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Executive Summary 
 

The Tampa Bay Benthic Monitoring Program was initiated in 1993 by the Tampa Bay National 

Estuary Program as part of a basin-wide monitoring effort to provide data to area managers and 

to track long term trends in the Tampa Bay ecosystem. The monitoring program is a cooperative 
effort between Hillsborough, Manatee and Pinellas Counties, with the Environmental Protection 

Commission of Hillsborough County handling the biological and sediment contaminant sample 

processing and data analysis. This report covers the first twelve years of monitoring data (1993-
2004). A total of 1,217 sites were sampled and analyzed for environmental characteristics, 

sediment chemistry, and benthic community composition.  

 
The median sample depth bay-wide was 2.8 meters (range 0 ï 13.2 meters) with bottom salinities 

ranging from 0 to 35.9 psu. The bay-wide median salinity was 26 psu and nearly 80% of the 

sampling sites were within the polyhaline salinity range (18-30 psu). Salinities were variable 

between years with the lowest salinities occurring in 1995 and 2003 and highest in 2000. 

Salinities were significantly different between bay segments with the highest salinities being 

recorded in Boca Ciega Bay and Lower Tampa Bay and lowest salinities in the Manatee River.  

Bottom dissolved oxygen was relatively high bay-wide with a median value of 5.36 mg/L and 

80% of the sampled locations had values  4.0 mg/L. Several areas of hypoxia were found, 
typically in Hillsborough Bay and portions of Old Tampa Bay. There was also an observed trend 

of increasing area of hypoxia in Hillsborough Bay over time. Medium grained sandy sediments 

predominated in all bay segments, but Hillsborough Bay had the highest percentage of muddy 

and very fine grain sediments with high percent silt+clay measurements also occurring in Boca 
Ciega Bay and the Manatee River. There was an observed trend of increasing fine grained 

sediments in the western and northern portions of Old Tampa Bay over time. 
 

Results from the sediment contaminant analysis found that cadmium (Cd) levels tended to be 

high throughout Tampa Bay, with 36% of the samples exceeding the Threshold Effects Level 
(TEL) and 2.5% of the samples were above the Potential Effects Level (PEL) for toxicity. The 

cadmium:aluminum  ratio however indicated that the observed Cd concentrations were not 

elevated above background levels. Chromium, copper, nickel, lead and zinc also were high at a 

small percentage of sites with elevated levels primarily found in Hillsborough Bay and the 

Manatee River. 

 

Polycyclic Aromatic Hydrocarbons (PAHs) levels were generally low with no observed PEL 

exceedences and only 1.71% or the samples exceeding the TEL for total PAHs. Individual PAH 
compounds however did show some higher readings with the Low Molecular Weight PAHs 

Acenaphthene and Acenaphthylene exceeding their TELs at 15% and 14% of the samples 

respectively. Total High Molecular Weight PAHs were above the TEL at 3% of the sites and 

elevated levels of Dibenzo (a,h) anthracene were found at over 15% of the sites. Overall, the 

highest levels of PAHs were observed in Hillsborough Bay followed by the Manatee River and 

Boca Ciega Bay.  

 

Total Polychlorinated Biphenyls (PCBs) exceeded TELs in 2.28% of the samples with highest 

values in Hillsborough Bay. Most of the measured pesticides were low with the exception of 
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Total DDT and the DDT derivative DDE, both of which exceeded their respective TELs in 

around 2% of the samples and were highest in Hillsborough Bay and the Manatee River.  
 

Analysis of the benthic community identified around 1,500 taxa during the first twelve years of 

monitoring. The overall median number of taxa per sample was 35 and ranged from 0 to 125 taxa 

per sample. There was a general trend of increasing species richness towards the mouth of the 

bay, with the highest number of taxa being recorded in Lower Tampa Bay and Boca Ciega Bay. 

The abundance of benthic organisms ranged from 0 to 183,400 organisms/m
2 
with a median of 

5,150 organisms/m
2
. Middle Tampa Bay and Old Tampa Bay had the highest median 

abundances while the lowest median abundance was in Terra Ceia Bay. Seven of the 

approximately 1,500 taxa identified accounted for 25% or the overall benthic abundance. The 

cephalochordate Branchiostoma floridae was the most abundant species and accounted for 5% of 
the total benthic abundance. The other top seven taxa included the polychaete Monticellina cf. 

dorsobranchialis (4.48%), the brachiopod Glottidia pyramidata (4.18%), unidentified tubificid 

oligochaetes (3.30%), the gastropod Caecum strigosum (2.99%), the amphipod Ampelisca 
holmesi (2.95%) and the bivalve Mysella planulata (2.81%).  The Shannon Diversity Index 

increased towards the lower bay and was highest in Boca Ciega Bay, Terra Ceia Bay and Lower 

Tampa Bay, with no statistical differences between these segments. The lowest median diversity 

values were in Hillsborough Bay and the Manatee River. 

 
Analysis of benthic community similarity between sampling years indicated that the Tampa Bay 

benthic community fell into two main temporal groupings, 1993 - 1997 and 1998 - 2004, due in 

part to higher abundances of Glottidia pyramidata during the latter period. Analysis done on the 
species similarity averaged by bay segment indicated that the Tampa Bay benthic community fell 

into two main spatial assemblages, with the lower segments of the bay (Middle and Lower 

Tampa Bay and Boca Ciega Bay) forming one group and Hillsborough Bay, Old Tampa Bay, 

Terra Ceia Bay, and the Manatee River forming the second group. The lower bay segments were 

characterized by higher abundances of Branchiostoma floridae, unidentified tubificid 

oligochaetes, the spirorbid polychaete Janua (Dexiospira) steueri and the maldanid polychaete 

(ñbamboo wormò) Axiothella mucosa. The other bay segments were characterized by higher 
abundances of Ampelisca holmesi, Monticellina cf. dorsobranchialis, the bivalve Mulinia 

lateralis, Mysella planulata and the spionid polychaete Paraprionospio pinnata.  

