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EXECUTIVE SUMMARY  

 

In 1993 the Environmental Protection Commission of Hillsborough County  (EPCHC) 

began participating in a bay-wide benthic/sediment contaminant monitoring program 

initiated under the auspices of the Tampa Bay National Estuary Program (1996).  The 

original objectives of this program were to discern the ñhealthòðor ñstatusò-- of the bayôs 

sediments by monitoring both sediment contaminants as well as the assemblage of animals 

(benthic macroinvertebrates) which inhabit these sediments. The Lower Hillsborough, Palm, 

and Alafia rivers were added to the bay-wide monitoring program, as separate strata, in 

1995. This was in anticipation of these tributaries being exploited for their water resources; 

the Little Manatee River was added in 1996. This report summarizes data collected during 

the period 1995- 2000 sampling period. 

 

During 2000, the salinities of the near-bottom waters were generally the highest of the years 

studied due to the regional drought. Palm River salinities were the highest of the four 

tributaries. Both the Palm and Lower Hillsborough rivers show evidence of stress from low 

dissolved oxygen.  

 

Sediment contamination was widespread in the Lower Hillsborough and Palm rivers with 

some contaminants detected at concentrations likely to be toxic to aquatic life. These include 

polycyclic aromatic hydrocarbons, the pesticide chlordane, and zinc in the Lower 

Hillsborough River and PCBs in the Palm River. To date, the Little Manatee River shows 

little evidence of sediment contamination. 

 

Benthic communities differed by tributary with respect to numbers and types of animals. 

The two tributaries with the highest densities of organisms and greatest diversity differed 

markedly in species composition: polychaete worms predominated in the Lower 

Hillsborough River and crustaceans (e.g., shrimps, crabs, amphipods) predominated in the 

Little Manatee River. Low dissolved oxygen conditions contributed to a high frequency of 

Palm River benthic samples being devoid of animals. 
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I. INTRODUCTION  
 

In 1993 the Environmental Protection Commission of Hillsborough County  (EPCHC) 

began participating in a bay-wide benthic/sediment contaminant monitoring program 

initiated under the auspices of the Tampa Bay National Estuary Program (1996).  The 

original objectives of this program were to discern the ñhealthòðor ñstatusò-- of the bayôs 

sediments by monitoring both sediment contaminants as well as the assemblage of 

macroinvertebrates which inhabit these sediments. 

 

The Lower Hillsborough, Palm, and Alafia rivers were added to the bay-wide monitoring 

program, as separate strata, in 1995. This was in anticipation of these tributaries being 

exploited for their water resources; the Little Manatee River was added in 1996. Since 1998, 

partial support for this monitoring was provided by the Southwest Florida Water 

Management District (SWFWMD).  

 

In late 1998, Tampa Bay Water (TBW) developed a Master Water Plan (Tampa Bay Water 

1998) to provide additional water resources for the Tampa Bay region. An element of this 

plan includes the withdrawal of up to 10% of the surface water flow over 80 mgd (8 mgd to 

a maximum of 51.7 mgd) from the Alafia River at Bell Shoals Road (PBS&J 1999). The 

diverted water will be pumped to a surface reservoir in southern Hillsborough County. This 

proposal would, in effect, reduce the flow of freshwater to the lower Alafia River during 

periods of high flow. Additionally, flow over the Hillsborough River dam and Structure 160 

in the Palm River/Tampa By-Pass Canal could also be reduced, thereby retaining more 

water for human consumption as well. 

 

In response to TBWôs plan, the Hillsborough County Board of County Commissioners 

requested that the Hillsborough County Water Resource Team and EPCHC staff develop a 

monitoring program independent of TBWôs permit requirements. The EPCHC proposed 

enhanced sampling of benthic macroinvertebrates in the Lower Hillsborough, Palm, and 

Alafia rivers during the three ñwet seasonsò preceding the initiation of withdrawals. This 

pre-diversion sampling would then be followed by at least three years of post-diversion 

sampling. The Little Manatee River was added as a ñreferenceò estuary. The inclusion of 
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this reference location, unaffected by freshwater diversions/withdrawals, may facilitate 

interpretation of trends in the biota of the affected tributaries. This report summarizes data 

collected during the period 1995- 2000 sampling period. 
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II. METHODS  

 

 

 II.1 Field Collection and Laboratory Procedures 

 

 A total of 269 samples were collected for benthic macroinvertebrates and 130 samples were 

collected for sediment chemistry during the six year period (Figures 1-4; Table 1). Sample 

locations were randomly selected from computer- generated coordinates provided by Janicki 

Environmental, Inc. (St. Petersburg, FL). Benthic and sediment  samples were collected 

using a Young grab sampler following the field protocols outlined in Courtney et. al. (1993). 

