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Figure 4. Fishery-independent monitoring catch-rates for juvenile common snook from monthly stratified 
random sampling by FWRI monitoring teams deploying 21.3-m and 183-m seines throughout Tampa Bay, 
1997-2006 a. Young-of-the-year (abundance index based on fish 126 mm or 5 inches SL or less);   b.  Age-3 
(abundance index based on otolith aged subsamples proportionally applied to overall abundance of fish caught).   
(SOURCE: Derived from Muller and Taylor 2006, unpublished background data) 
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Figure 5.  Tidal tributaries and subareas of Tampa Bay where sampling has been conducted for young-of-the-
year juvenile common snook and red drum, 2005-2010. Dashed lines indicate boundaries of subareas of Tampa 
Bay, OTB = Old Tampa Bay, HB = Hillsborough Bay, MTB = Middle Tampa Bay, LTB = Lower Tampa Bay. 
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Figure 6.  Discriminant function analysis of 24 red drum juveniles based on 19 elements identified in 
microchemical analysis.  Fish samples were collected by FWRI fishery-independent monitoring teams in 2005.  
Each symbol represents an individual fish; each symbol-type represents a subarea of Tampa Bay (Figure 5).  
Arrow indicates the single fish that was not assigned to the location in which it was caught based on the 
analysis. 
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USING ESTUARINE FISH STABLE NITROGEN ISOTOPES TO PINPOINT 
LAND COVER NUTRIENT ORIGINS 

 
E. Malkin, D. Hollander & E. Peebles 

 
ABSTRACT 

A novel, stable-isotope-based methodology is described that will allow comparison of the 
nitrogen connectivity of different land-cover types in estuarine watersheds to nitrogen in 
estuarine organism tissues. This approach: (1) identifies the specific land use types in the 
watershed that can be targeted for effective nitrogen reductions; and (2) provides a 
criterion for evaluating the effect of new best management practices for land-cover or 
hydrologic alterations to the watershed. The method is based on using ordinary least-
squares multiple linear regression with forward selection to fit variation in local tributary 
proportional land-cover area to variation in local tributary fish nitrogen isotopes. In a 
mechanistic sense, empirical coefficients fitted in this process represent the product of the 
processes delivering nitrogen from land-cover to receiving waters (nitrogen connectivity) 
and mean land-cover nitrogen isotope ratios. These products (fitted coefficients) are 
repeatedly (n = 10,000) estimated by bootstrapping proportional area and fish-isotope data 
from different combinations of local tributaries. The bootstrapped product distributions 
can then be divided by measured mean land-cover isotope ratios (as δ15N in dissolved 
inorganic nitrogen) to produce de facto, bootstrapped land-cover nitrogen connectivity 
coefficients even if different land covers have similar isotope ratios. This methodology has 
undergone successful initial testing in 14 west-central Florida estuarine tributaries, which 
indicated row crops and citrus have much higher nitrogen connectivities to estuarine 
organisms than other non-urban land-covers, despite their low relative areas. Wetlands, on 
the other hand, had negative nitrogen connectivity, as might be expected. 

 
INTRODUCTION 

Agriculture is Florida’s most important economic sector, second only to tourism, which is driven 
by the region’s billion dollar recreational fishing industry. Sub-estuary receiving waters that drain 
agricultural watersheds support a variety of economically important fishes and crustaceans 
because during their juvenile stages, species such as snook, red drum, striped mullet, tarpon and 
blue crab populations utilize these habitats as feeding nurseries (Killam et al. 1992; Peebles et al. 
1991; Peebles et al. 2007) often deriving their biomass via hypoxia-susceptible benthic trophic 
pathways (Sherwood and the Tampa Bay Tidal Tributary Research Team 2008). Potentially, 
nutrients, a byproduct of the second most important sector, may either support or degrade fish 
nursery habitats which are essential to Florida’s most important economic sector. Before 
implementing policy to preserve both economic sectors, it is crucial to understand the relationship 
between anthropogenic nitrogen and fish. This is because excessive nutrient export from 
agriculture may destroy the economically- important benthic-dependent nursery fish habitats as 
seen in many polluted systems, while according to the agricultural model (Caddy 1993), 
completely shutting off nutrient support or completely removing water supply would result in no 
fish biomass. To prevent these two economic sectors from collapsing, appropriate nutrient policy 
must be established, but first, the pathway that links nutrients derived from specific agricultural 
land use to fish must be defined. 
 
Water Management & Hydrology−Another key issue affecting both economic sectors, 
especially in west-central Florida, is water management, and there is a growing emphasis on using 
rivers for water supply for agricultural applications rather than groundwater. In general, 
agricultural operations withdraw large amounts of groundwater for irrigation, which is eventually 
transformed into surficial flow which can carry nutrients into receiving water. This process has 
recently been shown to cause salt intrusion of ground water causing drinking water contamination. 
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On the other hand, groundwater irrigation processes provide a mechanism of water and nutrient 
delivery, especially during Southwest Florida’s dry season (March through May). Since rainfall 
and surface runoff are the major processes that deliver land use nutrients to fish habitats, and these 
processes peak during this region’s wet season (June through September), it is essential to take 
into account seasonal hydrological connectivity when defining the nitrogen pathways between 
land use and fish during the wet season.  
 
Stable isotopes identify nutrient pathways−Stable nitrogen isotopes have been widely used to 
define nitrogen pathways in a variety of sub-estuaries. These tracers are appropriate for 
determining the effects of nutrients on fish biomass because the isotopic composition of the actual 
organisms and the dissolved species present in aquatic ecosystems inherently provide information 
on coupling between watershed nutrients and receiving waters. Dissolved inorganic nitrogen 
(DIN) supports primary production downstream, but also carries with it information on its land-
use origin in the form of stable isotopes of nitrogen and oxygen (Kendall 1998). For example, land 
use types such as agriculture often exports nitrate with very heavy δ15N values due to large 
amounts of 14NH3 and 14N2 released during ammonia volatilization and denitrification that occur 
after fertilizer application. DIN derived from treated sewage and septic systems undergo similar 
biogeochemical processing. DIN derived from urbanized soils often have a wide variety of 
isotopic values because of the various forms of nitrogen processing that occurs in urban 
watersheds. If developed land use does not play a role in delivering nitrogen to ecosystems, then 
the isotopic composition of nitrate would likely indicate a non-land-use specific source of nitrogen 
such as the light values of NOx (Kendall 1988) present in atmospheric deposition. 
 
Objectives−In this study we use nitrogen stable isotopes in fish muscle in 14 west-central Florida 
watersheds to identify the pathways between different land-use types and the resident fish species 
occupying receiving waters during this region’s wet season. We aim to 1) define the specific 
anthropogenic and natural land-use types that influence the isotopic composition of nitrogen in 
fish muscle, 2) determine the specific land-use percent contribution to the isotopic composition of 
nitrogen in fish muscle 3) assess the actual values of the isotopic signatures that are associated 
with these land-use types. To clarify the affects of hydrology on these linkages, this study will be 
conducted during west-central Florida’s wet and dry seasons. We also discuss how results of this 
study relate to isotopic foodweb studies in the area as well as nutrient loading. 
 

METHODS 
Project scopes and study sites−Isotope data reported here originate from three investigations. 
The first, Hollander and Peebles (2004), identified the primary producers that support upper-
trophic-level biomass in four west-central Florida tidal river sub-estuaries (Figure 1, left panel). 
The second and third investigations, the “tidal tributaries study” (Sherwood and the Tampa Bay 
Tidal Tributary Research Team 2008) and Greenwood et al. (2009) targeted smaller tidal stream 
sub-estuaries (Figure 1, right panel). Isotopic fish data from all three studies are considered here. 
 
Sample collection and processing−This study aims to define the nitrogen linkages between 
agriculture and fish in diverse west-central Florida tidal fish nursery habitats by relating land-use 
to stale N isotopes in fish muscle in 14 different sub-estuaries, instead of focusing within 
individual systems. Resident fish species, rainwater killifish (L. parva) and silversides (Menidia 
spp.), were collected from most sub-estuaries. In cases where these species were unavailable, 
alternative estuarine resident species including tidewater mojarra (E. harengulus), hogchoker (T. 
maculates), and clown gobies (M. gulosus) were collected. These species were determined to 
occupy similar trophic positions in all systems (Greenwood et al. 2009) and are supported by 
benthic trophic pathways (Hollander and Peebles 2004). These sessile resident species are 
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appropriate for defining nutrient source because they incorporate nitrogen across a wider spatial 
and temporal scale within each sub-estuary compared to the instantaneous concentration and 
isotope ratio measurements of dissolved species such as nitrogen and ammonium.  
 
In Hollander and Peebles (2004), fish samples were collected at two to four different sites along 
sub-estuary reaches ranging from 5 km to 25 km. Each sampling site was only visited once for 
sample collection during the wet season. Wet season sampling dates ranged from September to 
October of 2003. Greenwood et al. (2008) collected fish from approximately one to two sites 
along sub-estuary reaches ranging from 1 km to 3 km. Each sampling site was only visited once 
for sample collection during the wet season. Wet season sampling occurred in September 2007. In 
the tidal tributaries project, samples were collected at four to five sites per sub-estuary with 
individual sub-estuary reaches ranging approximately from 1 to 4 km. Each sampling site was 
visited monthly during the wet season for primary producer collection during both seasons. Fish 
were collected monthly from August through November for wet season data. 
 
Samples of fish tissues were obtained using mid-channel trawls (Hollander and Peebles 2004 
study) and shoreline seines (all studies). All samples were limited to tissues (primarily muscle) 
located posterior to the peritoneal cavity. All solid samples were dried at 50oC, powdered, and 
frozen until isotopic analysis.  
 
δ15N values were measured using a Carlo Erba 2500 Series I elemental analyzer equipped with a 
zero-nitrogen blank auto-analyzer that was coupled to a Finnigan Mat Delta Plus XL stable-
isotope mass spectrometer. All samples were run in duplicate using Spinach Leaves (NIST 1570a) 
as an internal reference material, and N isotope values are reported in conventional per mil 
notation (‰) relative to the air international standard. Instrumental standard deviation remained 
under 0.3‰.   
 
Land-use geographic information system data and watershed boundary geographic information 
system data for the entire west-central Florida region were downloaded from the official 
SWFWMD website. According to the metadata files, the 2004 and 2006 land-use were categorized 
according to the Florida Land Use and Cover Classification System (FLUCCS), and the features 
were photointerpreted at 1:12,000 using 2004 or 2006 1-meter color infrared digital aerial 
photographs. The watershed boundary data were interpreted and digitized from the USGS 
1:24,000 quadrangles, and the boundaries were categorized according to the USGS Hydrologic 
Unit Classification coding system. Using these two datasets percent area coverage for each land- 
use type was calculated using the spatial analyst function in ArcGIS version 9. 
 
Because agriculturally-dominated watersheds are rapidly being urbanized, this study utilized a 
forward stepwise ordinary least squares multiple regression (FSOLSMR) and a bootstrapping 
approach to assess the contribution of each land-use type to fish biomass. This technique is 
generally used in situations where data is expensive, information is sparse, assumptions of 
normality are unclear, or where further data are difficult to acquire (Henderson 2005). 
 
Pinpoint the Land-Use Types that influence fish δ15N−The relative percent of 27 land-use 
classifications were calculated in each watershed.  To remove effects of collinearity, correlated 
land-use types were grouped resulting in 12 land-use variables. For each of the 14 watersheds 
(n=14), the relative percent land cover of 12 land-use groups were considered as possible 
independent variables that explain the dependent variable of each watershed’s average fish δ15N 
values.  
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A bootstrap program using R was then executed to randomize the observations and to conduct a 
FSOLSMR to select 3 land-use variables that explain fish δ15N variability. The selected land-use 
groups were then automatically recorded in a matrix. This process was repeated 10,000 times to 
ensure data robustness; no single observation could dominate the selection process. The 
significance (p <0.05) of selected land-use variables were checked using an ordinary least square 
multiple regression (OLSMR) on the non-bootstrapped data. Only significant land use-types were 
further investigated.  
 
Defining land-use specific coefficients−The magnitudes of the coefficients assigned to land-use 
variables are likely a function of the isotopic composition associated with land-use as well as the 
amount of nitrogen exported from that particular land-use type. Fish δ15N from local tributaries 
(δ15NTISSUE_TRIB) can be described as the combination of nitrogen connectivity (C), land-cover 
specific δ15N (δ15NDIN), and land-cover-specific proportional area (A) across n land-cover types in 
the model: 
 
Equation 1. 
 

δ15NTISSUE_TRIB = (C1)(δ15NDIN_1)(A1) + (C2)(δ 15NDIN_2)(A2) + (C3)( δ15NDIN_3)(A3) . . .  

+ (Cn)(δ15NDIN_n)(An) + k   

 
The constant k is a trophic constant that accommodates isotopic enrichment associated with 
trophic level (~3‰ per trophic level above primary producer).  
 
Because the ranges of these coefficients provide important information about ecosystems, the 
confidence intervals around the coefficients were more appropriately determined using a bootstrap 
OLS multiple regression model using Statistics 101 Version 1.4 with an algorithm modified from 
(Simon 1997), similar to those described by Draper and Smith (1998). 
 
The significant land use variables and fish isotope data were entered. Observations were 
randomized, and values for the coefficients of the land-use variables were recorded. This process 
was repeated 10,000 times to construct distributions of each coefficient values.  
 
Defining land-use specific contributions to fish biomass−To determine land-use specific 
contributions to the nitrogen isotopic composition of fish muscles, R2 distributions were created to 
describe how much fish δ15N variability was explained by each land-use type. This was achieved 
using a bootstrap methodology similar to that described above. In every bootstrap sample, 
predicted fish isotopes were calculated using a single land-use type’s variables and coefficients 
calculated from the FSOLSMR. Predicted fish isotopes were correlated against observed values 
and the resulting squared correlation coefficient was recorded. This process was repeated for each 
land use variable in every bootstrap sample. This process was repeated 10,000 times to construct 
R2 distributions. Concurrently, total variability explained by the model was also determined using 
a bootstrap method with all variables and coefficients to calculate predicted fish isotope values. 
These predicted fish isotope values were regressed against observed values and the resulting 
adjusted R2 value was recorded. It should be noted that the sum of the R2 values for the individual 
land-use type will not necessarily add up to the total adjusted R2 distribution, since individual 
land-use R2 were not calculated using the residuals of the FSOLSMR, rather they were the direct 
squared correlation of the predicted values to the observed values. 
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RESULTS 
Pinpoint the Land-Use Types that influence fish δ15N−Row crops, tree crops, and vegetated 
wetlands were all selected by the bootstrapping procedure and all had significant p values 
calculated from OLSMR. Land-use types which covered a relatively high percentage of the 
watershed, such as fallow cropland and urbanized areas, were not selected by the model. 
 
Defining land-use specific coefficients−The wet season coefficient distributions for row crops, 
tree crops, and wetlands are depicted in Figure 2. Row crops and tree crops had coefficient 
magnitudes as expected assuming that agriculture areas export nitrogen with high δ15N values. 
Wetlands on the other hand had a coefficient distribution centered on negative values, either 
implying nitrogen removal from the system or the export of low δ15N nitrogen values. 
 
Defining land-use specific contributions to fish biomass−The wet season R2 distributions for 
row crops, tree crops, wetlands, and overall adjusted R2 are depicted in Figure 3. Row crops and 
tree crops explained the majority of the variability of fish δ15N while wetlands explained less than 
20% of the variability. Overall adjusted R2 values were high; 92% using these three land use 
groupings.  
 

DISCUSSION 
The three major land cover types shown to influence the isotopic composition of fish muscle were 
shown to be row crops, tree crops, and vegetated wetlands. Results imply that these specific land 
use types export more nitrogen to nearby aquatic ecosystems than their relative areas would 
suggest. Figure 4 compares the mean percent relative area covered to the mean percent fish δ15N 
variability explained. 
 
This methodology is relatively cheap and could potentially be used to support hydrological models 
that predict nutrient exports based on land-use cover. The relationship between an area of a 
specific land-use and its influence on nitrogen loading can be obtained by simply dividing the 
percent variability explained by the relative land area covered to obtain a given land-use’s specific 
nitrogen influence per given unit area of land cover (Figure 4).  
 
This may be more effective than calculating nutrient concentrations in water bodies adjacent to 
specific land-use types since the nature of nutrient concentrations are often fickle.  
 
Furthermore, the connectivity coefficients in the mechanistic model described in Equation 1 can 
be used to directly assess the amount of nitrogen released from an individual land-use type and 
whether these land-use types are a net sink or source of nitrogen. For example, the isotopic 
composition of nitrogen derived from agricultural land use is likely enriched in 15N (Kendall 
1997). According to bootstrapped coefficient results, row crops and tree crops would therefore 
have a positive connectivity coefficient assigned, indicating that these land-use types are a major 
source of nitrogen during the wet season. Nitrogen derived from wetlands on the other hand are 
likely less enriched 15N, but have been shown to have positive  δ15N values (Hollander and Peebles 
2004). The negative bootstrapped coefficient therefore implies that wetlands are a net sink of 
nitrogen during the wet season.  
 
Nutrient transport in this region is a dynamic process in which agricultural land-use exports heavy 
nitrogen via runoff with the transport mechanism being daily thunderstorms. As runoff is filtered 
via wetlands, some heavy δ15N is removed from the system on its path to reaching aquatic 
ecosystems. Once exported nitrogen reaches aquatic ecosystems, it is incorporated into algal 
biomass. This algal biomass is transferred to resident estuarine fish species via invertebrate trophic 
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intermediates, either through a Benthic microalgal-based foodweb or through water column 
phytoplankton that have been deposited to the benthos forming a phytoplankton-deposit based 
foodweb (Sherwood and the Tampa Bay Tidal Tributary Research Team 2008). In the watersheds 
studied here, the ultimate source of nitrogen to these systems is fertilizer applied to tree crops and 
row crops during the wet season. Nitrogen connects Florida’s most important economic sector to 
its second most important economic sector; stable isotopes of nitrogen have the potential to 
monitor the strength of this connection. 
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Figure 1.  Study sites. DBC = Double Branch Creek, NC = North Archie Creek, SC = South Archie Creek, 
BC = Bullfrog Creek, NBC = Newman Branch Creek, MBC = March Branch Creek, WC = Wildcat Creek, 
CC = Curiosity Creek, FC = Frog Creek, MC = McMullen Creek.  
 
 
 
 
 
 
Figure 3 
 
 
 
 
Figure 4 
 
 
 
 
 
 
 
 
 
 
Figure 2. Bootstrap distributions of the coefficients (Products on the x-axis) assigned to independent 
variables of land use relative area using OLSMR. Frequency on the y-axis is the number of bootstrap sample 
observations divided by the total number of bootstrap observations. 
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Figure 3. Bootstrap distributions of the R2 of individual land use types and total adjusted R2 (Percent δ15N 
Variability Explained on the x-axis) describing the amount of fish 15N variability explained by land use. 
Observations on the y-axis are the total number of bootstrap observations. 
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Figure 4. Comparison of the mean percent δ15N variability fish variability explained by individual land use 
types and the mean amount of each land use’s area. 
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RESULTS AND MANAGEMENT RECOMMENDATIONS FROM THE 2006 
TAMPA BAY TIDAL TRIBUTARIES HABITAT INITIATIVE 

 
E.T. Sherwood 

 
ABSTRACT 

Tidal tributaries within the Tampa Bay estuary encompass a collection of system types 
including coastal and riverine creeks with and without direct freshwater input, dredged 
inlets, and other “backwaters.” Relative to other, larger riverine systems, the ecological 
condition and function of the >100 small tidal tributaries flowing into the bay is not well 
understood. In 2006, the Tampa Bay Estuary Program embarked on a collaborative 
research project to assess the importance of these systems to estuarine processes. Water 
and sediment quality, benthos, and nekton species were found to be variable across the 
nine small tidal tributaries studied. Landscape development intensity along the tributary 
corridors was associated with water and sediment quality degradation. Position of the 
tributaries along the estuarine gradient appeared to influence the variability in observed 
ecology, and seasonal shifts in benthic microalgae production played an important role in 
nitrogen pathways to nekton. Common snook (Centropomus undecimalis), an important 
fisheries species, were significantly more abundant in these tributaries than adjacent 
habitats.  
 
Preliminary management actions developed from the results included: 1) maintaining 
connectivity between open bay waters, tidal rivers, and smaller, tidal tributaries to allow 
fish movement, water flow and nutrient flux between systems; 2) reducing “flashiness” of 
water flow to tidal tributaries to promote natural flow patterns and foster the productivity 
of fish food sources within these systems; 3) tracking the condition of additional tidal 
tributaries to further assess their uniqueness; and 4) improving public education and 
stewardship of tidal tributaries by promoting the importance of these systems as key 
habitats to important estuarine fish species. Based on these recommendations, local 
partners are currently investigating the feasibility and implications of salinity barrier 
removal as a restoration option for Tampa Bay tidal tributaries. 

 
INTRODUCTION 

Tidal creeks have a major influence on the productivity and diversity of natural resources in many 
estuarine systems (Holland et al. 2004).  Based on preliminary work in Tampa Bay, minor, tidally-
influenced systems which include coastal and riverine creeks with and without direct freshwater 
input, dredged inlets, and other “backwaters” - collectively termed “tidal tributaries” -appear to be 
subject to a range of anthropogenic impacts and serve as important nursery habitat for many 
species of fishery value. However, current conditions within these minor systems and their 
associated faunal communities have only been limitedly explored. This information is vital in 
developing an effective management strategy for these systems. In December 2003, the Tampa 
Bay Estuary Program’s (TBEP) Technical Advisory Committee identified assessing the 
importance of tidal tributaries as a top-ranked research need in reaching Tampa Bay’s 
Comprehensive Conservation Management Plan goals. As a result, TBEP’s Policy Board 
approved the development of restoration and protection goals for tidal tributaries as a management 
priority.  
 
Tidal tributaries are important habitats relative to their small-scale within the larger Tampa Bay 
watershed and are typically amongst the first coastal habitats altered by human land development. 
Studies from other areas in the southeast U.S. describe tidal creeks as “sentinel” habitats because 
their relatively small watershed footprint is often superseded by their importance to estuarine 
value and function (Holland et al. 2004). The Florida Fish and Wildlife Conservation Commission 
lists the status of Florida’s coastal tidal streams as “poor and declining” (FWCC 2005). A 1986 
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study of thirty representative tidal tributaries around Tampa Bay suggested that 60% were natural 
or restorable (TBRPC 1986), indicating that these important habitats are not yet beyond salvation 
in this area and are still providing important functions to estuarine processes. Yet until recently, 
very little formal study of the ecology of small Tampa Bay tidal tributaries has taken place. 
 
Initial studies by researchers from the US Geological Survey have noted the importance of tidal 
tributaries and associated habitats for many highly-valued, estuarine species including blue crab, 
common snook, and red drum (Krebs et al. 2007; Yeager et al. 2007). In addition, work initiated in 
Sarasota County on coastal creek systems has focused on rapidly cataloging their relative health 
using a host of physical and biological metrics (Estevez, these proceedings). The TBEP 2006 
Tampa Bay Tidal Tributaries Habitat Initiative aimed to advance the science of “tidal tributaries” 
by comparing their ecology with surrounding areas such as open-bay and river shorelines and 
describing links to watershed processes that may have an effect on their overall ecosystem value 
and current condition in comparison to other, more studied systems in the Bay. More than 100 
named and un-named creeks and tributaries have been identified in the Tampa Bay watershed, 
including approximately 150 which are considered tidally-influenced. Tidal tributaries occur in all 
areas of the bay (Figure 1) and include urban, residential, agricultural, mosquito ditches, and 
relatively unaltered drainage areas that occur at or below sea level.  
 
The objectives of the TBEP study were to improve protection and management of these minor, 
tidally-influenced systems in the Tampa Bay estuary by: 1) characterizing the fisheries resources 
of Tampa Bay tidal tributaries; 2) determining the effects of various habitat parameters (e.g., 
watershed condition, water quality, structural habitat, etc.) on fisheries resources in tidal 
tributaries; 3) developing measurable goals and management recommendations from these 
characterizations and analyses that will lead to the development of a Tidal Tributary Management 
Strategy, and 4) ultimately communicating the results and recommendations to managers and the 
public to support informed decision-making regarding the preservation or restoration of tidal 
tributary habitats.  

 
METHODS 

Assessment of minor, tidally-influenced systems and their adjacent river/bay habitats was 
conducted in two altered and two unaltered watersheds (Table 1; Figure 1). We hypothesized that 
tidal tributaries are critical habitats within the Tampa Bay ecosystem and aimed to assess the 
extent of their importance in relation to adjacent riverine and bay habitats which have been studied 
in greater detail in the past. As a further working hypothesis, we postulated that water and 
sediment quality and biological resources in tidal tributary systems whose watersheds have been 
modified by human activities are degraded relative to those in tidal tributaries with less altered 
watersheds. A multi-disciplinary sampling regime began during January 2006 to assess the water, 
sediment, benthos, and fisheries resources within select tidal tributaries of Tampa Bay and the 
resulting trophic ecology of these sites based on the flow of nitrogen sources from their 
watersheds to the fish utilizing these tidal tributary systems. Resulting analyses from each of these 
sampling efforts were focused on the hypotheses listed above. 
 
Tidal Tributary Site Selection, Classification & Watershed Characteristics 
Reconnaissance of four selected basins (Feather Sound, Terra Ceia Bay, Alafia River, and Little 
Manatee River) was conducted in 2005 to assess the habitat conditions (e.g., water depth, 
inundation of shoreline vegetation, substrate type) of tributaries draining to these areas. Several 
tidally-influenced systems were selected for study in each basin based upon this initial 
reconnaissance. Sites within each of the four basins included at least one small headwater “inside” 
tributary and a downstream contiguous “outside” sample area (larger river or estuary embayment). 
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The tributaries were further classified into the following general category types (Malkin et al. 
2007; Figure 2):  

• Minor tidal tributary – Systems whose stream channel originates in a freshwater watershed 
above sea level and descends toward sea level until it reaches a drowned river valley, an 
embayment or coastal sea. These systems tend to be strongly affected by variations in 
freshwater inflow. 

• Tidal creek – Systems created by tidal flooding and drainage that do not drain substantial 
areas of land above sea level. These systems tend to import dissolved nutrients from the 
seaward direction and export dissolved and particulate organic material seaward (Rivera-
Monroy et al. 1995). 

• Dredged inlet – Systems that do not drain substantial areas of land above sea level and that 
have been artificially deepened through dredging activities. These systems tend to share 
the characteristics of adjacent waters with the degree of similarity being determined by the 
relative influence of adjacent mixing and the dredged area’s local watershed. 

 
A geographic information systems (GIS) analysis was performed to assess watershed landscape 
development intensity (LDI) (Brown and Vivas 2005) and imperviousness in each tidal tributary 
subbasin. Tidal tributary flowlines and waterbody attributes with direct hydrologic connection to 
the priority tidal tributary watersheds were extracted from the National Hydrography Dataset 
(NHD) obtained from the U.S. Geological Society (USGS 2007). One-hundred meter corridors 
around the NHD flow line and connected waterbody attributes were created using ArcGIS 9.2’s 
(ESRI, Inc. 2006) buffer tool. Land use/land cover GIS data (SWFWMD 2004) and USGS % 
impervious surface area estimates (USGS 2001) were clipped along the 100-m stream corridors 
for further processing. Area-weighted average imperviousness and LDI (derived from land 
use/land cover) along the stream corridors and within the subbasin were then determined for each 
priority tidal tributary (Table 2).  
 
Water & Sediment Quality 
Monthly water quality samples were collected by the Environmental Protection Commission of 
Hillsborough County and Manatee County Environmental Management Division. Total annual 
sampling effort in each system is listed in Table 1. Samples included instantaneous measurements 
of physical water quality parameters (temperature (oC), dissolved oxygen (mg/L), conductivity 
(μmhos/cm), salinity (PSU), and pH) from the bottom, mid-depth, and surface of the water-
column, if water depths were greater than 0.5m in the tributaries. Concurrent samples were 
collected with a Horizontal Alpha Bottler sampler at ≤0.5-m depth for laboratory analysis. The 
core group of laboratory analytes included: color (PCU), turbidity (NTU), total suspended solids 
(TSS, mg/L), chlorophyll-a (μg/L), total Kjeldahl nitrogen (TKN, mg/L), dissolved ammonia 
nitrogen (mg/L), dissolved organic nitrogen (DON, mg/L), dissolved nitrate + nitrite nitrogen 
(mg/L), dissolved orthophosphate (soluble reactive phosphorus, SRP, mg/L), total phosphorus 
(mg/L), reactive silica (mg/L), fecal coliform bacteria (# of col./100mL), and enterococci bacteria 
(# of col./100mL). 
 
Seasonal benthic biota and sediment samples were collected within the tidal tributaries using a 
petite ponar grab (0.023m2) and in the adjacent rivers or embayments using a Young grab sampler 
(0.04 m2) during Spring (May 2006) and Fall (September 2006) periods following the field 
protocols outlined in Courtney et al. (1995) and Greening (2006). Total annual sampling effort in 
each system is listed in Table 1. Benthic biota were identified to the lowest practical taxon and 
enumerated for each sample. Species counts were standardized to the approximate area sampled. 
For sediment quality analyses (laboratory analysis for metals and organic contaminants), the upper 
2-cm of sediment was removed from a separate grab sample (taken proximal to the biota sample) 
following the methodologies outlined in Greening (2006). Chemical contaminants and 
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characteristics analyzed included selected EPA priority pollutant metals, selected EPA priority 
pollutant organic compounds, % silt-clay content, and benthic microalgae (BMA) community 
biomass (as indicated by chlorophyll-a concentrations in the upper 1-cm of substrate). 
 
Nekton Resources 
Nekton were collected monthly (see Table 1 for total annual effort) along the tidal tributary and 
adjacent riverine or embayment shorelines using a 9.1-m, 3.2-mm stretched mesh, center-bag seine 
with leads spaced every 150 mm. Water depths were limited to ≤1.0 m at the bag and ≤0.5 m at 
the shore (≤1.0 m for seawall shorelines). The seine was set from a small, floating raft (‘boogie 
board’) in a shallow arc by a walking crewmember, while a second crewmember held one end of 
the seine against the shoreline. The seine was then hauled ashore from both ends, keeping the lead 
line as close to the bottom as possible and so forcing the catch into the center bag. Each 9.1-m 
seine set sampled an area of ~10.1 m2 from the shoreline to approximately 1.5 m away from shore 
and covered ~7.4 m of shoreline.  Instantaneous measurements of physical water quality 
parameters and qualitative habitat assessments were recorded during the time of sampling and 
related to nekton metrics. A subset of fish species were retained for additional gut analyses. All 
species collected and prey contained in sub-sampled gut contents were identified to the lowest 
practical taxon. 
 
Nitrogen Sources & Related Trophic Ecology 
Fish were collected from all sites for stable isotope analysis (see Table 1 for total annual effort). 
These samples consisted of trunk sections that did not contain internal organs. Additional 
materials were collected to investigate nitrogen linkages at the Frog Creek, Grassy Creek, and 
Curiosity Creek sites. These included samples of particulate organic matter (POM, a proxy for 
phytoplankton), benthic microalgae (BMA), mangroves (MAN), emergent vegetation (EM), 
upland trees (UP), sedimentary organic matter (SOM) and sedimentary porewater ammonium 
(SedNH4

+) directly from the tributary systems themselves, the vegetation associated with their 
shorelines, or in their adjacent watersheds.  The isotopic values for δ15N and δ13C were determined 
using a Carlo Erba 2500 Series I elemental analyzer equipped with a zero-nitrogen blank 
autoanalyzer and coupled to a Finnigan Mat Delta Plus XL stable-isotope mass spectrometer. All 
samples were run in duplicate. Instrumental standard deviation remained under 0.3‰ for nitrogen 
and under 0.5‰ for carbon. To explore the interactions between ecosystem nitrogen and 
watershed land use, the average nitrogen isotopic compositions of fish were related to Florida 
Land Use and Cover Classification System (FLUCCS) data for each site using a land-use mixing 
model. 

 
MAJOR RESULTS 

Sherwood (2008) summarized the major findings stemming from the multi-disciplinary research 
conducted for this project and as described in detail in Malkin et al. (2007), Sherwood et al. 
(2007), and Greenwood et al. (2008). Listed below are the integrated results from those studies 
categorized according to the major themes developed by the research team. 
 
Water and Habitat Quality 

• Dissolved oxygen and salinity conditions within most of the tributaries were adequate to 
support a variety of estuarine biota for much of the sampling period; however, instances of 
hypoxia and supersaturated oxygen conditions were observed in more altered systems, 
particularly those tributaries draining to the Alafia River. 

• Small tidal tributaries generally had higher nutrient concentrations than adjacent larger 
tidal rivers and nearshore bay waters to which they drained (Figure 3), but levels of 
sediment contaminants were generally lower within the tidal tributaries. 
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• Isotopic results indicated that benthic microalgae (BMA) provide the basis of food webs 
in small tidal tributaries and that there were seasonal shifts in the production of BMA 
versus the overlying water-column within the majority of the small tidal tributaries 
sampled during 2006 (Figure 4). 

• Sediment organic material was dominated by vascular plant material, but BMA recycle 
ammonium much more quickly and is the major source of ammonia within the tidal 
tributary systems, particularly in the dry season (Figure 5).  

• Tidal tributaries provided BMA a low-energy environment with organic accumulation for 
sustained production. 

 
Benthos and Nekton Use of Tidal Tributaries 

• A tributary’s proximity to the bay was more important than season or whether a fish was 
collected in a small tributary or an adjacent larger waterbody in describing nekton diet and 
community structure (Figure 6). 

• For fish, the system-scale (i.e., the bay, river, minor tributaries and backwater systems) 
was determined to be the appropriate management scale for defining essential fish habitat. 
Both tidal tributaries and larger adjacent waterbodies were needed to support the suite of 
species living in these estuarine areas. 

• The overall nekton community was dominated by resident species within the Tampa Bay 
tidal tributaries studied in 2006 (Table 3).  

• Minor tidal tributaries appeared to be critical as “food factories” (especially with BMA-
based sources) as well as the more traditional habitat nursery areas for fish. These areas 
may also serve as nekton feeding grounds for “keystone prey species” (amphipod and 
mysid species) that were not as readily available in mainstem rivers and nearshore bay 
areas during certain seasons (Figure 7). 

• Differences in fish diet were very small between tributaries and adjacent habitats, much 
smaller than differences between seasons or different tributaries. Diets reflected location 
of feeding in relation to geographic and physico-chemical features of the environment. 
Fish feeding in the upstream, low-salinity tributaries tended to have diets composed of 
prey typical of more freshwater habitats (e.g., insects). 

• Isotopic signatures from fish guts can indicate the degree of residency of the fish. Diets of 
fish collected in smaller tributaries upstream are based on watershed sources of nitrogen, 
while diets of fish collected in larger tributaries downstream are based on nitrogen 
originating in Tampa Bay. Resident fish obtained their food biomass (primarily BMA) 
from small tidal tributaries (Figure 8). 