 
The BIO-ENV analysis between the environmental factors and the benthic species composition 

indicated that the sediment composition was the strongest factor structuring the benthic 

community, followed by dissolved oxygen. Chromium and copper had the strongest correlation 
with the benthic assemblage of the metal sediment contaminants measured, while total DDT had 

the highest correlation among the measured pesticides. Analysis on the PAHs found the 

hydrocarbon pyrene had the strongest correlation with the benthic community structure.  

 

The Tampa Bay Benthic Index (TBBI) was developed using the monitoring data from this 
program as a measure of the health of benthic habitats in Tampa Bay. The TBBI is scaled from 

0-100 with values < 73 classified as ñDegradedò, from 73-87 as ñIntermediateò and >87 as 

ñHealthyò. Depauperate samples were assigned a TBBI score of 0 and classified as ñEmptyò. 
The overall TBBI for the 1993-2004 sampling period had a median value of 81.41 which falls 

within the ñIntermediateò category for benthic habitat health. The highest TBBI values were in 
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the main portion of Tampa Bay (Old Tampa Bay, Middle Tampa Bay, and Lower Tampa Bay) 

and lower values were found in Hillsborough Bay, the Manatee River, Terra Ceia Bay and Boca 
Ciega Bay. Hillsborough Bay had the highest number of empty samples (4.83%) and one-third of 

the sites were classified as ñDegradedò. The Manatee River, Terra Ceia Bay and Boca Ciega Bay 

also had a large percentage of ñDegradedò sites (38-40%). Old Tampa Bay, Middle Tampa Bay 

and Lower Tampa Bay had few empty sites (0-0.6%) and <20% of the sites in each segment was 

classified as ñDegradedò while approximately 35% of the sites in each of these segments were 

classified as ñHealthyò. Bay-wide 1.48% of the samples were empty, 26.8% were classified as 

ñDegraded,ò 45.6% as ñIntermediate,ò and 26% as ñHealthyò. There was a notable increase in 

the spatial extent of ñDegradedò benthic habitat in western Old Tampa Bay.  

 

The National Estuary Program Coastal Condition Report published in 2007 included an 
evaluation of the estuarine condition in Tampa Bay based on samples collected by the National 

Coastal Assessment (NCA) monitoring program (USEPA 2007). The NCA collected sediment 

samples from 25 sites throughout Tampa Bay in July 2000. These samples were analyzed for 

benthic invertebrate community structure and the condition of the benthic community was 

evaluated at each site using the Gulf Coast Benthic Index (GCBI) developed for the Louisianan 

Provence EMAP program (Engle et al., 1994; Engle and Summers 1999). The condition of the 

benthic community at each station was rated as ñGoodò if the GCBI score was  5.0, ñFairò if the 
GCBI score was between 3.0 and 5.0, and ñPoorò if the GCBI score was < 3.0 (USEPA 2007). 

The overall benthic community condition for the estuary was rated based on the following 

criteria: ñGoodò if < 10% of the sites had a poor benthic index score and >50% had a good 
benthic index score; ñFairò if 10% to 20% of the sites had a poor benthic index score or >50% of 

the sites had a combined poor and fair benthic index score; and ñPoorò if >20% of the sites had a 

poor benthic index score. The overall benthic community condition for Tampa Bay based on 

these criteria was rated as ñPoorò with 36% of the NCA sites having poor benthic index scores, 

20% rated as ñFairò, and 44% as ñGoodò (USEPA 2007).  

 

The benthic community condition of the bay-wide monitoring samples was evaluated applying 
the same criteria for ñGoodò, ñFairò, and ñPoorò as outlined in the Coastal Condition Report 

(USEPA 2007) but we utilized the Tampa Bay Benthic Index and its scoring criteria for the 

individual samples rather than the GCBI used by the EPA. Results from this analysis are 

presented in the table below by year and bay segment, as well as the overall bay-wide condition. 

The bay-wide benthic condition was calculated two ways: 1) by simply evaluating all of the 

samples equally and 2) by proportionally weighing the samples based on their bay segment area 

in order to compensate for differing sampling densities in the different bay segments.  Overall 

bay-wide results were consistent with the NCA rating of ñPoorò for all years with only one 
individual year (1999) having a rating of ñFairò. For all years 28.3% of the samples rated as 

ñPoorò, 45.6% as ñFairò and 26.1% as ñGoodò. Weighing the samples proportionally by their 

segment area did increase the bay-wide rating from ñPoorò to ñFairò in just over half of the 
individual years (7 of 12). Using the weighted method the overall bay-wide results had 22.3% of 

the sites rated as ñPoorò, 46.8% rated as ñFairò, and 30.9% rated as ñGoodò.  Hillsborough Bay, 

Terra Ceia Bay, the Manatee River, and Boca Ciega Bay all had ñPoorò benthic community 

conditions overall. Terra Ceia Bay rated as ñGoodò in 2004; however this was based on a single 

sample that was collected that year. Old Tampa Bay, Middle Tampa Bay, and Lower Tampa Bay 

had overall ñFairò benthic community conditions. Both Middle and Lower Tampa Bay rated as 
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ñGoodò in 2004, while Old Tampa Bay had ñPoorò benthic community conditions from 2001 ï 

2004. These trends, however, correlate with a decrease in sampling effort and may be influenced 
by the smaller sample size per year. 

 

Condition of Tampa Bay benthic communities based on the TBBI using the EPA's National 

Coastal Assessment program criteria.  

