c, 9a, 9c, 10a, and 10cb), and data distribution plots by

strata (Appendix B, Section 1).  Geographical trends were apparent along both east and west

coasts of the county.

Water quality along the east coast of the county generally improved from north to south with  

poorer conditions from Oldsmar to Weedon Island and better conditions in the mid and southern

bay off St. Petersburg. Spatial interpolation plots show both bottom dissolved oxygen (DO) and

transmissivity increasing, and chlorophyll-a (Chl-a) decreasing from north to south along the

east coast of the county in the plots of combined wet and dry season data (Figures 8a, 9a,and

10a) and in separate plots of wet and dry season data (Figures 8c, 9c, and 10c). Data distribution

plots show similar geographic trends in wet season and to a lesser degree in dry season. In these

plots distribution of DO and transmissivity data generally increased from north to south while

Chl-a, total suspended solids (TSS), and turbidity decreased from north to south (Appendix B,

Section 1). Annual mean and median values for DO, Chl-a, TSS, turbidity, and transmissivity

showed similar geographic trends as seen in data distribution plots (Appendix A and Appendix

B, Section 1). Non-parametric tests show there were significant differences among strata for DO, 

Chl-a, TSS, turbidity, and transmissivity. This north-south geographic trend is due in part to the

much larger drainage area contributing nutrient laden runoff to Old Tampa Bay compared to

Middle Tampa Bay. The land area contributing runoff through Pinellas County basins to Tampa

Bay waters north of the Courtney Campbell Causeway is  47,745 acres; between the Courtney

Campbell Causeway and Gandy Bridge 19,254 acres; and south of the Gandy Bridge 17,539

acres. In addition circulation models have shown parts of Old Tampa Bay have slower

circulation and longer residence times than the rest of the bay (Cross, 2007). Poorer water

quality in Old Tampa Bay is most likely caused by the combination of increased nutrient loads

and increased residence times.

Water quality along the west coast was relatively poor in the mid-county regions from Gulfport

northward to Belleair compared to better water quality conditions observed both north and south

of this mid-county region. This trend is seen in spatial interpolation plots for both wet and dry

seasons combined (Figures 8a, 9a, and 10a) and separate (Figures 8c, 9c, and 10c). Data

distribution plots show similar geographic trends in wet season but to a lesser degree in dry

season In these plots distribution of DO and transmissivity data generally increased from the

mid-county region to the north and south while Chl-a, TSS, and turbidity decreased (Appendix

B, Section 1).  Annual mean and median values for DO, Chl-a, TSS, turbidity, and transmissivity 

showed similar geographic trends as seen in spatial distribution and data distribution plots

(Appendix A and Appendix B, Section 1). Non-parametric tests show there were significant

differences among strata for DO, Chl-a, TSS, turbidity, and transmissivity. The trend of poor

mid-county water quality is due in part to large drainage areas contributing nutrient laden runoff
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to waters from the Clearwater Beach Causeway to the Madiera Beach Causeway, to Long

Bayou, and to Boca Ceiga Bay between Madiera Beach Causeway and Gulfport. Strata from the

Clearwater Beach Causeway south to the Madiera Beach Causeway receive runoff from 12,714

acres. Five watersheds comprising 28,825 acres contribute runoff to Long Bayou/Cross Bayou.

Strata from the Madiera Beach Causeway south to Gulfport receive runoff from 11,437 acres. 

Numerous causeway constrictions probably limit water circulation in the mid-county waters and

contribute to the poorer water quality. Circulation models are not available to confirm this. 

Annual and Seasonal Trends in Spatial Analysis Plots and Data Distribution Plots

There were clear seasonal water quality differences in county waters during 2004-2008 as shown 

in spatial interpolation plots (Figures 8c, 9c, and 10c) and data distribution plots by strata

(Appendix B, Section 1). Spatial interpolation plots show that conditions in both the east and

west strata improve in the dry season for transmissivity, Chl-a, and DO. The only exceptions

were transmissivity in strata E2 and W7 which was lower in the dry season. These exceptions

were due to samples collected in January through May 2004 on days of high wind and wave

conditions. These samples also had higher TSS and turbidity.