Laboratory procedures followed the protocols set forth in Courtney et. al. (1995). 

  

Table 1. Number of  benthic and sediment chemistry samples collected:  

by tributary a nd year. 

 
TRIBUTARY  HILLSBOROUGH  

RIVER  

PALM  

RIVER  

ALAFIA  

RIVER  

LITTLE  

MANATEE 

RIVER  

BENTHIC 

MACROINVERTEBRATES  

    

1995 3 3 5 0 

1996 5 3 5 4 

1997 5 5 7 5 

1998 8 5 5 6 

1999 19 20 40 20 

2000 19 21 38 18 

TOTAL  59 57 100 53 

     
SEDIMENT CHEMISTRY      

1995 3 3 5 0 

1996 5 3 5 4 

1997 5 5 7 6 

1998 7 5 5 6 

1999 11 6 9 8 

2000 5 5 7 5 

TOTAL  36 27 38 29 
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II.2  Data Analysis 

 

Species richness (S), Shannon-Wiener diversity (Hô), and Evenness (J) (Pielou 1975) were 

calculated using PISCES Conservation Ltd.ôs  (2000) ñSpecies Diversity and Richness IIò 

software. 

 

 
 

 

Figure 1. Location of sampling stations in the Lower Hillsborough River, 1995-2000. 
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Figure 2. Location of sampling stations in the Palm River, 1995-2000. 
 

 

 
 

 

Figure 3. Location of sampling stations in the Alafia River, 1995-2000. 
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Figure 4. Location of sampling stations in the Little Manatee River, 1996-2000. 

 

 

To examine whether the temperature-salinity signatures differed between tributaries and 

years, multivariate analysis of variance (MANOVA) was used (Johnson & Wichern 1988) 

with log10 n+1 transformed variables  (cf. Sokal & Rohlf 1981). Where significant effects 

were found in MANOVA, univariate analysis of variance (ANOVA) were used to determine 

which effect is significant and then an a posteriori test for equality of means (Bonferroni 

comparison; Neter et al. 1985) was applied. 

 

 Association/regression analyses were used to examine relationships between the Tampa 

Bay Benthic Index (TBBI) (Coastal Environmental Services, Inc. 1995) and measured 

physico-chemical variables.  The association between the TBBI and depth in the Palm River 

was evaluated using piecewise regression (SPSS Inc. 2000). 

 

Equality of frequency distributions (untransformed data) was tested by the Kolmogorov-

Smirnov two-sample test  (KS) (Sokal & Rohlf 1981).  
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Descriptive statistics, ANOVA, MANOVA, association/regression analysis, Kolmogorov-

Smirnov two-sample test and graphs of hydrographic and biological data were generated 

using SYSTAT 10  (SSPS Inc. 2000).  Maps were generated using GIS Arcview ver. 3.2 

(ESRI 1999). 
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III.  RESULTS  

 

III.1  Hydrographic  

 

Table 2 summarizes the surface and bottom hydrographic data for 1995-2000 for the four 

tributaries. 

 

MANOVA showed that the temperature-salinity characteristics of near-bottom waters 

differed by tributary (Wilkesô Lambda 6,536=0.87; p<0.001) (Figure 5).  Univariate tests 

showed that mean near-bottom water temperatures differed by tributary (F 3,269=12.3; 

p<0.001) although mean near-bottom salinities were not significantly different (p=0.87). 

Water temperatures in the Lower Hillsborough River and Palm River were higher than those 

in the Alafia and Little Manatee rivers (Figure 6). The frequency distributions of near-

bottom water temperatures were significantly different among the four rivers (KS test 

p<.001-0.019; Figure 7 ).  The frequency distributions of salinity were similar (KS test 

p>0.05) in the Little Manatee and Hillsborough rivers, where mesohaline salinities (5-18 

ppt) predominated; the Palm River was predominantly polyhaline (18-30 ppt)  (Figures 8 

and 9). 

 

MANOVA also showed that there were differences in temperature-salinity characteristics 

between years (Wilkesô Lambda 10,536=0.56; p<0.001) (Figure 10). Both salinities 

(F5,269=3.2;p<0.01) and temperatures (F 5,269=37;p<0.001) differed between years. Highest 

temperatures were recorded during 1999 and 2000 and temperatures were lowest during 

1997 (Figure 6).  Mean salinities differed between years (F 5,280=13.6; p<0.001), with 

highest salinities during 2000 and 1996 and lowest salinities recorded during 1997, 1995, 

and 1998 (Figure 9).  
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Table 2.  Summary of physico-chemical variables in four tributaries to Tampa Bay: 1995-2000. 