 
Year Status  

 
HB 

(n) 

OTB 

(n) 

MTB 

(n) 

LTB  

(n) 

MR 

(n) 

TCB 

(n) 

BCB 

(n) 

Bay-wide 

(n) 

Weighted 

Bay-wide* 

1993 
Poor 

(19) 

Fair  

(16) 

Fair  

(20) 

Poor 

(17) 

Fair  

(11) 

Poor 

(7) 
N/A 

Poor 

(90) 

Poor 

(90) 

1994 
Poor 

(19) 

Poor 

(17) 

Poor 

(20) 

Poor 

(16) 

Poor 

(10) 

Poor 

(7) 
N/A 

Poor 

(89) 

Poor 

(89) 

1995 
Poor 

(29) 

Fair  

(23) 

Fair 

(21) 

Fair  

(22) 

Poor 

(11) 

Poor 

(7) 

Fair  

(21) 

Poor 

(134) 

Fair  

(134) 

1996 
Poor 

(27) 

Fair 

(15) 

Poor 

(24) 

Poor 

(24) 

Fair  

(13) 

Fair  

(8) 

Poor 

(21) 

Poor 

(132) 

Poor 

(132) 

1997 
Poor 

(22) 

Fair 

(16) 

Fair  

(22) 

Fair  

(21) 

Poor 

(13) 

Fair  

(8) 

Poor 

(21) 

Poor 

(123) 

Fair  

(123) 

1998 
Poor 

(26) 

Fair 

(16) 

Fair  

(20) 

Fair  

(17) 

Poor 

(13) 

Fair  

(7) 

Poor 

(21) 

Poor 

(120) 

Fair  

(120) 

1999 
Fair  

(23) 

Fair 

(19) 

Fair  

(21) 

Good 

(18) 

Fair  

(13) 

Poor 

(8) 

Poor 

(21) 

Fair  

(123) 

Fair  

(123) 

2000 
Poor 

(22) 

Fair 

(11) 

Fair 

(23) 

Fair  

(8) 

Poor 

(9) 

Poor 

(7) 

Poor  

(6) 

Poor 

(86) 

Fair  

(86) 

2001 
Poor 

(25) 

Poor  

(7) 

Fair 

(26) 

Fair  

(5) 

Fair  

(2) 

Poor 

(1) 

Poor 

(14) 

Poor 

(80) 

Poor 

(80) 

2002 
Poor 

(25) 

Poor  

(8) 

Good 

(21) 

Fair  

(9) 

Poor 

(7) 

Poor 

(4) 

Poor 

(9) 

Poor 

(83) 

Fair  

(83) 

2003 
Poor 

(28) 

Poor  

(9) 

Fair  

(9) 

Fair  

(12) 

Poor 

(7) 

Poor 

(3) 

Poor 

(10) 

Poor 

(78) 

Poor 

(78) 

2004 
Fair  

(25) 

Poor  

(9) 

Good 

(11) 

Good 

(11) 

Poor 

(10) 

Good 

(1) 

Poor 

(10) 

Poor 

(77) 

Fair  

(77) 

*Weighted by Bay Segment Area 

 

 

 



 

 vi 

The overall ñPoorò rating of benthic condition in Tampa Bay, the observed trends towards 

increased areas of hypoxia in Hillsborough Bay, the increased area of finer grained sediments, 
and corresponding degraded benthic habitat in parts of Old Tampa Bay emphasize the continued 

need for benthic monitoring in Tampa Bay. In order to maintain sufficient monitoring efforts to 

detect changes in the benthic conditions over time while meeting current budgetary constraints 

the following recommendations were implemented retroactive to  the 2005 sampling year: 

 

 Reduce sampling effort to control increasing monitoring costs. 

o Increase reporting period to five years from current four year reporting period 

reducing the number of samples collected per year but maintaining long term 

statistical power. 

o Combine MTB and LTB into a single reporting unit since these two bay segments 

are the least impacted by sediment contaminants and low dissolved oxygen, have 

similar benthic species assemblages and are also the most costly samples to 

process due to the high species diversity in these two segments. 

 

These additional recommendations are proposed for future monitoring of sediments and benthic 

communities in Tampa Bay: 
 

 Redirect sampling effort to address gaps in the current data and focus on areas of special 

interest. 

o Continue focus on special study sites ï areas of known or suspected 
environmental degradation or sites with known upcoming impacts such as 

dredging or proposed mitigation sites. 

o Revisit past special study sites.  

o Increase monitoring efforts in the major river systems (Hillsborough, Palm, Alafia 

and Little Manatee) and tidal stream areas since few low salinity areas are 

included in the current data base and these systems serve as nursery areas for 

commercial and recreationally important species. There are also known problems 
with high sediment contaminants in several rivers, potential impacts due to 

continued development, and surface water withdrawals for drinking water. 

 
The implementation of these recommendations will allow for the continued monitoring of Tampa 

Bayôs sediment quality and benthic habitats while focusing the sampling effort on areas of 

special concern and maintaining the cost effectiveness of the program. 
 

 

 

 



 

 vii  

Table of Contents 
 

Executive Summary ....................................................................................................................... ii  

Table of Contents ......................................................................................................................... vii  

List of Figures ............................................................................................................................... ix 
List of Tables ................................................................................................................................. xi 

Introduction .................................................................................................................................... 1 
Program Background.................................................................................................................. 1 

Methods .......................................................................................................................................... 2 

Sampling Design ........................................................................................................................ 2 
Field Collection .......................................................................................................................... 4 

Hydrographic Measurements ................................................................................................. 4 

Benthic Macrofauna ............................................................................................................... 4 

Silt+Clay ................................................................................................................................ 4 

Sediment Chemistry ............................................................................................................... 4 

Laboratory Procedures ............................................................................................................... 5 

Field data ................................................................................................................................ 5 

Sediment Chemistry ............................................................................................................... 5 
Silt+Clay Analysis.................................................................................................................. 5 

Benthic Community Analysis ................................................................................................ 5 