Data distribution plots for bottom DO and Chl-a show water quality declined during the wet

season in the eastern and western strata (Appendix B, Section 1). Transmissivity was better in

the dry season from the Feather Sound area south to the St Petersburg pier. In western strata

there was little variation in transmissivity (Appendix B, Section 1) except stratum W5 where

transmissivity was lower in the wet season. There were no apparent differences in the mean and

median values of TSS between the wet and dry seasons for all east strata. The west coast from

Clearwater Causeway south to Gulfport had greater TSS mean and median values in the dry

season (Appendix B, Section 1). During the wet season mean and median values for turbidity

were higher from Oldsmar down to the mouth of Riviera Bay and in Riviera Bay on the east

coast, and in Long Bayou on the west coast, though the overall change in the value ranges were

small (Appendix B, Section 1). Non-parametric test showed significant differences between

seasons for bottom DO and chl-a in all east and west strata. There were significant differences

between seasons for transmissivity from the Howard Franklin Bridge to the Gandy Bridge, off

central St. Petersburg, Riviera Bay, and Long Bayou. Non-parametric tests showed significant

differences in TSS between seasons from Clearwater Causeway south to Gulfport. There were

significant differences between seasons for turbidity from Oldmar to the Gandy Bridge, Riviera

Bay, and Long Bayou. Observed seasonal trends were consistent with the expectation that water

quality should be better in the dry season. The exception is the higher TSS data values from

Clearwater Causeway south to Gulfport, and higher turbidity, and lower transmissity in Long

Bayou. This could be due to wind generated sediment resuspension.

Geographic, Annual, and Seasonal Trends in Cumulative Frequency Distribution Plots

Annual CDF graphs for 2004-2008 data were developed to estimate the percentage  area for each 

stratum that exceeds or was below given values for each water quality metric (Appendix B,

Section 4).  The set of five annual graphs for each stratum and water quality metric were grouped 

together in a CDF plot (Appendix B, Section 4). A CDF plot displaying five years of data for
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bottom DO, Chl-a, transmissivity, TSS, and turbidity was created for each stratum. For some

analysis of annual trends information from 2003 will be included. 

Factors that can contribute to observed annual trends in eastern strata CDF plots include annual

variation in rainfall, annual variation in the volume of water released from the Lake Tarpon

Outfall Canal, land area contributing runoff, and circulation patterns. Rainfall from 2003 to 2008 

in inches was 55.5, 64.0, 46.4, 46.7, 38.2, and 46.3, respectively. Estimated volume discharge

from the outfall canal from 2003 to 2008 in millions of gallons was 22,730, 27,745, 18,724,

9,814, 5,352, and 20,128, respectively. Old Tampa Bay north of the Gandy Bridge receives

runoff from 66,999 acres and has areas of low water exchange. Mid Tampa Bay receives runoff

from 17,539 acres and has good circulation. Factors that may contribute to annual trends shown

in west coast strata CDF plots include annual variation in rainfall, land area contributing runoff,

and circulation patterns. The area from Clearwater to Gulfport receives runoff from 53,000 acres

and has restricted circulation due to four causewaysm, numerous finger islands, and the Narrows. 

North of Clearwater Causeway, waters receive runoff from 32,000 acres, has a single causeway,

and better circulation. Waters south of the Pinellas Bayway receives runoff from 2100 acres and

has open circulation. 

Seasonal and geographic trends were apparent in CDF plots and CDF data for eastern strata. For

example along the eastern side of the County, the area estimates of strata meeting TBEP Chl-a

criterion increased from 2003-04 to 2005-06 (Figure 11a) as annual rainfall decreased and Lake

Tarpon Outfall Canal discharge decreased. Area estimates ranged from 55-70% in 2004 to

65-90% in 2006. Areas meeting the TBEP criterion unexpectedly dropped in strata from

Oldsmar to the Gandy Bridge in 2007, the year of lowest rainfall and discharge from Lake

Tarpon outfall canal. Areas meeting the TBEP criterion increased in 2008, except in waters west

of the Bayside Bridge, and reached levels similar to 2005-06. The percentage of areas south of

the Gandy Bridge that met TBEP criterion appeared to be related to annual rainfall variation.