• Common snook abundance was 2 to 36 times greater in small tributaries than in adjacent 
larger rivers or nearshore bay waters (Figure 9). This was the most economically 
important species of nekton that consistently showed this pattern. 

• Nitrogen, the limiting nutrient within the studied systems, appeared to follow this trophic 
pathway within tidal tributaries: from sedimentary ammonia internally recycled from 
phytoplankton production in the “wet season” to BMA production in the “dry season” to 
benthic intermediates to fish (Figure 8). 

 
Watershed Connectivity to Tidal Tributaries 

• Location of the tidal tributaries both on a micro- (i.e. along a riverine or embayment 
gradient) and on a macro- (i.e. within the Tampa Bay estuary) geographic scale influenced 
the overarching variation in abiotic and biotic conditions observed in the tidal tributaries 
during 2006. 

• Most biota collected used both minor tidal tributaries and larger adjacent waterbodies, so 
managing both connected systems is vital for estuary-dependent resources important to 
society. 
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• Land use and watershed metrics within 100-m corridors along the tidal tributaries studied 
were more closely associated with tidal tributary abiotic conditions than watershed metrics 
encompassing the tidal tributaries’ full drainage catchment (Figures 10 and 11). 

• Landscape development intensity along the tributaries’ immediate corridors was more 
closely associated with in-situ water (Figure 10) and sediment quality (Figure 11) 
conditions than with the tributaries’ biotic resources (i.e., benthos/nekton diversity and 
abundance). However, there was some indication that exotic nekton species may prefer 
more altered tributaries (Figure 12). 

• Landscape development within the watersheds and corridors of the tidal tributaries studied 
did not adequately represent end-member systems (i.e. minimally and highly altered 
systems) and may explain the lack of more significant association with the biotic 
resources of the creek systems. 

• Watershed physical characteristics and tidal tributary position along the estuarine 
continuum appear to have influence on tidal tributary biota largely through changes in 
tributary ‘flashiness’ (or freshwater inflow variability) and salinity conditions within the 
systems. 

• Better methods need to be developed to quantify and characterize the stream morphology 
of tidal tributaries with low hydraulic gradients. 

 
PRELIMINARY RESTORATION AND PROTECTION TARGETS  

Based on the results from this project, the research team evaluated seven indicators as potential 
measurable targets to monitor and assess the ecosystem function of Tampa Bay tidal tributaries. 
Preliminary restoration and protection targets were identified for two indicators: 

• Presence of common snook in tidal tributaries was an indicator of habitat connectivity 
among Tampa Bay open bay waters, riverine habitats, and minor, tidally-influenced 
systems. Achieving a high density or encouraging the recruitment and survival of juvenile 
common snook in restored or protected tidal tributary areas could serve as a positive 
indicator of ecosystem functionality for these systems. 

• Maintain current State of Florida dissolved oxygen standards as measurable, protective 
water quality targets for Tampa Bay tidal tributaries to protect fish and benthic production. 
Until more site-specific research is conducted within Tampa Bay tidal tributaries, 
dissolved oxygen levels should not average less than 5 mg/l over a 24-hour period and 
should never fall below 4 mg/l in restored or protected tidal tributaries. 

   
Five other indicators were identified as strong candidates for the development of measurable 
targets; however, the research team concluded that these indicators would require further 
evaluation in more Tampa Bay tidal tributaries prior to identifying specific targets. The potential 
targets and the necessary actions needed to refine their use are described as follows: 

• Maintaining a balanced ratio of benthic algal production to water-column algal production 
according to natural and/or seasonal fluctuations. Skewed ratios could serve as a potential 
indicator of tidal tributary eutrophication and/or disruption of hydrology. 

• Identifying key tidal tributary sediment characteristics as a proxy for potential benthic 
degradation associated with adjacent land use impacts. Landscape development intensity 
along the 100-m corridors of the tidal tributaries was positively correlated with sediment 
silt-clay percentage and sediment contaminants which may indicate a tendency for altered 
systems to become muddier and more prone to the deposition of contaminants over time. 

• Refining the observed relationships between the Landscape Development Intensity Index 
for 100-m stream corridors and key indicators describing degraded water and sediment 
quality in tidal tributaries. 
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• Monitoring exotic species presence or abundance in tidal tributaries could serve as a proxy 
for the loss of ecosystem function. Nekton results suggested that exotic species may 
provide an indicator for tidal tributaries whose watersheds have been altered; however, 
other confounding physical factors precluded the direct association of exotic species with 
watershed alteration. Exotic benthic species were also not associated with tidal tributaries 
whose watersheds were determined to be more altered. 

• Determining whether other watershed metrics are associated with benthic biota and nekton 
condition. Although general declines in biotic metrics were observed for altered 
watersheds with greater LDIs or imperviousness, no statistical links were determined. 
Performing similar analyses in tidal tributaries that represented greater extremes, in terms 
of perceived watershed alteration, could improve the associations and lead to the 
development of biotic indicators that are associated with watershed condition. 

 
RESULTING MANAGEMENT RECOMMENDATIONS 

In 2006, the Tidal Tributary Habitat Initiative was initially incorporated into Action Plan FW-6 
(Preserve the Diversity and Abundance of Bay Wildlife) of the Comprehensive Conservation and 
Management Plan (CCMP) as a priority research need. As a next step stemming from the results 
of this project, the research team developed recommended management actions that could be 
incorporated into future updates of the TBEP’s CCMP. The four preliminary management actions 
developed as a result of the research conducted during the 2006 Tampa Bay Tidal Tributary 
Habitat Initiative include: 

• Maintaining connectivity between open bay waters, tidal rivers and smaller, tidal 
tributaries to allow fish movement, water flow and nutrient flux. Fish require a mosaic of 
habitats throughout their life cycle, and management should be based on a system-wide 
scale. This concept is important in terms of the landscape’s connectivity to the surface 
waters, as well as for processes internal to the hydrologic landscape that promote desirable 
conditions within the tributaries for biotic resources. 

• Reducing “flashiness” of water flow to tidal tributaries, to promote natural hydrologic 
regimes and foster productivity of BMA and trophic intermediates. Maintaining and 
restoring natural wetlands, marshes and riparian corridors in tidal tributary watersheds, as 
well as considering alternative best management practices for retaining and gradually 
releasing stormwater from the connected watershed to small tidal tributary systems, are 
primary recommendations to reduce flashiness in these systems. 

• Continuing to track the nursery function and habitat condition of Tampa Bay tidal 
tributaries by monitoring freshwater inflow, watershed development, water quality 
indicators and nekton habitat use. This recommendation would allow for broader- based 
studies and cataloging of minor tidal tributary systems whose functions are not yet 
defined. 

• Improving public education and stewardship of tidal tributaries by promoting an Adopt-a-
Creek program. Tidal tributaries are habitually overlooked in management scenarios and 
promoting their importance as sentinel habitats in the public perception can lead to an 
improved management response. 

 
The TBEP has been working with partners to further refine these management actions and 
determine whether the actions are relevant to the majority of tidal tributaries in the Tampa Bay 
watershed. Further, the research team concluded that a major monitoring effort would be needed to 
catalog the existing habitat and fisheries value of tidal tributaries that have not yet been studied. In 
response and planned for initiation in 2010, the TBEP will conduct a research survey that is 
focused on: 1) cataloging the location and extent of salinity barrier structures within Tampa Bay 
tidal tributaries; and 2) determining the feasibility, implications, and habitat enhancement benefits 
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of their removal. This research project is intended to identify and prioritize tidal tributaries where 
habitat restoration would improve connectivity with the watershed and the downstream estuary 
while reducing the impacts of “flashy” hydrology on the estuarine continuum. 
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Table 1. Classification and sampling effort for tidal tributary systems sampled during the 2006 Tampa Bay 
Tributary Habitat Initiative. 
 

Major Watershed Tributary Tidal System Type 

Water 

Quality 

Samples 

Benthic 

Samples 

Nekton 

Samples 

Isotopic 

Samples 

"Dog Leg Creek" Dredged Inlet 12 2 48 . 
"Question Mark Creek" Dredged Inlet 12 3 48 36 

Rice Creek Minor Tributary 16 4 48 26 
"Riverview Park West Creek" Dredged Inlet 12 3 48 38 

Alafia River 
(a priori more 

altered) 
Mainstem Alafia River Major River 160 18 168 . 

        
Curiosity Creek Minor Tributary 28 6 120 71 
Wildcat Creek Minor Tributary 28 6 120 121 

Other Monitored Tributaries Minor Tributary 7 . . . 

Little Manatee 
River 

(a priori less 
altered) Mainstem Little Manatee River Major River 12 12 144 . 

        
Grassy Creek Tidal Creek 23 12 96 92 

Other Monitored Tributaries  Tidal Creek 10 . . . 
Feather Sound 
(a priori more 

altered) Adjacent Old Tampa Bay Embayment 137 14 52 . 
        

Frog Creek Minor Tributary 24 6 217 84 
McMullen Creek Minor Tributary 12 6 82 83 

Terra Ceia Bay 
(a priori less 

altered) Adjacent Terra Ceia Bay Embayment 12 11 102 . 

 
 
 
Table 2. Summary of watershed metrics for the tidal tributaries studied. 
 

% Impervious Cover 

(USGS 2001) 

Landscape Development 

Intensity Indices 

(SWFWMD 2004) 
Major Watershed Tidal Tributary 

Basin 

Size (ha) 

Basin (%) 

100-m 

Corridor 

(%) 

Basin 

(Indices) 

100-m 

Corridor 

(Indices) 

“Dog Leg Creek” 35.5 2.55 2.13 6.04 3.05 

“Question Mark Creek” 23.2 7.04 2.35 5.68 3.96 

Rice Creek 1315.4 9.81 6.9 4.91 3.72 Alafia River 

“Riverview Park West 

Creek” 
68.2 16.57 6.93 6.22 6.43 

   Average  360.6 9.0  4.6  5.7  4.3  

Curiosity Creek 5725.9 0.9 0.58 3.19 3.01 
Little Manatee River 

Wildcat Creek 926.3 1.89 0.83 3.2 2.48 

 Average 3326.1 1.4 0.7 3.2 2.7 

       

Feather Sound Grassy Creek 159.9 4.24 1.18 1.62 1.08 

              

Frog Creek 2357.2 6.65 3.12 4.11 3.31 
Terra Ceia Bay 

McMullen Creek 757.5 13.89 9.12 5.16 4.79 

 Average 1557.4 10.3 6.1 4.6 4.1 
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Table 3. The 25 most abundant fish and invertebrate species collected from 827 9.1-m seine samples in nine 
Tampa Bay tidal creeks. R=resident species (found in tidal creeks throughout their lives), T=transient species 
(found in tidal creeks for only part of their lives), REC=species targeted by recreational fishers, COM=species 
targeted by commercial fishers. Main predators are birds (B), fishes (F), or marine mammals (M). 
 

Common name Scientific name 
Number 

collected 

Cate-

gory 

Known 

Predators 
Fisheries 

Daggerblade grass shrimp Palaemonetes pugio 40,620 R B, F - 

Rainwater killifish Lucania parva 16,373 R B, F - 

Bay anchovy Anchoa mitchilli 14,744 T B, F - 

Menidia silversides Menidia spp. 11,812 R B, F - 

Eastern mosquitofish Gambusia holbrooki 10,297 R B, F - 

Sailfin molly Poecilia latipinna 4,355 R B, F - 

Striped mullet Mugil cephalus 2,735 T B, F, M COM/REC 

Hogchoker Trinectes maculatus 1,871 T B, F - 

Sheepshead minnow Cyprinodon variegatus 1,791 R B, F - 

Clown goby Microgobius gulosus 1,702 R B, F - 

Eucinostomus mojarras Eucinostomus spp. 724 T B, F - 

Brackish grass shrimp Palaemonetes intermedius 715 R B, F - 

Gulf killifish Fundulus grandis 699 R B, F - 

Goldspotted killifish Floridichthys carpio 518 R B, F - 

Naked goby Gobiosoma bosc 428 R B, F - 

Seminole killifish Fundulus seminolis 355 R B, F - 

Tidewater mojarra Eucinostomus harengulus 234 T B, F - 

Common snook Centropomus undecimalis 225 T B, F REC 

Bluefin killifish Lucania goodei 211 R B, F - 

Spot Leiostomus xanthurus 202 T B, F, M REC 

Least killifish Heterandria formosa 199 R B, F - 

Coastal shiner Notropis petersoni 193 R B, F - 

Blue crab Callinectes sapidus 185 T B, F COM/REC 

Diamond killifish Adinia xenica 143 R B, F - 

Marsh killifish Fundulus confluentus 141 R B, F - 
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Figure 1. Schematic of minor tidally-influenced tributaries, creeks, ditches, and canal systems in the Tampa 
Bay area as identified from the USGS National Hydrography Dataset (adapted from Lewis 1996). The 
basins of the tidal tributary systems studied in 2006 are highlighted. 
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Figure 2.  Schematic diagram of various “tidal tributary” systems typically encountered in the Tampa Bay 
estuary. Well-studied areas in Tampa Bay include the major bays and rivers. 
 
 
 

 
Figure 3.  Mean nutrient concentrations within the tidal tributaries during 2006. Significant differences (P < 
0.05) in total nitrogen (TN) and total phosphorus (TP) concentrations between the tidal tributaries and the 
areas to which they drained are designated above the respective bars (Sherwood et al. 2007). 
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Figure 4.  Relative change (%) in seasonal ratios of benthic:phytoplankton algal communities in the tidal 
tributaries during 2006 (Sherwood et al. 2008).  
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Figure 5.  Plot of site-averaged δ15N values of benthic microalgae (BMA), particulate organic matter (POM), 
mangroves (MAN), and upland plants (UP) against δ15N values of sedimentary pore water ammonium 
(SedNH4

+) during the dry season. The strongest relationship is observed for BMA. (Malkin et al. 2007) 
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Figure 6. Comparison of nekton species composition between the different tidal tributaries sampled (red 
circles and line), among months sampled (black triangles and line), and between the tidal tributaries and the 
adjacent riverine or embayments to which they drained (blue squares and line). The red line indicates the 
average species composition difference among all the creeks sampled, while the black line indicates the 
average monthly difference and the blue line indicates the average creek vs. drainage area difference (i.e. 
inside creek vs. outside creek species composition differences). Higher Analysis of Similarity (ANOSIM) 
R-values indicate greater differences in species composition (Greenwood et al. 2008). 
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Figure 7.  Seasonal amphipod abundance in tidal tributaries studied during 2006. MC=McMullen 
Creek, FC=Frog Creek, GC=Grassy Creek, CC=Curiosity Creek, WC=Wildcat Creek, DC= “Dog 
Leg Creek,” RC=Rice Creek, RP= “Riverview Park West Creek,” QC= “Question Mark Creek” 
(Sherwood et al. 2008). 
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Figure 8. Isotope comparisons between common nekton species found in tidal tributaries and primary 
producers. Most species appear to be supported by benthic microalgae (BMA) and water-column 
phytoplankton (POM, either direct or recycled through sedimentary ammonium sources) (adapted from 
Malkin et al. 2007). 
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Figure 9.  Comparison of snook abundance (number per m2) inside the sampled tidal tributaries relative to 
riverine or embayment areas adjacent to the tributaries (Greenwood et al. 2008). 
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Figure 10.  Relationship of landscape development intensity along the tributaries corridors and median 
observed chlorophyll-a concentrations (A) and average number of threshold effects level sediment 
contaminant exceedences (B) in the tidal tributaries during 2006. 

A

B
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Figure 11.  Relationship of exotic:native nekton species richness to landscape development intensity in the 
tidal tributaries (Greenwood et al. 2007). 
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DEVELOPING AN INDEX OF PHYTOPLANKTON BIOMASS FOR TAMPA 
BAY’S LOWER ALAFIA RIVER 

 
M.R. Wessel & A.J. Janicki 

 
ABSTRACT 

Phytoplankton production and deposition is a major source of organic carbon that drives 
secondary productivity in tidal river systems supporting a base in the food chain for higher 
trophic levels.  Tampa Bay’s Alafia River is one of the most nutrient-enriched rivers in 
southwest Florida and subsequently has some of the highest phytoplankton concentrations 
(as measured by chlorophyll-a) among southwest Florida tidal rivers.  The objective of 
this project was to develop an index of chlorophyll biomass that could be used to describe 
the spatial variability in the distribution of phytoplankton in the estuarine portion of the 
Alafia River.  A nonparametric model was developed to estimate a chlorophyll response 
surface as a smooth multivariate function of inflow and location within the river.  
Development of this model was a necessary first step in more expansive effort to 
characterize the spatial concordance between phytoplankton biomass, and planktonic and 
benthic invertebrate organism distribution and abundance in the lower Alafia River.  
Previous efforts to describe the chlorophyll biomass in the lower Alafia River have been 
limited to simple logistic regression models used to predict the probability of a chlorophyll 
threshold (e.g. 15 µgl-1) exceedance, or linear regression models used to predict the 
location of the maximum chlorophyll value in the river.  For this study, we expand on 
previous efforts by developing a model capable of estimating the biomass at any point in 
the lower river.  Model predictions were generated to estimate chlorophyll concentrations 
at 0.5-kilometer intervals throughout the lower Alafia River.  This spatially-explicit model 
compared well against both existing logistic regression models and previously-developed 
models describing the location of the chlorophyll maximum.  Identified advantages of the 
spline model included the ability for predictions to be integrated over various time scales 
to derive an index of chlorophyll biomass describing the spatial-temporal variability in the 
distribution and biomass of phytoplankton as a function of freshwater inflow.  Linking the 
spatial-temporal distribution of phytoplankton biomass with the distribution and 
abundance of zooplankton and benthic macroinvertebrates is currently being pursued 
based on the index development work described in this paper.   

 
INTRODUCTION 

Primary production is a critical component of the estuarine food web (Wolanski 2007) and the 
Alafia River has some of the highest observed chlorophyll-a concentrations (a measure of 
phytoplankton) among southwest Florida tidal rivers (SWFWMD 2008).  The Alafia River is 
nutrient-rich.  High nutrient concentrations in surface waters create ecosystems which are driven 
by primary productivity (Ornolfsdotttir et al. 2003; Caffrey et al. 2007).  Deposition and 
decomposition of phytoplankton is a major source of organic carbon that is utilized by detrital 
feeding organisms in the benthos driving secondary productivity and providing a base in the food 
chain for higher trophic levels (Dauer et al. 2000; Herman et al. 1999).  Particulate organic carbon 
(POC) is comprised mainly of phytoplankton but also includes bacteria, the smaller zooplankton, 
fecal matter, allochthonous material and phytodetritus (Pinckney et al. 2001).  The presence of 
detrital matter and fine sediment in estuaries makes [estuarine] food webs much more complex by 
adding a microbial loop that is centered on organic detritus, coupling the pelagic food web with 
the benthic food web (Wolanski 2007).  
 
Freshwater inflows deliver nutrients from watershed and atmospheric sources.  The rate of 
freshwater inflow influences hydraulic residence time, and hence the time available for nutrient 
uptake in lotic systems.  Residence time is a key physical variable determining the extent to which 
the health of a particular estuary is affected by human-induced stresses.  Freshwater inflows 
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combine with tidal forces and geomorphology to create hydraulic control points and 
discontinuities in estuarine salinity gradients resulting in Estuarine Turbidity Maxima (ETM) and 
areas of increased primary and secondary production (Roman et al. 2005).  Secondary production 
of benthic communities is affected by the amount of POC that reaches the sediment-water 
interface and is thereby available for consumption by benthic detritivores (Chanton and Lewis 
2002; Bouillona et al. 2004; Wang et al. 2004).   
 
Tampa Bay Water is a regional public water supply authority supplying drinking water to much of 
the Tampa Bay region.  Tampa Bay Water’s supply sources include groundwater, desalination and 
surface water withdrawals from the Hillsborough River, Tampa Bypass Canal and the Alafia 
River.  A comprehensive Hydrobiological Monitoring Program (HBMP) that was established as 
part of Tampa Bay Water’s water use permit has supported data collection efforts in the Alafia 
River since 2000.  This sampling program is comprehensive in that it includes monthly sampling 
efforts for water quality, plankton, benthic macroinvertebrates, and juvenile and adult fishes.  The 
HBMP developed a focus group that holds regular meetings to summarize data collection efforts, 
present results of scientific research conducted with HBMP-derived data, and discuss potential 
modifications to achieve monitoring program goals as set forth in the HBMP design document 
(PBS&J 2000).   
 
As part of these meetings, the ecological paradigm described above was forwarded by Dr. Ernst 
Peebles as relevant to Tampa Bay tidal rivers including the Alafia River: namely that spatial 
correlation exists between areas of high primary productivity and areas of high zooplankton and 
benthic macroinvertebrate abundance.  It is these areas of predominant phytoplankton production 
and deposition of POC, particularly that derived from phytoplankton, that were of interest for this 
study with respect to longitudinal distribution within the Alafia River and how this relates to the 
distribution of the zooplankton and macrobenthos. 
 
To-date, models developed to predict chlorophyll in the lower Alafia River have been limited to 
either predicting the location of the peak chlorophyll value as a function of freshwater flow or the 
probability of exceeding some threshold chlorophyll value as a function of freshwater flow.  The 
objective of this study was to develop an index of phytoplankton biomass that could serve as the 
foundation for examining the spatial concordance between phytoplankton distribution and the 
abundance of primary and secondary consumers in the lower Alafia River in support of the 
process-based hypotheses of tidal river function described above.   

 
METHODS 

Water quality data for this study were provided by the HBMP.  Monthly samples beginning in 
May of 2000 were collected in each of strata AR1 – AR6 of the lower Alafia River (Figure 1).  
Each stratum in this estuarine portion of the river is approximately 2.5 kilometers in length, and 
two samples for each of the three monitoring elements were collected within each stratum each 
month.  All water quality samples are collected at randomly-generated sites each month. One 
additional upstream freshwater stratum was also sampled monthly for water quality.  Data from 
this freshwater stratum was used to give the statistical model relevance to upstream water quality 
conditions; however, the analysis for this study is focused on the estuarine portion of the river 
(i.e., AR1- AR6).   
 
The analytical phase of this project required the development of an empirical model to estimate 
the chlorophyll-a concentration throughout the lower Alafia in such a way that predictions could 
be integrated over time to correlate with zooplankton and macrobenthos abundance.  The model 
was required to have a stochastic component such that uncertainty in model predictions could be 
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quantified.  Therefore, a statistical model was developed to estimate the concentration of 
chlorophyll-a as a function of inflow and location within the river.  The general model formulation 
is expressed as:  
 
 Yi = f(xi) + ei 

 Where: 

 Yi  = Chlorophyll a concentration at time of sample 

 f(xi) = Unknown function of location in the river and inflow at time of sample 

 ei  = prediction error 

 
This model belongs to a family known as generalized additive models and the function  f(xi)  was 
not assumed to follow any particular distribution.  Therefore, this model is non-parametric.  To 
approximate this function  f(xi)  the thin plate smoothing spline function was used to estimate the 
response surface as a smooth multivariate function as described in the documentation for the 
TPSPLINE procedure (SAS v9.2).   
 
Freshwater flows were estimated at the Bellshoals Road location in the Alafia River based on 
measured flows at the United States Geological Service (USGS) station on the Alafia River at 
Lithia (02301500) and Lithia Springs, with adjustments for the small ungaged portion of the river 
downstream (Janicki Environmental 2005).  Tampa Bay Water withdrawals were subtracted from 
flows at Bellshoals Road to create the final flow term which was then averaged over the sample 
date and the previous two days to create a 3-day average flow term for use in the model.  An 
interaction term between freshwater inflow and river kilometer was also included in the model to 
allow for the relationship between inflow and chlorophyll to vary depending on location within the 
tidal portion of the river.  Model predictions were generated by seasonal blocks which were 
operationally defined for this study using calendar months as follows: 
 

• Block 1 = April - June 
• Block 2 = November – March 
• Block 3 = July – October 
 

Spline model predictions were then compared to the other previously used methods predicting 
chlorophyll in the lower Alafia River described in SWFWMD (2008).  Specifically, previously 
developed logistic regression models were used to predict the stratum-specific probability of a 
chlorophyll exceedance as a function of the 3-day average freshwater flow for 15 µgl-1 and 30 µgl-

1 chlorophyll thresholds previously established (PBS&J 2006).  These regressions were stratum-
specific.  To compare the model predictions, the specificity and sensitivity of model predictions 
were calculated for the logistic regression models and the spline model for each stratum where the 
logistic regression model results were statistically significant (i.e., strata AR3 through AR6).  
Sensitivity was expressed as the percent of observed exceedances correctly predicted while 
specificity was defined as the percent of non-exceedances correctly predicted.  The overall percent 
correct predictions were then calculated and compared for both chlorophyll threshold values.  We 
also compared spline model predictions to another model developed to predict the location of the 
maximum chlorophyll value as a function of freshwater flow (SWFWMD 2008).  This model 
defined the relationship as: 
 

Location of Chl-a max = 16.48 – 1.96 x Ln (3 day mean flow) 
R2 = 0.40     p<0.0001 
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After model comparisons were completed, the concentration of chlorophyll was predicted using 
the spline model at 0.5-kilometer intervals for the estuarine portion of the river for each daily 
record between January 1 2000 and September 30 2008.  These predictions were restricted to the 
maximum flow value associated with the empirical water quality data (i.e., the data domain of the 
regression).  The principal objective of this study required the integration of these model 
predictions to describe the spatial distribution of phytoplankton throughout the lower Alafia River.  
Therefore, an index was constructed that integrated chlorophyll predictions at each 0.5- kilometer 
interval over various temporal scales.  This was accomplished by summing daily values at 0.5 
RKm intervals and normalizing the values to the highest single value observed over the temporal 
period (e.g. calendar month).  This generated an index of chlorophyll biomass ranging between 0 
and 1.  
 
Several assumptions were required to translate this index to be representative of phytoplankton 
dynamics in the Alafia.  We assumed that the chlorophyll concentration was related to 
phytoplankton biomass.  Assuming a constant rate of deposition per unit chlorophyll allowed for 
this index to represent deposition of POC from phytoplankton to the benthos.  These assumptions 
would then allow us to utilize the index values to draw inferences when correlating the spatial 
distribution of index values with the distribution and abundance of zooplankton and macrobenthos 
over varying temporal scales including month, year and seasonal blocks. 
 

RESULTS 
The Alafia River flows at Bellshoals Road reflected the large-scale variability in southwest 
Florida’s climatological conditions over the study period (Figure 1), including: an intense drought 
in 2000 and early 2001; an abnormally wet winter in 2002-2003, and the landfall of four 
hurricanes in 2004.  From late 2006 through the end of the study period, drought conditions 
returned to Southwest Florida and the Alafia River watershed basin.  These climate variations 
resulted in a robust set of inflow conditions for the study period exemplifying the range of 
conditions likely to be encountered within the basin as well as representing the typical seasonality 
of Alafia River inflows.  River flows at Bellshoals Road ranged from 6 cubic feet per second (cfs) 
to just over 11,000 cfs over the study period.   
 
Empirical chlorophyll data collected between 2000 and 2008 displayed similar characteristics to 
those described elsewhere for lower Alafia River minimum flows and levels (MFL) studies 
(SWFWMD 2008) with tendencies for higher chlorophyll values to be recorded at lower flows and 
a downstream movement of the location of the maximum chlorophyll value with increasing flows 
(Figure 2).  Our model compared well against other models developed to predict patterns in 
chlorophyll distribution in the lower Alafia River.  Based on the empirical data, the spline model 
predictions had a higher predictive accuracy compared to the empirical data than the logistic 
regression models used to predict either the 15 µgl-1 threshold or the 30 µgl-1 threshold in any 
stratum (Table 1). The comparison included accurately predicting an exceedance when it occurred 
in the empirical data and also accurately predicting values below the exceedance threshold.  Based 
on these results, the spline model had superior predictive capacity to the logistic regression 
models.  The spline model also compared well to the location of the chlorophyll maximum with 
the predicted location generally within 2 kilometers (Figure 3) with no bias evident in the 
differences except in seasonal Block 3.  In Block 3, spline model predictions suggested that the 
peak chlorophyll values would occur over a relatively broad area of the first 4 kilometers of the 
Alafia and may reflect the influence of chlorophyll concentrations in Hillsborough Bay.   
 
Chlorophyll model predictions matched the empirical data well.  Temporal variability in index 
values was closely related to seasonality in chlorophyll values with the location of peak values 
located around RKm 7 during January and moving upstream during the low flow months of April 
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and May where the highest biomass of phytoplankton was estimated to occur (Figure 4).  The 
increase in magnitude of chlorophyll concentrations and upstream movement of peak chlorophyll 
values coincided with the presence of a second chlorophyll peak evident near RKm 12.  With the 
onset of the rainy season in July, index values diminished and the peak locations were located 
downstream near RKm 5.  Overall predicted biomass declined during these months as a function 
of the reduced residence times associated with the higher inflows of seasonal Block 3.  By 
November, the index values increased and the peak values were again located near RKm 8. 
 

DISCUSSION 
This study makes an important contribution to the development of a predictive model that is robust 
and flexible in describing the distribution of chlorophyll throughout the lower Alafia River.  To 
date, modeling tools to estimate chlorophyll biomass have focused on the location of the 
chlorophyll maximum or the probability of chlorophyll exceeding a specified threshold value.  An 
advantage of the model developed for this study is the ability to predict the chlorophyll 
concentrations throughout the lower river and integrate those predictions for various portions of 
the river to develop an index of phytoplankton biomass.  These results confirmed that the 
predominant area of chlorophyll biomass was located near RKm 8, but that freshwater flows had a 
predictable effect on the location and concentration of chlorophyll in the lower river.  The model 
captured the variation in the shape of distribution as a function of flows.  For example, during the 
low flow season (i.e. seasonal Block 1), the shape of the distribution changed dramatically with 
the peak chlorophyll values located more upstream and increased likelihood for extremely high 
values (i.e. >50 µgl-1).  The distribution flattened dramatically with the onset of the wet season 
(Block 3) when peak chlorophyll values were much lower and located near the mouth of the river.  
While these features have been described previously, the spline model approach has allowed for 
the dynamics of location and magnitude to be predicted for the entire lower river using a single 
predictive tool.  
 
The TPSPLINE procedure used in model development is a relatively new estimation tool.  It has 
demonstrated potential for use to characterize the spatial-temporal distribution of chlorophyll in 
the lower Alafia River which is advantageous to other models currently developed.  The spline 
model compared well with other models developed to predict chlorophyll in the lower Alafia 
River.  The spline model had higher overall correct predictions for both the 15 µgl-1 threshold and 
the 30 µgl-1 threshold in all strata and predicted similar location of the maximum chlorophyll value 
to the log linear model described in SWFWMD (2008).  It should be noted that all of these models 
have uncertainty that may be substantial, but the results of this study represent a significant 
advancement for current modeling approaches.  More complex models such as mechanistic water 
quality models have not been developed to-date, and the spline model represents a step toward a 
better understanding of the complex phytoplankton dynamics in the lower Alafia River.  
 
Translating the chlorophyll predictions into a biomass index will help support investigations of 
process-based hypotheses of tidal river ecosystem functions by correlating zooplankton and 
macrobenthos distribution and CPUE with the index values of various temporal scales, which is 
the subject of a related study currently underway.  The spline model predictions were used as the 
basis for a biomass index that described the distributional aspects of chlorophyll biomass in the 
water column.  This index can then be examined in correspondence to the distribution and 
abundance of zooplankton in the water column.  Assuming a constant rate of deposition may allow 
for the index values to serve as a surrogate for organic deposition to the benthos: this will be 
investigated for spatial concordance with the distribution and abundance of macrobenthos. 
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The spline model remains to be validated with independent data prior to potential use as an 
evaluation tool within the regulatory framework for freshwater flows, but it has shown advantages 
in describing dynamic fluctuations observed in phytoplankton distributions in the lower Alafia 
River.  For this study, several simplifying assumptions were necessary in order to accept that the 
integrated model estimates represented phytoplankton productivity in the estuary, and the best 
spatial and temporal timescale for model inference have yet to be determined.  However, the 
model remains a significant contribution to understanding tendencies in phytoplankton dynamics 
in the lower Alafia River.  The predictions suggest that areas of predominant phytoplankton 
biomass occur in the middle portions of the lower Alafia River near RKm 8 but there is a highly 
seasonal pattern to the location of peak biomass which is related to seasonal inflows. 
 
The study described in this paper was part of an on-going effort to develop objective criteria for 
evaluating the effects of freshwater inflows and withdrawals from the Tampa Bay Water facility at 
Bellshoals Road on the estuarine biota of the lower Alafia River.  This study provided a new tool 
that can be used for estimating the effects of inflows on chlorophyll levels throughout the lower 
Alafia River.  Continued research in this area by validating the chlorophyll model as well as 
investigating the spatial independence of water quality sampling efforts in the lower Alafia River 
may yield a model with greater predictive capacity to estimate phytoplankton population dynamics 
and energy transfer to higher trophic levels in the lower Alafia River.  
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Table 1. Correct prediction percentages for logistic regression and spline model predictions by stratum in the 
Lower Alafia River. 
 

Stratum 15 µgl-1 threshold 30 µgl-1 threshold 
 Spline Logistic Spline Logistic 

AR3 83% 64% 90% 61% 
AR4 82% 73% 89% 77% 
AR5 88% 86% 94% 88% 
AR6 95% 95% 99% 96% 
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Figure 1. Time series of freshwater inflows at Bellshoals Road in the Alafia River from January 2000 
through September 2008. 
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Figure 2. Distribution of chlorophyll a values in the Alafia River between 2000 and 2008. Bubble-size is 
related to chlorophyll biomass and filled circle indicates location of peak chlorophyll for the sample’s date.  
 