Data Analysis ............................................................................................................................. 6 

Data Categorization ................................................................................................................ 6 

Univariate Statistical Analysis ............................................................................................... 6 

Multivariate Statistical Analysis ............................................................................................ 6 

Spatial and Graphical Analysis .............................................................................................. 7 
Results and Discussion ................................................................................................................... 8 

Sampling Locations .................................................................................................................... 8 

Hydrographic and Sediment Characteristics ............................................................................ 10 
Depth .................................................................................................................................... 11 

Bottom Temperature ............................................................................................................ 13 

Bottom pH ............................................................................................................................ 15 

Bottom Salinity .................................................................................................................... 16 

Bottom Dissolved Oxygen ................................................................................................... 20 

Sediment Composition (%Silt+Clay) ................................................................................... 23 

Analysis of Environmental Data .......................................................................................... 28 

Sediment Contaminants ............................................................................................................ 32 
Metals ................................................................................................................................... 32 

Polycyclic Aromatic Hydrocarbons (PAHs) ........................................................................ 57 
Polychlorinated biphenyls (PCBs) and Chlorinated Pesticides ............................................ 64 

Benthic Community Structure .................................................................................................. 70 

Summary Statistics ............................................................................................................... 70 

Dominant Taxa ..................................................................................................................... 81 

Benthic Community Similarity Analysis.............................................................................. 98 

Relating Biological and Environmental data ...................................................................... 100 

Conclusions and Recommendations ........................................................................................... 111 



 

 viii  

Literature Cited .......................................................................................................................... 114 



 

 ix 

List of Figures 
 

Figure 1. Tampa Bay segments and sampling grids. ...................................................................... 3 

Figure 2. Tampa Bay benthic monitoring sampling sites 1993-2004 by year and four-year 

sampling phase. .............................................................................................................................. 9 
Figure 3. Median sample depth by year. ...................................................................................... 12 

Figure 4. Median sample depth by bay segment. ......................................................................... 12 

Figure 5. Median bottom temperature by year. ............................................................................ 14 
Figure 6. Median bottom temperature by bay segment. ............................................................... 14 

Figure 7. Median bottom pH by year. .......................................................................................... 15 

Figure 8. Median bottom pH by bay segment. ............................................................................. 16 
Figure 9. Median bottom salinity by year. ................................................................................... 17 

Figure 10. Median bottom salinity by bay segment. .................................................................... 17 

Figure 11. Spatial analysis of bottom salinity by four-year sampling phases. ............................. 19 

Figure 12. Median bottom dissolved oxygen by year. ................................................................. 20 

Figure 13. Median bottom dissolved oxygen by bay segment. .................................................... 21 

Figure 14. Spatial distribution of Dissolved Oxygen over time. .................................................. 22 

Figure 15. Median percent silt+clay by year. ............................................................................... 24 

Figure 16. Median percent silt+clay by bay segment. .................................................................. 25 
Figure 17. Spatial distribution of sediments in Tampa Bay over time. ........................................ 27 

Figure 18. PCA coded by bay segment ........................................................................................ 29 

Figure 19. PCA by bay segment, averaged by year. .................................................................... 29 

Figure 20. PCA by bottom dissolved oxygen classification. ........................................................ 30 

Figure 21. PCA by depth classification. ....................................................................................... 30 

Figure 22. PCA by salinity classification. .................................................................................... 31 

Figure 23. Mean sediment silver levels by bay segment. ............................................................. 37 
Figure 24. Tampa Bay Ag:Al ratio with 95% prediction intervals (solid lines). .......................... 37 

Figure 25. Spatial distribution of silver in Tampa Bay 1993-2004. ............................................. 38 

Figure 26. Mean sediment arsenic levels by bay segment. .......................................................... 39 
Figure 27. Tampa Bay As:Al ratio with 95% prediction intervals (solid lines). .......................... 39 

Figure 28. Spatial distribution of arsenic in Tampa Bay 1993-2004. ........................................... 40 

Figure 29.  Mean sediment cadmium levels by bay segment. ...................................................... 41 

Figure 30. Tampa Bay Cd:Al ratio with 95% prediction intervals (solid lines). .......................... 41 

Figure 31. Distribution of cadmium in Tampa Bay 1993-2004. .................................................. 42 

Figure 32. Mean sediment chromium levels by bay segment. ..................................................... 43 

Figure 33. Tampa Bay Cr:Al ratio with 95% prediction intervals (solid lines)............................ 43 

Figure 34. Distribution of chromium in Tampa Bay 1993-2004. ................................................. 44 
Figure 35. Mean sediment copper levels by bay segment. ........................................................... 45 

Figure 37. Distribution of copper in Tampa Bay 1993-2004. ...................................................... 46 
Figure 38. Mean sediment levels of nickel by bay segment.. ....................................................... 47 

Figure 39. Tampa Bay Ni:Al ratio with 95% prediction intervals (solid lines)............................ 47 

Figure 40. Distribution of nickel in Tampa Bay 1993-2004. ....................................................... 48 

Figure 41. Mean sediment lead levels by bay segment. ............................................................... 49 

Figure 42. Tampa Bay Pb:Al ratio with 95% prediction intervals (solid lines). .......................... 49 

Figure 43. Distribution of lead in Tampa Bay 1993-2004. .......................................................... 50 

Figure 44. Mean sediment zinc levels by bay segment. ............................................................... 51 



 

 x 

Figure 45. Tampa Bay Zn:Al ratio with 95% prediction intervals (solid lines). .......................... 51 

Figure 46. Distribution of Zinc in Tampa Bay 1993-2004. .......................................................... 52 
Figure 47. Mean sediment manganese levels by bay segment. .................................................... 53 

Figure 48. Tampa Bay Mn:Al ratio with 95% prediction intervals (solid lines). ......................... 53 