Area estimates of strata south of the Gandy meeting TBEP Chl-a criterion generally increased

from 60-80% in 2003-04 to 80-100% in 2005-2008 as annual rainfall decreased. There was no

drop in area estimate in 2007. 

In western strata, there was no apparent inter-annual trends in CDF plots but there were

geographic trends (Figure11b). The geographic trend in area meeting Chl-a targets varies with

the amount of land area contributing runoff and circulation patterns. The most northern strata

from Anclote to Clearwater Harbor and the most southern stratum around Ft DeSoto had

consistently good water quality from 2003-08 with areas that met targets ranging from 90-100%.

These areas have fewer acres contributing runoff and better circulation than the central areas of

the west coast. Percent areas meeting FDEP Chl-a targets in strata in the central part of the

county were lower than in the northern and southern areas. Long Bayou areas meeting FDEP

targets ranged from 50-70% from 2003-08. Long Bayou receives dischagres from three eutrophic 

systems, Lake Seminole, the Seminole Bypass Canal, and Cross Bayou. It has a fairly narrow

opening that connects it to adjacent strata in the Intra-Coastal Waterway. Pecent areas of waters

from Clearwater Harbor down to Gulfport that met FDEP Chl-a targets ranged from 60-100%

from 2003-08. These waters receive runoff water from 53,000 acres including Long Bayou.  
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          Figure 11a. Percent Area of Eastern Strata Meeting TBEP Chl-a Criteria

          Figure 11b. Percent Area of Western Strata Meeting FDEP Chl-a Criteria



There are no TBEP or FDEP targets established for transmissivity. The relative position of

graphs within each CDF plot were used to assess inter-annual transmissity conditions for each

stratum. CDF plots for all strata in Tampa Bay and almost all strata along the west coast clearly

showed reduced transmissivity (plot shifted to the left) in 2004 compared to 2005-2008. 

Rainfall was highest in 2004. In 2007, the year with lowest rainfall, CDF plots did not show

improved transmissivity (shift to right) in most strata in either Tampa Bay or along the west

coast.

There are no TBEP or FDEP targets established for TSS. The relative position of graphs within

each CDF plot were used to compare inter-annual TSS conditions for each stratum. CDF plots

for strata south of the Courtney Campbell Causeway in Tampa Bay and all strata along the west

coast clearly show reduced TSS (plots shifted to the left) in 2006 and 2007 which are years with

lowest rainfall for the period 2003 to 2008. Lower TSS condition in these strata is probably due

in part to low rainfall in these two years. 

Area estimates of strata meeting FDEP DO criterion of 5.0 mg/L did not show inter-annual or

geographic trends. The exception was for Long Bayou on the west coast that had much lower

percent areas (12-61%) that met FDEP DO criterion compared to other west strata (66-96%) for

all years from 2003-2008. As previously mentioned, this area receives discharges from three

eutrophic systems which may contribute to low DO.

Area estimates of strata meeting FDEP turbidity crierion, � 29 NTU above natural background,

showed all east and west strata except for two met the criterion. In 2008 the stratum north of the

Courtney Campbell Causeway and the stratum bounded by the Clearwater Causeway and 

Belleair Causeway exceeded the State criterion. The estimated area exceeding the criterion in

both strata was small, less than 5%. For all other strata and years, turbidity was less than 22

NTU's. The only observed inter-annual trend was turbidity was greater in 2008 compared to all

other yearas for eastern strata from Oldsmar to the Gandy bridge and for all western strata except 

Long Bayou. There were geographic trends along the east and west coasts. In Tampa Bay the

range of turbidity decreased from north to south. Turbidity ranged from 1-20 NTU's around

Safety Harbor and decreased to 1-5 NTU's around Pinellas Point. Along the west coast turbidity

was highest in the middle strata and decreased to the north and south. Turbidity from the

Narrows to the Central Avenue Causeway ranged from 1-22 NTU's. Turbidity decreased north to 

St. Joseph Sound and south of the Pinellas Bayway, ranging from 1-6 NTU's. In Lake Tarpon

turbidity was low in all years and ranged from 1-6 NTU's. Lake Seminole turbidity was higher

and ranged from 5-35 NTU's. 