 
 

 
Figure 3. Difference in location of the maximum chlorophyll comparing spline model and log linear model 
provided in SWFWMD (2008) by seasonal blocks. Vertical axis represents the difference between model 
predictions (i.e.  spline model – log linear model). Seasonal blocks: Block 1: April-June; Block 2: 
November-March; Block 3: July-October.  
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Figure 4. Monthly chlorophyll biomass index values (0 to 1) for the lower Alafia River from January to 
December from top left to bottom right. 
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ABSTRACTS 
Session 8:   Integrated Assessments – Tidal Tributary Studies 

 
   PRESENTATIONS  
A More Comprehensive Approach for Determining Juvenile Snook Nursery Habitat in a Tampa Bay 
Wetland. A. Brame, C. McIvor, (United States Geological Survey), E.B. Peebles, and D. Hollander, 
(University of South Florida). It is widely accepted that wetlands serve as nursery habitat for numerous 
estuarine fish species, however few studies look past simple measures of abundance to define these habitats.  
In the fall of 2006 we set out to better define nursery habitat of common snook, Centropomus undecimalis, 
by sampling a tidal creek and connected ponds in both upstream and downstream portions of a single Tampa 
Bay wetland.  We collected snook and measured habitat variables in each habitat, taking standard fish 
measurements (i.e., abundance, condition, size) to determine relationships between habitat, density, and 
growth. We also retained whole snook for stable carbon and nitrogen isotopic analysis.  We found higher 
densities of juvenile snook in ponds (5.2 ± 1.06 snook/100m2) and upstream locations (5.5 ± 1.10) compared 
to creek sites (2.2 ± 0.47) and downstream portions of the wetland (2.0 ± 0.34).  Snook collected from ponds 
were on average smaller (55.3 ± 1.17 mm SL) than those collected from the creek (66.7 mm SL ± 1.71), but 
condition (K) and growth rate did not differ between the two site types.  Isotopic compositions of snook 
were distinctly different between ponds and the creek suggesting little movement between habitat types.  
Snook collected in ponds were isotopically enriched in nitrogen and depleted in carbon (δ13C = -25.36 ± 
0.10, δ15N = 12.06 ± 0.11) relative to those collected in creeks (δ13C = -24.77 ± 0.15, δ15N = 10.93 ± 0.18).  
This result suggests more nutrient recycling occurred in the ponds, likely due to reduced flushing in these 
habitats.  Based on isotopic composition, juvenile snook feed on small fishes or invertebrates at the 2nd 
trophic level and obtain carbon from benthic microalgae and particulate organic matter. Stable isotope ratios 
in conjunction with more frequently used variables such as abundance and growth seem to produce a clearer 
description of snook nursery habitat through the interpretation of fish diet and movements. 
[abrame@usgs.gov] 
 

 
What Have We Learned From 10 Years of Hydrobiological Monitoring on the Alafia River? R. 
Woithe, K.L.M. Jenkins, A. Willis, D. Robison, R. Montgomery (PBS&J) and R.G. McConnell (Tampa Bay 
Water). When the Alafia River Hydrobiological Monitoring Program (HBMP) was first designed in 1999, 
multiple stakeholder, research, and regulatory groups came to the consensus that data and monitoring 
programs then in existence were not sufficient to define baseline conditions or assess potential impacts of 
freshwater withdrawals in the Alafia River.  One purpose of the Alafia River HBMP was to address these 
data gaps. Ten years of data and analyses are now available to determine how well the Alafia River HBMP 
has achieved its objectives.  HBMP components have included water quality indicators (sampled via fixed, 
stratified-random, and automated continuous-recording stations) and biological indicators (vegetation, 
benthic macroinvertebrate, fish, ichthyoplankton, and birds).  Results from the monitoring program have 
been used both for regulatory monitoring of potential adverse impacts and resource management purposes 
(e.g. developing minimum flows and levels).  This presentation summarizes the current state of knowledge 
for the Alafia River relative to resource management and regulatory assurance purposes. 
[RDWoithe@pbsj.com] 
 

 
The Determination of Minimum Flows and Levels for Tributary Rivers to Tampa Bay. M.S. Flannery, 
M.G. Heyl, X. Chen, and M.H. Kelly (Southwest Florida Water Management District). The Southwest 
Florida Water Management District has adopted, or is in the process of adopting, minimum flows and levels 
(MFLs) for all the major rivers that flow to Tampa Bay. MFLs establish the limit at which further 
withdrawals would be significantly harmful to the natural resources of the area.  MFLs are determined 
separately for the non-tidal and tidal reaches of individual rivers using hydrobiological analyses and metrics 
that are appropriate for freshwater and estuarine systems, respectively.  MFLs have been adopted or 
proposed for the fresh and estuarine portions of the Hillsborough and Alafia rivers and the tidal reach of the 
Tampa Bypass Canal, and are currently under evaluation for the Little Manatee and Manatee rivers.   
 
In establishing MFLs for the Lower Hillsborough River and the Tampa Bypass Canal, the District took into 
account the extensive, existing structural alterations to those water bodies. For rivers that have not been so 
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altered, the District has employed the percent-of-flow method to determine MFLs. This method determines 
daily percentages that the natural baseline flow of the river can be reduced. These percentages can be 
determined within flow ranges or seasons and can be combined with a low-flow threshold below which no 
withdrawals are allowed. Ecological analyses that have been used for the determination of MFLs for tidal 
estuarine rivers have emphasized relationships of freshwater inflow with: the area, shoreline length and 
volume of biologically important salinity zones; the abundance and distribution of key fish and invertebrate 
species; and chlorophyll-a and dissolved oxygen concentrations.  [sid.flannery@swfwmd.state.fl.us] 
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REVISITING AND UPDATING OUR KNOWLEDGE ON THE SCIENCE 
OF TAMPA BAY’S TIDAL TRIBUTARIES: SESSION SYNTHESIS 

 
J.M. Krebs, E.B. Peebles, M.P. Weinstein & R.G. McConnell 

 
ABSTRACT 

More than 100 natural tidal creeks and rivers, and numerous man-made tidal channels, 
exist along the shores of the Tampa Bay estuary, but until recently, little was known of 
their habitat value for faunal communities, their contribution of primary and secondary 
production, or their role within the larger ecosystem.  The need for scientific study of 
these systems was identified in 2003 when small tidal tributaries were ranked as the 
highest priority for research and management by the Tampa Bay Estuary Program and the 
Tampa Bay Regional Planning Council.  At that time, ongoing studies of the larger tidal 
rivers continued to support science-based management decisions related to consumptive 
water uses in the Tampa Bay watershed.   
 
As a result of the new attention, there was a reinvigoration of research on small tidal 
tributaries which has generated a great deal of new information that can be applied to 
better manage and conserve these potentially vital systems. 
 
The 5th Bay Area Scientific Information Symposium (BASIS 5) provided a forum in 
which to present and discuss the new research and to provide an update on resource 
management activities related to the larger tidal rivers.  The purpose of the Tidal 
Tributaries session, in following with the theme of BASIS 5, was to revisit and update our 
knowledge of the science of Tampa Bay=s tidal tributaries.  A panel discussion followed to 
summarize the major findings from studies presented during the session, identify 
information gaps in our understanding of tidal tributaries, and propose the logical next 
steps.  The purpose of this paper is to present a session synthesis that will contribute to the 
development of a management plan for Tampa Bay's tidal tributaries. 

 
Tampa Bay’s Tidal Tributaries 

Tampa Bay is fed by more than 100 tidal tributaries whose freshwaters maintain the salinity 
gradient of the estuary.  Small tidal tributaries, often referred to as tidal creeks, range in size from 
less than one-tenth of a kilometer to ten kilometers along the main channel, while the five larger 
tidal rivers, the Hillsborough, Palm River/Tampa Bypass Canal, Alafia, Little Manatee and 
Manatee Rivers are on the order of 20-100 kilometers.  Tidal tributaries in other estuaries are 
known to be productive systems whose ecological role and contribution of primary and secondary 
production to estuaries is poorly known.  Based on recent studies, including those presented 
during the session on tidal tributaries at the recent BASIS 5 meeting, and the rapid rate of coastal 
development within the Tampa Bay watershed, there is an urgent need to better understand these 
small systems and their contribution to the ecological function of Tampa Bay so that, ultimately, a 
management plan can be drafted and adopted. 
 

History of Research and Management of Tidal Tributaries in Tampa Bay 
The 5th Tampa Bay Area Scientific Information Symposium (BASIS 5) was held from October 20-
23, 2009 during which a special session on Tampa Bay’s tidal tributaries was convened.  The need 
for this session was first acknowledged in 2003 around the time of the BASIS 4 meeting when 
small tidal tributaries were ranked as the highest priority for research and management by the 
Tampa Bay Estuary Program (TBEP) and the Tampa Bay Regional Planning Council (TBRPC).  
At that time, demand for potable water was growing within the Tampa Bay watershed and Tampa 
Bay Water’s Hydrobiological Monitoring Program had recently begun to monitor the effects of 
water withdrawals on the hydrology and ecology of the large tidal tributaries (i.e., tidal rivers).  
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However, save for a study by the TBRPC in the late 1980s (TBRPC 1986, 1987), very little was 
known about the role of Tampa Bay’s smaller tidal tributaries (i.e., tidal creeks, man-made 
ditches, canals).  Shortly after the conclusion of the TBRPC study, a framework was proposed for 
the management and conservation of Tampa Bay’s tidal tributaries (Clark 1987), though efforts to 
continue studying these systems and the development of a management plan never came to 
fruition.   
 
Although management issues for Tampa Bay’s tidal tributaries were discussed at the BASIS 2 
meeting in 1991 (Clark 1991), it was not until BASIS 4, more than a decade after tidal tributaries 
had last taken center stage, that the issue once again gained attention.  During the six years 
between BASIS 4 and BASIS 5, there was a reinvigoration of research on small tidal tributaries 
which has generated a great deal of new knowledge that is being applied to better manage and 
conserve these potentially vital components of the Tampa Bay ecosystem.  In 2003, the U.S. 
Geological Survey (USGS) initiated a study as part of the Tampa Bay Integrated Science Study to 
assess the role of tidal creeks and man-made tributaries as fish habitat (Krebs et al. 2007; Yeager 
et al. 2007). The Tidal Tributaries Working Group, a multi-agency collaboration led by the TBEP, 
was formed shortly thereafter to move forward with the study of small tidal tributaries in Tampa 
Bay.  The Tidal Tributaries Habitat Initiative (TTHI) resulted from the Working Group and further 
contributed to our knowledge of tidal tributaries by conducting a study of nine tidal creeks, the 
results of which are detailed below (Greenwood et al. 2008a; Sherwood et al. 2008; Sherwood, 
these proceedings; MacDonald et al., these proceedings; Malkin et al., these proceedings).  
Between 2005 and 2009, several additional studies were initiated by the Florida Fish and Wildlife 
Conservation Commission (Greenwood et al. 2007, 2008b; MacDonald et al., these proceedings; 
Ley et al., these proceedings) and joint efforts from the University of South Florida and the USGS 
(Brame et al., these proceedings; Krebs et al., these proceedings) that have further advanced our 
understanding of the role of tidal tributaries as fish habitat, sources of nutrient inputs to the 
estuary, and areas of primary and secondary production.  Results of these studies have collectively 
begun to characterize the ecology of nearly half of the Bay’s 100+ tidal tributaries.  Most recently, 
subsequent re-evaluation of research priorities by the TBEP Technical Advisory Committee in 
early 2009 confirmed that tidal tributaries remain a priority among Tampa Bay scientists and 
resource managers. 
 

Purpose of the Tidal Tributaries Session 
The purpose of the Tidal Tributaries session, in following with the theme of BASIS 5, was to 
revisit and update our knowledge of Tampa Bay’s tidal tributaries.  Ten invited speakers presented 
new science conducted with the purpose of better understanding the ecology of tidal tributaries, 
both small tidal creeks and large tidal rivers.  Most of the talks presented during the session 
represented the culmination of six years of research on tidal tributaries in the Tampa Bay area.  A 
panel discussion followed the session with the objectives being to: 1) summarize the major 
findings from studies presented during the session, 2) identify information gaps in our 
understanding of tidal tributaries that could be filled by considering studies from other estuaries or 
by undertaking new studies, and 3) propose the logical next steps towards the development of a 
management plan for Tampa Bay's tidal tributaries.  The purpose of this paper is to present a 
session synthesis that will update our knowledge of tidal tributaries in Tampa Bay. 
 

Synthesis of Recent Science on Tidal Tributaries 
The ecological value of various estuarine habitats (e.g., seagrass beds, hardbottom, emergent 
wetlands) to the function and maintenance of faunal populations is widely recognized among 
scientists and resource managers.  It was assumed that tidal tributaries in the Tampa Bay area had 
substantial ecological importance based on studies of tidal creeks in other estuaries (Mallin and 
Lewitus 2004).  In an early effort to establish the ecological importance of Tampa Bay’s 
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tributaries, the TTHI took an ecosystem-level approach to study the water and sediment quality, 
macrobenthos and nekton communities and the nitrogen pathways that support and connect the 
various trophic levels that characterize tidal tributaries (see Sherwood, these proceedings; 
MacDonald et al., these proceedings).  The purpose of this collaborative, multi-agency study was 
to improve protection and management of fish populations in the Tampa Bay system by:  

1)  Determining the relative importance of tidal tributaries as fish habitat in Tampa Bay; 
2)  Determining the effects of habitat parameters (watershed condition, water quality, 

structural habitat) on fish habitat use in impacted and unimpacted tidal tributaries; 
3) Developing measurable goals, management recommendations, and a pilot Tidal 

Tributaries Management Strategy based on study results; and 
4) Communicating results to managers and the public to support informed decision-

making regarding preservation or restoration of tidal tributary habitats. 
 
Many of the water and sediment quality variables measured during the TTHI were positively 
correlated with land development intensity surrounding tidal tributaries.  Elevated nutrients, 
chlorophyll- a and turbidity concentrations were observed in tributaries with more intense land 
development, as were more fine sediments and higher concentrations of heavy metals, organic 
contaminants, and pesticides in the sediments.  However, the effects of the observed 
physicochemical changes were not as obvious in the biotic community.  Abundance and richness 
of benthos and nekton were not well correlated with land development intensity, possibly as a 
result of the relatively low development intensity surrounding the studied tributaries.  Stable 
isotope techniques used during the TTHI and follow-up studies of additional tidal creeks 
dominated by agricultural and urban land uses were able to more clearly establish a connection 
between tidal creeks and land use in the surrounding watershed (Malkin et al., these proceedings).  
From these studies it was determined that the nitrogen-isotope ratio from fish tissue is a useful tool 
for discriminating sources of nutrient inputs within a specific tributary and reflects the dominant 
land-use classes contributing to the nutrient load of a given tidal tributary.  For example, 
undeveloped wetlands, residential lands and agricultural land uses were found to have distinct 
influences on the isotopic signatures in downstream fish tissues that reflected the uptake of 
nutrients in wetlands, septic/sewage inputs from urban lands, and runoff of fertilizer from 
agricultural crops, respectively.  An empirical model was developed that identifies the relative 
contribution of nutrients from various land uses within the watershed surrounding a tidal tributary.  
This model has practical applications for land management and the control of nutrient inputs to 
tidal tributaries.  Results from these isotope studies also identified the source of primary 
production supporting upper trophic levels as benthic microalgae and phytoplankton (rather than 
larger macrophytes like mangroves and emergent vegetation), with seasonal hydrological cycles 
factoring significantly in the location, type, and extent of the supporting primary producers.   
 
Much of what has been learned recently about tidal tributaries has focused on the value of these 
systems as fish habitat.  As a result, we now know a great deal about the nekton community from 
over half of Tampa Bay’s tidal creeks and man-made tidal tributaries (i.e., mosquito-control and 
stormwater-drainage ditches).  In general, the nekton community seems to vary most among tidal 
tributaries, types of tributaries (i.e., creeks, ditches) and seasonally, but less between the tributary 
and adjacent habitats (MacDonald et al., these proceedings; Krebs et al. 2007; Yeager et al. 2007; 
Greenwood et al. 2008a).  This finding underscores the geographic uniqueness of tidal creeks and 
the potential differences among them that may result from the various mosaics of land uses 
surrounding each tributary.  Early work suggested that the community structure of nekton in nine 
tidal tributaries was poorly correlated with land development intensity in the surrounding 
watersheds (MacDonald et al., these proceedings; Greenwood et al. 2008a).  The lack of 
correlation may be explained in part by the relatively low development intensity characteristic of 
the studied tributaries.  In a follow-up study aimed specifically at the assessment of land use on 
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the quality of fish habitat (Krebs et al., these proceedings), high community similarity was again 
observed among non-urban tributaries with lower intensity land development in the surrounding 
watersheds.  However, urban tributaries, characterized by significantly greater land development 
intensity, had nekton communities that were dominated by high densities of the poeciliid fishes 
sailfin molly (Poecilia latipinna) and mosquitofish (Gambusia holbrooki) and very low densities 
of palaemonid grass shrimp (Palaemonetes spp.); an otherwise dominant member of the nekton 
community in tidal tributaries.  Many of the common nekton taxa were also found to be in poorer 
condition in urban tributaries compared to non-urban tributaries, based on length-weight 
relationships.  In contrast to community structure and body condition, the abundance (total and 
species-specific) and species richness of nekton was found to vary widely among tidal tributaries 
and appeared to be independent of land use in the surrounding watershed, even for the most highly 
urbanized tributaries. 
 
Though the importance of tidal tributaries as habitat for the entire nekton community cannot be 
overstated, one fish species in particular has received significant attention as a result of recent 
research on tidal tributaries - the common snook (Centropomus undecimalis).  Use of nursery 
habitats by juvenile snook in Tampa Bay has not been well understood until recently.  Historically, 
juvenile snook have been nearly absent in the open estuary but in slightly greater abundance in 
Tampa Bay’s tidal rivers, based on long-term data from the State of Florida’s Fisheries-
Independent Monitoring (FIM) program.  The highest abundances have recently been observed in 
small tidal creeks, where juveniles tend to be considerably more abundant (2-36x) compared to the 
shoreline habitat just outside the mouth of the creek (Greenwood et al. 2008a; Sherwood, these 
proceedings).  Within one particular tidal creek, Frog Creek, juvenile snook appeared to be more 
common in the upstream portions of the creek and even more so in the permanently connected, 
shallow tidal ponds in the upper reaches (Brame et al., these proceedings).  The observed 
differences in isotopic composition of C and N of juvenile snook between the creek and ponds 
suggest limited movement by juveniles between habitats and the use of different trophic resources, 
and further support the idea of potential differences in the value of microhabitats for juvenile 
snook within small tidal tributaries. 
 
To better understand the role of individual tidal creeks as nursery habitat for juvenile snook and 
red drum (Sciaenops ocellatus), otolith microchemistry is being used to identify those tidal 
tributaries that may contribute a disproportionate number of snook and red drum to the adult 
populations in Tampa Bay and the Gulf of Mexico (Ley et al., these proceedings).  Juveniles of 
these species have been collected for several years from tidal creeks and rivers around Tampa Bay 
for extraction of otoliths.  The elemental fingerprints from these juveniles will be used to 
characterize each of the tidal tributaries and will be compared to that of adults collected from 
adjacent estuarine and Gulf habitats to determine which tidal tributaries support the largest 
proportion of adults that enter the spawning population.  In contrast to juvenile snook, which seem 
to be most abundant in the tidal creeks, juvenile red drum are thought to be most abundant in the 
larger tidal rivers, with relatively low abundances observed historically in the small tidal 
tributaries (Krebs et al. 2007; Greenwood et al. 2008a, b).  By identifying those tributaries that are 
“essential fish habitat” for snook and red drum, this study will provide more accurate information 
on the role of tidal tributaries as nursery habitat so that steps can be taken to better manage both 
the habitat and the fish populations.  Ultimately, habitat comparisons could be made among tidal 
tributaries deemed “essential fish habitat” and between these tributaries and those that appear to be 
less suitable, in order to determine the minimum habitat requirements necessary to support early 
life history stages of snook and red drum, and thus direct management goals for these fishery 
species.  
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What can we learn from the science and monitoring efforts that have been conducted in the larger 
tidal rivers?  Several examples of science-based management strategies and a predictive ecological 
model for the tidal rivers were presented during the session.  Tampa Bay Water’s Hydrobiological 
Monitoring Program (HBMP) has been ongoing for 10 years to monitor changes to the ecology of 
Tampa Bay’s tidal rivers and to provide guidance related to the demand for potable water at a time 
of limited supply and increasing demand (Woithe et al., these proceedings).  An ecosystem-level 
approach has been accomplished by the HBMP as a result of a semi-synoptic sampling design 
including elements of water quality and hydrology, submerged aquatic and emergent shoreline 
vegetation, benthic, planktonic, and nektonic fauna, and wading birds.  The HBMP has provided a 
good understanding of the relationships between tributary flow and the distribution of salinity 
zones between the mouth and freshwater extent of several of Tampa Bay’s tidal rivers.  A 
prominent management strategy for Tampa Bay’s water resources, Minimum Flows and Levels 
(MFLs), has benefited from science conducted during the HBMP.  The Southwest Florida Water 
Management District has worked to establish MFLs for the tidal rivers in Tampa Bay and has 
completed flow reduction criteria for the Hillsborough, Palm and Alafia Rivers with MFLs 
currently under development for the remaining tidal rivers in Tampa Bay (Flannery et al., these 
proceedings).  What we’ve learned from the tidal rivers may eventually be used for the 
development of MFLs for the smaller tidal tributaries as the demand for potable water increases.  
Ecological models have been developed to predict changes in the center of distribution of fish and 
crustaceans in response to primary production across a range of tributary flows (Wessel et al., 
these proceedings). The presentations on tidal rivers were based on the use of scientific data to 
address the implications of water resource use on the dynamics of the natural systems and provide 
a good example of how similar science-based strategies might be applied to manage the smaller 
tidal tributaries.  The question remains, though: is it possible to downscale what we’ve learned 
from the tidal rivers to better manage and predict the outcome of potential management scenarios 
for the small tidal tributaries? 
 
What can we learn from studies of small tidal tributaries in other estuaries?   A three-year field 
survey of 16 tidal tributaries in Sarasota Bay has identified biotic variables characterizing 
bivalves, pelagic, epibenthic, and infaunal abundances, as well as percent cover of periphyton and 
filamentous algae as indicators of pollution and has resulted in a Tidal Creek Condition Index for 
these creeks (Estevez et al., these proceedings).  The index correlated well with species richness 
and total faunal densities, but was not as well correlated with land development intensity, 
watershed age, or total metals.    Beyond the state of Florida, ongoing studies of the effects of 
coastal land use on the ecological condition of South Carolina’s tidal creeks (Holland et al. 2004) 
can serve as a useful reference for the study and management of Tampa Bay’s tidal tributaries.  
Relatively simple measures of coastal development for South Carolina, population density and 
impervious surface, have been shown to be good indicators of the health of tidal creeks at many 
levels from water quality to faunal communities.  These measures are readily available for tidal 
creek drainages in the Tampa Bay watershed and are probably suitable indicators of tidal creek 
condition there as well.  Given the research in Tampa Bay tributaries on nutrient inputs, trophic 
processes, water and sediment quality, and fish communities, it would be possible to incorporate 
these aspects into the development of an index of ecological condition for Tampa Bay tributaries.  
If a habitat condition index were to be developed, however, careful attention should be given to 
the selection of metrics and the limitations associated with ecological indices, in general.  We need 
to realize that the effectiveness of a condition index for Tampa Bay=s tidal tributaries is 
constrained by the metrics that define the index and that critical aspects of ecological condition 
may be overlooked, resulting in a less than useful product. 
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Towards a Comprehensive Management Plan for Tampa Bay’s Tidal Tributaries 
The information that we have gained over the last six years of research on Tampa Bay’s tidal 
tributaries has contributed to our knowledge of the ecology and function of these systems and will 
ultimately be the foundation of a draft management plan for the smaller tidal tributaries.  At 
BASIS 2, several management strategies were recommended for tidal tributaries (Clark 1991).  
These strategies emphasized: 1) the maintenance and restoration of natural function, 2) the 
development of consistent and compatible land use standards, 3) and the management of tidal 
creeks as an important public asset.  More specifically, they included: 

1) Maintenance and restoration of natural function - Improvement of water quality, 
minimization of point- and non-point source pollution, protection of natural 
freshwater inputs, and the establishment of a monitoring and enforcement program 
for water quality, habitat and species.  Preservation of natural habitat, maintenance of 
geomorphology of tributary channels, natural vegetation and wildlife communities, 
and protection of archeological sites. 

2) Development of consistent and compatible land use standards - Public land acquisition, 
conservation easements, compatible low-density development and clustering of 
water-related activities on lands surrounding tidal tributaries. 

3) Management of tidal creeks as important public assets - Active public outreach to 
convey the ecological and societal value of tidal tributaries, as well as encouraging 
compatible public access to minimize conflicts among user groups. 

 
More recently, the Tampa Bay Tidal Tributaries Working Group listed four recommendations 
based on work from the 2006 Tidal Tributaries Habitat Initiative.  Many of the same elements 
from the original framework (i.e., ecological function, hydrology, habitat, faunal communities, 
monitoring, and public outreach) were reflected in the new recommendations.  These 
recommendations included: 

1) Maintain connectivity between open bay waters, tidal rivers and smaller tidal tributaries 
to allow fish movement, water flow and nutrient flux between these backwaters and 
larger estuarine areas. 

2) Reduce “flashiness” of water flow to tidal tributaries to promote natural flow patterns 
and foster the productivity of fish food sources within these systems. 

3) Monitor the condition of fish nursery functions and physical water quality parameters 
in additional backwaters to further assess the uniqueness of Tampa Bay’s tidal 
tributaries. 

4) Improve public education and stewardship of tidal tributaries by promoting the 
importance of these systems as key habitats to estuarine fish species (e.g. snook). 

 
In addition to the recommendations made during BASIS 2, and more recently by the Tidal 
Tributaries Working Group, several additional elements were suggested during the BASIS 5 Panel 
Discussion or have been raised repeatedly in past discussions and warrant consideration in order to 
address gaps in our understanding of tidal tributaries. 

•   Tidal tributaries need to be characterized by condition (e.g., stressed, natural, restorable), 
linear extent, drainage size, hydrology, bay segment, dominant land uses and impervious 
surface within drainage basins, presence of sediment contaminants, and channel 
modifications/maintenance activities (e.g., dredging).  Ecological value as critical habitat for 
various species could also be used to prioritize tidal tributaries for conservation and/or 
restoration efforts.  Given current GIS capabilities, this task should not be difficult to 
accomplish and has been done to some extent as part of the tributaries research by FWRI, 
TBEP and USGS. 
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•  One of the most basic pieces of information required to understand the physical and 
ecological processes within tidal tributaries is their hydrology.  Variables such as flow, 
discharge, and tidal prism need to be measured and could be used to characterize the tidal 
tributaries.  The USGS has permanent stream gauge stations on freshwater and estuarine 
tributaries throughout the United States.  It would make sense for gauge stations to be 
established and maintained following an identical protocol to allow consistency among data 
collected.  This recommendation could be addressed as part of a larger monitoring program 
for tidal tributaries (outlined below). 
•   Removal of salinity barriers is one way to re-establish tidal connectivity to some of the 
tributaries in which natural flow patterns have been restricted.  Impediments to flow such as 
road crossings, flood control structures and weir structures established to prevent marine 
waters from intruding on agricultural lands all act as salinity barriers and restrict the natural 
flow of tidal tributaries.  Salt Creek in southern Pinellas County, for example, had its tidal 
connection blocked by the construction of a tide gate in 1941, though freshwater is still able 
to drain to Tampa Bay when levels are high.   The weir constructed on Alligator Creek in 
1947 resulted in the conversion of a tidal bayou to a freshwater system, Alligator Lake.  
Much of the surrounding lands are now maintained by Pinellas County as a Management 
Area making this site an ideal location for tidal tributary restoration.  The initial impetus for 
construction of these barriers should be considered, though, prior to their removal to avoid 
any unintended consequences such as flooding of residential or commercial lands adjacent to 
tributaries or increasing the salinity of residential irrigation wells. 
•   Implementation of a monitoring program for hydrology, water and sediment quality, and 
nekton communities in the tidal creeks and man-made tributaries.  The infrastructure exists to 
establish such a monitoring program.  A cooperative effort led by local, state, and federal 
agencies with the capabilities to monitor these elements already exists.  Pinellas, 
Hillsborough, and Manatee County environmental departments are currently monitoring 
water and sediment quality in Tampa Bay, its tidal rivers and some of the smaller tributaries.  
The USGS maintains an array of stream gauges in freshwater tributaries and some estuarine 
systems across the nation, including the Tampa Bay watershed, and would be a suitable 
choice for establishing a stream-gauge network in the smaller tidal tributaries.  The FWC-
FIM program has monitored fish and decapod crustaceans in estuaries and large tidal rivers 
state-wide since 1989 and has been involved with the short-term studies in tidal creeks 
reported here and could very effectively take the lead on a nekton monitoring program in 
Tampa Bay’s small tidal tributaries and backwaters.   
•  Continued research and monitoring efforts for the small tidal tributaries need to take an 
ecosystem-level approach.  This could be accomplished by considering metrics of 
productivity, nutrient inputs, faunal abundance and community structure, pollution indicators, 
and land use which would be inclusive of many levels of the ecosystem.  In addition, we may 
now know enough about the basic ecological elements of tidal tributaries to start asking 
directed questions and addressing those questions using an experimental approach during 
future studies.  One important application of experimental studies would be for the 
assessment of habitat restoration projects. 
•   Development of a condition index for Tampa Bay’s tidal tributaries might be considered as 
a tool for monitoring the ecological status of these systems, though the limitations related to 
the subjective selection of index metrics must be kept in mind.  The Tidal Creek Condition 
Index for Sarasota Bay (Estevez et al., these proceedings), Tampa Bay Benthic Index (Malloy 
et al. 2007) based on diversity and abundance of benthic fauna, and the Estuarine Index of 
Biotic Integrity (Deegan et al. 1997) could be used as models.  At the very least, potential 
indicators of habitat condition for tidal tributaries (e.g., nutrient loadings, indicator species) 
should be identified to assist with the development of management goals and targets for these 
systems. 
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•   Beyond the structural aspects of the tidal tributary ecosystem (e.g., salinity range, levels of 
freshwater inflow, composition of the shoreline vegetation community, faunal species 
richness and abundance), the ecological function of tidal tributaries needs to be understood.  
Understanding processes such as nutrient cycling, rates of microbial activity, and export of 
secondary production to the greater estuary, for example, is central to the effective 
management of tidal tributaries. 
•  The potential impacts of exotic species in terms of their presence in Tampa Bay’s tidal 
tributaries (Paperno et al. 2008), displacement of native species and competition for resources 
(Greenwood et al. 2008b), also seem important though was not an issue discussed in great 
detail during the BASIS 5 session. 
•   Understanding recruitment dynamics and migratory pathways for fish and shellfish that 
utilize tidal tributaries as nurseries as a function of existing hydrodynamics and circulation 
patterns and potential future alterations due to anthropogenic influences, such as urbanization 
and port development. 
•   The incorporation of sustainability science into research and management practices should 
be a central objective of future decisions regarding tidal tributaries as well as the entire 
Tampa Bay ecosystem (Weinstein and Krebs, these proceedings). 

 
Over the course of the last six years, we have made substantial progress towards understanding the 
ecology of Tampa Bay’s tidal tributaries.  We hope that the information gleaned from these 
studies, and from this synthesis, will be useful in moving forward with a draft management plan 
for Tampa Bay’s small tidal tributaries. 
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TAMPA BAY NITROGEN MANAGEMENT CONSORTIUM: A 
COLLABORATIVE APPROACH TO MEET WATER QUALITY TARGETS AND 

SUPPORT SEAGRASS RECOVERY IN TAMPA BAY 
 

H. Greening 
 
In 1996, the Tampa Bay Estuary Program, local government and agency partners adopted numeric 
management targets to restore and protect seagrass beds in the estuarine bay segments of Tampa 
Bay. These resource-based targets were developed using empirical and mechanistic models and a 
long-term water quality database initiated in 1974 (Janicki and Wade 2006; Wang et al. 1999). 
Numeric management goals for seagrass acreage, and numeric targets for light attenuation, 
chlorophyll a concentrations, and the TN loads necessary to meet and maintain water quality 
targets that protect the designated use were adopted.  A multi-pronged management strategy was 
implemented to meet these targets (Greening and Janicki 2006).   
 
In 1998, the FDEP proposed and USEPA approved a regulatory limit (Total Maximum Daily 
Load) for nitrogen for Tampa Bay required by Section 303(d) of the federal Clean Water Act.  The 
TMDL nitrogen loads were based on the resource-based management targets (water clarity, 
chlorophyll a concentrations and the nitrogen loads observed to meet these targets) developed by 
the Tampa Bay Estuary Program partners to support seagrass recovery in Tampa Bay. Since 
approval of the TMDL, chlorophyll a thresholds have been met in all four major bay segments, 
with the exception of one year in Lower Tampa Bay and two years in Old Tampa Bay.  Seagrass 
acreage has increased by more than 4,800 acres bay-wide over this same period (Figures 1 and 2). 
 
In December 2007, 40+ public and private participants in the Tampa Bay Nitrogen Management 
Consortium proactively committed to develop an equitable process to propose nitrogen load 
allocations to all sources consistent with the TMDL.  The Consortium participants (Table 1) 
developed a set of nitrogen wasteload and load allocations that equitably distribute the burden of 
nitrogen management across all sectors and sources of nitrogen loading within the basin, as well 
as the total maximum loading of nitrogen to each major bay segment (TBNMC 2010).   In 
September 2009, the Consortium participants finalized their technical process, and proposed TN 
allocations to all 189 point and nonpoint sources within the Tampa Bay watershed. 
 
The technical approach was accompanied by a landmark agreement between government and 
private industry representatives to limit nitrogen pollution in Tampa Bay.  The agreement spells 
out how much nitrogen can enter Tampa Bay through stormwater, air pollution, treated 
wastewater, and industrial discharges through 2012.  The limits will maintain nitrogen loadings to 
the bay at existing levels; additional nitrogen associated with growth must be offset through 
additional pollution controls. 
 
The Tampa Bay Nitrogen Management Consortium’s collaborative approach to meeting water 
quality targets is unique in the country in that public and private nitrogen dischargers worked 
together to define the technical process and nitrogen load limits for each of the sources within the 
watershed.  FDEP and USEPA worked with the Consortium and provided concurrence at each 
major step, but did not lead the Consortium’s process. 
 
The Consortium’s approved technical document, including nitrogen load allocations to each 
source within the watershed, can be found at www.tbeptech.org 
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Figure 1.  Compliance with FDEP-approved annual mean chlorophyll a concentration thresholds for the four 
major bay segments, 1974-2008.  Green= annual chl a concentration at or below threshold values;  red= 
annual chl a concentration exceeds threshold values.  Threshold values:  Hillsborough Bay  15.0 ug/l; Old 
Tampa Bay  9.3 ug/l;  Middle Tampa Bay  8.5 ug/l;  Lower Tampa Bay  5.1 ug/l. Data source: EPCHC. 
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Figure 2.  Seagrass acreage since 1950 in Tampa Bay.  Data source:  SWFWMD. 
 