Figure 49. Mean sediment antimony levels by bay segment. ....................................................... 54 

Figure 50. Tampa Bay Sb:Al ratio with 95% prediction intervals (solid lines). .......................... 54 

Figure 51. Mean sediment selenium levels by bay segment. ....................................................... 55 

Figure 52. Tampa Bay Se:Al ratio with 95% prediction intervals (solid lines)............................ 55 

Figure 53. Mean sediment tin levels by bay segment. ................................................................. 56 

Figure 54. Tampa Bay Sn:Al ratio with 95% prediction intervals (solid lines). .......................... 56 

Figure 55.  Mean  levels for total LMW-PAHs by bay segment. ................................................. 61 

Figure 56. Mean levels for total HMW-PAHs by bay segment. .................................................. 62 
Figure 57.  Mean levels for total PAHs by bay segment. ............................................................. 62 

Figure 58. Distribution of total PAH's in Tampa Bay 1993-2004. ............................................... 63 

Figure 59. Mean levels for total PCBs by bay segment.. ............................................................. 68 

Figure 60. Mean levels for lindane by bay segment. .................................................................... 68 

Figure 61. Mean levels of dieldrin by bay segment ..................................................................... 69 

Figure 62. Mean levels of total DDT by bay segment. ................................................................ 69 

Figure 63. Mean levels of total chlordane by bay segment. ......................................................... 70 

Figure 64.  Median number of benthic taxa by year. .................................................................... 75 
Figure 65. Median number of benthic taxa by bay segment. ....................................................... 75 

Figure 66. Median benthic abundance by year. ............................................................................ 76 

Figure 67. Median benthic abundance by bay segment................................................................ 76 
Figure 68. Median Shannon-Wiener Diversity Index (loge) by year. ........................................... 77 

Figure 69. Median Shannon-Wiener Diversity Index (loge) by bay segment............................... 77 

Figure 70. Median Tampa Bay Benthic Index scores by year. ..................................................... 78 

Figure 71. Median Tampa Bay Benthic Index by bay segment. .................................................. 78 

Figure 72. Spatial extent of  TBBI scores by four-year sampling phases. ................................... 80 

Figure 73. Late-Summer distribution of Branchiostoma floridae in Tampa Bay 1993-2004. ..... 85 

Figure 74. Late-Summer distribution of Monticellina cf. dorsobranchialis in Tampa Bay 1993-
2004. ............................................................................................................................................. 86 

Figure 75. Late-Summer distribution of Glottidia pyramidata in Tampa Bay 1993-2004. ......... 87 

Figure 76. Late-Summer distribution of Caecum strigosum in Tampa Bay 1993-2004. ............. 88 
Figure 77. Late-Summer distribution of Ampelisca holmesi in Tampa Bay 1993-2004. ............. 89 

Figure 78. Late-Summer distribution of Ampelisca abdita in Tampa Bay 1993-2004. ............... 90 

Figure 79. Late-Summer distribution of Mysella planulata in Tampa Bay 1993-2004. .............. 91 
Figure 80. Late-Summer distribution of Mulinia lateralis in Tampa Bay 1993-2004. ................ 92 

Figure 81. Cluster Analysis by sampling year. ............................................................................. 99 

Figure 82. Cluster Analysis by bay segment. ............................................................................. 100 

Figure 83. MDS plot of benthic species composition by bay segments, averaged by year. ....... 106 

Figure 84. MDS plot data coded by sample depth category - all samples shown. ..................... 107 
Figure 85. MDS plot data coded by salinity category - all samples shown. ............................... 107 

Figure 86. MDS plot data coded by dissolved oxygen category - all samples shown. ............... 108 

Figure 87. MDS plot data coded by sediment category - all samples shown. ............................ 108 
Figure 88. Bubble plot of percent silt+clay values on species similarity MDS plot. ................. 109 



 

 xi 

List of Tables  
 

Table 1. Physical and TBBI descriptors and cutoffs. ..................................................................... 8 

Table 2. Bay-wide bottom physical characteristics by year and sampling period. ....................... 10 

Table 3. Bottom physical parameters (1993-2004) by bay segment. ........................................... 11 
Table 4. Percentage of sites within depth categories. ................................................................... 13 

Table 5. Percentage of samples within salinity categories. .......................................................... 18 

Table 6.  Percentage of Dissolved Oxygen Category ................................................................... 21 
Table 7. Percent sediment categories. .......................................................................................... 26 

Table 8. Eigenvalue and percent variation explained by principle component axes. ................... 28 

Table 9. Eigenvectors for bottom parameters contributing to principle component axes. ........... 28 
Table 10. Tampa Bay (1993-2004) sediment metals summary statistics and percentage of sites 

exceeding TEL and PEL values. .................................................................................................. 36 

Table 11.  Tampa Bay (1993-2004) sediment low molecular weight polycyclic aromatic 

hydrocarbon summary statistics and percentage of sites exceeding TEL and PEL values. ......... 59 

Table 12. Tampa Bay (1993-2004) sediment high molecular weight and total polycyclic aromatic 

hydrocarbon summary statistics and percentage of sites exceeding TEL and PEL values. ......... 59 

Table 13.  Other measured hydrocarbons without established TEL/PELs. .................................. 60 

Table 14. Total PCBs and Pesticide summary statistics. .............................................................. 66 
Table 15. Other measured pesticides without established TEL/PELs. ......................................... 67 

Table 16.  Benthic Community Summary Statistics by Year ....................................................... 73 

Table 17. Benthic Community Summary Statistics by Bay Segment. ......................................... 74 

Table 18. Percentage of sites within TBBI categories by period, bay segment, and bay-wide. ... 79 

Table 19.  Condition of Tampa Bay benthic communities based on the TBBI using the EPA's 

National Coastal Assessment program criteria............................................................................. 79 

Table 20. Bay-wide Relative Abundance by year. ....................................................................... 93 
Table 21. Dominant benthic taxa (Relative Abundance) by Bay Segment. ................................. 96 

Table 22. Multiple linear regression results of benthic community indices vs. physical 

parameters. ................................................................................................................................. 102 
Table 23. Spearman correlation coefficients for benthic community matrices vs. environmental 

parameters. ................................................................................................................................. 102 

Table 24. Spearman Rank Correlations between benthic community indices and sediment metals.