Trends for  2003-2007 and 2004-2008

Annual and seasonal geo graph ical trends were sim i lar along both east and west coasts of the

county for both 5 year data sets.  Spa tial in ter po la tion plots show bot tom DO, Chl-a, and

transmissivity improved from north to south along the east coast of the county in the plots of

com bined wet and dry sea son data (Fig ures 8a, 9a,and 10a) and in sep a rate plots of wet and dry

sea son data (Fig ures 8b, 8c, 9b, 9c, 10b, and 10c).  On the west coast of the county, wa ter qual ity 

was rel a tively poor in the mid-county re gions from Gulfport north ward to Clearwater com pared
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to the good wa ter qual ity con di tions ob served both north and south of the mid-county re gion.

This trend is shown in spa tial in ter po la tion plots for both wet and dry sea sons com bined (Fig ures 

8a, 9a, and 10a) and sep a rate (Fig ures 8b, 8c, 9b, 9c, 10b, and 10c).

Comparison of 2003-07 and 2004-08 sets of data showed small scale differences for combined

wet and dry season data. 

Transmissivity values were higher in waters just south of the Courtney Campbell Causeway,

south of the Pinellas Bayway, and Lake Tarpon during the 2003-2007 time period, while values

for waters in Tampa Bay from the mouth of Bayou Grande to Pinellas Point were higher during

2004-2008 (Figure 8a).  Chl-a val ues in Old Tampa Bay from Courtney Campbell Causeway to

the Howard Franklin Bridge were higher dur ing 2003-2007 com pared to 2004-2008 (Fig ure 9a).

In 2003-2007 DO val ues were higher in Old Tampa Bay north of the Courtney Campbell

Causeway, from the mouth of Bayou Grande to Pinellas Point, and in west coast waters north of

the Dunedin Causeway (Fig ure 10a). Higher transmissivity values in 2004-2008 and higher

Chl-a in 2003-2007 could be due to two years (2003 and 2004) of greater rainfall and runoff that

occurred in this five year period compared to only a single high rainfall year from 2004-2008. 

There were clear seasonal water quality differences in county waters during both time periods 

shown in spatial interpolation plots (Figures 8b, 8c, 9b, 9c, 10b, and 10c). Spatial interpolation

plots showed that, in general, conditions in both the east and west strata improved in the dry

season for transmissivity, Chl-a, and DO.  Transmissivity values did not exhibit any changes

between time periods during the dry season.  The values between periods for the wet season

were higher in waters off Safety Harbor, and from the Gandy Bridge to Pinellas Point for

2003-2007 (Figures 8b and 8c).  Chl-a values between periods were higher in nearly all the strata 

during 2003-2007 in the dry season compared to the same season during 2004-2008 (Figures 9b

and 9c). During the wet season chl-a values did not appear to change between the time periods

for most strata, the exception was Lake Tarpon which had lower values during the 2004-2008

time period (Figures 9b and 9c).  DO values were higher in nearly all the strata during the dry

season in the 2003-2007 time period (Figures 10b and 10c).  In 2003-2007 DO values were

higher in Tampa Bay north of the Courtney Campbell Causeway, south of the Gandy Bridge, and 

off Pinellas Point; along the west coast north of the Dunedin Causeway and south of the Pinellas

Bayway; and Lake Tarpon during the wet season compared to values during 2004-2008 (Figures

10b and 10c).

Non-parametric statistical analyses showed no significant differences between 2003-2007 and

2004-2008 data except for Lake Tarpon for turbidity and total suspended solids (Appenidx A).

Total suspended solids were higher in 2004-2008 (mean =7 mg/L; median=7 mg/L) than

2003-2007 (mean=6 mg/L; median=6 mg/L). Turbidity was higher in 2004-2008 (mean =3.17;

median=3.1) than 2003-2007 (mean=2.6; median=2.6). Though the diffenences in TSS and

turbidity for the two sets of years were statistically different, a difference in TSS of 6-7 mg/L

and in turbidity of 2.6-3.1 are insignificant differences in water quality. 