 
 
Table 1. Tampa Bay Nitrogen Management Consortium Participants 
 
Alafia Preserve (Mulberry), LLC   CF Industries 
City of Bradenton     City of Clearwater 
City of Gulfport      City of Lakeland 
City of Largo      City of Mulberry 
City of Oldsmar      City of Palmetto 
City of Plant City     City of Safety Harbor 
City of St. Petersburg     City of Tampa  
CSX Transportation     Eagle Ridge (Mulberry), LLC 
Eastern Associated Terminals 
Environmental Protection Commission of Hillsborough County 
Florida Department of Agriculture and Consumer Services 
Florida Department of Environmental Protection  Florida Department of Transportation  
Hillsborough County     Kerry I & F Contracting 
Kinder Morgan Bulk Terminals, Inc.   LDC Donaldson Knoll Investments, LLC 
MacDill Air Force Base     Manatee County 
Mosaic Company     Pasco County 
Pinellas County      Polk County 
Southwest Florida Water Management District  Tampa Bay Regional Planning Council 
Tampa Bay Water     Tampa Electric Company 
Tampa Port Authority     Trademark Nitrogen 
Tropicana Products     U.S. Environmental Protection Agency 
Yara North America 
 
Janicki Environmental, Inc. (technical support) 
Tampa Bay Estuary Program (coordinator and facilitator) 
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USING A ‘DECISION MATRIX’ APPROACH TO DEVELOP A FECAL 
COLIFORM BMAP FOR IMPAIRED WATERS IN THE HILLSBOROUGH 

RIVER WATERSHED 
 

G. Morrison, H.N. Swanson, V.J. Harwood, C.M. Wapnick,  
T. Hansen & H.S. Greening 

 
ABSTRACT 

This report provides excerpts from a series of documents that were prepared by the 
authors as part of an FDEP-funded project to develop a basin management action plan 
(BMAP) to address fecal coliform impairments and total maximum daily loads (TMDLs) 
for six impaired stream segments in the Hillsborough River watershed.  The project 
developed and applied a decision-support tool, which is conceptually similar to the 
‘decision matrix’ that is currently used by the Tampa Bay Estuary Program to assess water 
quality in Tampa Bay, to help guide the BMAP process. The decision-support tool is 
based on technical approaches and resource management strategies recommended by the 
World Health Organization (WHO) and the U.S. National Research Council (NRC).  In 
addition to fecal coliform levels and information on the frequency of exceedance of State 
water quality standards, the approach also includes an assessment of the types of fecal 
contaminant sources that may affect each stream segment and an estimate of their 
potential human health risks.  A weight-of-evidence approach based on the ‘Annapolis 
protocol’, which was developed by the WHO to address the limitations of fecal coliforms 
and other bacterial indicators for assessing and managing health risks associated with 
recreational water use, is used to organize and summarize the indicator and source 
category information.  In addition to this application to Class III (recreational) waters, it 
appears that similar conceptual approaches based on the Annapolis protocol could also be 
used for managing health risks of waterborne disease associated with Class I (potable 
supply) and Class II (shellfish harvesting) waters. 

 
BACKGROUND 

From 2006 through 2009 a broadly-based stakeholder group worked to develop a basin 
management action plan (BMAP) to address fecal coliform impairments in six sub-basins within 
the Hillsborough River watershed (HRBWG 2009). The BMAP focuses on reducing fecal 
coliform levels and protecting the health of recreational users of these stream segments, which 
have been designated as impaired by the Florida Department of Environmental Protection (FDEP) 
under the Florida Watershed Restoration Act (FWRA) (Chapter 403.067, Florida Statutes) and the 
Impaired Surface Waters Rule (IWR) (Rule 62-303, Florida Administrative Code), and for which 
total maximum daily loads (TMDLs) have been established. 

 
The Hillsborough River BMAP was developed using an adaptive management approach applied at 
a watershed scale. Most of the public and private sector organizations participating in the BMAP 
process are also active members of the Tampa Bay Nitrogen Management Consortium, which was 
initiated in 1998 under the auspices of the Tampa Bay Estuary Program (TBEP). The consortium’s 
success in using a collective approach to maintain nitrogen loads to Tampa Bay at or below target 
levels was the model used by the Environmental Protection Commission of Hillsborough County 
(EPCHC) in proposing a Watershed Management Initiative (WMI) for waterbodies in 
Hillsborough County in 2005. When the Florida Department of Environmental Protection (FDEP) 
approved a number of TMDLs in 2006, the affected parties in the Hillsborough River Basin and 
FDEP accepted the WMI concept as an appropriate framework for BMAP development. 

 
For administrative purposes the BMAP stakeholders are organized as two working groups. The 
Technical Stakeholders (TS) group is open to all interested parties, and is primarily comprised of 
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technical staff from local, regional, state, and federal government agencies and private sector 
organizations. It collates and evaluates water quality data and other pertinent information, and 
develops resource management options based on that information. These technical and resource 
management options are then evaluated by FDEP and presented to the Basin Working Group 
(BWG), whose members have been authorized by the organization they represent to select 
preferred management actions which will be implemented through the BMAP to achieve the 
relevant TMDLs.  Organizations participating in the Hillsborough River BWG included each of 
the cities and counties in the watershed, the EPCHC, several state agencies (Florida Agriculture 
and Consumer Services, FDEP, Florida Department of Transportation), the Southwest Florida 
Water Management District, the TBEP, and staff from two universities (University of Florida and 
University of South Florida). 
 

PROJECT AREA 
The BMAP addresses the following six hydrologic units (identified by their “water body IDs” or 
WBID numbers), whose locations are shown in Figure 1: 

• Blackwater Creek (WBID 1482), located in northern Hillsborough County, is 13.6 miles 
long, has a 113 square-mile drainage area, and discharges to the Hillsborough River; 

• New River (WBID 1442), located in southeastern Pasco County and northern 
Hillsborough County, is 11.1 miles long, has a 20.9 square mile watershed, and discharges 
to the Hillsborough River; 

• Spartman Branch (WBID 1561), located in north-central Hillsborough County and the 
City of Plant City, is 4.5 miles long, has a 27.4 square-mile watershed, and discharges to 
Pemberton Creek, which is a tributary of Baker Creek and Lake Thonotosassa;. 

• Baker Creek (WBID 1522C), located in north-central Hillsborough County, is 2 miles 
long, also has a 27.4 square-mile watershed, and discharges to Lake Thonotosassa, which 
is a tributary of the Hillsborough River via Flint Creek; 

• Flint Creek (WBID 1522A) has a >60 square mile watershed which includes the Spartman 
Branch, Lake Thonotosassa and Campbell Branch sub-basins.  The creek is 2.3 miles 
long, extending from Lake Thonotosassa to the Hillsborough River; and 

• Lower Hillsborough River (WBID 1443E), located in the City of Tampa between Sulphur 
Springs and the river mouth, has a length of 7.8 miles and a 675 square-mile watershed 
which includes all the WBIDs listed above. 

 
TECHNICAL ISSUES AFFECTING THE USE OF FECAL COLIFORMS AS 

INDICATORS OF WATER QUALITY AND HUMAN HEALTH RISK 
While regular monitoring of fecal coliform bacteria or other microbial indicator organisms (IOs) is 
a key component of the water quality management process, the monitoring data must be 
augmented with other types of information to provide a comprehensive framework for managing 
microbial water quality and protecting human health. Health risks associated with exposure to 
pathogens in recreational waters have been investigated under a variety of environmental 
conditions in a number of geographic areas on a worldwide basis (summarized by NRC 2004; 
WHO 2003, 2005; EPA 2007). However, it is difficult to detect human pathogens, particularly 
viral and protozoan pathogens, in water samples collected from recreational waters. Methods for 
detecting and identifying many infectious viruses or parasites are often expensive and technically 
complex to perform, when they exist at all. Tests for bacterial pathogens are more readily 
available, but these organisms typically have specialized nutritional requirements and 
susceptibilities to environmental stresses that make this task difficult as well (WHO 2003; NRC 
2004). 
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As a result, water quality monitoring programs have traditionally relied on the detection of fecal 
(or “thermotolerant”) coliform bacteria, or other easily-monitored IOs, to indicate the potential 
presence of fecal contamination and its associated human health risks (e.g., Alonso et al. 1999). 
However, many questions exist concerning the effectiveness of these IOs as health risk indicators, 
and a number of environmental and physical factors are known to affect their usefulness for this 
purpose (WHO 2003; NRC 2004).  
 
In response to the known limitations of fecal coliforms and other existing IOs, the U.S. EPA 
recently convened a “state of the science” workshop of technical and regulatory experts to 
evaluate the future use of indicator bacteria and other IOs in recreational water quality criteria 
(EPA 2007). The purpose of the workshop was to provide information to EPA concerning the 
“critical path research and science needs for developing scientifically-defensible new or revised… 
recreational ambient water quality criteria (AWQC) in the near term.” Near-term activities were 
defined as those that could be accomplished in 2 to 3 years, so that results would be available to 
EPA in time to support the development of updated criteria. The new criteria, which EPA hopes to 
develop by 2012, “must be scientifically sound, protective of the designated use, implementable 
for broad Clean Water Act purposes, and when implemented, provide for improved public health 
protection” (EPA 2007). 
 
Given the limitations of the existing IO-based water quality criteria, and the fact that the U.S. EPA 
is currently working to revise and strengthen them, it is clear a water quality management strategy 
that relied solely on compliance with the existing IOs and criteria as a means to minimize human 
health risks in recreational waters would have a number of drawbacks. Several of those drawbacks 
have been summarized by the WHO (1999, 2003) and the NRC (2004): 

• If management actions are implemented only in response to exceedances of the existing 
IO-based criteria, those actions will often be reactive (implemented following human 
exposure to potential health hazards) rather than proactive or preventive; 

• In terms of the human health risks posed by fecal contamination of recreational waters, the 
highest risks are usually associated with human fecal material. Due to the “species barrier” 
(the reduced ability of a pathogen from one host species to infect individuals of a different 
host species), which affects the transmission of many pathogens, the density of pathogens 
of public health importance is generally assumed to be lower in non-human than in human 
excreta. Waters that have come into contact with non-human fecal material (e.g., from 
sources such as livestock, birds and wildlife) are thus thought to pose a lower risk to 
human health; 

• Nevertheless, there are human health risks associated with pollution of recreational waters 
from animal sources, and some pathogens, such as Cryptosporidium parvum, 
Campylobacter spp. and E. coli O157:H7 can be transmitted through this route. Local 
knowledge of possible sources and environmental pathways of animal pathogens to 
humans should therefore be a component of the management effort; 

• In addition to human and non-human fecal sources, coliform bacteria and several other 
currently-used IOs can arise from a number of non-fecal sources (e.g., soils, vegetation), 
particularly in sub-tropical and tropical waters (e.g., Fujioka 2001; NRC 2004), reducing 
their reliability as indicators of human health risk; 

• Health risks posed by recreational waters typically show gradients of severity, correlated 
with the types and densities of pathogens present at different locations. Given the 
limitations of the existing IOs, in many circumstances these risks may not be adequately 
characterized by IO monitoring data alone. 
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THE “ANNAPOLIS PROTOCOL” ASSESSMENT APPROACH 
To help address these limitations the World Health Organization and the U.S. EPA co-sponsored 
an international workshop, which was held in Annapolis, Maryland, to develop improved 
strategies for managing the microbial quality of recreational waters (WHO 1999, 2003). The 
workshop produced an innovative information assessment framework, designated the “Annapolis 
protocol”, which combines quantitative IO counts (provided by water quality monitoring 
programs) with site-specific evaluations of the potential health risks posed by local IO sources 
(provided by “sanitary inspections” or “contaminant source surveys”) to classify recreational 
waters based on their estimated suitability for whole-body contact.  An overview of the “decision 
matrix” site assessment framework used in the Annapolis protocol is provided in Table 1. 

 
The Annapolis protocol provides a technically-sound conceptual approach for managing human 
health risks among recreational water users (NRC 2004; U.S. EPA 2007), but some modifications 
are needed to make it applicable to Florida waters. For example, the protocol uses enterococci as 
the IOs on which the microbial water quality assessment is based, while fecal coliforms are the 
IOs that are currently used to assess the microbial quality of Florida’s recreational waters. Also, 
the protocol uses the 95th percentile IO value observed at a monitoring site to determine IO 
exceedances, while monitoring sites in Florida are evaluated by FDEP based on the percentage of 
samples that exceed the state’s 400 CFU/100 mL fecal coliform criterion (Chap. 62-303, Florida 
Administrative Code). 

 
In addition, the “sanitary inspection” categories outlined in the protocol, while conceptually 
useful, de-emphasize management responses to situations in which non-human fecal sources may 
pose health risks in recreational waters. Adjustments need to be made to these categories to 
address situations in which non-human fecal sources (e.g., livestock, which are potential sources 
of Giardia and Cryptosporidium infections) are also an issue of concern for local resource 
managers. 

 
In order to address these issues, the Hillsborough River BMAP participants developed a modified 
version of the WHO (2003) assessment matrix (TCC 2008), which was then applied to the six 
impaired WBIDs in the Hillsborough River basin (PBS&J 2008). 

 
A MODIFIED MATRIX FOR USE IN THE HILLSBOROUGH RIVER WATERSHED 

The site assessment approach developed for the Hillsborough River BMAP involves the following 
steps: 

• First, microbial water quality conditions within each WBID are categorized based on fecal 
coliform concentrations observed in the available monitoring data; 

• For characterization purposes, each sampling station within a WBID is assigned to a 
microbial water quality assessment (MWQA) category.  The MWQA categories are 
symbolized as letter grades (A through E) reflecting how frequently the State’s fecal 
coliform criterion of 400 CFU/100 mL is exceeded at a given site.  Because sites with 
higher frequencies of criterion exceedances also tend to exhibit higher overall 
concentrations of fecal coliforms and enterococci, based on long-term monitoring data 
provided by the EPCHC (EPCHC; Figure 2), MWQA categories A through E also 
represent progressively higher indicator organism concentrations and increasing levels of 
potential human health risk; 

• Next, for sites at which more than 10% of the samples exceed the State’s 400 CFU/100 
mL criterion, contaminant source surveys (CSS) are carried out in order to identify the 
types of probable sources that could contribute to the elevated bacterial concentrations 
occurring at the site and to characterize their potential human health risks; 
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• Following the concepts outlined in the Annapolis protocol, each surveyed site is placed in 
a CSS category (ranging from “very low” to “very high” levels of potential risk; see 
below) reflecting the types of probable bacterial sources found in the vicinity of the site 
and the estimated likelihood that those sources pose human health risks; 

• Following a “phased monitoring” concept recommended by the NRC (2004), the intensity 
of CSS investigation that a site receives is based on its MWQA classification.  That is, 
sites that exhibit more frequent (and higher magnitude) exceedances of the State’s 400 
CFU/100 mL fecal coliform criterion (e.g., sites in MWQA categories C, D or E) are 
subject to more intensive CSS investigations than sites exhibiting less frequent (and lower 
magnitude) exceedances;    

• Once the MWQA and CSS analyses are completed, each site receives a two-part 
classification (summarized in Table 2), based on the MWQA and CSS categories into 
which it has been placed; 

• These classification outcomes can be provided to policy-makers and the public, along with 
a summary of the management actions that have been implemented in the impaired 
WBIDs and any changes in water quality that have occurred there. 

 
The modified assessment matrix is shown in Table 2. Following the approach used in the Tampa 
Bay water quality decision matrix (e.g., Sherwood 2009), cells in the modified matrix are color-
coded (green, yellow, orange, red or magenta) to provide a visual indication of the gradient of 
potential human health risks associated with different matrix outcomes. The “sanitary inspection” 
component of the matrix - which is used to rank sites based on the types and magnitudes of 
potential fecal contaminant sources observed in their hydrological catchments - has been revised 
to incorporate non-human fecal sources and has been renamed the “contaminant source survey” 
(CSS) component in the modified matrix. The CSS categories developed for the Hillsborough 
River WBIDs have been defined as follows (PBS&J 2008) to provide a qualitative assessment of 
the likelihood that fecal contamination posing human health risks would be encountered by 
recreational users at a given site: 

1. Very Low: No visual evidence of potential sources of human pathogens; natural 
environment; no or minimal anthropogenic land uses; wildlife present (any density); 

2. Low: Low density agricultural and residential sources, including pets, livestock (without 
direct access to surface waters), or poultry operations; residences on septic systems; 

3. Moderate: Urban stormwater sources (including pet waste) present; well-functioning 
wastewater infrastructure (both sewer and septic); episodic/low volume sanitary sewer overflows 
(SSOs) reaching surface waters; moderate-density livestock with little direct access to surface 
waters; Class A residual and/or septage spreading areas may be present; 

4. High: Major stormwater outfalls present; history of failing wastewater infrastructure 
(central sewer or onsite systems); episodic or chronic/high volume SSOs reaching surface waters; 
concentrated livestock without direct access to surface waters; residual/septage spreading (Class 
B) may be present; and 

5.  Very High: Current failing wastewater infrastructure; chronic/high volume SSOs reaching 
surface waters; concentrated livestock with direct access to surface waters; evidence of direct 
sewage inputs (e.g., confirmed illicit discharges). 

 
MICROBIAL SOURCE TRACKING (MST) FINDINGS 

Because the Hillsborough River BMAP was a FDEP-supported pilot study, state funds were also 
available to support the collection and analysis of microbial source tracking (MST) data at a 
number of project sites, providing additional information on possible IO sources and their 
potential health risks. As noted earlier, epidemiological evidence indicates that, as a general rule, 
water contaminated by human fecal material poses a substantially higher risk to public health than 
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water contaminated by fecal material from non-human organisms (WHO 2003; NRC 2004).  
Among non-human sources, livestock and household pets are thought to pose the next highest 
levels of risk.  This is due to their periodic excretion of potential human pathogens (e.g., Giardia, 
Cryptosporidium, and several pathogenic bacteria), and the fact that bacterial pathogens excreted 
by these animals can exhibit resistance to antibiotics that are commonly used in human and 
veterinary medicine.  Wildlife species can also act as sources of Giardia, Cryptosporidium and 
other human pathogens.  However, wildlife populations are usually present at lower densities than 
livestock or pets in many agricultural, suburban and urban areas, and are not treated with the 
antibiotics that can encourage the development of antibiotic-resistant strains.  Under most 
circumstances the presence of fecal material from wildlife sources in recreational waters is 
therefore thought to represent a lower risk to human health than the other source categories (WHO 
2003; NRC 2004). 
 
Several biological MST markers were used in the Hillsborough River project (PBS&J 2008) to 
identify sources of fecal contamination, including: 

• Human polyomavirus (HPyV), a nonpathogenic virus with a high carrier rate among 
humans; 

• A genetic marker for a bacterial virulence factor (an enterococcal surface protein [esp] 
found in the bacterium Enterococcus faecium) which is specific to human sources (PBS&J 
2008); and 

• Genetic markers for human-specific, ruminant-specific and horse-specific forms of 
Bacteroidetes, a family of anaerobic bacteria found in human and animal intestines (and 
which includes the well-known genus Bacteroides); 

 
The presence of one or more of these markers in surface water samples provides evidence of 
contamination by human, horse, or ruminant (e.g., cattle, deer) fecal sources. The percentage of 
sampling dates on which the human, horse, and ruminant-specific markers were detected can be 
used to estimate the relative frequency of fecal contamination from these sources at a given site. 
 
Markers for additional livestock-related sources, such as hogs or poultry, were not included in the 
MST study.  It appears that neither of these species is currently raised on a commercial scale in the 
project area.  However, chicken manure is applied to pasturelands as a fertilizer source and soil 
amendment in portions of the Blackwater Creek WBID, and inclusion of a marker capable of 
identifying this source (if available) would be appropriate if future MST studies are conducted in 
the basin. 
 
Because of the generally higher public health risk posed by human fecal material, monitoring 
locations exhibiting high frequencies of one or more of the human markers (HPyV, esp, or human-
specific Bacteroides) should be given the highest priority for follow-up management actions to 
identify and address specific contaminant sources.  Locations showing elevated frequencies of the 
ruminant specific or horse-specific Bacteroides markers should be given the second highest 
priority.  Because the ruminant-specific Bacteroides marker may be an indicator of a wildlife-
based (e.g., deer) source, additional information will be needed to confirm the types of sources 
present at locations showing high frequencies of this marker. 
 
At locations where the CSS provides no evidence of human or livestock-based sources of fecal 
contamination, wildlife or other environmental factors are assumed to be the primary sources of 
any indicator bacteria or ruminant-specific MST markers observed in monitoring data.  These 
locations can be given the lowest priority for follow-up management action, and it is assumed that 
under most circumstances no actions will be taken to address wildlife sources affecting Class III 
waters. 
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WEIGHT-OF-EVIDENCE ASSESSMENT RESULTS 
A prioritized list of WBIDs, and of MST monitoring locations within WBIDs, which was 
produced using a weight-of-evidence approach combining all the information outlined above, is 
shown in Table 3.  Within a WBID, individual monitoring sites were ranked from higher to lower 
priority based on classification matrix (TCC 2008) outcomes, which were determined using CSS 
category assignments and MWQA scores, and on the percentage of samples showing evidence of 
the human-specific or ruminant-specific markers (PBS&J 2008).  (Confirmed detections of the 
horse-specific Bacteroides marker were uncommon in this study, occurring only once each in 
samples from the Spartman Branch and Blackwater Creek WBIDs, and were therefore not used in 
the prioritization process.)  Summaries of the most probable sources of fecal contamination (as 
reported by PBS&J 2008) and recommended management actions for each site are provided in 
Table 4.  
 
Among six WBIDs examined in this project, the Lower Hillsborough River (WBID 1443E) 
appears to be the highest priority for follow-up management action.  This section of the river 
receives a great deal of recreational use, had a large number of sites falling in CSS category 4 and 
generated the largest mean CSS rating in the updated surveys, exhibited high frequencies of 
human MST markers at several monitoring sites, and appears to receive inputs from a number of 
sources of human fecal contamination.  Sanitary sewer infrastructure, malfunctioning septic 
systems, homeless residents and stormwater sources appear to be the highest priorities for 
management action in this WBID (Table 4a). 
 
The Blackwater Creek (WBID 1482) and Baker Creek (WBID 1522C) WBIDs form a second 
priority group, with a preponderance of MST monitoring sites falling in CSS categories 3 and 4 
and high frequencies of human and ruminant fecal markers detected at several locations.  The 
Hillsborough River Reservoir, a Class I waterbody from which public supply withdrawals are 
made by both the City of Tampa and Tampa Bay Water, is located downstream of these WBIDs.  
In addition, Baker Creek also discharges to Lake Thonotosassa, a highly-eutrophic Class III 
waterbody that is on the State’s Surface Water Improvement and Management (SWIM) priority 
list due to poor water quality (FDEP 2005).  Primary sources of MST markers in the Blackwater 
Creek WBID appear to be septic systems, livestock, and discharges of treated effluent from either 
publicly or privately owned wastewater treatment plants, while malfunctioning septic systems and 
livestock appear to be the primary sources of markers detected at sites in the Baker Creek WBID 
(Table 4b). 
 
The Flint Creek (WBID 1522A), Spartman Branch (WBID 1561) and New River (WBID 1442) 
WBIDs form a lower priority group, with most MST monitoring sites classified in CSS group 2 
but with elevated frequencies of human and ruminant fecal markers sporadically detected at some 
locations (Table 4c).  All three discharge to the Class I Hillsborough River Reservoir.  Sources in 
the Flint Creek WBID have not yet been clearly defined but appear to include a mixture of human, 
agricultural, and wildlife contributions.  Primary sources in the New River WBID appear to be 
septic systems, livestock and wildlife.  A mixture of human and wildlife sources are suspected in 
the Spartman Branch WBID. 
 
Regardless of the priority group in which a WBID falls, it is recommended that significant human 
and livestock fecal sources identified at any of the MST monitoring locations should be addressed 
as a means of reducing pollutant loads to downstream receiving waters such as the Hillsborough 
River Reservoir and Tampa Bay. 
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BMAP MANAGEMENT ACTIONS AND PROJECTS 
An important result of the BMAP process in the Hillsborough River Basin has been the very high 
level of local stakeholder participation and commitment. Enhanced communication and 
cooperation among basin stakeholders will have benefits beyond the BMAP. Together, 
stakeholders identified solutions to several of the basin’s water pollution issues and are taking 
active steps toward achieving those solutions. 
 
Signatories to the BMAP share a common goal of restoring the designated uses of impaired 
waterbodies in the Hillsborough River Basin. Their management actions/projects, including more 
than 75 specific projects identified in the BMAP, are anticipated to improve water quality within 
the impaired waterbodies. These management actions/projects cover a wide variety of pollutant 
sources and are categorized as follows: 
 

• Basic Stormwater Management Programs; 
• Education and Outreach Efforts; 
• Agricultural BMPs; 
• Regulations, Ordinances, and Guidelines; 
• Special Studies, Planning, Monitoring and Assessments; 
• Restoration and Water Quality Improvements; and 
• Wastewater Infrastructure Management. 

 
A generic summary of the number of projects by category and WBID is provided in Table 5. 
Individual projects may apply to more than one management category, and the numbers and types 
of projects vary from WBID to WBID. Basinwide management actions/projects are assumed to 
apply to all WBIDs. More detailed project information is provided in the BMAP document 
(HRBWG 2009) and supporting information, which is available through the FDEP website 
(http://dep.state.fl.us/water/watersheds/bmap.htm). 
 
Considerable effort has been expended by the BMAP partners to understand the locations and 
types of potential fecal contaminant sources in the six WBIDs included in the BMAP project. 
Even so, the precise source(s) of fecal IOs and MST markers are still not well understood for some 
locations. Consequently, projects and actions identified in the BMAP also include continuing 
source identification efforts, and efforts to determine whether sources are primarily anthropogenic 
or animal based. 
 

PROGRAM EVALUATION AND TRACKING 
BMAP implementation will be a long-term process. Many unknowns remain with respect to fecal 
coliform sources, and the TMDLs established for the basin’s rivers and creeks may not be 
achieved in the near term. However, several initial management actions/projects taken to identify 
and address sources of fecal coliform bacteria and fecal contamination have been successful. 
 
In the initial phase of BMAP implementation the TS is tracking its projects and continuing to 
monitor water quality in the six WBIDs of interest (through existing water quality monitoring 
programs) to ensure that BMAP projects are carried out and to measure their effectiveness. The TS 
and BWG plan to meet annually to discuss implementation issues, consider new information, 
determine whether additional management actions or projects are needed in some locations, 
document progress, and summarize this information for forwarding to FDEP. 
 
If significant changes have occurred during the year, a progress report will be created to discuss 
those changes and highlight potential alternatives for TMDL and BMAP implementation. Each 
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entity responsible for carrying out management actions/projects as part of the BMAP will submit 
information to the TBEP for incorporation into the progress report for submittal to the BWG and 
FDEP. The progress report will track the implementation status of any management 
actions/projects listed in the BMAP and document additional management actions/projects 
undertaken to further the water quality improvements in the basin. 
 
As part of the BMAP development effort, the BWG has designed a water quality monitoring 
program which will be used to determine if water quality is improving and TMDLs are being met. 
Observations of water quality conditions and trends provided by the monitoring program will be 
reported to the BWG and FDEP as part of the annual BMAP meeting. The water quality data will 
be used to support the adaptive management process, assess projects, and identify possible needs 
for new management strategies or actions. A more complete analysis of trends in progress towards 
achieving designated uses in each of the impaired WBIDs will be made on a five-year basis, 
corresponding with FDEP’s watershed management cycle. 
 
In addition to this application to Class III (recreational) waters, it appears that similar conceptual 
approaches based on the Annapolis protocol could also be used for managing waterborne health 
risks associated with Class I (potable supply) and Class II (shellfish harvesting) waters. To do so, 
modifications would need to be made to the MWQA and CSS classification systems shown in 
Table 2 to better reflect the different types of potential health risks associated with those 
waterbody uses. 
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Figure 2.  Geometric mean fecal coliform (upper panel) and geometric mean enterococci (lower panel) 
concentrations at the EPCHC monitoring stations shown in Figure 5.  MWQA categories A through E were 
defined using the exceedance frequency break points of 10%, 30%, 50% and 75% described in Table 2.  
(Source: TCC 2008)  
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Table 3.  Priority rankings for further management action (from higher to lower priority) of WBIDs and 
assessment sites within WBIDs, based on classification matrix outcomes (using CSS and MWQA categories), 
and frequencies of MST marker detection.  Site classifications are color-coded, ranging from green (least 
potential for human health risk) to purple (greatest potential for human health risk); sites in gray represent those 
areas where the CSS and MWQA scores provide different assessments and require further evaluation (TCC 
2008).  Only stations with MST data are included.  (Source: PBS&J 2008) 
 

      
Human Fecal Markers 

Ruminant Fecal 
Marker 

Sub-Basin WBID Monitoring 
Location 

Updated 
Classi-
fication 
Matrix 

Outcome 

Sample 
Size (n) 

for 
Updated 
MWQA 

Score 

No. 
Sampling 

Dates 

% 
Dates 

Marker(s) 
Detected 

No. 
Sampling 

Dates 

% 
Dates 

Marker 
Detected 

DHR4A D5 5 5 100 % 5 20 % 
HR3 D4 8 5 80 % 5 20 % 

DHR5 D4 8 2 50 % 2 0 % 
DHR8 D3 5 4 50 % 4 0 % 
HR2 C4 8 3 67 % 3 0 % 
HR4 C4 8 3 67 % 3 0 % 

DHR7 C3 5 5 60 % 5 60 % 
DHR6 C3 6 3 33 % 3 0 % 
DHR9 C3 3 2 0 % 1 0 % 

HR1 REF B3 8 3 100 % 8 0 % 
HR5 B3 8 5 60 % 5 0 % 

DHR10 A4 2 1 100 % 1 0 % 

Lower 
Hillsborough 

River 

1443E 

DHR4B A4 1 1 0 % 1 0 % 
BW3 D4 4 4 75 % 1 0 % 
BW2 D4 8 3 67 % 3 100 % 
BW4 C3 2 1 0 % 1 0 % 

DBW4 A3 7 1 100 % 1 0 % 
BW5A A3 2 2 50 % 2 0 % 
BW5 A3 2 1 0 % 1 0 % 

Blackwater 
Creek 

1482 

BW1 REF A2 8 7 43 % 6 17 % 
BK2 D3 8 6 67 % 6 67 % 
BK1 C3 8 7 57 % 7 29 % 
BK3 C2 6 2 50 % 2 0 % 
BK4 A4 1 1 100 % 1 0 % 

Baker 
Creek 

1522C 
 

BK5 A3 2 2 100 % 2 0 % 
FL2 C2 8 6 50 % 6 0 % 
FL1 C2 8 5 20 % 5 0 % 

Flint 
Creek 

1522A 

FL3 A3 8 6 33 % 6 0 % 
SB1 D3 6 6 17 % 6 0 % 
SB2 D2 7 5 20 % 6 0 % 

DSB3 C2 5 2 0 % 2 50 % 

Spartman 
Branch 

1561 

SB3 B2 8 4 25 % 4 0 % 
NR2 C3 7 7 29 % 7 29 % 
NR1 C3 6 2 0 % 2 50 % 

New River 1442 

NR3 C3 4 2 0 % 2 50 % 
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Table 5.  Numbers of projects to be conducted by BWG members to implement the 2009 BMAP, by waterbody 
and project type. (Source: HRBWG 2009) 
  

Waterbody Project Category Number 
of Projects 

 
Blackwater Creek 
(WBID 1482) 

 
Basic Stormwater Management Program 
Education and Outreach Efforts 
Agricultural BMPs 
Regulations, Ordinances and Guidelines 
Special Studies, Planning, Monitoring and Assessment 
Restoration and Water Quality Improvement 
Wastewater Infrastructure Management 

 
3 
5 
2 
6 

12 
4 

13 
 
New River 
(WBID 1442) 

 
Basic Stormwater Management Program 
Education and Outreach Efforts 
Agricultural BMPs 
Regulations, Ordinances and Guidelines 
Special Studies, Planning, Monitoring and Assessment 
Wastewater Infrastructure Management 

 
2 
4 
1 
2 
9 
7 
 

 
Spartman Branch (WBID 1561), 
Baker Creek (WBID 1522C), and 
Flint Creek (WBID 1522A) 

 
Basic Stormwater Management Program 
Education and Outreach Efforts 
Agricultural BMPs 
Regulations, Ordinances and Guidelines 
Special Studies, Planning, Monitoring and Assessment 
Wastewater Infrastructure Management 

 
2 

10 
1 
1 
5 

13 
 
Lower Hillsborough River 
(WBID 1443E) 

 
Basic Stormwater Management Program 
Education and Outreach Efforts 
Regulations, Ordinances and Guidelines 
Special Studies, Planning, Monitoring and Assessment 
Restoration and Water Quality Improvement 
Wastewater Infrastructure Management 

 
15 
10 
1 
7 
3 

12 
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INDUSTRIAL STORM RUNOFF AND FLORIDA RECEIVING WATERS:  
ADEQUACY OF DATA FOR WATERSHED PLANNING 

 
L.D. Duke 

 

ABSTRACT 
Effective decision-making for watershed planning and the BMAP (Basin Management Action 
Plan) process, in urban or industrialized watersheds, needs to include realistic estimates of 
pollutant loads originating with industrial storm runoff. This research investigates the 
sufficiency of available data on pollutants in industrial runoff, using: 1) statewide data about 
compliance with requirements under the NPDES program of the U.S. Clean Water Act; 2) 
information about municipal programs in various parts of Florida; and 3) a telephone survey 
of a sample of facilities in Pinellas County. Results demonstrated that a small portion of 
industrial facilities subject to NPDES stormwater regulations in Florida comply with the basic 
requirements of self-identification and monitoring of a limited number of constituents in 
facility runoff. Among those that self-identify, exemptions and allowed exclusions allow most 
to avoid monitoring. Data are insufficient to form a reasonable estimate of loadings to 
receiving waters or to reliably identify the location of the largest potential sources in any 
given watershed. Municipal programs in various parts of Florida are very unevenly 
implemented. Some watersheds have effective information and institutions in place to reduce 
pollutants if needed, while others have neither. Examples of active and effective outreach and 
technical support include Hillsborough County’s efforts for the Port of Tampa and 
Jacksonville’s inspection program for all industrial facilities. Other municipalities implement 
a diligent best-judgment effort to focus on facilities considered likely to contribute pollutants 
to receiving waters. Others implement the minimum activities that satisfy regulations. Finally, 
interviews with industrial facility operators suggest a few use monitoring data to identify and 
reduce pollutants in runoff, but many do not. Many newer facilities escape monitoring 
requirements by discharging to on-site retention or detention ponds, and do not substitute site-
specific observations that would characterize pollutants that may enter groundwater.  
 

INTRODUCTION 
Regulations for industrial stormwater under the NPDES (National Pollutant Discharge Elimination 
System) program include, among other things, requirements for industrial facilities to monitor their 
discharges to quantify chemical constituents and possible pollutants in their facility’s runoff. In most 
states of the U.S., state agencies implement NPDES, subject to oversight by the U.S. Environmental 
Protection Agency (USEPA).  States vary in the kind of monitoring required, the frequency with 
which the regulated community is required to monitor, and the uses to which they put the resulting 
data, as well as other features of the implementation. In Florida, NPDES is implemented by the 
Florida Department of Environmental Protection (FDEP), which specifies monitoring requirements 
subject to approval by USEPA. Data acquired about constituents in industrial storm runoff via 
monitoring by the regulated community could be helpful in programs to protect watersheds, 
especially watersheds with extensive urban development and substantial proportions of industrial land 
uses. Information on loads of various constituents to Tampa Bay could be extremely useful in efforts 
by the Tampa Bay Estuary Program (TBEP), and others, to protect or restore the Bay’s natural 
aquatic systems. 
 