 .................................................................................................................................................... 103 

Table 25. Spearman Rank Correlations between benthic community indices and low molecular 

weight PAHs. ............................................................................................................................. 103 

Table 26. Spearman Rank Correlations between benthic community indices and high molecular 

weight and total PAHs................................................................................................................ 104 
Table 27. Spearman Rank Correlations between benthic community indices and other measured 

hydrocarbons. ............................................................................................................................. 104 
Table 28.  Spearman Rank Correlations between benthic community indices and measured 

pesticides and total PCBs. .......................................................................................................... 105 

 



 

 1 

Introdu ction 
 

Tampa Bay is the largest open water estuarine system in the state of Florida covering a surface 

area of over 1,030 km
2
 with a surrounding watershed of 5,700 km

2
 (Lewis and Estevez 1988).  

The bay is surrounded by three counties (Hillsborough, Pinellas, and Manatee) which have a 
combined population of 2,395,449 people (U.S. Census Bureau 2007; estimated population for 

2006) and include the cities of Tampa, St. Petersburg, Clearwater, and Bradenton.  

Program Background 

 

The Tampa Bay National Estuary Program (TBNEP) [now known as the Tampa Bay Estuary 
Program (TBEP)] was started in 1991 with the objective of developing a Comprehensive 

Conservation and Management Plan (CCMP) for Tampa Bay (TBNEP, 1996). As part of the 

CCMP, the TBNEP developed a basin wide monitoring program in order to measure the 

effectiveness of management decisions implemented under the CCMP and to gather further 

information to reevaluate and revise the CCMP in the future (Hochberg et al. 1992). During the 

design phase of the monitoring program it was recommended that the benthic community should 

be included in the monitoring effort and that the EPAôs Environmental Monitoring and 

Assessment Program (EMAP) sampling design be adopted (Hochberg et al. 1992).  
 

The bay-wide Tampa Bay Benthic Monitoring Program was initiated in 1993. During the first 

two years of the program field sampling was conducted by the Environmental Protection 
Commission of Hillsborough County (EPCHC) and the Manatee County Department of 

Environmental Management (MCDEM) and included the following bay segments: Hillsborough 

Bay, Old Tampa Bay, Middle Tampa Bay, Lower Tampa Bay, Manatee River, and Terra Ceia 

Bay. Starting in 1995, Pinellas County Environmental Management joined the monitoring 

efforts, initiating annual sampling in Boca Ciega Bay.  

 

The TBNEP finalized the Comprehensive Conservation and Management Plan ñCharting the 
Courseò for Tampa Bay in December 1996 (TBNEP, 1996). The CCMP outlined the goals for 

restoring and protecting Tampa Bay, set restoration targets, and put forth a list of specific action 

plans for achieving these goals. The benthic monitoring program plays an important role in 

tracking the progress of these actions and providing important data for management decisions. 

 

The benthic monitoring programôs objectives and sampling design were reevaluated in 2003 

(Janicki Environmental, 2003). As a result of this assessment, the reporting period was increased 

from one year to four years and the number of samples collected annually was cut in half (from 
124 to 64 samples per year). These changes were made retroactive to the year 2000 in order to 

alleviate a backlog in sample processing at that time (Janicki Environmental, 2003). The 

resulting savings in sampling effort were further redirected towards collecting samples from 
several areas of concern (ñSpecial Studiesò) during the 2002-2004 sampling seasons. 
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Methods 

Sampling Design 

 

The Tampa Bay Benthic Monitoring Program employs a stratified-random sampling strategy 
adopted from the EPAôs Environmental Monitoring and Assessment Program ï Estuaries 

(EMAP-E) design (Coastal Environmental, 1994). Tampa Bay is divided into seven segments 

(after Lewis and Whitman, 1985): Hillsborough Bay, Old Tampa Bay, Middle Tampa Bay, 

Lower Tampa Bay, Boca Ciega Bay, the Manatee River, and Terra Ceia Bay. Each designated 

segment is treated as a sampling stratum with the Manatee River and Terra Ceia Bay being 

combined into a single stratum (Coastal Environmental, 1994). Each stratum is overlaid by a 

hexagonal grid system and a random sampling point is generated within each grid cell. The size 
of the sampling grid used is variable. A grid size of 13 km2 is used for Old Tampa Bay, Middle 

Tampa Bay, and Lower Tampa Bay (Grabe et al. 1996) or a ñ7x7ò grid density meaning a grid 

density twice enhanced by a factor of 7 from the base EMAP hexagon (= 40 km
2
) (Coastal 

Environmental, 1994; Grabe et al. 1996). A ñ7x7x3ò grid (4.4 km
2
) is used for Hillsborough Bay 

and Boca Ciega Bay and a ñ7x7x7ò (1.9 km2) is used for the Manatee River/Terra Ceia Bay 

stratum (Coastal Environmental, 1994; Grabe et al. 1996). Sampling points within each grid cell 
are re-randomized each year, with the exception of the first two years of the program. The 

sampling for the Manatee River/Terra Ceia Bay stratum used the initial random points generated 

in 1993 which were resampled in subsequent years until the program redesign in 2003. The 

Manatee River/Terra Ceia Bay sampling sites have been randomized annually after 2003. 
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Figure 1. Tampa Bay segments and sampling grids. 
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Field Collection  

 
Field and laboratory methods were adopted from the EMAP-E Louisianan Province operations 

manual (Macauley, 1993) and modified for the Tampa Bay monitoring program (Versar, 1993; 

Courtney et al. 1995). Several modifications to the field sampling routine have been incorporated 
over the years as equipment has improved in order to stream line the field sampling and increase 

efficiency. The following is a brief outline of current field procedures. 