SURFACE 

 

                                        TEMPERATURE                                     SALINITY                               DISSOLVED OXYGEN                                       PH 

 HR PR AR LMR   HR PR AR LMR   HR PR AR LMR   HR PR AR LMR  

MIN  25.4 25.5 25.3 25.5  0.0 0.3 0.0 0.0  2.0 0.4 1.9 3.0  6.81 6.52 6.68 6.15 

MAX  31.2 32.2 31.4 30.0  19.2 26.4 24.7 23.6  7.0 10.3 7.7 10.3  7.98 8.28 8.12 8.52 

MEDIAN  28.5 30.3 28.1 27.7  2.2 18.4 6.1 6.1  4.7 4.8 4.4 5.1  7.20 7.70 7.35 7.40 

MEAN  28.4 29.8 28.1 27.6  4.3 16.6 6.6 7.8  4.4 5.0 4.6 5.5  7.23 7.60 7.39 7.32 

 

BOTTOM  

 

                                    TEMPERATURE                                       SALINITY                                DISSOLVED OXYGEN                                        PH 

 HR PR AR LMR   HR PR AR LMR   HR PR AR LMR   HR PR AR LMR  

MIN  25.5 25.5 25.3 25.5  0.0 0.4 0.0 0.0  <0.1 <0.1 0.2 0.6  6.76 6.52 6.59 6.14 

MAX  31.1 31.1 30.7 30.9  28.3 28.1 29.5 25.8  6.9 8.9 6.1 8.4  7.98 8.12  8.03 8.22 

MEDIAN  29.1 30.4 28.7 27.7  9.2 24.6 17.0 7.2  1.9 0.6 2.0 4.3  7.12 7.49 7.44 7.32 

MEAN  28.9 29.8 28.5 27.9  11.1 22.3 14.9 9.1  2.7 1.5  2.5 4.5  7.18 7.44 7.44 7.31 

 

HR= Lower  Hillsborough River;  PR=Palm River; AR= Alafia River; LMR=Little Manatee River (1996 -2000) 
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Mean dissolved oxygen concentrations were lowest in the Palm  and Lower Hillsborough 

rivers and highest in the Little Manatee River (F 3,274=23.0; p<0.001; Figure 11). More than 

75% of the Palm River samples and approximately 50% of the Lower Hillsborough and 

Alafia river samples near- bottom DO measurements were indicative of hypoxia (DO<2  
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Figure 5. Temperature-salinity plot  (near-bottom) of stations sampled for benthos:  

by tributary, 1995-2000. Ellipses demarcate standard deviations around the mean and 

the orientation represents the Pearson correlation between temperature and salinity. 

 

 

ppm) (Figure 12). The KS test showed that the distributions of DO in the Alafia and 

Hillsborough rivers were similar (p>0.05; Figure 12). Figures 13-34 show the spatial 

extents, by survey period, of dissolved oxygen conditions in each tributary. 

 

Mean DO also differed among salinity zones (F 3,274=50.6; p<0.001). Highest mean DO 

concentrations were found in tidal freshwaters and the lowest mean DO was found in 

polyhaline waters (Figure 11). DO concentrations were similar among years 

(F5,274=2.0;p>0.07) 
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Figure 6. Notched box plot of median and 95% confidence limits of  

near-bottom water temperature by salinity zone, year, and tributary. 
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Figure 7. Cumulative distribution function plot of near-bottom water temperatures:  

by tributary, 1995-2000. 
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Figure 8. Cumulative distribution function plot of near-bottom salinities:  

by tributary, 1995-2000. 
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Figure 9. Notched box plot of median and 95% confidence limits of  

near-bottom salinity by year and tributary.  
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Figure 10. Temperature-salinity plot of stations sampled for benthos:  

by year, 1995-2000. Ellipses demarcate standard deviations around  

the mean and the orientation represents the Pearson correlation 

 between temperature and salinity. 
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Figure 11. Notched box plot of median and 95% confidence limits of  

near-bottom dissolved oxygen by salinity zone, year, and tributary. 
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Figure 12. Cumulative distribution function plot of near-bottom dissolved oxygen:  

by tributary, 1995-2000. 
 

 

 
 

Figure 13. Near-bottom dissolved oxygen concentration strata in the Lower 

Hillsborough River, 1995. Red=DO<2 ppm;Yellow=DO>2<4 ppm; Green=DO>4 ppm. 
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Figure 14. Near-bottom dissolved oxygen concentration strata in the Lower 

Hillsborough River, 1996. Red=DO<2 ppm;Yellow=DO>2<4 ppm; Green=DO>4 ppm. 

 

 

 

 
 

Figure 15. Near-bottom dissolved oxygen concentration strata in the Lower 

Hillsborough River, 1997. Red=DO<2 ppm;Yellow=DO>2<4 ppm; Green=DO>4 ppm. 

 


