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INTRODUCTION

The Environmental Protection Commission of Hillsborough County (EPCHC) has been

collecting samples in Middle Tampa Bay 1993 as part of thenbdg benthic monitoring

program developed to (Tampa Bay National Estuary Pro@&986). The original objectives

of this program wedoer tfos-tuditsicéde@ nb dyh&s Ahedil mén
developing a Benthic Index for Tampa Bay as well as evaluating sediment quality by means

of Sediment Quality Assessment Guidelines (SQATIs¢. Tampa Bay Estuary Program

provided partial support for this monitoring.

This report summarizes data collected during 19933 from the Middle Tampa Bay
segment of Tampa Bay.



METHODS

Field Collection and Laboratory Procedure# total of 127 statiog (20 to 24 per year)

were sampled during | ate s umt@ppéndiaA).l y f al l i
Sample locations were randomly selected from compgtererated coordinates. Benthic

samples were collected using a Young grab sampler followingetldepfotocols outlined in
Courtneyetal. (1993). Laboratory procedures followed the protocols set forth in Courtney

etal. (1995).

Data Analysis Species richness, ShanAdhener diversity, and Evenness were calculated
using Pl SCES Cer90drnvyvatfiSpreclitd. ®$ ver sity and
Descriptive statistics, the Tampa Bay Benthic Index (TBBI), regression analysis, the
KolmogorovSmi r no-safmpived test was to compare fregqg
and graphs generated usingSSMAT 10 (SSPS Inc. 2000). Sediment status was assessed by
comparing measured concentrations with the Predicted Effects Level (PEL) developed for
Florida sediments by McDonald Environmental Sciences Ltd. (1994). A composite PEL

guotient (based upon PAHSCBs and metals) >0.34 and TBBI scores <4.6 were considered

t o be ndie.ghawnd &hgb likelihood of being associated with toxic sediments
(MacDonaldet al 2002). Maps were generated using GIS Arcview ver. 3.2 (ESRI 1999).

Principal Component8nalysis (PCA) was used to examine the resemblance of the Middle

Tampa Bay sites, by year, based on normalized hydrographic (temperature, salinity,

dissolved oxygen) and sediment (%SC) variables. The objective of this ordination is to
reduce the multiplearr i abl es i nto a | ower di mensional (
of the total wvariance explained (principal
pl otso were superi mposed over the ordinati ot
highesti | oadi.e.ngcd h(e fAi mportanceo of a particul ar

Wichern 1988) in the first two PCs to facilitate interpretation of the ordination.



Non-metric Multidimensional Scaling (MDS) is another ordination technique in which rank
similarities of a large number of variables are expressed asdirtvemsional map (Clarke

and Warwick 2001). Taxa abundances were fourth root transformed n+0.1; the similarity
coefficientwasBrayCur t i s . Bubbl e plotso weraonsuperi mp
representing selected taxa and physikemical variables to facilitate interpretation of the

MDS analysis.

Numerical classification analysis was used to evaluate the structure of the benthic

community (site x year and taxa). The site x year stractias evaluated using fourth root
transformed n+0.1 abundances (all taxa). Taxa were analyzed using the 50 most abundant

taxa (standardized densities). The similarity measure was@ugis and the clustering
algorithm was 0Agr oupEREte 20Q1Y SIMPER progiameas 6 s ( PR

used to rank the various taxabds contributi ol

Pri mer 0 s-E(t® RODIYEGENV program was used to determine the association
(weighted Spearman rank correlation) bedw the benthic community similarity matrix
(fourth root transformed n+0.1 abundances; BZaytis similarity) and selected physical
(depth, %SC), hydrographic (temperature, DO, salinity), and contaminant variables (total
PAHSs, total PCBs, chlordane, DDAg, As, Cd, Cr, Cu, Ni, Pb, Sn, Zn) (Lagx+1)
transformed and standardized; normalized Euclidean distance) for thd 998 %lata

(Clarke and Ainsworth 1993).



RESULTS

Hydrographic Table 1 summarizes the surface and bottom water quality measures
including temperature, salinity, dissolved oxygen (DO) and pH, as well as sample depth for
the 104 stations sampled. Median sample depth wasw3akhough depths ranged to

>11-m (Figure 1) near in the shipping channel approximatelywag between Agpllo
Beach and the Interbay peninsula.