 

Hydrographic Measurements: A hydrographic profile was taken at each station using a 

Hydrolab
®
 multi-probe sonde. Measurements were taken from the surface (0.1 meters) to the 

bottom at 1 meter intervals for temperature, salinity, pH, and dissolved oxygen. 
 

Benthic Macrofauna: Sediment samples for benthic macrofaunal community analysis were 
taken at each site using a Young-Modified Van Veen grab sampler. The grab sample was taken 

to a sediment depth of 15 cm and covered an area of 0.04 m
2
. A 60 cc corer was used to take a 

subsample for Silt+Clay analysis. The sample was emptied into a plastic bag and residual 

sediment was washed out of the sampler into the bag with squeeze bottles of ambient seawater. 

An Epsom salt/seawater solution was added to the sample (equivalent to approximately 1/3 of 

the sample volume) to relax the organisms. An internal station label was added to the sample; the 

bag was tied and stored on ice. Samples were sieved through a 0.5 mm mesh sieve and the 

remaining fraction was rinsed into plastic sample jars. Samples were fixed with 10% buffered 

formalin for a minimum of 72 hours and then transferred into 70% isopropyl alcohol for 
preservation and storage. Rose Bengal was added to the formalin and isopropyl alcohol solutions 

to stain the organisms.  

 

Silt+Clay: A 60 cc subsample was removed from the benthic macrofauna sediment grab using a 
clear plastic syringe corer for Silt+Clay analysis. The apparent Redox Potential Discontinuity 

(RPD) layer was measured visually with a ruler while the sediment was in the corer. The 

subsample was then extruded into a HDPE sample jar and stored on ice. An additional sample 

was taken at 10% of the sites for QA/QC. Samples were stored at 4°C until processing.  

 

Sediment Chemistry: One or more additional sediment grab samples were taken at each site 

for sediment contaminant analysis depending on the sediment type. The grab sampler and all 

sampling utensils were field cleaned with Liqui-Nox
® 

detergent (Alconox, Inc. White Plains, 

NY), rinsed with ambient seawater and decontaminated with 99% pesticide grade isopropyl 
alcohol (2-Propanol, FisherChemicals, Fisher Scientific Fair Lawn, NJ)  prior to sampling and all 

equipment and samples were handled wearing latex gloves. The top 2 cm layer of sediment was 

removed from each grab using a stainless steel or Teflon coated spoon and placed in a stainless 

steel beaker. If more than one grab was taken, the removed layers of sediment were composited 

in the stainless steel beaker and homogenized by stirring. The homogenized sample was then 
split, with one fraction being placed in a HDPE sample bottle for metals analysis and the second 

fraction being placed in a glass sample jar with a Teflon
®
 lined lid for analysis of organic 

compounds (pesticides, PCBs, PAHs). 
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Laboratory Procedures 

 

Field data 

Hydrographic and other field data were entered into a Microsoft
® 

Access database maintained by 

the Environmental Protection Commission of Hillsborough County. 
 

Sediment Chemistry 

All sediment chemistry samples were analyzed by the EPCHC, except for the initial year of the 

program (1993). Samples collected that year were analyzed by the Skidaway Institute of 

Oceanography, Savannah, Georgia. Organic samples were not processed for 1994 due to delays 
in equipment installation and exceedence of sample holding times.  

 

The sediment metal samples were processed using a total digestion method with hydrofluoric 
acid using a CEM MARS Xpress microwave digester. Analysis was performed on a Perkin 

Elmer Optima 2000 Optical Emission Spectrometer according to EPA Method 200.7. 

  

The organic samples were extracted using EPA Method 3545A (Accelerated Solvent Extraction), 

followed by the cleanup methods, EPA 3630C (Silica gel) and EPA 3660B (copper).  Analysis 

was completed using EPA Method 8081 (organochlorine pesticides) and EPA Method 8082 

(PCB congeners) on a gas chromatograph equipped with dual Electron Capture Detectors 
(ECDs).  Polycyclic aromatic hydrocarbons (PAHs) were analyzed using EPA Method 8270c on 

a mass spectrometer. 

 

Silt+Clay Analysis 

The Silt+Clay analysis followed procedures outlined in Versar, 1993. This analysis was 
conducted by Manatee County Department of Environmental Management for all years except 

1994 when it was done by EPCHC.  

 

Benthic Community Analysis 

Benthic sorting and identification work was conducted by EPCHC staff for all years with the 

exceptions of 1993 and 1997. In 1993, the identification work was contracted to Mote Marine 

Laboratory or subcontracted to the Gulf Coast Research Laboratory (crustaceans). Part of the 
1997 sample processing was contracted out to Versar, Inc. Benthic sediment samples were rough 

sorted under a dissecting microscope into general taxonomic categories (Annelids, Molluscs, 

Crustaceans, and Miscellaneous Taxa). Resorting was done on 10% of the samples completed by 
each technician for QA/QC.  The sorted animals were identified to the lowest practical 

taxonomic level (species level when possible) and counted. Taxonomic identifications were 

conducted using available identification keys and primary scientific literature. All identification 

and count data were recorded on laboratory bench sheets and entered into a Microsoft Access® 

database maintained by the EPCHC. 
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Data Analysis  

Data Categorization  

A Statistical Analysis Software (SAS) routine (SAS Institute 2003) was used to assign samples 
to descriptive categories for depth, salinity, dissolved oxygen, sediment type, and  Tampa Bay 

Benthic Index (TBBI) score (Table 1). Cutoff points for depth were based largely on the median 

and 1st and 3rd quartile values for all sampling sites collected for the bay-wide benthic monitoring 

program from 1993-2004. The dissolved oxygen cutoffs were based on the state water quality 

standards and salinity cutoffs were based on the Venice System (Venice Symposium, 1959). 