It is not clear that information gathered under the monitoring portion of NPDES is successful at 
providing data for any watershed planning purpose in the Tampa Bay watershed. A variety of factors 
limits the extent, representativeness, and reliability of the data collected, including exemptions for 
some facilities; loose guidelines that lead to very different data collection protocols, so that data 
cannot be aggregated in a meaningful way; guidelines designed to reduce the burden on businesses 
leading to very infrequent data collection; and highly incomplete compliance among the regulated 
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community. This paper explores the possible usefulness of data on stormwater runoff constituents 
collected under NPDES, and the reasons for which those data as currently collected are inadequate to 
meet any of the useful purposes intended under the regulations or identifiable as possible goals of 
watershed management agencies. 
 
Possible Uses of Industrial Runoff Monitoring Data- 

A. Identification of high polluting facilities allowing agencies to focus outreach or regulatory 
efforts on facilities where the greatest pollutant reduction may be gained. 
Purpose stated in MS4 and MSGP permits: FDEP 2004; FS 2000b; FDEP 2005 
 

B. Documentation of facilities’ improvement in polluted discharges allowing agencies to verify 
progress in reducing loads to receiving waters 
Purpose stated in MSGP: FDEP 2004; USEPA 1998a 
 

C. Facility operators’ self source identification and quantification supporting future decisions 
about new equipment, operational changes, or other measures to reduce pollutant loads in 
runoff  
Purpose stated in MSGP: FDEP 2004; USEPA 1998a 
 

D. Assessment of pollutant loads to receiving waterbodies from industrial facilities in a given 
watershed 
For use in TMDLs, BMAPs, watershed protection planning, etc. 

 
Possible Use A: Identification of High-Polluting Facilities--- It is reasonable to expect that some 
industrial facilities generate greater loads of specific constituents in their runoff than other facilities, 
by the nature of industrial activities: plants that handle substantial quantities of various chemicals, in 
equipment exposed to stormwater, are likely to have some of those substances enter the stormwater, 
while other facilities with only indoor activities such as assembly likely will have much less. The 
NPDES regulations for stormwater, like those for wastewater, recognize this variation (USEPA 
1998a; USEPA 1998b). Monitoring results would be of value to local watershed managers if they 
were able to identify those facilities in a given watershed where runoff loads of a particular pollutant 
were higher than at other facilities. Agencies could then focus their time and resources for outreach, 
compliance, and enforcement on the “high-polluting” facilities to get the best return on resources in 
their efforts to reduce loads of selected constituents that may be causing problems in receiving waters. 
In Florida, the NPDES permits held by municipalities for discharges from municipal separate storm 
sewer systems (MS4s) in fact recognize this feature. The MS4 permits specify that permittees identify 
“high priority facilities” as part of their pollutant reduction programs. (FDEP 2005; Cross and Duke 
2008). Reliable and complete monitoring data about discharges from facilities subject to the MSGP 
would facilitate that effort. 
 
A single problem of the MSGP as currently implemented is sufficient to render it incapable of 
supporting that purpose. Compliance by the regulated community is known to be highly incomplete, 
including in the number of facilities that are identified as subject to the regulations and therefore 
complete any of the requirements. The structure of NPDES stormwater regulations is such that 
facilities self-identify, which leads to very poor understanding of the number of businesses subject to 
the regulations (Duke et al. 1999); and has led also to an unquantified, but very small, proportion of 
facilities complying with even the initial step of identifying themselves. Research has estimated the 
non-complying proportion at between 75% and 90% of those regulated (Duke and Shaver 1999; Duke 
2001). Industries within the Tampa Bay watershed are no exception. Figure 1 shows results of 
research for Pinellas County industrial facilities (Cross and Duke 2008), which found the proportion 
of compliance to be between 10% and 25% of facilities required to comply in four targeted industrial 
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sectors. The estimate varies somewhat between industrial sectors and depending on interpretation of 
each facility’s duty to comply, but each of the estimates suggests a startlingly small proportion of the 
regulated community is in fact acting to comply with regulations. The low compliance perhaps 
reflects in part resource limitations on the implementing agencies, who find the need to focus 
enforcement efforts on regulations with more direct and more powerful immediate impacts on the 
environment. In any case, few facilities in a typical urban watershed are actively complying with any 
of the permit, and therefore those conducting monitoring constitute quite a small proportion of those 
discharging stormwater associated with industrial activities. We cannot say with any confidence that 
the facilities with the greatest discharge of any pollutant of interest would be included in the small 
proportion conducting monitoring, so the monitoring program is not of value for this purpose.  
 
Possible Use B: Documentation of facilities’ improvement--- The MSGP specifies that another 
potential use of monitoring data is to allow agencies to determine any changes over time (FDEP 
2004). That is a rational goal even if only a small number of facilities comply, because if FDEP or 
local agencies should identify facilities known or suspected to discharge pollutants in amounts that 
cause problems for receiving waters, they can use the regulations as a tool to verify changes over 
time.  
 
However, facilities that do comply with the permit, and do conduct sampling in accordance with the 
permit requirements, do not generate sufficient data for this purpose because the Florida MSGP can 
be satisfied with very limited sampling. Table 1, adapted from Gleaton (2006), shows three types of 
monitoring required by complying facilities. The most frequent requirement is visual monitoring: 
facility operators are required to look at their stormwater discharges and report whether they see 
anything of concern.  If they see anything suggesting further data would be advisable, they are 
expected to then collect a sample for laboratory analysis. Facility operators are considered to be in 
compliance if they report they have in fact visually observed their runoff once every three months. 
Visual examinations are intended to “provide a simple and inexpensive means of obtaining a rough 
assessment of stormwater quality at the facility” (Gleaton 2006, from USEPA 1999), and might detect 
such trends, but of course those results are limited to gross pollutants clearly visible at a glance and 
are not useful for identifying changes in chemical composition. 
 
 
Table 1. Monitoring requirements under the Florida multi-sector general permit for stormwater discharges 
associated with industrial activity (FDEP 2004).  From Gleaton (2006). 
 

Monitoring  Sampling Frequency  

Visual Quarterly through the duration of the permit 

Analytical  Quarterly sampling during the 2nd and 4th year of the 5-year permit (with exceptions) 

Compliance Annually 

 
 
Analytical monitoring, in which facility operators collect a sample of runoff and have it tested for 
chemical constituents, is conducted very infrequently. The specified procedures, which is to collect a 
grab sample from any given storm (of rainfall greater than 0.1 inch) within each quarter, are very 
likely not representative of the facility’s ongoing industrial operations or the runoff that results from 
them; this issue is fully discussed elsewhere. That feature is intended to reduce the burden on the 
regulated community, and is typical of permits implemented by USEPA and the states nationwide, 
but in return it is recognized to sacrifice any use of the data that requires an assumption they be 
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representative. In many states the data are required to be collected annually (see for example Duke et 
al. 2000), but the Florida requirements – even less burdensome to businesses – require analytical 
sampling only for two years out of five, and exempt facilities from one of those two years if their 
(non-representative) data show they do not exceed concentrations identified as atypically high by 
USEPA guidelines (USEPA 1995).   
 
For purposes of identifying changes over time, the results are far too sparse. As an example, Figure 2 
plots the entire set of collected data by a Pinellas County facility over a five-year permit span for one 
constituent, the metal zinc. There are seven data points. The data are shown to vary substantially. The 
research in Gleaton (2006) acquired data for all facilities reporting monitoring results under the 
MSGP in Pinellas County – a total of fewer than thirty facilities – and this sample facility had a 
greater number of data points for this particular constituent than any other facility.  
 
Table 1 identifies “compliance monitoring” as a regulatory category affecting some facilities. This is 
required of facilities that are subject to NPDES wastewater regulations for their runoff – a small 
number of facilities, mostly limited to particular industrial categories such as primary metals 
smelting, petroleum refining, and others where runoff is considered to be a wastewater issue. That 
sampling is of course integral to documenting compliance by those facilities with the far more 
rigorous wastewater regulations, which happen to extend to runoff in their cases. It is not, in practice, 
used for facilities subject only to stormwater regulations.  
 
Possible Use C: Use by facility operators to identify major pollutant sources on site--- Another 
stated intent of the monitoring requirements is so that a facility operator might use the results to 
identify any potential problems at the facility, and thus could be encouraged to take action to reduce 
pollutants. The infrequency of data collection described above is an important barrier to this: 
operators who see the chemical constituents in their runoff only once per quarter (limited to one year 
out of five) are likely to miss any short-term episodes of higher pollutant discharge caused by 
equipment malfunctions or varying production practices; and operators who see data only in one or 
two years out of five will receive very slow, if any, feedback about discharge pollutant changes 
resulting from a change in industrial operations.  
 
A further limitation is that facility operators are instructed to take samples at the point where 
stormwater is discharged from the site. In Florida, sites operated for business purposes are subject to 
regulations that specify they treat stormwater by collecting it in retention or detention ponds on-site, 
thus reducing peak discharges, removing some pollutants with settling sediments, and directing some 
runoff into groundwater via seepage in the ponds. Data from facilities sampling at the discharge from 
these ponds to waters of the U.S. may be appropriate to estimate pollutant loadings into the receiving 
waters, which is the resource intended to be protected by the permit. However, sampling at that point 
does not give information about the originating source of the pollutant, because pond discharge 
includes water and pollutants that have been gathered over some period of time prior to a storm event, 
and also represents runoff that has been collected from all parts of the facility. In such a case it is not 
possible to attribute either flow or pollutants to source activities, and so an operator has no 
information about where, or when, any pollutants originated on the site. The operator cannot use this 
information to change industrial activities in a way that would reduce pollutants in runoff. 
 
Table 2 displays results of a phone survey to manufacturing facility operators in Pinellas County, 
Florida. The table shows responses only from those who were identified as subject to the MSGP, and 
thus were expected to conduct monitoring in accord with that permit. Nearly all (97%) reported they 
routinely conducted visual observation monitoring. But even those visual observations were routinely 
limited to points of discharge from the facility (or “outfalls”), as stated by 70% of respondents. For 
half of these respondents, the outfall where monitoring was conducted was at the discharge from an 
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onsite detention or retention pond. Data of that sort – even if frequently-collected chemical 
concentration data, which these are not – will not give information about location or time of origin of 
any pollutants detected in the monitoring. Therefore these data are not useful for this purpose.  
 
 
Table 2. Phone questionnaire to 42 industrial facilities, Pinellas Co. FL: What kind of stormwater runoff 
monitoring do you conduct? From Gleaton (2006). 
 

Visual Observations 
 97% conduct visual observations 
Locations 

81% monitor at outfalls  
50% “outfall” = from onsite retention / detention 
30% on-site locations of production equipment, material handling, material storage  
70%  do not monitor other than at outfalls 

 
 
Possible Use D: Quantification of pollutant loads from industrial runoff to particular receiving 
waters--- Watershed management efforts such as TMDL findings and waterbody protection plans 
require an effective quantification of the load of a target constituent, and a reasonable attribution of 
those loads to particular sources. Understanding the contribution of industrial activities can be a 
crucial component in some urban watersheds, perhaps including the Tampa Bay watershed. 
Monitoring data could be expected to provide an effective estimate. The sparsity, and the non-
representative nature, of the monitoring data are such that any estimates based on specific industrial 
facilities in a watershed would be highly imprecise. What is more, the data do not support 
development of a ‘loading factor’ for industrial land use generally, or for industry sectors in 
particular, of sufficient precision for watershed assessment.  
 
Figure 3 (adapted from Duke 2001) illustrates this imprecision, plotting the monitoring results for a 
reasonably large sample of facilities in Los Angeles County, California. The figure plots the median 
and quartiles of two substances in four separate industry sectors. Variation among sectors is not 
particularly meaningful, as the difference in median concentration is much smaller than the 
interquartile variation within each sector. Comparison of the means using a t-test (not shown) 
demonstrates no statistically significant difference among the means of the separate sectors. But the 
variation of median concentrations at all facilities, within each sector and with the four-sector sample 
as a whole, is so large as to render it useless for estimating total annual loads of any watershed: the 
interquartile measurements span a range of a factor of four to 10. That means, for example, that 75% 
of all metal-fabricating industrial facilities in this sample reported a concentration of copper in their 
runoff ranging from 5 mg/L to 35 mg/L. In a watershed with a small number of facilities in any one 
industry – typical of any urban region of less industrial intensity than a dense manufacturing district – 
selecting the median concentration for copper of about 10 mg/L could miss the true long-term average 
loading by a factor of two or three, even if we did not encounter any atypical facilities outside the 
75% range, and even if we presume these data are representative and accurate for the full range of 
fabricated metal facilities in our target watershed. A factor of two or three has a substantial influence 
on attributing in-watershed loads for purposes of a TMDL or watershed management plan.  
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SUMMARY 
Possible uses of industrial facility storm water runoff monitoring data--- The data are not useful 
for the four purposes identified here. Reasons are: 
 
• Identification of high polluting facilities:  

- Compliance highly incomplete 
• Documentation of facilities’ improvement: 

- In Florida, many facilities among compliers are exempt from monitoring requirement 
- In Florida, monitoring is too infrequent to quantify, or even identify, change over time  

 
• Facility operators’ self evaluation:  

- Monitoring at outfalls does not identify source activities 
  
• Assessment of pollutant loads to receiving waters: 

- Sparseness of compliance, and sparseness of monitoring among compliers 
- Questionable if representative 
- Much more variation than land use factors capture 
- No valid estimates by industry sector (concentration or load) 
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Figure 1. Example of monitoring results: data summary, median and quartiles (mg/L) of four 
substances in four selected sectors, Los Angeles region, 1999 (adapted from Duke, 2001)
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Figure 2. Compliance with Florida Multi-Sector Generic Permit by facilities in four industry sectors in Pinellas 
County, 2003, by “intensity of industrial activities.”  Example of monitoring results: data summary, median and 
quartiles (mg/L) of four substances in four selected sectors, Los Angeles region, 1999. (adapted from Cross and 
Duke 2008) 
 
Proportion of Facilities in Compliance with the Generic Permit 

Industry 
Sector 

Need not 
File (Not 

Industrial) 

Probably need 
not File (Zero or 
Low Intensity) 

Probably must 
File (Medium, 
High Intensity) 

Actually 
Filed NOI

% Filed of 
Medium, High 

% Filed of 
Total  

Lumber 2 13 4 0 0% 0% 
Stone 6 12 9 6 66% 29% 
Metal 5 38 37 5 14% 7% 

Electronics 8 12 11 3 27% 13% 
Total 21 75 61 14 23% 10% 
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Figure 3. Example of full compliance with analytical monitoring (water quality constituent 
laboratory analysis) by one Pinellas County facility subject to Florida Multi-Sector Generic 
Permit, with no exceptions or exemptions (adapted from Gleaton, 2006)
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ABSTRACT 
Session 9:  Integrating Watershed Management Initiatives 

 
PRESENTATION 

Regional and State Watershed Management Initiatives. S.T. Cooper, W.A. Wynne (Tampa Bay Regional 
Planning Council), J. Seachrist (Southwest Florida Water Management District), P. Wenner (Florida 
Department of Environmental Protection), and H.S. Greening (Tampa Bay Estuary Program). The Tampa Bay 
watershed is blessed to have a variety of agencies and organizations focused on understanding, restoring, and 
protecting its natural values.  Research, regulation, and collaboration have been key to the Bay’s health and 
progress toward recovery over the past 30 years.  The Agency on Bay Management, formed in 1985 by the 
Tampa Bay Regional Planning Council, was the first quasi-governmental body to coordinate management and 
restoration efforts.  Its membership includes all of the stakeholders and user groups within the bay in a forum to 
deal with Bay issues. 
 
The Southwest Florida Water Management District (District) manages water and related natural resources to 
ensure their continued availability while maximizing environmental, economic, and recreational benefits.  
Resource management responsibilities include those for water quality, flood protection, water quality, and 
natural systems.  As a regulatory agency, the District promotes fair allocation of the water resources, protects 
wetlands, enforces well construction standards, and protects against flooding and water quality degradation by 
new development.  Additionally, the District helps fund local, state, and federal governments to implement 
projects that develop alternative water supplies, promote conservation, provide flood protection, and protect 
water quality and natural resources. 
  
The FL Department of Environmental Protection’s Division of Environmental Assessment and Restoration is 
tasked with the development and promulgation of water body-specific Total Maximum Daily Loads (TMDL’s). 
Basin Management Action Plans are then developed to address how a specific basin would best be managed to 
ensure that TMDL’s will be met.  FDEP is also responsible for Aquatic Preserves, issuance of domestic and 
industrial wastewater permits as part of the NPDES program, and has Air, Hazardous Waste, Potable Water, 
Environmental Resources and Storage Tanks programs. 
  
 The Tampa Bay Estuary Program was created by Congress to protect and restore one of America’s most 
important coastal waterways.  The mission of TBEP is to build partnerships to restore and protect Tampa Bay 
through implementation of a scientifically sound, community-based management plan.  Goals include 
maintaining adequate water quality to restore seagrass to 1950s levels, restoring the historic balance of coastal 
habitats, and creating a constituency of informed, involved citizens.  The Program’s Nitrogen Management 
Consortium is a public/private partnership formed to develop and implement a collaborative, watershed-based 
action plan to address nitrogen management goals and to meet regulatory water quality thresholds. 
 
The Tampa Bay Regional Planning Council has statutory responsibility for the review of large scale 
developments as well as serving as a convener to resolve interlocal concerns and accomplish common goals.  
One Bay is a regional visioning partnership drafting recommendations and future land use strategies for 
sustainable growth.  TBARTA is the regional organization developing a transportation corridor system to meet 
future growth needs.   [suzanne@tbrpc.org] 
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MEETING RESTORATION GOALS IN THE TAMPA BAY BASIN 
THROUGH MITIGATION BANKING 

 
R. Toth, L. Proenza & B.F. Birkitt 

 
ABSTRACT 

A key driver for development of mitigation banks is the new federal compensatory mitigation 
rule. This rule identifies the use of a mitigation bank as the preferential choice for mitigation 
for wetland impacts.  State regulations are expected to follow this approach.  This recognition 
of the benefits of mitigation banks provides opportunities to establish banks that meet goals 
identified within the Tampa Bay region.   Proposed mitigation banks must demonstrate 
regional ecological benefits, effective management in perpetuity including financial 
responsibility, and a high probability of meeting success criteria, among others. Mitigation 
banks typically provide higher quality habitat than most on-site mitigation. With the current 
regulatory focus on mitigation banking and the significant ecological benefits they provide, it 
is anticipated that banking will play an increasing role in the future restoration and 
enhancement of Tampa Bay.  
 
The Tampa Bay Mitigation Bank is the first mitigation bank established in the Tampa Bay 
Basin.  The 161-acre bank is located in southeastern Hillsborough County adjacent to 
Cockroach Bay Aquatic Preserve. The headwaters of Andrews Creek are being restored, tidal 
creeks excavated, and approximately 42 acres of estuarine salt marsh and mangrove habitat 
created.  Significant natural recruitment of mangroves and other estuarine vegetation has also 
occurred on site.  Red mangroves and estuarine vegetation have been planted.  Grading of 
oligohaline and freshwater portions of the property has been completed and native wetland 
vegetation will be planted in the near future, to create 85 acres of freshwater wetlands. 
Adaptive land management techniques are being utilized to ensure establishment of this 
important regional habitat.  
 
Successful establishment of mitigation banks requires a marriage of science and economics.   
Many opportunities for restoration and enhancement of natural systems occur throughout the 
region. Other prospective mitigation banks involving significant areas of mangrove and 
aquatic habitat restoration within the Tampa Bay Basin are being evaluated.   
 

INTRODUCTION AND BACKGROUND 
As the population of the Tampa Bay area continues to increase and development within the region 
continues to impact vital wetland resources, effective means of providing compensatory mitigation 
and meeting regional wetland habitat goals are extremely important.  While restoration efforts within 
the area have re-established a significant amount of regional wetlands, an additional means of 
promoting valuable habitat and meeting management goals is through effective mitigation within the 
region. 
 
Mitigation banking has become a key component of successful compensatory mitigation, and 
mitigation banks have the opportunity to play an important role in counterbalancing the effects of past 
and continued wetland impacts in the Tampa Bay area.  The following considerations are key to 
understanding the present and future state of mitigation banking in the region: 1) the ecological 
benefits of mitigation banking and the specific benefits that will affect the future of the bay; 2) the 
current condition of mitigation banking within the region, which includes Tampa Bay Mitigation 
Bank; and 3) the future of mitigation banking within the region as population and development 
increase.  This discussion will enable us to gain an insight into the role of mitigation banking in 
meeting restoration goals within the Tampa Bay basin. 
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A wetland mitigation bank can be defined as a wetland or other aquatic resource area that has been 
preserved, restored, created, or enhanced for the purpose of generating credits that can be sold in 
order to compensate for unavoidable impacts to aquatic resource areas (EPA 2009).  Mitigation 
banking is a practice which is gaining momentum as state and federal environmental regulatory 
agencies acknowledge the benefits of the concept. On June 9, 2008, the Department of the Army, 
Corps of Engineers (USACE) 33 CFR Parts 325 and 332 and the Environmental Protection Agency 
40 CFR Part 230, implemented the federal compensatory mitigation rule which established a 
preference for mitigation banking.  Within the State of Florida, Florida Statutes 373.4136, 
“Establishment and Operation of Mitigation Banks”, establishes a framework for the formation and 
operation of mitigation banks in the state.  Although the State of Florida has not yet incorporated 
mitigation banks as a preference in Rule or Statute, a trend toward this approach is evident.     
 

ECOLOGICAL BENEFITS OF MITIGATION BANKS 
Mitigation banks can provide significant ecological benefits to Tampa Bay that cannot be achieved 
through on-site mitigation.  These critical ecological benefits include: 1) an opportunity for creation, 
preservation, restoration, and enhancement of critical and regionally significant habitat by restoring 
natural hydrologic regimes resulting in improved water quality within the watershed,  2)  the ability to 
host a greater diversity of species due to the overall larger size of mitigation banks which generally 
contain a wider variety of habitat types,  3) the ability to support species with a greater habitat size 
requirement, increasing diversity in the area,  4) the ability to be less sensitive to environmental 
changes and natural disasters due to the larger, more diverse seed banks from the size and variety of 
habitats available in a bank, and  5) significant wildlife benefits by creating or enhancing foraging and 
nesting habitat for wading birds, ephemeral wetlands necessary for amphibian life cycles, and 
vegetative coverage for mammals.  The grouping of several wetland habitats in a contiguous manner 
within a bank offers benefits over the typical on-site piecemeal approach of creating small, less 
productive wetlands on individual private properties.  On-site mitigation projects typically are much 
smaller in size and are adjacent to developed areas.  This situation results in comparably less wildlife 
use and wetland function.  Typically, individual mitigation projects have a lower success rate than 
established mitigation banks.  
 
There are also some practical considerations to take into account regarding how mitigation banking 
can offer more reliable benefits to the environment through the current regulatory frame work.  The 
previously mentioned federal compensatory mitigation rule recognized the advantages of mitigation 
banking and established a preference for the use of banks in order to reduce some of the risks and 
uncertainties associated with compensatory mitigation.  Mitigation banks are regulated through state 
and federal laws and are subject to a rigorous process to ensure the banks’ viability in perpetuity.  As 
projects that impact wetlands are permitted through the regulatory framework and compensatory 
mitigation is proposed to offset impacts, it is the responsibility of permitting agencies to confirm that 
the proposed mitigation is constructed as designed and that the mitigation activities achieve the 
required level of ecological success.  Often agencies simply do not have the time or manpower to 
always ensure that on-site mitigation projects meet the level of success that has been proposed.  
Mitigation banks, however, are designed to meet more stringent rules; enforcement is more 
streamlined, ensuring a greater likelihood of ecological success.  According to Florida Statutes, 
mitigation banks are also required to have a defined Mitigation Service Area (MSA) that allows 
mitigation only to occur within the same MSA as the wetland impact, other than a few exclusions.  
MSAs are typically defined by the basin limits in which the mitigation bank resides.   
 
In addition, mitigation banking allows for the establishment of functional wetland systems well in 
advance of any project impacts.  This advance implementation removes any “time lag” associated 
with compensatory mitigation.  Time lag is the period of time between when functions are lost at an 
impact site and when those functions are replaced by the mitigation.   
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Finally, the creation and operation of a mitigation bank generally involves the application of more 
extensive planning and scientific expertise not always available to many permittee-responsible 
compensatory mitigation proposals. This greater concentration of scientific resources and design is 
more likely to lead to ecological success (EPA 2009).  Recognizing these ecological benefits, the 
Society of Wetland Scientists (SWS) issued a position paper in 2004 supporting wetland mitigation 
banking to improve mitigation success and contribute to the goal of no net loss of wetlands (SWS 
2004). 
 
Additionally, the Tampa Bay Estuary Program (TBEP) has recognized a number of benefits of 
mitigation banking specific to Tampa Bay.  In June of 2008, TBEP Technical Advisory Group issued 
a position paper regarding mitigation banks in the area (TBEP 2008).  This document addressed the 
net environmental benefits and positives attributes of mitigation banks including: net benefits to 
wading birds in creating foraging and nesting habitat, the potential creation of Greenway Trails, the 
preservation of critical habitat, and the more stringent rules regulating banks versus individual 
mitigation that ensure ecological viability.  Due to these benefits, the TBEP has supported the 
development of mitigation banks in the area; and, in its 2008 position paper, they stated, Amitigation 
banks should be encouraged on a watershed/regional scale.  Both public and private mitigation banks 
should be developed in Hillsborough County. . . .(and) should be focused on preserving existing 
habitats now, rather than on complex re-engineering to acquire credits in the future (TBEP 2008)”.   
 
The Tampa Bay Mitigation Bank, as well as other future banks, offers a number of benefits that 
cannot be achieved through on-site mitigation, provides a greater likelihood of ecological success 
through the regulatory frame work, and offers specific advantages to Tampa Bay. 
 

CURRENT MITIGATION BANKING IN THE TAMPA BAY BASIN - 
THE TAMPA BAY MITIGATION BANK 

Currently, Tampa Bay Mitigation Bank (TBMB), located in southern Hillsborough County adjacent 
to the Cockroach Bay Aquatic Preserve, is the only permitted mitigation bank within the Tampa Bay 
Basin and is, therefore, the only bank available to compensate for impacts within the basin (Figure 1) 
as defined by the MSA.  The MSA for TBMB includes portions of Hillsborough, Pasco, Pinellas, and 
Manatee Counties.     
 
In its 1996 Management Plan “Charting the Course: The Comprehensive Conservation and 
Management Plan for Tampa Bay”, the TBEP documented significant loss of mangrove and salt 
marsh habitats along Tampa Bay’s southeastern shoreline (TBEP 1996).  They also noted a decline in 
wading bird populations, such as the white ibis, due to the loss of freshwater marshes and ponds.  
Goals were identified to restore estuarine and freshwater wetlands habitat and small freshwater ponds 
which are critical foraging habitat.  Tampa Bay Mitigation, L.L.C., the creators of TBMB, designed 
the bank to address the goals of the TBEP and to mirror the successes of the adjacent Cockroach Bay 
Habitat Restoration Project.  The Tampa Bay Mitigation Bank site itself was also identified by the 
estuary program as a key location for restoration efforts. 
 
Historically, the 161-acre TBMB site included an expansive mosaic of hydric hammock, swamp, pine 
flatwoods, and upland hammocks.  Approximately 50 years ago, however, the site was converted into 
irrigated row crops and improved pasture (Figure 2).  The headwaters of Andrews Creek were 
channelized for agricultural irrigation, and ditches were cut throughout the property to drain and 
lower surface and groundwater levels, significantly altering site hydrology.  A concrete weir was also 
constructed across Andrews Creek, altering the hydrology of this tidal creek system.  These 
hydrologic alterations significantly degraded the wetland habitat previously present on the TBMB site 
and nuisance exotic species such as Brazilian pepper populated much of the property. 
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Between 2005 and 2007, the TBMB site was graded and recontoured in order to construct the bank, 
and included the removal of the weir, which restored the hydrology of Andrews Creek (Figure 3).  A 
tiered system of wetlands was established beginning with the upper freshwater wetlands, which flow 
into the lower saltwater marshes and mangrove forests.  These varying depths provide seasonal and 
permanent habitats and create freshwater pond foraging habitat for protected species.  Native 
estuarine species were planted in 2008 in tidally-influenced areas including red mangrove 
(Rhizophora mangle), seashore paspalum (Paspalum vaginatum), salt cordgrass (Spartina patens), 
seashore dropseed (Sporobolus virginicus), smooth cordgrass (Spartina alterniflora), saltgrass 
(Distichlis spicata), and sand cordgrass (Spartina bakeri).  Additionally, natural recruitment of these 
species has been strong (Figures 4 and 5).  Freshwater portions of the site have not yet been planted; 
however, planting is expected to occur in the spring of 2010.     
 
An innovative aspect of the bank implementation was the use of shell rock mining for the majority of 
land excavation which assisted in funding the mitigation bank development.  During construction, the 
overburden was removed and set aside. Shell rock was mined from the site and sold.  The site was 
then recontoured to meet the design specifications for the wetlands creation and restoration plan to 
appropriate elevations for the establishment of wetland hydrology and planting of native wetland 
species. The overburden was redistributed and the site was prepared for planting.  
 
Through creation, restoration, and enhancement, the TBMB was designed to provide a diverse variety 
of ecologically productive habitat types including mangrove forest, salt marsh, freshwater marsh and 
shallow ponds, and coastal and upland hammock.   The TBMB contributes to the preservation of 
protected resources such as Threatened, Endangered, and Species of Special Concern, wading and 
migratory birds, Essential Fish Habitat, nursery habitat, and mangrove forests.  These species and 
habitats are vital to the health and continuation of the rich freshwater and saltwater ecosystems that 
comprise the Tampa Bay region.  The TBMB also directly influences the regional water quality and 
ecology in the Cockroach Bay Aquatic Preserve and Tampa Bay Estuary, and aids in the protection 
and preservation of vast amounts of diverse flora and fauna.  Wildlife observed utilizing the bank has 
included the protected species: white ibis, limpkin, little blue heron, roseate spoonbill, snowy egret, 
and wood stork as well as many other species of wading birds (Figure 6).  Other species that have 
been observed include the white pelican, glossy ibis, great blue heron, great egret, and marsh rabbit 
(Figure 7).  With the amount of natural recruitment, wildlife observations, and succession of the 
restoration efforts, the TBMB currently appears to be trending toward success. 
 
TBMB has been permitted to receive approximately 111 Southwest Florida Water Management 
District (SWFWMD) credits and approximately 103 USACE credits. To date, approximately 25 
SWFWMD and 17 USACE estuarine and/or mangrove credits have been released for purchase based 
on the work completed. Freshwater/oligohaline systems within the bank are scheduled to be planted 
in spring 2010. 
 

FUTURE OF MITIGATION BANKING IN THE TAMPA BAY BASIN 
A variety of factors must be considered when attempting to formulate an outlook on mitigation 
banking in the Tampa Bay area.  The successful establishment of mitigation banks requires a 
marriage of science and economics.  The ability of a bank to come to fruition and develop is driven 
by the available market. The same laws of supply and demand that apply to any goods or services also 
drives the market for banks.  In order to forecast mitigation banking in the area we consider the 
market forces at play that create demand for banked credits.  The previously mentioned new federal 
compensatory mitigation rule establishes a preference for the use of mitigation banks for 
compensatory mitigation; state regulatory agencies have also indicated an interest in the use of 
banked credits.  This preference creates demand for mitigation banks through the regulatory sector; 
therefore, those in need of wetland mitigation are more likely to purchase credits preferred by 
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regulatory agencies based on the likelihood that use of banked credits will decrease the time 
associated with obtaining a permit.  From a supply standpoint, the highly developed nature of the 
Tampa Bay basin means that mitigation opportunities are limited; therefore, a need for mitigation 
banks in the area is apparent.  Furthermore, recent sales for TBMB have also demonstrated a 
significant interest in utilizing a mitigation bank to meet the needs of a wide variety of projects within 
the Tampa Bay basin. 
 
It is also vital when assessing the future of mitigation banking in the area to look at projected 
population and economics of the Tampa Bay region.  According to the Florida Demographic 
Database, the population of the Hillsborough, Pinellas, and Manatee Counties, all within the Tampa 
Bay basin, increased steadily between the years of 1996 and 2006, before slowing in 2007. It is 
estimated that population growth will again increase, however, not to the level of growth seen within 
the region between 1996 and 2006 (Florida Demographic Database 2008). 
 
From an economic standpoint, Sean M. Snaith, PhD., a widely recognized economist in the field of 
business and economic forecasting at the University of Central Florida, anticipates a slow recovery 
from the recent economic downturn within the state. Snaith predicted that new housing construction 
within the state would bottom out in 2009 and then climb at a very slow pace. These economic 
figures, along with population predictions, indicate that development within the Tampa Bay area, 
along with the corresponding need for compensatory mitigation, is likely to rebound from the recent 
economic downturn in the future (Snaith 2009). 
 
There are also a number of major projects or expansions anticipated to take place within the region in 
the next ten years that could create further demand for mitigation bank credits.  Transportation 
projects expected within this time frame include projects planned by Florida Department of 
Transportation (FDOT), the Tampa Bay Area Regional Transportation Authority (TBARTA), and by 
the local governments including Pinellas and Hillsborough Counties.  Airport and port expansions 
planned within the area include Tampa International Airport, St. Petersburg-Clearwater International 
Airport, Tampa Port Authority, and Port Manatee.  These large-scale projects all have the potential to 
impact a significant amount of wetlands habitat that may require the use of compensatory mitigation 
credits from mitigation banks in the basin.   
 
In addition to these market indicators, there are financial and reduced risk-related advantages to using 
a mitigation bank.  First, mitigation banks avoid the high costs of design and construction associated 
with on-site mitigation.  Also, there is no long-term monitoring required for the use of mitigation 
credits, all responsibilities associated with meeting long-term success criteria are assumed by the 
mitigation bank.  Due to these factors, mitigation banks are able to provide a level of certainty and 
banks are likely to become a preferred means of achieving compensatory mitigation.  These 
advantages encourage the use of mitigation banking for compensatory mitigation and therefore 
increase the opportunities for banks within the region.  Taking into consideration all of the factors that 
are likely to affect the supply and demand for mitigation bank credits, and as mitigation credits 
continue to be purchased from TBMB, it can be expected that mitigation banking will continue to 
expand within the Tampa Bay basin. 
 