Table 1. Summary of Mean Physicochemical Variables:
Middle Tampa Bay, 19931998

SURFACE
Temperature Salinity Dissolved Oxygen pH
(°C) (ppm) (units)
Minimum 26.5 4.4 2.9 7.26
Maximum 39.2 31.6 9.3 8.46
Median 29.0 26.1 6.0 7.94
Mean 29.1 25.1 5.9 7.96
BOTTOM
Depth Temperature Salinity Dissolved Oxygen
(meters) (°C) (ppt) (ppm)
Minimum 0.1 26.7 8.2 0.3 7.25
Maximum 11.1 39.2 32.0 9.6 8.44
Median 3.7 28.9 26.6 5.2 7.90
Mean 3.6 28.9 25.5 5.4 7.93
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Figure 1. CDF plot of sample depths in Middle Tampa Bay, 1998998 inclusive

The temperatursalinity plot suggests that the ndmttom water mass characteristics
differed among years (Figure Bighest water temperatures were observed during 1993,
1996, and 1996 (Figure 3). The frequency distribution of water temperatures during these
three years differed from those of 1997 and 1998 (KSt&k05).

Salinities were generally highest in 1997 #madest during the 1995 (Figure 4). The
frequency distributions of nednottom salinity were similar during 1993 and 1996 as well as
during 1998 and 1994 (KS tgst0.05). Salinities were rarely within either the mesohaline

or euhaline zones.
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Figure 2. Temperaturesalinity plot, by year, Middle Tampa Bay 19931998. Ellipses
embrace +1S.D. within each year

Nearbottom dissolved oxygen concentrations were generally >4 ppm (Figure 5). In any year
<20% of samples hadnocentrations <4 ppm and there was only a single observation <2

ppm (Figure 6). The lone hypoxic site was found in northeastern North Apollo Bay. The
frequency distribution of nedrottom DO during 1996 differed all other years except 1994

(KS testp<0.05)
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Figure 3 CDF plot of nearbottom temperatures in Middle Tampa Bay,
by year 19931998.
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Figure 4. CDF plot of nearbottom salinities in Middle Tampa Bay, by year 19931998.
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Figure 5. CDF plot of dissolved oxygen concentration in Middle Tampa Bay,
19931998, by year.

Sediment CharacteristicsSandy sediments (<25.95 %SC), especially medium sands,
predominate in Middle Tampa Bay (Figures 8 and 9). Mws#iiments are located

proximate to shipping channels and near the big Bend/Apollo Beach canal system (Figure
9).

The apparent RPD ranged from 0 to >100 mm (Figure 10). An RRDwd0ndicative of
aerobic sediments, was observed in >50% of the sampleasivinespproximately 30% of
the samples the RPD was <@0n, indicative of anaerobic sediments. RPD was negatively

correlated with %SC (Figure 11) and positively correlated with DO (Figure 12).
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Figure 6. Nearbottom dissolved oxygen concentrations in Midle Tampa Bay, 1993
1998.
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Figure 7. CDF plot of %SC in Middle Tampa Bay sediments, 1993998 inclusive.
Vertical lines demarcate sediment types: coarse sand (<1.70% SC), medium sand (4.51
%SC), fine sand (11.35%SC), veryihe sand (25.95%SC), coarse silt (49.28%SC),
medium silt (89.98%SC), and fine silt (>89.98%).

Principal Components Analysis (PCA) of Hydrographic and Site Characteristics:
PCA showed that the first two PCs explained almost 60% of the overall variahbddre

Tampa Bay hydrography and site characteristics (Table 2). The highest loadings {Bable 2
in PC1 were for %SC and sample depth. %SC generally increased with depth (Figure 12).
Salinity and DO had the highest loadings in PC2, with highest DO tetaoarur with

highest salinities (Figure 12).
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Figure 8. Map depicting the distribution of sediment types in Middle Tampa Bay,

19931998.
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Figure 9. CDF of apparent RPD in Middle Tampa Bay, 1993999. AN=anaerobic
sediments; AER=aerobic sediments.

RPD vs. % SILT+CLAY: MIDDLE TAMPA BAY 1993-1998
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Figure 10. Association between apparent RPD and %SC in Middle Tampa Bay, 1993
1998.