State Water Quality Standards and TBEP Target Comparisons
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Comparison of county waters (Figure 5) and state impaired water bodies (Figure 1) showed all

eastern strata in Tampa Bay and Riviera Bay (RB) did not meet State water standards.  Old

Tampa Bay above the Courtney Campbell Causeway and Riviera Bay did not meet DO and

Chl-a standards (Figures 2-3 and Appendix C). None of the in Tampa Bay met State bacteria

criteria, either in the water column or in shellfish (Figure 4 and Appendix C). 

Western strata from Clearwater Causeway south to the Central Avenue Causeway in St.

Petersburg did not meet DO and Chl-a standards (Figures 2-3 and Appendix C).    

LAND SITES:

Impaired Waters Rule

Comparisons of fixed land station locations and impaired state water bodies  (Figure 1) show 67

sites were within impaired water bodies as designated by the State. Sixty-two fixed land sites

were within water bodies considered impaired for dissolved oxygen (Figure 2 and Appendix C).

Forty-nine fixed land sites were within water bodies that did not meet Chl-a targets (Figure 3 and 

Appendix C). Sixty-one fixed land sites did not meet bacteria standards (Figure 4 and Appendix

C). 

Two sites in Brooker Creek, 04-02 and 04-03, also exceeded the pH criterion and could

potentially be impaired (Appendix C). 

Estimated Annual Flow and Loadings and Annual Area-Based Flow and Loadings

In addition to comparisons to State water quality standards, calculations were made to estimate

annual flow volumes in millions of gallons and nutrient loadings in tons and in pounds per acre. 

As expected, sites with the highest estimated annual flow generally had the highest annual

estimated TN loads and, to a lesser degree,  TP loads and TSS loads. Sites with the highest

estimated annual flow and TN loadings from 2004-2008 in descending order were: Lake Tarpon

outfall canal (06-04), Brooker Creek (04-03), Curlew Creek (10-2), Lake Seminole Bypass Canal 

(25-07), Joe’s Creek (35-10), and Roosevelt channel H (23-08) (Appendix B, Section 2). The

five sites with the highest estimated annual flow per acre included three of the five highest

estimated TN loads per acre, one of the five highest TP loads per acre, and two of the five

highest TSS loads per acre (Appendix B, Section 2).  In general, estimated annual flow and loads 

were greater in 2004 than from 2005-2008 which is directly related to rainfall (Figure 7). The

exception is the Lake Tarpon outfall canal site (06-04) where flow through the structure was

managed to maintain lake levels and prevent flooding. Flow and loads in 2006 and 2007 were

much lower than in 2004, 2005, and 2008. Estimated flows, in millions of gallons, from the Lake 

Tarpon outfall canal were: 2003-22,730, 2004-27,745; 2005-18,724; 2006-9,814; 2007-5,352;

and 2008-20,128.

LAKES:

Wet and Dry Season Variation
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Seasonal differences were observed for both Lake Seminole and Lake Tarpon in spatial

interpolation plots (Figures 8b, 9b, and 10b) and data distribution plots (Appendix B, Section 3).  

In the north lobe of Lake Seminole mean and median DO, Chl-a, TSS, and turbidity were higher

in the dry season. Transmissivity was lower in the dry season. In the southern lobe of Lake

Seminole DO and TSS were higher in the dry season. There were no apparent seasonal

differences for Chl-a, transmissivity, or turbidity in the southern lobe. For Lake Tarpon, mean

and median values for DO and transmissivity were higher in the dry season, while Chl-a was

higher in the wet season.  Values for TSS and turbidity were similar between seasons.

Non-parametric tests for seasonal differences confirm the seasonal trends shown in data

distribution plots for each lake strata. Most of the observed seasonal trends were  expected

differences in water quality that would occur between seasons. The exception are the higher dry

season Chl-a and TSS in the north lobe of Lake Seminole.