CONCLUSION 
In conclusion, mitigation banks play a vital role in meeting wetland restoration and habitat planning 
goals within the Tampa Bay area.  While there is currently only one mitigation bank in the Tampa 
Bay basin, TBMB, it is currently providing a host of ecological benefits to the area.   With the amount 
of natural recruitment, wildlife observations, and succession of the restoration efforts, the TBMB 
currently appears to be trending toward success.  Market indications show that demand for banked 
credits is likely to continue in the area and may increase in the upcoming years.  Overall, it is 
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anticipated that we will see mitigation banks play an increasing role towards achieving restoration 
goals in the Tampa Bay basin.   
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Figure 1. Tampa Bay Mitigation Bank Location Map. 
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 Figure 2. Pre-construction Aerial of Tampa Bay Mitigation Bank (2004) 

 
 

    
Figure 3. Post-construction Aerial of Tampa Bay Mitigation Bank (2008) 
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          Figure 4. Natural recruitment and planting of native estuarine herbaceous species. 
 
 
 

 
 

      Figure 5. Natural recruitment and planting of mangrove species. 
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Figure 6.  Juvenile white ibis foraging at the Tampa Bay Mitigation Bank. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Figure 7. White pelicans foraging at the Tampa Bay Mitigation Bank. 
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DISTRIBUTION OF NATIVE PLANT SPECIES ON ISLANDS  
OF THE TAMPA BAY AREA 

 
T. Restom-Gaskill, J. Wolf & R. Runnels 

 
ABSTRACT 

Understanding the factors that affect the natural distribution of plants on islands is essential to 
the restoration success of severely disturbed insular ecosystems.  The objective of this project 
was to understand the distribution of plants within and among islands located in the Tampa 
Bay area according to physical factors that could easily be measured by restoration planners.  
The factors chosen were soil salinity, soil texture and elevation.  We surveyed vegetation on 
12 islands in Pinellas (Anclote Key, Caladesi Island, “Plant Island” and Shell Key), 
Hillsborough (Big Pass Key, Camp Key, Egmont Key, Pine Key, Sand Key and Snake Island) 
and Manatee (Harbor Key and Mariposa Key) counties.  Approximately 145 plant species 
were identified from 458 1-m2 plots surveyed for ground cover (plants smaller than 1 m), and 
449 25-m2 plots surveyed for vegetation taller than 1 m.  Species were found to occur in 
different ranges of soil salinity and elevation, and in different types of soil.  Ordination 
techniques were used to identify species assemblages and how the different environmental 
variables affect their distribution.  The results obtained will be used to formulate guidelines to 
improve the restoration success of island ecosystems in Tampa Bay. 

 
INTRODUCTION 

Coastal habitats have been subjected to enormous transformational pressure originating both from 
residential developments (including indirect effects such as hydrological changes and pollution), and 
from sea level rise as a result of global climate change (Vaughan 2006; Bassford et al. 2006; IPCC 
2007).  Coastal islands are particularly vulnerable to these changes because of their large shoreline to 
area ratio, their general low elevation, and their higher exposure to oceanic influence. 
 
Islands are a major part of Florida’s coastal landscape.  The state ranks second in the United States in 
terms of number of islands, with over 4,000 islands greater than 10 acres (Fernald et al. 1992). Islands 
at or near the coast, specifically, provide a range of ecological functions from nursery for fish and 
marine invertebrates along their shore, to rookeries for birds and mammals, to protection of the 
mainland’s shore from high energy wind and waves.  Islands are also known for their high number of 
endemic species as a result of their isolated nature (Grant 1998). 
 
High density of invasive species and high rates of erosion (due to vegetation changes and dredge-and-
fill activities) have been jeopardizing the ecological functions of Florida’s islands.  In addition to the 
degraded naturally-formed islands, the west coast of Florida has dozens of artificially-formed islands 
(spoil islands), the result of dredge-and-fill activities in the 1900s.  The Tampa Bay Aquatic 
Preserves, TBAP, is responsible for managing 70 to 80 of these islands, from restoring degraded 
natural islands to habilitating spoil islands in order to provide insular ecological functions.  Whereas 
island mangrove ecosystems have been restored quite successfully, restoration approaches on the 
upland vegetation of these islands have been done on a trial and error basis due to lack of scientific 
data that addresses the unique characteristics of this area.   
 
The objective of this project is to understand the distribution of upland plants in response to their 
physical environment in order to improve restoration success on islands of the Tampa Bay area.  This 
paper provides preliminary results on the patterns of plant distribution according to soil salinity, soil 
texture and elevation.  These environmental factors were selected because, in addition to their 
relevance to plant occurrence and distribution, they are easily measured and thus restoration planners 
will be more likely to adopt them. 
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METHODS 
Study sites−This study was conducted on 12 islands on the Gulf coast of Florida, in the Tampa Bay 
area (Figure 1).  Most of these islands are naturally-formed with a high density of native plant 
species, with the exception of Pine Key, a spoil island in the northeastern part of Tampa Bay 
(Hillsborough Bay).  On Pine Key, the vegetation survey was done in the southern end of the island, 
in an area dominated by native plants. 
 
Vegetation survey and environmental variables−The vegetation on each island was surveyed 
between March 2007 and August 2008 using the systematic plots method (Brower et al. 1998) in 
which plots were located 10 m apart along transects that ran across the width of each island.  Each 
plot was 5 m x 5 m (25 m2), with 1 m x 1 m subplots (1 m2) in one of the corners.  In the 25-m2 plots 
we counted and identified all plant species with height ≥1 m (canopy species), whereas in the 1-m2 
plots we counted and identified all plant species shorter than 1 m (ground cover and saplings). 
Seedlings, considered not yet established, were not included in the survey. 
 
A sample of most plant species found during the survey was collected for identification and stored in 
the Eckerd College herbarium.  Identification was confirmed by comparing our samples to specimens 
in the University of South Florida Herbarium. 
 
Elevation was measured at one of the corners of each small plot, and at two corners of each large plot, 
using a laser level (LB-10 Laser Beacon, Laser Alignment).  The two measurements taken in the large 
plots were averaged as an estimate of the plot’s elevation, and the relationship between them was 
used to calculate slope.  A temporary reference mark was set up on each island prior to the elevation 
measurements.  The real elevation of this reference mark was obtained later by relating it to an 
official benchmark of known elevation on the island or on the mainland.    
 
Soil samples were taken from three areas within each plot and returned to the laboratory.  Salinity 
was estimated using a soil paste technique (preparation of glistening pastes then the expression of 
interstitial water for analysis) and read with a refractometer (Richards 1954).  Soil texture was also 
determined in the laboratory by touch (Brower et al. 1998). 
 
Data analyses−The sampling units of this study were the plots, and data from the two plot sizes were 
analyzed separately.  First we prepared the dataset by eliminating the three mangrove species 
(Avicennia germinans, Laguncularia racemosa and Rhizophora mangle), non-native species, 
individuals that were not identified to the species level, and species that occurred in less than 5% of 
the plots.  McCune et al (2002) recommend eliminating rare species in order to reduce the noise in the 
community data and increase the power of the multivariate analyses. 
 
The vegetation count data (+ 1, in order to avoid zeroes) were log transformed in order to reduce 
variation and skewness of the data.  For the same reason, the environmental variables were also 
transformed as follows: soil salinity data (+ 1) were log transformed, and elevation data were square-
root transformed. 
 
We performed Cluster Analysis (R 2.9.0, R Development Core Team 2009; BiodiversityR package, 
Kindt et al, 2005) on the vegetation data using average as the linkage method, Bray-Curtis as the 
distance, and six as the pre-determined number of clusters.  We used cophenetic correlation and 
Mantel test (100 permutations) in R to test the significance of the analysis.  Discriminant Analyses 
(Minitab 14, Minitab Inc.) were also used to refine the clusters obtained. 
 
The vegetation and community datasets were analyzed using Canonical Correspondence Analysis 
(CCA, R 2.9.0, BiodiversityR package), an ordination technique which constrains the vegetation data 
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by environmental variables.  In addition to soil salinity, soil texture and elevation, the UTM 
coordinates of the plots were included in the analyses to assess spatial influences on plant 
distribution.  Slope was also included in one of the models but did not improve the relationships 
between the vegetation data and the environmental variables.  Because not all plots had a 
measurement for slope, we decided not to include slope in the models.  Ordination plots were scaled 
based on species scores, and were tested with Monte Carlo test (n = 100 permutations).  The log-
transformed vegetation count data for the 1-m2 plots were relativized by column (species) total due to 
the large range of abundance found within certain species.  
 

RESULTS 
We surveyed a total of 449 25-m2 plots and 458 1-m2 plots throughout the islands, covering an area of 
over 11,000 m2.  This area included 0.1 % (Anclote Key) to 8.3 % (Plant Island) of the upland area of 
the islands that confidently represents 1.1 % (Anclote Key) to 36.9 % (Snake Island) of the islands’ 
upland vegetation area.  Table 1 gives a complete summary of each island’s characteristics. 
 
After eliminating unidentified, undesirable, and rare species from the datasets, we obtained a matrix 
of 12 species x 330 plots for the analyses of the 25-m2 plots, and a matrix of 16 species x 210 plots 
for the 1-m2 plots.  The clusters obtained for each dataset are shown in Table 2. 
 
We plotted the data for the first two CCA axes in ordination graphs (Figures 2 and 3), where the 
influence of each environmental variable is represented by a vector.  The length of the vector 
indicates the strength of the influence of that environmental variable on the vegetation data, and the 
direction of the vector indicates the direction of increase of that variable.  Each symbol in the 
ordination graph represents a plot and is labeled according to the cluster to which it was assigned 
(Table 2).   
 
Spatial UTM coordinates (latitude x longitude) were the variable that most influenced vegetation 
composition in the CCA for the 25-m2 plots, with soil salinity and texture next (Monte Carlo test, 100 
permutations, p < 0.01).  Most of the vegetation clusters seemed to respond to the environmental 
variables involved in the analyses (Figure 2).  The plots dominated by Uniola paniculata (UnPa) tend 
to occur in low salinity, sandy soils, and low to medium elevation.  The plots dominated by Serenoa 
repens and Quercus virginiana (SeRe) tend to occur in higher elevation, low salinity, and in less 
sandy soils (ranging from loamy sand to silt loam).  The plots dominated by Coccoloba uvifera 
(CoUv) tend to occur in high salinity, sandy soils of low to medium elevation.  The plots dominated 
by Caesalpinia bonduc (CaBo) and the ones dominated by Sideroxylon celastrinum (SiCe) tend to 
occur in high salinity, medium elevation, and relatively sandy soils, with the plots within the cluster 
CaBo occurring in a little higher salinity than SiCe. The cluster SaPa is a very diverse and 
heterogeneous cluster and, as such, occurred in a wide range of environments (Figure 2). 
 
Spatial UTM coordinates (latitude x longitude), especially longitude, and elevation were the variables 
that most influenced vegetation composition in the CCA for the 1-m2 plots, with soil salinity and 
sandy soils next (Figure 3) (Monte Carlo test, 100 permutations, p < 0.01).  Plots representative of the 
DiSp cluster occur in sandy soils of low elevation, in a wide range of salinity.  Plots of the SePo 
cluster tend to occur on islands more to the west (Mariposa, Harbor, Big Pass, Sand), in high salinity, 
relatively sandy soil, and low elevation.  Clusters represented by Uniola paniculata (UnPaS) tend to 
occur on islands to the east (Shell, Caladesi, Egmont, Anclote, but also Pine), in medium elevation, 
low salinity, and sandy soils.  Plots of the clusters ToRa and QuVi tend to occur in high elevation, 
low salinity, and less sandy soils.  Most of the plots of the cluster SpPa occurred on Pine Key, in high 
salinity, low elevation, and sandy soils.   
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DISCUSSION 
Interestingly, spatial location (UTM coordinates) was the factor that most seemed to influence plant 
distribution on the islands surveyed in this study.  This may reflect, however, the influence of factors 
not measured in the study, associated with the location of the islands.  We believe that, rather than an 
east-west influence, plant composition differs between islands located inside Tampa Bay and islands 
located along the Gulf coast.  These differences may be a result of factors such as distance to 
freshwater source (more abundant in the bay than on the coast), distance to seed sources (islands on 
the coast tend to be further from the mainland than islands inside the bay), and protection from wave 
and wind energy (islands along the coast are more exposed to these elements).  All these bring up 
interesting hypotheses that can be further evaluated in future studies. 
 
Even with the large influence of spatial location, the clusters were well discriminated based on soil 
salinity, soil texture, and elevation.  Most clusters occurred in specific environments, such as clusters 
dominated by S. repens, by T. radicans, and by saplings of Q. virginiana clearly occur on less sandy 
soils, with low salinity and high elevation.  On the other hand, clusters dominated by S. patens, and 
by S. portulacastrum tend to occur preferentially in high salinity, low elevation, sandy soils of the 
islands found inside the bay. 
 
Our next steps will be to quantify the proportion of sand, silt and clay in each plot, and separate the 
islands into two groups, the ones inside the bay and the ones along the coast, in order to confirm the 
patterns described in this study. 
 
We also found indications that some plant assemblages, particularly CaBo and SiCe, may tend to 
occur on middens which resulted from past Native Americans’ activities.  We did not have enough 
plots surveyed on middens in this study due to not being allowed to collect soil on them.  It would be 
interesting to expand this survey to include more island middens in order to assess whether or not 
species assemblages associated with these features are different from the species assemblages away 
from the middens. 
 
In sum, this preliminary study contributes to advances in the understanding of plant distribution on 
islands, and indicates promising easily measurable environmental factors that influence this 
distribution.  Soil salinity, measured with the paste technique, and elevation, with the laser level, 
showed their clear influence in plant distribution.  Even soil texture, measured just by feel, was 
enough to show the strong influence of sandy soils on plant distribution.  Further analyses with 
quantitative data on sediment proportion will confirm whether or not categorical data for this variable 
is enough for the purpose of improving restoration success on islands of Tampa Bay. 
 

CONCLUSION 
In this preliminary study, we were able to identify plant species assemblages on islands of the Tampa 
Bay area, and the effect of soil salinity, soil texture, and elevation on the distribution of these 
assemblages.  These relationships will be further used to improve restoration strategies for islands of 
the Tampa Bay area.  We suggest that plant species composition of islands inside Tampa Bay differs 
from the composition of islands located along the coast, however, further analyses of the data are 
needed in order to confirm this observation.   
 
Of all soil textures, sandy soils had the strongest influence on the distribution of the different plant 
clusters obtained in this study. If further analyses with quantitative data confirm this trend, estimating 
soil texture by feel may be enough to measure this variable, which would translate into easier 
procedures when elaborating a restoration plan for islands in the Tampa Bay area. 
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In conclusion, our data indicate that, in spite of the complexity of natural ecosystems, few 
environmental factors may be enough to allow us to understand the general occurrence of plant 
assemblages on islands of Tampa Bay in order to better plan their restoration.  This understanding of 
island vegetation will also allow us to set restoration goals in the context of predicted changes in 
island area and elevation due to sea level changes. 
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Table 2. Clusters obtained using Cluster Analysis (refined using Discriminant Analysis) on the vegetation data 
collected in plots (25 m2) and subplots (1 m2). 
 
 
Cluster Code Representative species Common name Number 

of plots 
 
25-m2 plots 

   

SaPa Sabal palmetto 
Eugenia axillaris  

cabbage palm 
white stopper 162 

UnPa Uniola paniculata sea oat 59 
SeRe Serenoa repens 

Quercus virginiana 
saw palmetto 
live oak 40 

CoUv Coccoloba uvifera sea grape 27 
CaBo Caesalpinia bonduc nicker bean 25 
SiCe Sideroxylon celastrinum saffron plum 17 

    
1-m2 plots    

DiSp Distichlis spicata 
Paspalum setaceum 
Fimbristylis spp. 

salt grass 
thin paspalum 
hurricane grass, fimbry 

74 

SePo Sesuvium portulacastrum sea purslane 42 
UnPaS Uniola paniculata 

Chamaesyce mesembrianthemifolia 
sea oat 
coastal beach sandmat 37 

ToRa Toxicodendron radicans poison ivy 27 
SpPa Spartina patens saltmeadow cordgrass 18 
QuVi Quercus virginiana live oak      12 
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Figure 1. Location of the islands surveyed in this study, in the Tampa Bay area. 
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Figure 2. First two axes obtained through Canonical Correspondence Analyses of vegetation constrained by soil 
salinity, texture (categorical), elevation, and UTM coordinates for the 330 25-m2 plots surveyed in this study.  
Symbols indicate clusters as explained in Table 2.  The categories of soil texture included in the model are: 
sand, loamy sand (LS), sandy loam (SaL), silty loam (SiL), silty clay (SiC), and midden (no soil was collected 
from these). 
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Figure 3. First two axes obtained through Canonical Correspondence Analyses of vegetation constrained by soil 
salinity, texture (categorical), elevation, and UTM coordinates for the 210 1-m2 plots surveyed in this study.  
Symbols indicate clusters as explained in Table 2.  The categories of soil texture included in the model are the 
same as for Figure 2. 
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FORTY YEARS OF TAMPA BAY AQUATIC PRESERVES 
 

R. Runnels 
 

ABSTRACT 
August 1 represents the 40th anniversary of the establishment of Tampa Bay’s first Aquatic Preserve 
in Boca Ciega Bay in 1969.  Under the auspices of DEP’s Office of Coastal and Aquatic Managed 
Areas, the Tampa Bay Aquatic Preserves program manages four areas of submerged lands designated 
by the legislature as state aquatic preserves in three counties.  
To some extent, Tampa Bay’s aquatic preserves are a microcosm of management needs and 
strategies of Florida’s network of 41 Aquatic Preserves.  Ranging from densely urbanized to 
relatively pristine, each of these areas presents a unique and dynamic suite of management needs.  As 
with Florida’s other aquatic preserves programs, the Tampa Bay program is place-based, science-
based, adaptive and proactive.   With information from scientists and citizens, the program identifies 
habitat degradation and other resource management issues within the preserve boundaries.  Input 
from scientists and citizens also is used in developing and implementing strategies to address those 
issues.   
 
By looking at landscape-level ecological function within relatively large areas, the Tampa Bay 
Aquatic Preserves program fills a unique niche that complements the missions of, and enhances the 
actions of, a variety of governmental and nongovernmental organizations.  The program’s outreach 
efforts include sharing information and ideas throughout the state, the Gulf of Mexico, and abroad. 

 
Program History 
As Florida’s growing population in the 20th century continued to alter the coastline that had attracted 
so many settlers and visitors, citizens and officials began to reflect on the changes.  Following the 
passage of the Bulkhead Act in 1957, dredge-and-fill activities continued to dramatically alter areas 
like Boca Ciega Bay.  Out of growing concern for the unsustainable trajectories of habitat loss, the 
Randall Act was passed in 1967 to require more environmental oversight of these activities (Haman 
and Tucker 1997).   
 
In addition to regulatory action, proprietary measures also were proposed.  In a November, 1968 
report to the Governor and Cabinet, the Florida Inter-Agency Advisory Committee on Submerged 
Land Management recommended the establishment of a system of “Aquatic Preserves”.  The areas 
proposed for this additional protection included some of Florida’s remaining pristine coastal sites, as 
well as some urban areas that likely had been settled because of their abundant aquatic resources.  On 
August 1 of 1969, the Florida Legislature established the Boca Ciega Bay Aquatic Preserve as the 
first of four aquatic preserves eventually to be established in the Tampa Bay area. 
 
It is unlikely that the persons responsible for beginning Florida’s system of Aquatic Preserves 
realized that their effort was decades ahead of many similar efforts in other states and countries.  
Individual marine protected areas (MPAs) were relatively unique, and systems of MPAs were 
practically unheard of. 
 
In subsequent years, actions were taken to establish the active management of Tampa Bay’s aquatic 
preserves.  The first part-time manager was hired in 1984, and the first full-time career-service 
manager was funded in 1986. 
 
Through the years, aquatic preserves have been managed under several regulatory and parks 
programs, but the unique management model they require to be effective eventually led to the 
establishment of a separate program within the Florida Department of Environmental Protection. 
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Present Administrative Structure and Management Responsibilities 
The Tampa Bay Aquatic Preserves (TBAP) program is managed under the auspices of Florida DEP’s 
Office of Coastal & Aquatic Managed Areas (CAMA).  In addition to 41 aquatic preserves, CAMA 
partners with NOAA to manage three National Estuarine Research Reserves and the Florida Keys 
National Marine Sanctuary.   The National Estuarine Research Reserves also serve as regional hubs 
for the aquatic preserves.   
 
Tampa Bay’s four aquatic preserves include the Boca Ciega Bay Aquatic Preserve, The Pinellas 
County Aquatic Preserve, the Cockroach Bay Aquatic Preserve and the Terra Ceia Aquatic Preserve.   
These four aquatic preserves cover nearly 400,000 acres of submerged land, with abundant 
seagrasses, corals and other habitats.  The location of these preserves at a latitude of climatic 
transition places special importance on the protection of their biota. 
 
Strategic Approach 
As with other CAMA sites, TBAP plays a unique resource management role in a dynamic landscape 
of issues. To be effective, the program must be adaptive, science-based, place-based, collaborative 
and proactive. 
 
With the primary goal of restoring and protecting ecological function and ecosystem services of vast 
areas of submerged land, TBAP must make efficient strategic use of its limited resources.  The 
horizon for the program’s strategic planning typically is at least ten years, but the strategic plan is 
reviewed on an annual basis.  Within the context created by the strategic plan, staff prepare annual 
individual workplans, and these are reviewed frequently.  This strategic planning cycle allows TBAP 
to maintain an unusual degree of adaptive management capacity. 
 
While existing scientifically-derived information is vital to MPA management, TBAP also actively 
engages the scientific community to provide feedback on resource management informational needs.  
This two-way flow of information between resource managers and researchers has resulted in 
experimental designs that provided specific answers for resource management decisions.  Fortunately, 
the Tampa Bay area is relatively rich in research and information.  If necessary, TBAP sometimes 
conducts research in-house or collaborates with other researchers, but information often is already 
available for informed decisions.  In addition to better defining baseline conditions in the preserves, 
scientific inquiry helps to understand the resources in the context of a changing watershed and 
environment.  Rather than merely trying to turn back the clock, the program works to understand how 
habitats and species may function best in the present reality of bridges, channels and other alterations. 
 
Much of TBAP’s capacity to address issues in a timely, cost-effective manner is the result of 
numerous collaborative efforts with local citizens, organizations and programs.  Local citizens, 
scientists and officials often are instrumental in identifying problems while their resolution still is 
relatively easy and inexpensive.  Similarly, local individuals and organizations, in association with 
CAMA’s statewide perspective of similar issues, often play an active role in finding and 
implementing solutions.  In this manner, “cookie cutter” actions are avoided, and each issue can be 
addressed within the unique context of each site.  An example of this approach is the program’s 
history of gradually replacing exotic trees on islands with native trees.  Using local volunteers, this 
can be accomplished in a low-cost, gradual process that avoids the controversies of large-scale 
removal of shade trees the public enjoys. 
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TBAP’s approach fits well with the evolution of environmental protection toward proactive, 
preventive measures.  The program is actively engaged in applying proactive tools like the 
Florida Clean Boating Partnership to the sites it manages.  These efforts provide a means for the 
vast majority of Floridians who want to “do the right thing” to do so in an informed manner.  Like 
public health issues, ecosystem health issues often are more manageable and more economically 
addressed with a preventive approach.  While recognizing the importance of habitat restoration, 
the program stays actively involved in coastal conservation land acquisition, and preservation of 
intact habitats.  With an increasing awareness that “restoration” activities do not always yield 
appreciable environmental gains (Hildebrand et al. 2005), the program sometimes takes a critical 
view of likely side effects of some proposed restoration projects.      
 
Future Directions 
Among the exciting opportunities that technology offers for the resource management capacity is 
the ability to better manage data and to do so in georeferenced databases.  The TBAP program is 
actively applying cutting-edge GIS technology to improve the storage and retrieval of 
information.  This present investment of effort is expected to greatly improve the accuracy and 
availability of data and metadata. 
 
The program must maintain and expand academic ties to take advantage of the growing 
knowledge base relevant to the preserves.  The model of engagement of the scientific community 
that has yielded actionable information in recent years must be applied to new academic 
partnerships and emerging environmental issues.  New means of acquiring, storing and retrieving 
scientific literature are improving the program’s integration of research results into everyday 
actions and policy advice.   The prompt availability of new scientifically-derived information to 
policy makers is an important role of the program. 
 
The program actively engages the public on each issue, but large-scale awareness with limited 
program resources remains challenging.  New opportunities afforded by the Internet and other 
media must be aggressively pursued to enhance appreciation of the importance of ecosystem 
services and the overall value of healthy ecosystems to the quality of life that Florida’s residents 
and visitors enjoy.   The primary focus of aquatic preserves on ecosystem and habitat 
conservation often may not be as tangible as that of primarily-recreational programs, but public 
buy-in for these “behind the scenes” efforts is vital. 
 
As the world gets smaller, in a practical sense, so does the world’s environment.  Many issues 
important to Florida and Tampa Bay are directly relevant to similar issues in other areas, and all 
are affected by the health of the world’s oceans.  In the course of providing advice and 
perspectives on coastal conservation to other states and nations, it has become apparent that these 
interactions also yield important knowledge and insights into local efforts.  New avenues of 
information flow now make it easier for resource managers to learn from a global community of 
research and monitoring programs, rather than “reinventing the wheel”.  TBAP routinely draws 
on the scientific analysis of conservation and restoration strategies in distant places in the course 
of developing resource management actions and defining informational needs. 
 
Given the scale of water quality issues, migratory species and other “big picture” considerations, 
it is increasingly important that individual MPAs not be managed in isolation.  Global networking 
of MPAs has been called for by the 2002 World Summit on Sustainable Development, the 2003 
G8 group of nations, the 2004 Convention on Biological Diversity and the 2003 5th World Parks 
Congress (IUCN World Commission on Protected Areas 2008).  While Florida and Tampa Bay 
had an early start on MPA networking, there is much to be learned from present efforts to create 
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new networks based on present-day ecological knowledge.  Efforts like the Gulf of Mexico 
Alliance afford new frameworks for MPA networking, and TBAP and CAMA staff have worked 
with other nations like Mexico, Britain and China in their MPA networking initiatives. 
 
In the course of the past 40 years, Tampa Bay’s Aquatic Preserves have evolved into an adaptive, 
science-based, place-based program that is well-suited to provide the extra protection for 
Florida’s aquatic habitats that was originally envisioned in the 1960s.  New technology and 
scientifically-derived knowledge offer unprecedented potential for better decision making and 
proactive resource protection, but the key to future maintenance of our natural heritage especially 
depends on the appreciation of the public for the ecosystem services provided by these 
remarkable areas. 
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ABSTRACT 
Session 11:  General Call 

 
PRESENTATION 

Stormwater Re-use: City of Tampa Experience. C. Walter (City of Tampa). The City of Tampa 
beneficially uses 38% of the stormwater generated City-wide. The City of Tampa is 109 square miles. The 
population of 325,500 makes it the 55th largest city in America and the third largest in the State of Florida. 
The potable water customer base is approximately 500,000 as there are significantly more daytime visitors 
than full time residents and the service area for the potable water system is significantly larger than the City 
limits.  
 
The City of Tampa is a highly urbanized area. It grades less urban and more suburban from its midpoint to 
the north and south respectfully. The northern 1/3 of the City drains to a City reservoir. Further, large 
portions of urbanized City of Temple Terrace and development in unincorporated Hillsborough, Pasco and 
Polk Counties all drain to the reservoir.  
 
The water in this reservoir system is treated at the David Tippin water treatment plant and is distributed as 
potable water to the City's potable water customer base. Runoff calculations from the entire City of Tampa 
considering normal rainfall conditions are 1.5 billion gallons per year. Tampa water customers consume 2.0 
billion gallons per year. A detailed water budget will demonstrate the economic use of stormwater for 
potable water demand in the City of Tampa. Plans to maximize performance of the stormwater catchments 
systems will also be discussed.   [chuck.walter@ci.tampa.fl.us] 
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SCALING THE EFFECTS OF CLIMATE CHANGE ON FLORIDA’S OCEAN 
AND COASTAL RESOURCES TO THE TAMPA BAY ESTUARINE 

ECOSYSTEM 
 

E.D. Estevez 
 

ABSTRACT 
In 2009 the Florida Oceans and Coastal Council (FOCC) released a report examining 
major mechanisms of climate change pertinent to Florida, and their effects on the state’s 
ocean and coastal resources.  Mechanisms include increases of greenhouse gases, air 
temperature and water vapor, water temperature, and sea level.  Seventeen categories of 
effects produced by the mechanisms were identified.  Published information that was 
directly concerned with or transferable to Florida was used, and then categorized under 
each mechanism and effect as what is known, what is probable (highly likely to occur), or 
what is possible (may occur).  This paper provides a summary of the report and offers a 
perspective on the challenges that scaling and/or transferring climate effects to the Tampa 
Bay area will pose for scientists and resource managers.  FOCC recommendations for 
embedding climate change in ongoing coastal research projects, from the Council’s 2010-
11 Research Report, are also summarized.  The reports are available online at 
http://www.floridaoceanscouncil.org/. 

 
The FOCC climate report’s treatment of sea-level rise is used to illustrate the problems 
and opportunities scientists and resource managers face in transferring information across 
dimensions of space and uncertainty.  Florida information on sea-level rise and its effects 
transfer generally to Tampa Bay but more must be learned for a complete understanding 
of sea-level rise and effects in the estuary.  On balance, some data gaps for Tampa Bay 
also apply at Florida scales.  Attention is drawn to the difference between effects 
associated with sea-level stand, and effects of rates of sea-level rise.  Using the FOCC 
report as a guide, some specific research questions concerning sea level and Tampa Bay 
are suggested. 

 

INTRODUCTION 
The Florida Oceans and Coastal Council (FOCC, Council) was created by the Florida Legislature 
in 2005 by the Oceans and Coastal Resources Act (S. 161.7 Florida Statutes).  The Council is 
charged with developing priorities for ocean and coastal research and establishing a statewide 
ocean research plan that is submitted to the Legislature each year.  The Council also undertakes 
projects and programs deemed important for marine and coastal science and resource 
management, for example, by sponsoring a contemporary evaluation of Florida’s ocean and 
coastal economy (Kildow 2008). In 2009 the Council presented a report, “The Effects of Climate 
Change on Florida’s Ocean and Coastal Resources”, to the Florida Energy and Climate 
Commission and people of Florida.   The report was written by Council members with 
contributions by subject matter experts, and peer-reviewed.  The report, revised in June 2009, is 
available from the Florida Department of Environmental Protection and the Council’s website 
(FOCC 2009).  Council intends for the report to be updated as new information becomes 
available.   This paper describes interesting aspects of the report and comments upon its bearing 
on research and management challenges and opportunities relative to the Tampa Bay estuary and 
adjoining watershed and coastal environments.    
 
The report identifies 4 mechanisms or drivers of climate change and 12 categories of effects 
pertaining to Florida’s ocean and coastal resources (Table 1).  Thirty statements were made about 
the drivers and 96 statements concerned effects.  Effects statements were grouped by certainty 
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into three categories: what is currently known, what is probable, and what is possible.  According 
to FOCC (2009),  “’Probable’ means that an effect is highly likely to occur, while “possible” 
means that it may occur, but that predicted impacts must be carefully qualified to reflect the level 
of certainty” (page 3).  The report’s treatment of sea level rise illustrates the organization: 
 
“What We Know.  (1)  Around Florida, relative sea level has been rising at a slow but constant 
rate, about an inch or less per decade.  (2)  The rate of global sea level rise increased from the 19th 
to the 20th century.   
What is Probable.  (3)  The rate of global average sea-level rise has increased during the late 20th 
century.  (4) In time, the rate of global sea-level rise will accelerate because of ocean warming 
and contributions from land-based ice melt from glaciers and the ice sheets of Greenland and 
Antarctica.  (5) Sea-level rise will continue well after 2100 even if greenhouse gas concentrations 
are stabilized by then.   
What is Possible.  (6) Major inputs of water from the melting of high-latitude and high-altitude 
ice reservoirs could cause several meters of sea-level rise over the period of centuries”. 
 
Domain of Climate Change Effects Pertinent to Tampa Bay−Most of the drivers and effects 
discussed in “The Effects of Climate Change on Florida’s Ocean and Coastal Resources” are 
directly pertinent to Tampa Bay, its watershed, and surrounding environment.  Two effects, 
increases in ocean acidification, and increases in coral bleaching and disease, may be less 
immediate concerns owing to the estuary’s chemistry and biogeography.  Hermatypic, 
scleractinian coral species occur in natural patch reefs, at depths > 15 m in the Gulf of Mexico 
near Tampa Bay (Rice et al. 1992) and at least one species of Sideastrea occurs in hard bottom 
communities of Lower Tampa Bay (Savercool 1994).  Their abundances in Tampa Bay proper 
could increase with favorable conditions, and their susceptibility to acidification could likewise 
increase, but too little is known at present of their vulnerability to acidification or disease to allow 
an assessment.  By the same token, sensitivity to lower pH of oysters in other estuaries (Miller et 
al. 2009) may not be transferable to Tampa Bay without more information on the details of the 
bay’s carbonate chemistry. 
 
Effects on coastal water supplies are not as urgent for the Tampa Bay area, as they could become 
elsewhere in Florida.  Although changes in the frequency and intensity of rainfall would affect 
any region’s water budget, a rise in sea level would have less of an effect on existing water 
supplies available to the Tampa Bay area than it would in southeast Florida.  In the Tampa Bay 
region, water is provided by instream and offstream reservoirs generally unaffected by sea level.  
The instream reservoir on the Braden River, Manatee County, is impounded by a low dam 
(DelCharco et al. 1997) that is at greatest risk of over-topping by rising sea level.  In southeast 
Florida the Biscayne Aquifer is an important water supply, and that aquifer would be endangered 
by saltwater intrusion caused by sea-level rise (STC 2008).  Other effects identified by the 2009 
report have greater bearing on Tampa Bay, as illustrated by the case of sea-level rise. 
 
Tampa Bay and Sea-Level Rise−Global or eustatic sea level refers to the average vertical 
position of the world ocean.  Mostly land-based records show that eustatic sea level rose faster in 
the 20th century than earlier in the historic record.  Satellite-based data indicated an acceleration 
of sea-level rise in the decade of the 1990s (USACE 2009).  Trends in eustatic sea level cannot be 
transferred directly to Tampa Bay, or other Florida waters.  The gage record for sea levels around 
Florida (NOAA 2010a) describes a range in rates of sea-level rise of 1.80 to 2.78 mm/yr (mean of 
2.1 mm/yr), somewhat higher than the eustatic mean of 1.7 mm/y for the 20th Century (IPCC 
2007).  For St. Petersburg, the mean rate of sea-level rise over a 59 year period has been 2.36 
mm/y and there is no evidence of acceleration in the rate of sea-level rise around Florida, 
including at St. Petersburg, during the 1990s (NOAA 2010b). 
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Looking forward, the IPCC called for a eustatic sea-level rise of approximately 20 to 60 cm by 
2100 (IPCC 2007), but recognized that their prediction did not account for recent information on 
the contribution of glaciers.  Subsequent work estimates glacial contributions to cause an overall 
eustatic sea-level rise on the order of 50 to 140 cm by 2100 (Rahmstorf 2007).  Other work 
suggests greater rates (Velicogna 2006). 
 