Sediment categories were estimated from percent silt+clay measurements and based on the 

Wentworth size class system (cf. Percival and Lindsay 1997). Sediment grain size (ʌ) was 

determined by regressing percent silt+clay (% SC) vs. mean grain ʌ size for Tampa Bay data 
collected by Long et al. (1994) using TableCurve 2D ver. 5.0 software (AISN, 2000). 

were used to develop the following relationship between % SC and mean grain size: % SC= 1/ 

(0.0097+1.575*e
ʌ 2

=0.947). Cutoffs for the Tampa Bay Benthic Index were derived 
by Janicki Environmental (2005) and Malloy et al. (2007) with the following modifications: 

Negative TBBI scores were labeled as ñUndefinedò; depauperate samples were assigned a TBBI 
score of 0 and labeled as ñEmptyò. 

 

Potential toxicity levels for sediment contaminants followed the sediment quality guidelines 

established for Florida coastal waters and utilized the Threshold Effects Levels (TELs) and 

Probable Effects Levels (PELs) established for individual contaminants (MacDonald 1994; 
MacDonald et al. 1996). The metal:aluminum ratio was used to determine if individual sediment 

metals were elevated relative to background levels (Schropp et al. 1990).   

Univariate Statistical Analysis 

Parametric and non-parametric statistical analysis was done initially using SYSTAT
®
 11 

software (SYSTAT Software, Inc. 2004) on the hydrological, sediment chemistry, silt+clay and 
univariate biological metrics. Analysis was later recalculated using SigmaStat ® 3.5 (SYSTAT 

Software, Inc. 2006a). Data were log (n+1) or forth root transformed for normality where needed 

for the parametric tests. All percent silt+clay data were arcsine transformed. Analysis of 

Variance (ANOVA) with a Bonferroni adjusted pair-wise post hoc test was used to test for 

differences between years or between bay segments. Where the assumptions of the ANOVA 

could not be met by the data transformation, a non-parametric Kruskal-Wallis test was used 

along with a Dunnôs Pairwise Multiple Comparison test. Multiple linear regression and 

Spearman Correlations were calculated to find associations between the biological metrics and 
physical parameters and sediment contaminants. 

 

Multivariate Statistical Analysis 

PRIMER v6 software (PRIMER-E, Ltd. 2006; Clarke and Gorley 2006) was used for all 

multivariate statistical analysis and for calculating univariate biological metrics (species 

richness, abundance, and the Shannon Diversity Index). Species richness (S) was defined as the 

total number of taxa, abundance (N) as number of individuals per m2 (calculated as the raw count 

x 25) and the Shannon diversity index (Hô) calculations employed the natural logarithm opposed 

to log base 2 (Clarke and Warwick 2001). Principle Components Analysis (PCA) was done on 
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the hydrographic and silt+clay data to search for patterns in the environmental data (Clarke and 

Warwick 2001), the data was normalized and log transformed prior to analysis. The zero-
adjusted Bray-Curtis similarity (Clarke et al. 2006) was calculated on forth root transformed 

abundance data and the resulting similarity matrix was used for running Cluster Analysis, Non-

metric Multi-Dimensional Scaling (MDS), Similarity Percentage (SIMPER), and Analysis of 

Similarity (ANOSIM). The   BIO-ENV procedure (Clarke and Ainsworth 1993) was used to find 

correlations between the environmental parameters and benthic community structure. 

 

Spatial and Graphical Analysis 

Graphs were generated using SigmaPlot
®
 10.0 software (Systat Software, Inc. 2006b). Sample 

location and distributional maps were generated by Pinellas County Department of 

Environmental Management. Species distributional maps were generated by the Environmental 
Protection Commission of Hillsborough County using ArcGIS 9.2 (ESRI 2006). 
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Table 1. Physical and TBBI descriptors and cutoffs. 
 

Depth 

0-0.5 m  Intertidal 

>0.5-1.0 m Shallow subtidal 

>1.0-2.0 m  Intermediate Subtidal 

>2.0-4.0 m  Deep Subtidal 

>  4 m Deep  

Dissolved Oxygen 

0-0.5 ppm Anoxic 

>0.5 ï 2.0 ppm Hypoxic 

>2.0-4.0 ppm  Intermediate 

> 4.0 ppm  Normoxic 

Salinity 

0- 0.5 psu Tidal Fresh Water 

>0.5-5.0 psu  Oligohaline 

>5.0-10.0 psu Low Mesohaline 

>10.0 -18.0 psu High Mesohaline 

>18.0-30.0 psu  Polyhaline 

> 30.0 psu  Euhaline 

Silt+Clay 

0 - 1.70% Coarse 

>1.70-4.51% Medium 

>4.51-11.35% Fine 

>11.35 ï 25.95% Very Fine 

> 25.95% Mud 

Tampa Bay Benthic Index 

< 0 Undefined 

0  Empty 

>0 ï 73 Degraded 

>73 ï 87  Intermediate 

> 87  Healthy 

 

Results and Discussion 

Sampling Locations 

 

A total of 1216 sites were sampled during the 1993-2004 monitoring period (Figure 2). The 

numbers of sites (n) are given for each sampling year and bay segment in Tables 2 and 3 

respectively and illustrated in Figure 2. The number of samples collected per year and bay 

segment decreased after 2000 due to the program redesign although the original sampling 

effort was maintained in Hillsborough Bay.  
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Figure 2. Tampa Bay benthic monitoring sampling sites 1993-2004 by year and four-year 

sampling phase. 