Trophic State Index (TSI)

The TSI for each sample period was calculated and plotted by date for Alligator Lake, Lake

Chautauqua, Lake Tarpon, and Lake Seminole (Appendix B, Section 3). In clear lakes a TSI �40 

is good and in colored lakes a TSI of <59 is good (FDEP, 2008b). Alligator Lake is classified as

a colored lake by FDEP based on its 2005 data. PCDEM data from 2007 to 2008 shows Alligator 

Lake a clear lake. 

In the summer of 2004 and early 2005 TSI values from Alligator Lake were above 60 (Figure

B-24). All subsequent TSI values were below 60 indicating water quality improved in years

2005-2008. In Lake Chautauqua, a clear lake which had the best water quality of all sampled

lakes, all TSI values were below 45 (Figure B-25). There was no seasonal or annual trends in

TSI values for Lake Chautaqua. Lake Tarpon, a colored lake, TSI values varied from 42 to 68

and showed strong seasonal variability from 2004-2006 with higher TSI values in the wet season 

(Figure B-26). In 2007 and 2008 seasonal variability diminished and TSI gradually increased

exceeding 60 in four of the last five monitoring periods from March to December 2008.  Lake

Seminole, a colored lake, had the poorest water quality of all sampled lakes (Figure B-27). With

the exception of three sample period in the fall of 2005, 2007, and 2008, all TSI values were

greater than 70. There was an apparent seasonal trend from  2004-2008 with the lowest observed 

TSI values occurring in mid to late summer.

Inter-annual Trends in Cumulative Frequency Distribution Plots

Cumulative Frequency Distribution plots of Lake Tarpon for transmissivity, total suspended

solids, and turbidity showed water quality declined in 2008 compared to 2004-2008 (Appendix

B, Section 4). Comparisons of the CDF plots for the lakes reflected better water quality for Lake

Tarpon compared to Lake Seminole (Appendix B, Section 4).  The Lake Seminole plots of

Chl-a, TSS, and turbidity covered a range of water quality measurements greater than similar

plots for Lake Tarpon. The transmissivity data showed extremely poor light penetration in Lake

Seminole. 

State Water Quality Standards
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Both Lake Seminole and Lake Tarpon are considered impaired water bodies by the State (Figure

1). Lake Tarpon is impaired for dissolved oxygen (Figure 2 and Appendix C). Both lakes did not

meet standards for Chl-a and TSI (Figure 3 and Appendix C). Lake Seminole and Lake Tarpon

2003-2008 water quality data were compared to state water quality standards. Based on these

comparisons, Lake Tarpon is potentially impaired for bacteria (Figure 4 and Appendix C). Lake

Tarpon and Lake Seminole were potentially impaired for pH (Appendix C).    

CONCLUSIONS BASED ON THE ANALYSIS OF PINELLAS COUNTY WATER QUALITY DATA

FROM 2004-2008:

• Water quality improves from north to south in Tampa Bay and while along the west coast
water quality improves from mid county both north and south. 

• Water quality is typically better during the dry season than wet season in both east and west
strata.

• For east and west strata chl-a, transmissivity, and TSS appears to be better in years with lower
rainfall .

• Land sites (streams, creeks, and canals) with the highest flow were typically associated with
the highest nitrogen loadings including the Lake Tarpon outfall canal, Brooker Creek, Curlew
Creek, Alligator Creek, Roosevelt Channel 5, and the Seminole Bypass Canal.

• Land sites with the lowest flow were typically associated with the lowest nitrogen loadings
including Church Creek, Bishop Creek, Cow Branch Creek, and Cedar Creek.

• Land site loadings were higher in 2003-2004 compared to 2005-2007 due to higher than
normal rainfall in 2003-2004 and a drought from 2005-2008.

• Water quality in Long Bayou and Cross Bayou (stratum W5) is poor most likely due to
discharges from three eutrophic systems: Lake Seminole, the Seminole Bypass Canal, and the
Cross Bayou Canal.

• Lake Tarpon and Lake Seminole did not meet state water quality standards for four different

criteria: DO, Chl-a, TSI, and pH.

• Alligator Lake and Lake Tarpon TSI values vary seasonally with lower values in the dry

season. Only Alligator Lake showed annual variation in TSI values which decreased from

2004-2008.
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