RPD vs. DISSOLVED OXY GEN: MIDDLE TAMPA BAY 1993-1998
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Figure 12. Association between apparent RPD and nednottom dissolved oxygen,
Middle Tampa Bay, 19931998.
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Table 2. Summary of PCAfor hydrographic and site variables,
Middle Tampa Bay 19931998

A. PEARSON CORRELATION MATRIX (' p)

D.O. % SILT+CLAY | SALINITY DEPTH

D.O. -

% SILT + CLAY | -0.35 (<0.001) --

SALINITY 0.10 (0.26) | 0.14 (0.13) -

DEPTH -0.24 (<0.01) | 0.34 (<0.001) | 0.38 (<0.001) | --

TEMPERATURE | -0.02 (0.86) | 0.08 (0.41) 0.05 (0.57) | -0.08 (0.34)

B. EIGENVALUES and VARIANCE EXPLAINED

PC |EIGENVALUE | % VARIANCE | CUMULATIVE VARIANCE
EXPLAINED EXPLAINED

1 172 34.5 34.5

2 | 1.16 23.2 57.6

3 |1.03 20.6 78.2

4 | 050 12.1 90.3

5 |0.49 9.7 100.0

C. EIGENVECTORS

VARIABLE PCl |PC2 |PC3 |PC4 |PC5

DEPTH 050 | 0.24 | 019 |-0.30 | 0.67

TEMPERATURE | -0.03 |-0.06 |-0.96 |-0.18 | 0.18

D.O. 043 | 061 |-006 | 051 | 0.41

SALINITY -0.36 | 0.71 |-0.12 [-0.09 |-0.58

% SILT+CLAY | -056 |-0.24 |-012 | 0.78 |-0.03

Sediment ContaminantsA composite PEL Quotient (Figure 14) suggested that, in any year

surveyed to date, none of the of the sediment samples collected from Middle Tampa Bay

had a high | ikelihood of Habitahagcountedkior €l0% o a q u :
of the samples in any year with the highest frequency during 1995. Sediments deemed of

Aimarginal &8 quality were found both along t he
| ocations al ong t he csefgure 15). difldle TdmpaBsaye g ment 0 s
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sediment quality was more likely affected by trace metals (Figure 16) than by PAHs (Figure

16) and PCBs (Figure 17). Although OCL pesticides were not included in the computation

of the composite PEL quotient, at least saenple had a chlordane concentration within the
Aimarginal 06 range, although the method det ect
>TEL. (Figure 18). DDT levels were all <TEL (Figure 19).

Benthic Community Table 3 summarizes selected benthic comtyguneasures for 1993
1998. At least 506 taxa were identified during this period (Appendix B). Numerically
abundant species included the grass cerith (gastropadum strigosunthe lancelet
Branchiostoma floridagand the polychaete worlonticellina dasobranchialis(Table 4).
Dominants varied by year, with 1995 samples characterized by two seagrass associated

species (the polychaelanua steuerand the little bittiumBittiolum variun).

There also appeared to be some differences in dominants besalietly zones (Table 5).
The two numerical dominants in the higher salinity habitats were identical, but other ranked
taxa differed. Mesohaline sites only had one taxonomic group, tubificid oligochaetes, in

common with polyhaline habitats and none in owon with euhaline habitats.

Table 3. Summary of Benthic Community Measures:
Middle Tampa Bay, 19931998

Abundance = Species Richness Diversity = Evenness TBBI

#/m?) (S) (H) )
Minimum 75 3 1.1 0.2 2.8
Maximum 67750 84 4.8 1.0 29.8
Median 6800 35 3.1 0.6 17.9
Mean 9794 35 3.1 0.6 17.6
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Figure 13. PCA of sample sites in Mide Tampa Bay, 19931998 and bubble plots of
%SC, depth, DO, and salinity superimposed on the samples: by year.
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Figure 14. CDF plot of the composite (metals, PAHs, PCBs) PEL quotient for sediment
contaminants in Middle Tampa Bay, by year. Vertical |I|ine
and Adegradedo (>0.34) sedi ments.

Figure 15. Map depicting the distribution of sediment quality, based on the composite
PEL quotient, in Middle Tampa Bay, 19931998.
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