How much sea level rises by 2100 or later is a critical matter for Tampa Bay’s natural resources, 
especially in the shallow subtidal to supra-littoral zones.  The extent to which sea-level rise 
affects infrastructure will also depend on total inundation, but another process is at work that 
must be reckoned for both natural and cultural resources, namely, the rate at which sea level rises.  
Existing data and forecasts present a potential problem relative to rate issues because the historic 
rate of sea-level rise in Tampa Bay (at St. Petersburg) has been stable, linear, and equal to a rise 
of about 24 cm by 2100.  If projected stands of sea level in 2100 do occur, the longer Tampa Bay 
rates remain low and linear, the greater an acceleration must be in the balance of this century once 
the acceleration begins. 
 
A simple example illustrates the rate problem.  Allowing a continued rate of about 2.4 mm/y of 
sea-level rise in Tampa Bay, a projected sea-level rise of 1.0 m by 2100, and linear terms: in 
2025, the rate of sea-level rise would have to accelerate from 2.4 mm/y to 13 mm/y; or in 2050, 
the rate of sea-level rise would have to accelerate from 2.4 mm/y to 18 mm/y;  or if the 
acceleration only began in 2075, the rate of sea-level rise would have to accelerate from 2.4 mm/y 
to 33 mm/y.  Curvilinear solutions result in even greater rates of acceleration.  On the one hand, 
then, recent sea-level rise in Tampa Bay has been relatively low and stable but, on the other hand, 
sea levels projected for 2100 have been increasing.  This situation probably means that 
acceleration in the rate of sea-level rise must occur in the coming decades and bring significant 
adverse impacts to bay resources and infrastructure, once it begins.  Or, it could mean that sea 
level in Tampa Bay may not track eustatic sea level with fidelity in the future.  Eustatic sea level 
is a global mean value and Tampa Bay and Florida waters generally may be situated in a region 
of the world where local sea-level rise naturally differs from global averages. 
 
Effects and Adaptation−The 2009 FOCC report on climate change enumerated effects of sea-
level rise on beaches, coastal wetlands, and bays and estuaries.  These effects may be taken as a 
first-order estimate of effects likely to occur in Tampa Bay, at least with respect to inundation (a 
2009 report on the Charlotte Harbor region’s vulnerability to climate change including sea-level 
rise may be consulted for a more detailed resource assessment (SWFRPC 2009). The 2009 report 
acknowledged that the rate of sea-level rise can be as or more important than its eventual stand 
but the report did not identify effects related to rates except to state as probable that, “Many tidal 
wetlands in areas with low freshwater and sediment supplies will ‘drown’ where sea-level rise 
outpaces their ability to accrete vertically” (p. 27).  The response capacity of natural systems thus 
sets upper limits to the resource management ideas of mitigation or adaptation, which are only 
practical at low (to moderate?) rates of sea-level rise; by definition, mitigation and adaptation will 
not be practical under catastrophic rates of sea-level rise. 
 
The time-course of future sea-level rise is a critical factor to learn in order for adaptation 
strategies to be effective in Tampa Bay.  Management of the bay’s natural resources especially 
will depend on knowing whether future sea level and rates of sea-level rise will be comparable to 
or significantly greater than historic rates; whether the changes will be continuous or abrupt 
(CCSP 2008), and how the effects of sea level will interact with other effects of general climate 
change or local anthropogenic forces.  In this regard, it would be useful to revisit the question of 
whether a sea level highstand of about 0.5 m occurred in the Gulf of Mexico and southeast 
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Atlantic Ocean during the late Holocene (Froede 2002).  Diverse evidence (Stapor et al. 1991; 
Walker et al. 1995) has been interpreted to support such a high stand lasting from about 1750 to 
1450 years before present. Such a temporary high stand would represent an “abrupt change” of 
the kind foreseen as a consequence of climate change (CCSP 2008), and its evolution and effects 
in Tampa Bay would be instructive in terms of understanding future sea level accelerations 
described in Section 1.2.  Other research recommendations follow. 

 
FUTURE RESEARCH 

Climate Recommendations of the Florida Oceans and Coastal Council−The Council=s 2009 
report informed Council’s 2010-11 Research Plan (FOCC 2010)  by identifying knowledge gaps 
at broad and specific levels:  “Providing guidance to minimize effects of climate change on 
Florida’s population and natural resources will entail investigation into these key areas: 
Scaling:  Methods to apply global, hemispheric, and continental data and models to Florida and 
its adjoining oceanic environments, for example by modeling sea-level rise based on 
Intergovernmental Panel on Climate Change (IPCC) scenarios. Emphasis is on collaborative, 
statewide efforts with peer review.  
Baselines:  Programs to define existing conditions and eventually status and trends for the major 
categories of effects identified in the 2009 Council report, for example by monitoring and 
mapping the effects of climate change on coral reef communities.  
Processes:  Defining cause-and-effect relationships between climate drivers or effects and the 
explicit responses of coastal and ocean ecosystems, for example by developing and testing 
models that assess the impact on fisheries productivity from changes in Florida’s estuarine 
habitats due to climate change. 
Risk:  Predicting changes in the sustainability of natural resources and their values or beneficial 
uses for humans, using robust and understandable methods, for example by adopting standard 
statewide projections of beach endangerment by climate change.” 
 
Application to Tampa Bay−The FOCC recommendations deserve to be evaluated with respect 
to the many avenues of Tampa Bay research bearing on climate change.  Key areas identified by 
the FOCC can be illustrated with respect to sea-level rise in Tampa Bay. 
Scaling:  From Section 1.3, two areas deserving attention include a (1) better understanding of 
how Florida and Tampa Bay sea levels are affected by the Yucatan, Loop, and Florida currents, 
and the Gulf Stream, under different regimes of sea-surface temperature and climate, and (2) 
projections of seasonal steric effects (NOAA, 2010b) on sea level under scenarios of shelf 
warming. 
Baselines:  How coherent are sea levels around the bay?  Has sea-level rise affected tidal 
characteristics in Tampa Bay and how might future sea levels affect tides?  Have past 
anthropogenic changes in bay geometry affected tidal ranges and harmonics and how might tides 
be affected by future changes?   
Processes:  Two central questions arise.  The first concerns the ability of Tampa Bay’s tidal 
wetlands (and oyster reefs) to track sea level.  We need to learn how wetlands in different bay 
environments maintain their elevations.  Conversely, more mechanistic explanations are needed 
to understand whether parts of Tampa Bay have deepened or will deepen as sea level rises, as 
adumbrated in a Sarasota Bay study by Tomasko (these proceedings). 
Risk:  The endangerment of barrier and bay islands, gulf and bay beaches, inlets, and bay 
causeways should be assessed using physical, social, and economic models, ideally for multiple 
rates of sea-level rise as well as projected stands in 2100.  Vulnerability of the Braden River 
reservoir to salt-water intrusion, and probable tidal over-topping should also be considered. 
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SUMMARY AND CONCLUSIONS 
The 2009 FOCC report on climate change was based in part on the transfer of knowledge from 
planet, ocean, and continent-scaled information.  This Tampa Bay assessment extends the sea 
level content of the state report to a finer scale and necessarily involved greater uncertainty, but 
there may be merit in adopting the state report’s method of acknowledging levels of certainty in 
future discussions of sea level and climate generally, as more local insights develop.  The issue of 
sea-level rise was examined in the context of Tampa Bay.  Historic sea-level rise has been 
relatively slow and linear.  Some resources will be affected by simple inundation, but the rate at 
which sea level rises will also be important to understand.  The longer local rate acceleration is 
retarded, the greater the rates must have to be if present-day projections of sea level in 2100 are 
realized.  Thus the time-course of future sea-level rise, and its affect on bay geometry, shorelines, 
natural resources, and human infrastructure, are critical factors to discover.  Preliminary 
recommendations for some sea-level research in Tampa Bay are offered with respect to scaling, 
baselines, processes, and risk.  The same considerations could inform research needs concerning 
other aspects of climate change in Tampa Bay and environs. 
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Table 1.  Climate change drivers and effects pertaining to Florida=s ocean and coastal resources, adapted 
from FOCC 2006. 

Drivers:  Increases ofY Effects 

Greenhouse gases  Increases in ocean acidification 
  
Air temperature and water vapor  Altered rainfall and runoff patterns 

 Altered frequency and intensity of 
tropical storms and hurricanes 

  
Ocean temperature  Increases in coral bleaching and 

disease 
 Increases in fish diseases, sponge 

die-offs and loss of marine life 
 Changes in the distribution of 

native and exotic species 
 Changes in nutrient supply, 

recycling and food webs 
 Harmful algal blooms 
 Hypoxia 

  
Sea level  Changes in estuaries, tidal 

wetlands and tidal rivers 
 Changes in beaches, barrier islands 

and inlets 
 Reduced coastal water supplies 
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POTENTIAL IMPACTS OF SEA LEVEL RISE ON 
SARASOTA BAY SEAGRASSES 

 
D.A. Tomasko & E.H. Keenan 

 
ABSTRACT 

In Sarasota Bay, correlations between levels of chlorophyll-a and water clarity allow for 
the development of chlorophyll-a targets to protect seagrass as a bio-indicator of system 
health. However, questions have arisen as to the appropriateness of seagrass maps in 
determining the depth to which seagrass beds can penetrate.  Based on a comparison of 
techniques, it was found that surveyed offshore edges of seagrass meadows are typically 
17 cm deeper than offshore edges delimited from seagrass maps produced via aerial 
photography and photointerpretation. These surveyed edges typically extend 30 to 40 
meters farther offshore than edges delimited from seagrass maps. Based on a comparison 
between predicted depths from a 1950s-era bathymetric map and direct depth 
measurements, it appears that the waters of Sarasota Bay are approximately 17 cm deeper 
in 2007 than was the case in the 1950s, which is consistent with estimates of the degree 
of sea level rise (SLR) expected over a 50-year timeline (i.e. 1950s bathymetric layer to 
2007 measured depths). If future SLR occurs at a similar rate, water clarity would have to 
improve, to allow the same light level to penetrate to the offshore edges of seagrass 
meadows growing in areas that would be expected to be deeper due to SLR. Bay-wide, 
chlorophyll-a levels would have to decrease by 13 to 35% by the year 2020 to allow 
seagrasses to maintain their present-day coverage in the future, deeper, waters of Sarasota 
Bay. 

 
INTRODUCTION 

In Southwest Florida, a substantial amount of research has focused on the relationships between 
population growth, changing land use patterns, pollutant loads, estuarine water quality, and 
seagrass health. In Tampa Bay, historical losses of seagrass coverage have been linked to both 
direct and indirect impacts (Lewis et al. 1985; Lewis 1989; Haddad 1989).  In contrast, recent 
(1982-1996) increases in seagrass coverage in Tampa Bay have been linked to improved water 
quality (Johansson 1991; Johansson and Ries 1997; Lewis et al. 1998). Improvements in water 
quality have in turn been attributed mostly to improvements in the treatment and disposal of 
wastewater discharges by the cities of Tampa, St. Petersburg and Clearwater since the mid to late 
1980s (Johansson and Greening 1999).  
 
A similar situation exists in Sarasota Bay, where recent increases in seagrass coverage were 
related to reductions in anthropogenic nitrogen loads to the bay by the City of Sarasota and 
Manatee and Sarasota counties (Kurz et al. 1999).  
 
Nitrogen loads into Tampa Bay and Sarasota Bay (generated primarily by domestic wastewater 
treatment facilities) were reduced by 57% and 46%, respectively, during the 1980s and 1990s 
(Tomasko et al. 2005). In response, both Tampa Bay and Sarasota Bay have lower phytoplankton 
concentrations, greater water clarity and more extensive seagrass coverage in recent years than in 
the early 1980s (Johansson and Greening 1999;  Kurz et al. 1999; Tomasko et al. 2005). As there 
is no evidence of a concurrent and explanatory trend in rainfall during this same time period, it 
was concluded that variation in rainfall could not account for the observed increase in seagrass 
coverage in these two bays (Tomasko et al. 2005). 
 
While chlorophyll-a can be a useful indicator of impaired conditions in an estuary, interpreting 
the causes and effects of varying chlorophyll-a concentrations is challenging.  Chlorophyll-a is 
known to be highly variable and responsive to a variety of factors, including nutrient loads, 
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rainfall, salinity, residence time, season, and even the time of day.  In addition, factors other than 
chlorophyll, such as turbidity and color, may also affect water transparency.  If those factors 
affect water clarity to such a degree that they may also affect phytoplankton growth rates, then 
issues other than nutrient availability alone may need to be accounted for to develop potential 
nutrient limits for water quality protection and/or restoration. 
 
For Sarasota Bay, there appear to be two main courses of action that could be pursued, as relates 
to the issue of potentially biologically relevant values of chlorophyll-a, as summarized below. 

 
Approach 1 - Acceptance of existing standards for chlorophyll-a−This approach would be to 
accept the state’s determination that a chlorophyll-a concentration of 11 µg/liter, and the water 
clarity that accompanies such conditions, is an appropriate target.  Or, that a 50% increase in 
levels of chlorophyll-a over “historical’ levels is an indication of an impaired condition. 
 
Approach 2 - Establish site-specific and resource-linked targets for chlorophyll-a−A second 
approach would be to develop site-specific and scientifically-defensible water clarity and 
chlorophyll-a goals that could be linked to a living resource.  An approach such as this, using 
science-based management to protect the health of living resources, is similar to that currently 
being used by the Tampa Bay Estuary Program. 
 
This paper summarizes efforts conducted in Sarasota Bay related to Approach 2, the development 
of site-specific and resource-linked targets for chlorophyll-a.  Additionally, this paper addresses 
the issue of whether or not “offshore” or “deep” edges from seagrass mapping efforts are the 
same as a “deep” edge that would be found from site visits and careful depth measurements.  
Finally, the potentially important issue of sea level rise, as it relates to the development of 
resource-based water clarity and chlorophyll-a targets for Sarasota Bay is addressed. 
 

MATERIALS AND METHODS 
The techniques used in this paper involved the following steps: 1) identification of ‘mapped’ deep 
edges of seagrass meadows, 2) determining the ‘surveyed” deep edges of seagrass meadows, 3) 
assessing the percent coverage of seagrasses at these two depths, 4) determining the depths at 
these two potentially different locations, 5) determining the light levels at these depths, and 6) 
determining the levels of chlorophyll-a that would allow for adequate light penetration to target 
depths, and 7) determining the implications of sea level rise on potential chlorophyll-a targets. 
For this effort, the original Sarasota Bay segmentation scheme used in the SBNEP’s Framework 
for Action (SBNEP 1992) and the Comprehensive Conservation and Management Plan (SBNEP 
1995) was utilized.  Table 2 contains information on the relationship between portions of Sarasota 
Bay and the corresponding SBNEP bay segment numbers used in this paper. 
 

Site Identification 
Segments 7, 8, 10 and 11 (Sarasota Bay)−PBS&J, working in concert with Janicki 
Environmental, verified seagrass coverage and water depth information along the mapped deep-
edge of the seagrass beds within Sarasota Bay.  As such, Janicki Environmental created a 
“Universe” of sampling stations along the deep-edge of the consistently mapped seagrass beds 
performed by the Southwest Florida Water Management District (SWFWMD).  Twenty randomly 
selected stations were provided by Janicki Environmental for each of the segments in Sarasota 
Bay (bay segments 7, 8, 10 and 11).  PBS&J randomly selected eight sites for field verification of 
both seagrass coverage and water depth in each segment (Figure 1).  The sites were visited on two 
calm weather days, February 20th and 21st, 2007.  All sites underwent QA/QC review for site 
accuracy; four sites were removed from analysis based on spatial inconsistencies with map layers. 
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Segments 1, 3, 13, 14 and 16−PBS&J identified 7-9 mapped deep-edge sampling points based 
upon the 2006 SWFMWD seagrass coverage maps.  Four sites were randomly selected to verify 
both seagrass coverage and water depth in bay segments 13, 14 and16 (Figure 1).  These data 
were collected on May 4, 2007 during calm weather conditions.  Five sites were randomly 
selected to verify both seagrass coverage and water depth in segments 1 and 3 (Figure 1).  These 
data were collected on May 14, 2007 during calm weather conditions.  
 
Seagrass Coverage−At all mapped deep-edge sites, a modified Braun-Blanquet method was used 
to determine seagrass coverage. Three assessments of seagrass coverage and species diversity 
were recorded at each site using a 1m2 quadrat.  Each site was evaluated to determine if it 
satisfied the Virnstein et al. 2000 method for classification of the deep-edge of a seagrass bed; 
<10% seagrass coverage (Virnstein et al. 2000). If it was determined that the site had >10% 
seagrass coverage, divers continued to swim offshore until they eventually located the deep-edge, 
as described above.  The location and water depth of the surveyed deep-edge were recorded. 
 
Depth Measurements−Water depth information was collected at a total of 89 sampling sites 
throughout all bay segments. A total of 39 depth measurements were recorded at the mapped 
deep-edge sites and an additional 50 measurements were made at the surveyed deep-edge sites.  
Eleven of the 50 surveyed deep-edge sites were consistent with the location of the mapped deep-
edge.  Three depths were recorded at each site using a customized staff gauge with a flat bottom 
disk designed to reduce errors associated with field measurements.  All data were collected 
during calm bay conditions. The GPS coordinates were recorded for each station using a WAAS 
(Wide Area Augmentation System) enabled Garmin GPSmap 60CSx. 
 
Depth data were corrected for tidal stage and referenced to Mean Low Water (MLW; Table 2). 
The 6-minute verified water level data from the St. Petersburg, FL (8726520) tide station was 
used to model the tide for the Cortez, Sarasota and Venice tide stations (http://tidesand 
currents.noaa.gov).  The tidal prediction for each station was used to modify the St. Petersburg 
data.  The St. Petersburg tide data were adjusted for high and low tide and a time shift was 
applied for each station.  
 
NOAA NOS Bathymetry−Bathymetry data was collected in Sarasota Bay by the U.S. Coast and 
Geodetic Survey between 1953 and 1955 (Figure 2; www.estuarinebathymetry.noaa.gov).  The 
majority of depth soundings were completed in 1954.  Six surveys were completed collecting 
approximately 52,299 depth values using a portable depth recorder.  The average distance 
between readings was 51 meters.  The vertical datum was referenced to Mean Low Water. The 
horizontal datum was referenced to NAD83.  This data set provided bathymetry information for 
all Segments listed in Table 2. 
 
Depth Comparison−Using GIS, the closest NOS water depth point to each field site was 
selected.  The 1950s NOS and 2007 surveyed water depths of all 89 sites were statistically 
compared using a non-parametric two-sample Mann-Whitney (Wilcoxon) test.  Additionally, the 
water depth at the 2007 mapped deep-edge and the 2007 surveyed deep-edge sites were compared 
using the Mann-Whitney (Wilcoxon) test, and the distance between the mapped deep-edge and 
surveyed deep-edge was determined.   

 
Chlorophyll-a and Light Attenuation Data−Chlorophyll-a and the light attenuation coefficient 
(K) data for each bay segment were downloaded from the Florida STORET database 
(www.dep.state.fl.us/water/storet).  These data were available for all segments during the period 
of August 2001 to February 2006.  Light attenuation coefficients (K/meter) in Segment 1 and 3 
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were calculated from the raw underwater incident light readings where z=0.5m (personal 
communication, Greg Blanchard).  Additionally, only uncorrected chlorophyll-a values were 
available for Segment 1 and 3. Corrected chlorophyll-a was available for all other segments.  
Statistical significance was determined based on the  r2  value and sample size (Schefler 1979).  
 
The average K was determined for each segment based on the monthly averages from August 
2001 to February 2006.  Percent sub-surface irradiance was calculated for each location at four 
corresponding depths (Mapped Deep-Edge (1950s), Mapped Deep-Edge (2007); Surveyed Deep-
Edge (1950s) and Surveyed Deep-Edge (2007); Formula 1), and then the average percent sub-
surface irradiance (or PAR -photosynthetically active radiation) for each segment at each depth 
was determined. 
 
Formula 1:  Percent PAR = +exp (-k*z)*100 
Where k=average light attenuation coefficient and z =water depth in meters at MLW 
 
Chlorophyll-a Target−The chlorophyll-a target for segments 7, 8, 10, 11, 13, 14 and 16 were 
determined based on the average percent sub-surface irradiance at the Surveyed Deep-Edge 
(2007).  The light attenuation coefficient was calculated based on PAR and the water depth at 
which light readings were made (Formula 2). 
 
Formula 2:  K = -1/z * ln(Iz / Io) 
Where Iz = PAR at depth z (in meters) and Io = directly sub-surface PAR 
 
The current target chlorophyll-a concentration was calculated based upon the linear model 
relating K and chlorophyll-a for each segment (Table 3). A target chlorophyll-a concentration was 
also calculated based upon anticipated sea-level rise in Sarasota Bay for the years 2020 and 2050 
(after Clark 1992).  Using the measured rate of sea-level rise between 1954 and 2007, sea-level 
rise was simulated for the next 13 and 43 years.  The modified water levels were used to 
recalculate the new (lower) K value required to keep the same percent PAR at a location with 
additional water depths (due to sea level rise) and the revised chlorophyll-a target was calculated 
based on the new estimate of K. 
 

RESULTS 
Water Depth Comparison−Tide-corrected water depth measurements from 89 sites were 
compared to the water depth estimates for these same locations using the bathymetry data 
compiled in 1953-1955 by the USGCS.  The average (n = 89) water depth for sites visited in 
Sarasota Bay, based on the 1950s bathymetry data, was 1.09 m at MLW compared to an average 
depth of 1.26 m at MLW water depth for those same locations, calculated from directly measured 
water depths in 2007 (Figure 3). The change in water depth was 0.17 m which is equivalent to 3.2 
cm/decade.  There was a statistically significant difference between the 2007 water depths and the 
1950s data (N=89; p=0.01).   This difference in water depths is within the range of documented 
rates of sea level rise in St. Petersburg during 1950 to 1990 (2.4 cm/decade), and estimated rates 
of future sea level rise of approximately 5.2 cm/decade, as outlined in Clark (1992). 
 
Additionally, the mapped deep-edge (2007) sites were compared to the surveyed deep-edge 
(2007) sites; the average water depth was 1.16 m at MLW and 1.34 m at MLW, respectively 
(Figure 4), but this difference was not statistically significant (N=39; p= 0.09).   The average 
distance between the mapped deep-edge (2007) and the surveyed deep-edge (2007) was 42 m.  
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Chlorophyll-a Targets 
Segments 1 and 3:  A significant correlation between chlorophyll-a and light attenuation was not 
found for Segments 1 and 3, which correspond to Anna Maria Sound and Palma Sola Bay.  In 
these parts of Sarasota Bay, prior studies concluded that non-chlorophyll suspended material 
(NCSM) was the dominant attenuator of light in the water column (Dixon and Kirkpatrick 1995). 
On average, NCSM explained 77% of the partitioned non-water attenuation for diffuse light in 
Segment 1 and 58% in Segment 3.  Consequently, a chlorophyll-a target was not calculated for 
these segments. 
 
Segment 7:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficients were 5.4 μg/l and 0.6681 K/m, respectively 
(Table 4).  The linear model (Table 3) was used to produce target chlorophyll-a values for 
Segment 7.  Based on the Surveyed Deep-Edge water depth and percent PAR, a chlorophyll-a 
target of 5.3 μg/l was calculated to maintain deep edge light requirements.  A potential IWR 
target was calculated based upon the chlorophyll-a value which exceeds the historic value by 50% 
for WBID 1968B (Sarasota Bay; 5.5μg/l). The 2020 and 2050 target chlorophyll-a concentrations 
were calculated based on anticipated sea-level rise. A projected water depth of 1.63m in 2020 and 
1.76m in 2050 was used.  To maintain current water clarity conditions with increased water 
depth, a target chlorophyll-a concentration of 4.6 μg/l is proposed for 2020.  The proposed target 
chlorophyll-a concentration for 2050 is 2.6 μg/l.   
 
Segment 8:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficient were 5.4 μg/l and 0.6681 K/m, respectively (Table 
4).  The linear model (Table 3) was used to produce target chlorophyll-a values for Segment 8.  
Based on the Surveyed Deep-Edge water depth and K, a chlorophyll-a target of 5.0 μg/l was 
calculated to maintain current deep edge light requirements.  A potential IWR target was 
calculated based upon the chlorophyll-a value which exceeds the historical value by 50% for 
WBID 1968B (Sarasota Bay; 5.5μg/l). The 2020 and 2050 target chlorophyll-a concentrations 
were calculated based on anticipated sea-level rise using projected water depths of 1.61m and 
1.74m, respectively.  To maintain current water clarity conditions with increased water depth, a 
chlorophyll-a concentration of 4.3 μg/l is proposed for 2020.  The proposed target chlorophyll-a 
concentration for 2050 is 2.2 μg/l.   
 
Segment 10:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficient were 3.8 μg/l and 0.6372 K/m, respectively (Table 
4).   The linear model (Table 3) was used to produce target chlorophyll-a values for Segment 10.  
Based on the Surveyed Deep-Edge water depth and K, a chlorophyll-a target of 1.9 μg/l was 
calculated to maintain current deep edge light requirements. A potential IWR target was 
calculated based upon the chlorophyll-a value which exceeds the historic value by 50% for WBID 
1968B (Sarasota Bay; 5.5μg/l). The 2020 and 2050 target chlorophyll-a concentrations were 
calculated based on anticipated sea-level rise, therefore, projected water depths of 1.85m and 
1.98m were used, respectively.  To maintain current water clarity conditions with increased water 
depth, a target chlorophyll-a concentration of 1.2 μg/l is proposed for 2020.  Due to further 
increases in water depth, a target chlorophyll-a concentration could not be derived for Segment 
10 for 2050 conditions.  
 
Segment 11:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficient were 4.5 μg/l and 0.6837 K/m, respectively (Table 
4).  The linear model (Table 3) was used to produce target chlorophyll-a values for Segment 11.  
Based on the Surveyed Deep-Edge water depth and K, a chlorophyll-a target of 6.4 μg/l was 
calculated to maintain current deep edge light requirements. A potential IWR target was 
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calculated based upon the chlorophyll-a value which exceeds the historic value by 50% for WBID 
1968B (Sarasota Bay; 5.5 μg/l).  The 2020 and 2050 target chlorophyll-a concentrations were 
calculated based on anticipated sea-level rise using projected water depths of 1.19m and 1.32m, 
respectively.  To maintain current water clarity conditions with increase water depth, a target 
chlorophyll-a concentration of 3.3 μg/l is proposed for 2020.  The proposed chlorophyll-a 
concentration for 2050 is 1.7 µg/l. 
  
Segment 13:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficient were 7.7 μg/l and 0.9993 K/m, respectively (Table 
4).   The linear model (Table 3) was used to produce target chlorophyll-a values for Segment 13.  
Based on the Surveyed Deep-Edge water depth and K, a chlorophyll-a target of 3.9 μg/l was 
calculated to maintain current deep edge light requirements. A TMDL target was developed based 
upon the chlorophyll-a value which exceeds the historic value by 50% for WBID 1968D (Roberts Bay; 
7.2 μg/l). The 2020 and 2050 target chlorophyll-a concentrations were calculated based on 
anticipated sea-level rise and projected water depths of 1.26m and 1.39m, respectively.  To 
maintain current water clarity conditions with increased water depth, a target chlorophyll-a 
concentration of 5.5 μg/l is proposed for 2020.  The proposed chlorophyll-a concentration for 
2050 is 3.1 μg/l. 
 
Segment 14:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficient were 7.7 μg/l and 0.9105 K/m, respectively (Table 
4).   The linear model (Table 3) was used to produce target chlorophyll-a values for Segment 14.  
Based on the Surveyed Deep-Edge water depth and K, a chlorophyll-a target of 7.7 μg/l was 
calculated to maintain current deep edge light requirements. A potential IWR target was 
calculated based upon the chlorophyll-a value which exceeds the historic value by 50% for WBID 
1968E (Little Sarasota Bay; 8.6 μg/l). In comparison, the TMDL target derived by the Florida 
Department of Environmental Protection and adopted for the improvement of water quality in 
Segment 14 is 8.6 μg/l. The 2020 and 2050 target chlorophyll-a concentrations were calculated 
based on anticipated sea-level rise and projected water depths of 1.01m and 1.14m, respectively.  
To maintain current water clarity conditions with increased water depth, a target chlorophyll-a 
concentration of 6.6 μg/l is proposed for 2020.  The proposed chlorophyll-a concentration for 
2050 is 3.8 μg/l. 
 
Segment 16:  Based on the data from August 2001 to February 2006, the average chlorophyll-a 
concentration and light attenuation coefficient were 5.6 μg/l and 0.9105 K/m, respectively (Table 
4).   The linear model (Table 3) was used to produce target chlorophyll-a values for Segment 16.  
Based on the Surveyed Deep-Edge water depth and K, a chlorophyll-a target of 4.7 μg/l was 
calculated to maintain current deep edge light requirements. An IWR target was calculated based 
upon the chlorophyll-a value which exceeds the historic value by 50% for WBID 1968F 
(Blackburn Bay; 5.5μg/l). The 2020 and 2050 target chlorophyll-a concentrations were calculated 
based on anticipated sea-level rise and projected water depths of 0.94 m and 1.08 m, respectively.  
To maintain current water clarity conditions with increased water depth, a target chlorophyll-a 
concentration of 4.0 μg/l is proposed for 2020.  The proposed chlorophyll-a concentration for 
2050 is 2.2 μg/l. 
 

DISCUSSION 
The results of this project can be summarized as follows: 
● For much of the bay, correlations between chlorophyll-a and water clarity allow for the 

development of potential water clarity goals or “targets” 
●    For much of the bay, chlorophyll-a targets could be developed to protect seagrass resources 

as a “bio-indicator” of system health 
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● However, chlorophyll-a and water clarity do not appear to be correlated with each other in 
either  Palma Sola Bay or Anna Maria Sound 

● Detailed surveying of the deep edge of seagrass meadows results in a multi-year annual 
average light requirement of approximately 31 to 46% of sub-surface irradiance (at MLW) 
for Sarasota Bay 

● Surveyed seagrass meadow deep edges are typically 17 cm deeper than “deep edges” 
delimited by aerial photography and mapping techniques 

●  Surveyed seagrass meadow deep edges typically extend 30 to 40 meters farther offshore than 
edges delimited by mapping techniques 

●  Based on a comparison between predicted depths from a 1950s-era bathymetric map and 
current depth measurements, it appears that the waters of Sarasota Bay are approximately 17 
cm deeper now (2007) than was the case in the 1950s 

●   The rate of sea level rise (SLR) that appears to have been documented in Sarasota Bay is in 
line with estimates of the degree of SLR expected over a 50-year timeline 

●   If future SLR occurs at a similar rate, water clarity would have to be improved to allow the 
same light level to penetrate to the offshore edges of future seagrass meadows at their current 
locations 

●   To maintain the same light penetration to future, deeper waters, chlorophyll-a levels would 
have to decrease by 51 to 56% by the year 2050, to allow seagrasses to maintain their present 
coverage (Table 5). 

 
It is not surprising that surveyed offshore edges of seagrass meadows, delimited via snorkeling, 
extend farther offshore and into deep waters than offshore edges delimited via aerial photography 
and photointerpretation.  It would be difficult for aerial imagery, regardless of the technique used, 
to be sufficient to pick up all the seagrass resources found in any particular area.  However, the 
more relevant implication of this finding is that “edges” found by snorkeling would have deeper 
depths, and would have different light levels at those depths than locations depicted by a map as 
being a deep edge.  For this reason, it is important that the type of edge (surveyed or mapped) is 
consistent with the literature, for developing minimum light requirement targets for seagrasses.  
For example, estimates of minimum light requirements for seagrasses determined in Tampa Bay 
(Dixon 1999), Sarasota Bay (Dixon and Kirkpatrick 1995), and Lemon Bay (Tomasko et al. 
2001) range as high as 42% of immediately sub-surface irradiance.  In all three of these locations, 
the deep edge used for estimating light requirements was defined by field surveying the site, and 
not by photointerpretation of aerial photography and mapping techniques.  The choice of what 
target light level to use for maintaining seagrass coverage is an important one for setting water 
clarity targets, and thus for setting possible chlorophyll-a targets. 
 
An additional consideration for TMDL development in Sarasota Bay is whether or not there is 
evidence of system-wide improvements or degradation in water quality, based on ambient water 
quality monitoring programs or other objective assessments.  That is, is impairment status derived 
from the rules and regulations outlined in the Impaired Waters Rule (IWR) consistent with more 
locally-collected data on trends in appropriate bio-indicators of system health? 
 
In the SBNEP’s document “Framework for Action”, Lowrey et al. (1993) concluded that of the 
16 bay-wide segments (plus the nearshore waters of the Gulf of Mexico) in Sarasota Bay, roughly 
two-thirds of those segments had trends in chlorophyll-a.  Of those segments with trends, 93% of 
them had trends of decreasing values of chlorophyll-a, while only one segment had a trend of 
increasing values. Likewise, trends for total nitrogen were found in 43% of SBNEP segments, 
with twice as many having decreasing trends as increasing trends.  For total phosphorus, 48% of 
bay segments had significant trends, with only 10% of those segments showing signs of 
degradation over time (i.e., increasing values) 
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For water clarity (measured as Secchi disk depths) 29% of bay segments had trends over time - 
all of those trends were of improving water clarity (i.e., none showed evidence of degrading water 
clarity). 
 
In a later assessment of status and trends in water quality, Dixon and Heyl (1999) found that more 
recent (1989 to 1998) trends of declining concentrations of total nitrogen and total phosphorus (9 
of 12 bay segments) were not accompanied by concurrent decreases in phytoplankton abundance, 
as no bay segments showed trends of decreasing chlorophyll-a concentrations during that same 
time period. The basis for this potential disconnect between declining nutrient concentrations and 
further decreases in phytoplankton abundance (between 1989 and 1998) merits further 
investigation, especially as it relates to the finding (discussed below) of continued increases in 
seagrass coverage in Sarasota Bay (Kurz et al. 1999; Tomasko et al. 2005). 
 
In the SBNEP’s Framework for Action, the technical synthesis chapter (Tomasko et al. 1992) 
outlined the finding that seagrass biomass and productivity was a better indicator of segment-
specific nitrogen loads than either chlorophyll-a or Total Kjeldahl Nitrogen (TKN).  A key 
finding of Tomasko et al. (1996) was that the status and trends of seagrass coverage in Sarasota 
Bay would be a better indicator of system health than traditional water quality monitoring 
programs. 
 
As seagrass coverage has been found to be increasing in Sarasota Bay in recent years  (Kurz et al. 
1999; Tomasko et al. 2005), these results would indicate that findings of impairment for nutrients 
in various Sarasota Bay segments (e.g., Palma Sola Bay, Roberts Bay, Blackburn Bay) might be 
more a function of a potentially locally inadequate listing criteria via the IWR than a true 
indicator of a stressed ecosystem.   
 
However, results of the depth measurements, comparing 1950s bathymetry estimates vs. field 
survey estimates from 2007 suggest that sea level rise could be an important factor to consider, 
when developing water quality goals for Sarasota Bay.  The average increase in water depth of 17 
cm, comparing 1950s depths to 2007 estimates, calculates out to a sea level rise rate of 
approximately 3.2 cm/decade.  This difference in water depths is within the range of rates of 
measured sea level rise in St. Petersburg during 1950 to 1990 (ca. 2.4 cm/decade), and estimated 
rates of future sea level rise (ca. 5.2 cm/decade) as outlined in Clark (1992).  Should these 
estimates of future sea level rise prove accurate, chlorophyll-a concentrations in Sarasota Bay 
would have to be reduced by 51 to 56 percent, to allow for the present-day light levels to 
penetrate to the same, but deeper, offshore edges of future seagrass meadows in the bay.  
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Figure 1.  Top left: Site location in Segments 7, 8, 10 and 11. Top right: Site location in Segments 13, 14 
and 16. Bottom: Site Location in Segments 1 and 3.  
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                               Figure 2.  1950s NOS NOAA bathymetry data for Sarasota Bay. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Average Water Depth at the 1950s NOS and 2007 field sites.  
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  Figure 4.  Average water depth using both 1950s bathymetry data and surveyed 
                      mapped and deep-edges. 
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Table 1. Verified Impaired Waterbodies in Sarasota Bay (from FDEP Group 3 Verified Impaired List 
(6/20/2005). 

 

Table 2. Segment and reference tidal station for field data. 

Segment Bay Tide Station 

1 Anna Maria Sound Cortez 

3 Palma Sola Bay Cortez 

7 NW Sarasota Bay Cortez 

8 NE Sarasota Bay Cortez 

10 SW Sarasota Bay Sarasota 

11 SE Sarasota Bay Sarasota 

13 Roberts Bay Sarasota 

14 Little Sarasota Bay Sarasota 

16 Blackburn Bay Venice 

Waterbody Name WBID 
SBNEP 
Segment 

Parameter of Concern 

Palma Sola Bay 1883 2 and 3 Nutrients (chlorophyll-a > 11 µg / liter) 

Palma Sola Bay North 1883 B 3 Bacteria (exceeds DOH thresholds) 

Palma Sola South 1883 C 3 Bacteria (exceeds DOH thresholds) 

Bowlees Creek 1896 NA Fecal Coliform Bacteria 

Bowlees Creek 1896 NA Total Coliform Bacteria 

Bowlees Creek 1896 NA Nutrients (chlorophyll-a) 

Philippi Creek 1937 NA Fecal Coliform Bacteria 

Philippi Creek 1937 NA Total Coliform Bacteria 

Roberts Bay 1968 D 13 Nutrients (Historic chlorophyll-a) 

Blackburn Bay 1968 F 16 Nutrients (Historic chlorophyll-a) 

Clark Lake 1971 NA Nutrients (TSI > 60) 

Clowers Creek Tidal 1975 AA NA Nutrients (chlorophyll-a) 
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Table 4. Average Corrected chlorophyll-a, Light Attenuation Coefficient, and PAR for each  
segment. 
 

Segment 
Average Chl- 

a 

(µg / liter) 

Average Light 
Attenuation 

Coefficient (K per m) 

Percent PAR at the 
Surveyed Deep-Edge 

(2007) 

7 5.4 0.6681 35 

8 5.4 0.6681 36 

10 3.8 0.6372 34 

11 4.5 0.6837 47 

13 7.7 0.9993 31 

14 7.7 1.0180 37 

16 5.6 0.9105 46 

Table 3.  Results of Linear Model Regression between chlorophyll-a and K for each Bay Segment. 
 
Segment 

No. 
Segment Name 

Chl A 
significant? 

Linear Model 

1 Anna Maria Sound No   

3 Palma Sola Bay No   

7 Upper Big SB – 
West Side 

Yes – positive 
K = 0.5342 + 
0.0241(chlorophyll-a) 

8 Upper Big SB – 
East Side 

Yes – positive 
K = 0.5408+ 0.0238 
(chlorophyll-a) 

10 Lower Big SB – 
West Side 

Yes – positive 
K = 0.5628 + 0.0205 
(chlorophyll-a) 

11 Lower Big SB – 
East Side 

Yes – positive 
K = 0.5025 + 
0.0403(chlorophyll-a) 

13 Roberts Bay Yes – positive 
K = 0.7263 + 
0.0364(chlorophyll-a) 

14 Little Sarasota Bay Yes – positive 
K = 0.7078 + 0.0404 
(chlorophyll-a) 

16 Blackburn Bay Yes – positive 
K = 0.592 + 0.0564 
(chlorophyll-a) 
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   Table 5. PBSJ Proposed chlorophyll-a targets for all segments and percent reduction required to 
reach the proposed 2050 target. 
 

Segment 
PBSJ 

Proposed 

Target 

PBSJ 2020 

target 
PBSJ 2050 

target 

% decrease 

(current to 

2050) 

7 5.3 4.6 2.6 52 

8 5.0 4.3 2.2 56 

10 1.9 1.2 N/A N/A 

11 3.9 3.3 1.7 56 

13 6.4 5.5 3.1 52 

14 7.7 6.6 3.8 51 

16 4.7 4.0 2.2 53 
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PREPARING FOR CLIMATE CHANGE AND SEA LEVEL RISE  
IN TAMPA BAY 

 
H. Greening & E.Sherwood 

 

ABSTRACT 
The Tampa Bay Estuary Program, Sarasota Bay Estuary Program, Charlotte Harbor 
National Estuary Program and the other four Gulf of Mexico NEPs are collaborating on 
an EPA Climate Ready Estuaries project to develop a Handbook for Gulf Coast coastal 
communities to assist in incorporating climate change effects into habitat restoration and 
protection plans.  The Handbook would be based on the results from ongoing and 
upcoming funded projects addressing climate change resiliency in habitat restoration 
projects in the Gulf NEPs and other relevant case studies. We envision that the Handbook 
would build on very recent guidelines, but would provide a more specific focus on 
incorporating resiliency into habitat restoration and protection strategies for Gulf Coast 
communities using the results from ongoing evaluations in each of our estuaries. 

 
INTRODUCTION AND BACKGROUND 

Anthropogenic climate change is now widely regarded as one of the most pressing challenges 
facing society.  Its potential consequences are profound and far-reaching: melting terrestrial and 
polar ice, rising sea level contributing to coastal flooding and erosion, increased frequency of 
severe weather, increases in ocean temperature and acidification, and rising incidences of marine 
diseases and harmful algal blooms that can devastate fisheries (Intergovernmental Panel on 
Climate Change (IPCC) 2007; Florida Oceans and Coastal Council 2009).  With 1,200 miles of 
coastline and billions of dollars invested in coastal real estate and tourism, a warming climate 
with higher sea levels places Florida at risk.  Higher average sea temperatures and changing 
precipitation patterns may have dramatic and widespread effects on coastal property and habitats.   
One possible result is the development of more frequent and intense hurricanes (Elsner 2006) and 
hurricane-related flooding. 
 
Average air temperatures have risen by about 2°F in parts of Florida since the 1960s, with 
precipitation decreasing in southern Florida and increasing in central Florida and the Panhandle 
region (USEPA 1997).  By 2100, summer temperatures in Florida could rise an additional 3° - 
7°F (Twilley et al. 2001).  Warmer temperatures are expected to shift the geographic areas in 
which freezes occur, enabling subtropical plant species such as mangroves, several of which 
cannot tolerate freezing temperatures, to expand their ranges northward.  
 
On a statewide basis, Glick and Clough (2006) assessed the potential impacts of sea level rise on 
coastal habitats and fisheries in nine areas along Florida’s coast, including Tampa Bay.  The 
study predicts that many of Florida’s shoreline and subtidal habitats will be inundated by 2100 
due to sea-level rise from global warming, with potentially grave implications. For the nine sites 
combined, the report predicts losses of nearly 50 percent of critical salt marsh (22,956 acres) and 
84 percent of tidal flat (166,572 acres) habitats during this century.  Additionally, dry land would 
decrease by 14 percent (174,580 acres), and roughly 30 percent (1,000 acres) of ocean beaches 
and two-thirds (5,879 acres) of estuarine beaches would disappear (Glick and Clough 2006). 
 
In Tampa Bay a 15 in. rise in sea level by 2100 is projected to result in a 96 percent loss of 
existing tidal flats (42,689 acres) and an 86 percent loss of salt marsh (2,552 acres), with a 10 
percent overall loss of dry land (34,676 acres)—an area comparable in size to the city of St. 
Petersburg.  Mangrove extent would more than double under the mean sea-level rise scenario 
(Glick and Clough 2006). The deeper water would also alter the distribution and composition of 
seagrasses, which require sunlight to grow.  Implications for fisheries, while difficult to forecast, 
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are likely to be profound. While the prognosis for individual fish species rests on a combination 
of factors, it is reasonable to deduce that those fish most dependent on vulnerable habitats such as 
salt marshes are at greatest risk.  For Tampa Bay, that would include some of the estuary’s most 
prized game fish – common snook, spotted sea trout, red drum, sheepshead, and tarpon.   
 
Based on assessments of atmospheric and oceanic monitoring data, and information from a suite 
of global models, the International Panel on Climate Change (IPCC 2007) summarized climate 
change issues as follows: 

 The term “climate change” refers to a change in the state of the climate that can be 
identified by changes in the mean and/or the variability of its properties, persists for 
decades or longer, and is caused by natural variability or as a result of human activities; 

 Evidence that global climate is warming is unequivocal, based on observations of 
increases in global average air and ocean temperatures, widespread melting of snow and 
ice, and rising global average sea-level; 

 Since 1750, global atmospheric concentrations of greenhouse gases (such as CO2, CH4 
and N2O) have increased substantially as a result of fossil fuel use, deforestation, and 
other land use changes; 

 Most of the observed increase in global average temperatures since the mid-20th century 
is very likely due to the observed increase in anthropogenic greenhouse gas 
concentrations; 

 Observational evidence from all continents and most oceans shows that many natural 
systems are being affected by climate change; 

 The resilience of many ecosystems is likely to be exceeded during the 21st century by a 
combination of climate change, associated disturbances (flooding, drought, wildfire, and 
ocean acidification), and other stressors (land use changes, pollution, fragmentation of 
natural systems, and over-exploitation of resources). 

 
Using the magnitudes and rates of climate change projected by the IPCC (2007) as a starting 
point, the Florida Oceans and Coastal Council (FOCC 2009) forecast a range of “probable” and 
“possible” impacts on Florida’s coastal areas that may occur in coming decades. In the Tampa 
Bay area, the potential habitat-related impacts evaluated by the FOCC (2009) can be grouped into 
three broad categories based on their underlying causes: those associated with sea-level rise, those 
associated with increasing air and water temperature, and those associated with increasing 
acidification of seawater. 
 
Sea-level rise−Global sea-level rose by about 120 m during the several millennia that followed 
the end of the last ice age (approximately 21,000 years ago).  Sea level then stabilized, between 
3,000 and 2,000 years ago, at a level that did not change substantially until the mid-19th century 
(Bindoff et al. 2007).  Sea level began rising once again during the 19th century, and during the 
20th century it is estimated to have risen at a rate of about 1.7 mm per year. Since 1993 sea-level 
has been rising at a faster rate — approximately 3 mm per year — and is projected to rise at 
somewhat higher rates throughout the 21st century (Bindoff et al. 2007). Given a range of 
plausible greenhouse gas emission scenarios, global simulation models suggest that by 2100 
average sea-level may have risen to about 0.6 m above 1980-1990 levels.  However, these 
simulations do not address a number of uncertainties (such as changes in the melting rates of the 
Greenland and Antarctic ice sheets) that could potentially produce greater increases, and “the 
upper values of the ranges given are not to be considered upper bounds for sea-level rise” 
(Bindoff et al. 2007).  In addition, sea-level rise is expected to continue for centuries, even if 
greenhouse gas emissions are stabilized, due to the time scales of climate processes. 
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The impacts of rising sea-level on habitats in the Tampa Bay area will depend on both the rate 
and magnitude of the rise. The current rate is about an inch a decade, based upon NOAA tide 
gauge data (Figure 1).  As summarized by the FOCC (2009) and references therein, it appears 
probable that water depths will continue to increase within the bay’s current shoreline, and the 
shoreline itself will migrate landward in areas where manmade structures such as seawalls and 
bulkheads are not present to prevent such movement.  Depending on the rate of sea-level rise, 
emergent tidal wetlands and other coastal habitats may be able to persist by accreting vertically, 
migrating landward, or both. For instance, mangrove forests may be able to keep up with sea-
level rise through accretion processes up to a rate of about 25cm of rise per 100 years (Ellison 
1994); however, other confounding processes related to climate change may affect their ability to 
adapt to sea-level rise up to these levels (Gilman et al. 2008). If sea-level rises more rapidly than 
the biota can respond, however, these adaptive responses may not even be possible. Coastal 
habitats may also be lost in areas where manmade structures prevent landward migration 
(Williams et al. 1997; FOCC 2009).  
 
Increasing temperature−Over the next two decades, the IPCC (2007) has projected that global 
mean air temperature will warm at a rate of about 0.2°C per decade, with the greatest warming 
occurring over land and at high northern latitudes, and the least occurring over the southern ocean 
and parts of the North Atlantic Ocean. Sea-surface temperatures have also been increasing in 
tropical and sub-tropical waters, rising by an average of 0.3°C between the 1950s and 1990 
(FOCC 2009).   Probable impacts of the ongoing temperature increase that are anticipated to 
occur during the 21st century include: increased eutrophication (due to enhanced physiological 
activity by bloom-forming phytoplankton and macroalgae); increased stress, disease, and 
mortality among corals, sponges, and fishes (due to factors such as temperature stress, more 
frequent disease outbreaks, more frequent harmful algal blooms, and more frequent hypoxic 
events); and changes in the geographic distributions of native and introduced species (due to net 
northward shifts of species in response to changing temperature regimes) (FOCC 2009). 
 
Increasing acidification of coastal waters−Due to the uptake of additional carbon dioxide, the 
total inorganic carbon concentration of the world’s oceans has increased, causing a decrease in 
the depth at which calcium carbonate dissolves and a decrease in surface ocean pH.  On average, 
pH has fallen (ocean waters have become more acidic) by 0.1 units since 1750. Observations of 
pH at available monitoring stations for the last 20 years also show trends of decreasing pH at a 
rate of 0.02 pH units per decade (Bindoff et al. 2007). Because pH is expressed on a logarithmic 
scale, changes as small as 0.1 pH units can have large impacts on marine organisms such as 
corals, echinoderms, crustaceans, mollusks, and certain plankton whose shells or cell coverings 
include calcium carbonate (FOCC 2009).  Potential habitat impacts in the Tampa Bay region 
during the 21st century include variations (upward and then downward) in the productivity of 
some marine plants as pH declines, reductions in populations of marine organisms that have 
difficulty tolerating the pH decreases, and increased dissolution of carbonate sediments (FOCC  
2009). 
 
Management responses−In addition to long-term reductions in anthropogenic emissions of 
greenhouse gases, the FOCC (2009) recommended a number of steps that can be taken to respond 
to climate change.  Although some habitat-related impacts may have to be accepted as highly 
probable, such as loss of coral reefs in southern Florida, others could potentially be mitigated. For 
example, additional coastal lands may be protected from development, so that tidal wetlands will 
be able to migrate inland with ongoing sea-level rise.  Given the difficult social, political, and 
environmental tradeoffs that will be necessary when formulating such responses, decision makers 
will require access to sound technical information and interpretive tools. The FOCC (2009) 
therefore recommended the following as priority areas for future investigative work: 
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• Improving the tools available to predict the rate and magnitude of future sea-level rise in 
Florida, and potential impacts to natural resources, based on existing IPCC emissions 
scenarios; 

• Estimating potential impacts to fisheries productivity due to changes in estuarine habitats 
caused by climate change; and 

• Monitoring, modeling, and mapping the responses of natural systems, such as coral reef 
communities and other at-risk habitats, in order to improve managers’ abilities to predict 
the future impacts of climate change on these systems. 

 
Ongoing climate change actions and assessments in Tampa Bay−Climatic variability, 
including the potential for relatively abrupt (e.g., decadal) climate change, also has important 
implications for coastal habitat restoration projects in which sizeable investments have been 
made.  While there is still significant uncertainty surrounding the timing and magnitude of these 
changes, habitat restoration teams led by the Southwest Florida Water Management District are 
now designing and constructing restoration sites in the Tampa Bay region with maximum 
amounts of high marsh to allow up-slope recruitment as sea level rises. Ongoing planning will 
require closer consideration of these factors and adaptive management as new information 
becomes available. 
 
As shown in Figure 1, sea level rise has been ongoing in Tampa Bay at about an inch a decade 
since records began in the 1940s, and is projected to continue at or above this rate over the next 
century.  The recently-updated Tampa Bay Habitat Masterplan (PBS&J 2009) identified the need 
to incorporate consideration of climate change into the adopted habitat restoration, protection and 
acquisition priorities. In 2010 TBEP, in partnership with the six other National Estuary Programs 
within the Gulf of Mexico and EPA’s Climate Ready Estuaries Program will initiate a project to 
build the concept of resiliency into existing coastal emergent (salt marsh, mangrove, oyster beds) 
and submerged (seagrass) habitat restoration and protection strategies that consider the effects of 
climate change.  
 
An important first element of this work will be the completion of a vulnerability assessment for 
existing habitats under future potential sea level rise and storm surge scenarios. The vulnerability 
assessment will be used to assist in the identification of habitats most vulnerable to SLR and 
storm surge, and is expected to provide information to help identify opportunities for acquisition 
and restoration to allow upslope migration of existing priority vulnerable habitats; and 
habitats/areas where mitigation activities could slow the loss of habitat or socioeconomic 
function, and improve upon the important ecosystem services that coastal habitats provide in 
Tampa Bay.  
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Figure 1.  Mean sea level trend for St. Petersburg, Florida, 1948 – 2009.  The mean sea level trend is 2.36 
mm/yr with a 95% confidence interval of +/- 0.29 mm/yr based on monthly mean sea level data from 1947 
to 2006, which is equivalent to a change of 0.77 ft in 100 years (from: http://tidesandcurrents.noaa. 
gov/sltrends_station/). 
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BASIS 5 AND THE SUSTAINABILITY TRANSITION: PARTNERING IN 
GLOBAL STEWARDSHIP 

 
M.P. Weinstein & J.M. Krebs 

 
ABSTRACT 

A framework is presented for incorporating the concepts of sustainable development, 
sustainability science, especially for the urban coast, and the human dimensions into the 
amalgam of Tampa Bay research based on the integration of the biophysical and social 
sciences into an integrated, transdisciplinary approach to resolving sustainability issues.  
On a global scale, it is axiomatic that we are not living sustainably and must reconcile 
human use of natural resources with the planet’s ability to provide them.   The same trend 
occurs locally around Tampa Bay but on a place-based scale.  The resolution of the 
paradox of the dual mandate; conflict management; systems model applications 
addressing human-ecosystem interactions that are at once dynamic, highly complex and 
non-linear; social learning; and the ecology of cities are discussed in the context of 
creating new knowledge and better understanding feedbacks and the consequences of our 
actions.   

 
INTRODUCTION 

Confronting the challenge of the [sustainability transition] is a series of great 
opportunities disguised as insoluble problems          John Gardner, Common Cause 

 
John Gardner was referring to the climate-energy issue, but his comment applies equally well to 
the greatest challenge of the 21st century: reconciling human use of natural resources with the 
planet’s ability to provide them.  Because we are a society built on instant gratification, achieving 
the sustainability transition will be difficult, since the generations that will suffer most from our 
failures have yet to be born.  A tectonic paradigm shift is required in perceptions, attitudes and 
behavior toward stewardship and doing what parents should do:  think about the long-term, so 
their children can have a better future.  As Thomas Friedman comments, “green has to become 
part of America’s DNA” (Friedman 2007), yet the road ahead remains fraught with obstacles and 
challenges.   
 
The Sustainability Transition and Policy Resistance−As the world changes, decision makers 
and the scientific community increasingly recognize that we are not only failing to resolve the 
persistent sustainability problems we face, but are in fact causing them (Sterman 2002).  Our well 
intentioned efforts with global initiatives, environmental “summits” and dialogue to confront 
environmental issues not only fail to resolve sustainability issues, but create unanticipated side 
effects.  Today’s decisions often provoke reactions (feedbacks) that we could not foresee, and 
they often become tomorrow’s problems.  Sterman calls this policy resistance, the tendency for 
interventions to be defeated by the response of the system to the intervention itself.   As we 
invoke “green technology” as the panacea for the world’s sustainability ills, these same words 
become powerful sponsors of advice and caution.  We must do a better job understanding the 
consequences of our actions. 
 
In the remainder of this paper, we present a preliminary summary and road map for the 
incorporation of sustainability science into resolving issues confronting the Tampa Bay 
ecosystem, as well as other coastal environs.  The intent is not to be prescriptive but simply 
illustrative of this new approach in tackling the sustainability transition.   
 
Sustainable Development−Sustainable development is a need borne of the recognition that the 
human condition has placed irreversible stresses on the relationship between the environment and 
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progress, and the recognition that more needs to be done to reverse unsustainable practices. The 
often-negative trends observed between population, habitation, wealth and consumption, 
technology and work, ecological connectedness and biodiversity are likely to persist well into the 
future (NRC 2002).  Yet the very same trends offer a fabric for rigorous analysis and scientific 
advancement in understanding the threats to, and opportunities for, sustainable development.  
What will be required for a successful transition are critical advances in basic knowledge, in the 
social and technological capacity to utilize it, and in the political will to turn knowledge into 
action (NRC 2002).    
 
Humans as a Coastal Species:  Is Sustainable Development in the Coastal Zone 
Possible?−Humans use the coastal zone for living space, extractable resources, shipping and 
transportation, military activities, as a repository for wastes, and for recreation and aesthetics.  
The economic value of goods and services derived from the coast are immense.  In the United 
States alone, the coastal economy within the area encompassing the watersheds out to the limits 
of the Exclusive Economic Zone (EEZ), approaches nearly half the Gross National Product 
(GNP) or $4.5 trillion (US Commission on Ocean Policy 2004).  The competition for finite 
resources and the need to buffer “core technologies” against the vagaries of nature (Roe and van 
Eeten 2001; 2002), however, often leads to conflict among human interests, and between humans 
and other biota.   The resolution of “paradox of the dual mandate” (Roe and Van Eeten 2001; 
2002) is a critical requirement on the path toward sustainability.  Whereas complexity, 
interdependence, high levels of uncertainty, unpredictability, and dynamism characterize natural 
systems - traits that prevent competitive dominance by any one species - human-dominated 
systems require predictability and stability to ensure uninterrupted provision of resources for 
human use. The paradox of the dual mandate arises from the need to reconcile society’s desire to 
preserve, restore, and rehabilitate natural systems while at the same time ensuring the provision of 
reliable, predictable, and stable supplies of goods and services at a time of escalating demand 
(Roe and van Eeten 2001).  
 
Rapid urbanization is having profound impacts on local, regional and global environments as well 
as the human systems that depend on them (Collins et al. 2000).  In the case of land use, for 
example, mankind has diverted nearly 50% of terrestrial production for human uses (Vitousek et 
al. 1997).  Every addition to the population requires approximately one-half acre of land vested in 
new dwellings, infrastructure, schools, police and fire departments, etc (Greer 1991). The 
ecological and environmental costs of this conversion can be measured by crowding, pollution, 
flooding, erosion, local extinctions of animal and plant species and other factors. The same trend 
towards significant resource exploitation for human use is clearly underway with respect to 
coastal aquatic resources.  To not repeat the harsh lessons of land management, action must be 
taken and taken soon to prevent irreversible thresholds of change (Palmer et al. 2004; Weinstein 
et al. 2007).     
 
The Emergence of Sustainability Science− 

 
It has become increasingly clear that much of the workings of the world, and the 
challenges and opportunities these workings entail for a transition to sustainability lie 
in the interactions among environmental issues and human activities that have 
previously been treated as largely separate and distinctYin the next decade we will see 
research/[education] and problem-solving shift in focus from single issues to multiple 
interacting stresses.              US National Research Council (2002) 

 
The reconciliation of human dominance of the Earth’s natural resources with the planet’s ability 
to provide natural capital over the long-term is the central challenge to a sustainable world. We 
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can no longer afford the luxury of “business as usual’ simply because human activities continue 
to degrade local ecosystems and threaten the very life support systems that sustain us.   An 
integrated and “place-based” (community level) understanding of such threats and the options for 
dealing with them is a central challenge for promoting the sustainability transition.  Social 
learning (NRC 2002) is key, recognizing that the transition will be vested in the slow, interactive 
accumulation of scientific knowledge, technical capacity, management institutions, and public 
concern over extended periods (generations); societies must understand the long-term, large scale 
trends and transitions that have shaped past and present interactions of environment and 
development. 
 
Any transition toward sustainability, moreover, should consider the dynamics evolution and 
interplay of social, economic and natural systems in an integrated transdisciplinary process 
(Naveh 2005). This process goes beyond individual stakeholders and themes to the identification 
of common threads, and drivers of systemic change.  Achieving sustainability is not an open and 
iterative process inclusive of science, policy and public participation, but choosing among 
alternative development scenarios will require new and/or enhanced skills in conflict resolution 
and consensus building.   
 
Kates et al. (2001) defined sustainability science as addressing the fundamental character of 
interactions between nature and society, and society’s capacity to guide those interactions along 
sustainable trajectories; yet the authors also realized that the resolution of competing interests 
were at the heart of the sustainability challenge: 

Y it will also require fundamental advances in our ability to address such issues 
[competing interests] ... as the responses, some irreversible, of the nature-society system 
to multiple and interacting stresses.  

 
Thus, it is impossible to maximize all competing interests in a way that will satisfy all 
stakeholders, nor maintain human dominated ecosystems at some historic, relatively pristine 
baseline. It is also impossible to ignore the various economic and political powers that enter into 
the human part of the equation, creating substantial obstacles to social justice and consensus 
governance of the coastal zone.  It is clear that a new approach is required, one that integrates 
traditional disciplines into the nascent discipline of sustainability science (Clark et al. 2003).  
 
Three fundamental challenges confront society’s ability to acquire useful knowledge through 
research for sustainability planning (NRC 2002).  They take the form of tensions between: 

 Broadly-based versus highly-focused research priorities; 
 Integrative research that is problem driven versus research firmly grounded in specific 

disciplines; and 
 The quest for generalizable scientific understanding of sustainability issues versus the 

need for place-based understanding of the environment-society interaction that result in 
those issues. 

 
To address these challenges the National Research Council (NRC 2002) posed three priorities for 
sustainability science research: 

 Promoting research that integrates global and local perspectives in a place-based 
framework for understanding the interactions between environment and society; 

 Focusing, at the outset, on a limited set of understudied questions, those that underpin the 
understanding of those interactions, and 

 Promoting more efficient use of existing tools and processes that link knowledge and 
action. 
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The process should be one that integrates across styles of knowledge creation, bridges the gulf 
between the detached practice of scholarship and the engaged practices of engineering and 
management, and ultimately broadens knowledge of the workings and interactions of the world’s 
environmental, economic, and social systems.  The four core disciplines of sustainability science 
provide the foundation upon which sustainability research and education are built (Figure 1).  The 
biological system emphasizes the intertwined fates of humanity and the natural resource base - 
biodiversity, restoration ecology and conservation biology are essential components.  The 
geophysical system addresses climate and biogeochemical cycling, and is grounded in efforts to 
understand the earth as a system. The social system concerns itself with how human institutions, 
economic systems, and beliefs shape the interactions between society and the environment.  It is 
couched in the human dimensions that rest on societal values, fundamentally a human endeavor. 
Lastly, the technological system enhances basic technological knowledge, designs, and processes 
that produce more social goods with less residual environmental damage. 

 
Sustainability Science, Ecosystem-Based Management and Urban Ecology− 
 

When human beings evolved, the challenge was survival in a world dominated by 
systems we could barely influence but that determined how we lived and died.  
Today the challenges we face are the result of systems that we have created 
[emphasis added].  The hurricane or earthquakes do not pose the greatest danger.  It 
is the unanticipated side effects of our own actions, side effects created by our 
inability to understand and act in consonance with our long-term goals and deepest 
aspirations.                    Sterman 2002 

 
By 2050, approximately 60% of the world’s population will live in urban settings; in the United 
States that figure is now nearly 80%! This demographic phenomenon, combined with the 
observation that most megacities (populations exceeding 107) are situated on coasts and estuaries, 
has led to habitat loss and fragmentation, regional and local climate alteration, depletion of water 
resources, degradation of land and water by contaminants, and have raised concerns among many 
scientists across multiple disciplines. This makes the ecology of cities an open frontier for 
sustainability science research, education, and outreach (Pickett et al. 2001; Palmer et al. 2004; 
Weinstein 2005; 2007; 2008; Weinstein et al. 2007), and with some of the nation’s highest coastal 
population densities existing in the Tampa-St. Petersburg area, there might not be a geographic 
location better poised for, or in greater need of, a more detailed understanding of urban ecology in 
the context of the Bay environment.  
 
Perhaps, more than any other human-dominated ecosystem, the urban coast presents a plethora of 
opportunities to link ecological and social science theory and practice using resource economics 
concepts (Collins et al. 2000). A realistic understanding of human actions on ecosystems will 
necessitate conceptual frameworks that explicitly include humans in the landscape. Such an 
approach is likely a more accurate representation of the ecology of urban systems with the 
potential to better inform environmental problem solving (Grimm et al. 2000; Weinstein and 
Reed 2005). The reasons are obvious; it is the human dimensions that drive political, economic, 
or cultural decisions that lead to or respond to change in ecological systems. As an effective 
facilitator of much of the area’s environmental research, a valuable contributor to resolution of 
local policy issues, and a trusted steward of the Tampa Bay estuary, the TBEP is a logical and 
capable leader to guide the way in the emergence of urban coastal research integrated with the 
social sciences and humanities.  
 
There is growing opportunity for those involved in the conservation and management of Tampa 
Bay to extend and integrate knowledge of the coastal metropolis combining our ecological lens 
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with a social and economic understanding at the different scales that govern the flows and cycles 
of critical resources and which link organizational arrangements and social institutions to the end-
product of landscape management (Zonneveld 1989; Paul and Meyer 2001; Weinstein et al. 
2007). Urban-rural gradients are complex, multidimensional constructs, but nonetheless, the 
analysis of such systems has become a powerful tool for understanding ecosystems across a wide 
range of defining variables, stress factors, disturbances, and other drivers (Pickett et al. 1997). 
Common themes in urban sustainability science research include questions of hierarchy and scale; 
how they are related to our ability to understand the dynamics of landscape change, biodiversity, 
wildlife distribution and vegetation patterns; and the reciprocal relationships between these 
factors and human activity. Moreover, Pickett and Cadenasso (2006) note that all ecosystems 
inhabited by humans should be “modeled to include individuals as well as the social aggregations 
they generate or influence”. They suggest further that “it is perfectly reasonable to incorporate 
such factors and processes into ecosystem models”. 

 
Both the Baltimore and Phoenix Ecosystem Studies, NSF Long-Term Ecological Research 
programs have provided fruitful ground for understanding the ecology of cities and provide a 
useful framework for extending these efforts into coastal aquatic ecosystems. It is beyond the 
scope of this paper to review the burgeoning new literature on the subject, but simply highlighting 
that the emerging conceptual framework will, hopefully, capture the attention and imagination of 
BASIS scientists.  Zipperer et al. (2000) suggested that there are two fundamental approaches to 
unraveling the dynamics and effective management of urban systems; the first is from an 
ecosystems perspective that considers the magnitude and control of fluxes of energy, matter, 
species, and information across landscapes; and the second, from a patch-dynamics perspective 
that focuses on spatial heterogeneity: 

1. Complex ecosystems including cities are characterized by emergent properties, multi-
scale interactions, nonlinearities, unexpected behaviors, and self-organization (Wu and 
Marceau 2002). They are thermodynamically open, composed of diverse components that 
interact nonlinearly, are often characterized by hierarchical organization, delayed response 
and feed-back loops, and frequently exhibit extensive temporal-spatial heterogeneity. 
Consequently, new approaches are evolving that address these properties; among them a 
wide array of system model types: diffusion-reaction, system dynamics, patch (or gap) 
dynamic, cellular automata, and fractal models (Wu et al. 1990; Wu and Levin 1994; 
Levin 1999; Sterman 2002).  Sterman (2002) comments; “system dynamics helps us 
expand the boundaries of our mental modelsY helps people see themselves as part of a 
larger system,  so that we become aware of and take responsibility for the feedbacks 
created by our decisionsYthat shape the world in ways large and small, desired and 
undesired”.  

2. Patch dynamics also emphasizes spatial and temporal heterogeneity, non-equilibrium 
properties, and scale dependence of ecological systems and facilitates the coupling of 
pattern and process (Wu and Levin 1997). Both natural and anthropogenic disturbances 
are frequently responsible for these processes (Wu and Loucks 1995). By recognizing that 
spatial heterogeneity is a central attribute of all ecological systems, that hierarchy is a 
central structural theme of the architecture of complexity, and that complex ecosystems 
have both horizontal and vertical structure, hierarchical patch dynamics has become a 
promising approach to unraveling complexity because it addresses the spatial structure of 
landscapes, the flow of materials, energy, and information across mosaics/gradients, both 
as individual spatial components as well as the mosaic as a whole; in short, the patch 
becomes the fundamental structural and functional unit of ecosystems (Wu and Levin 
1994; Wu and Loucks 1995; Pickett et al. 2000; Wu and David 2002; Wu et al. 2003). The 
landscapes thus become spatially nested hierarchies that can be effectively studied as such 
(Wu and David 2002). 
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In this context, the Human Ecosystem Framework refers to the various interactions among 
structural components and models humans as components of ecosystems (Machlis et al. 1997; 
Naveh 2005; Pickett and Cadenasso 2006). The concept of urban ecosystems as regions 
(landscapes) lends credibility to the boundary between planning and ecology.  It recognizes that 
the human populace must have “access and responsibility for the distributed resources and 
amenities upon which they depend”. (Pickett and Cadenasso 2006). The authors note further, 
“watersheds, floodplains, large natural areas, connecting corridors, green buffers, green water 
management infrastructure, and recreational parks and playgrounds are all parts of the kind of 
patches that must be planned for, appropriately arranged and phased in as urban regions grow and 
change”. 
 
From a transdisciplinary perspective, the Baltimore Ecosystem Study research goals are 
illustrative of the need to build sustainability science into coastal ecosystem management. They 
are presented here as general questions (Pickett and Cadenasso 2006): 

1.  How do the spatial structures of socioeconomic, ecological, and physical features of an 
urban area relate to one another and how do they change with time? 

2. What are the fluxes of energy, matter, human built capital, and social capital in an urban 
system; how do they relate to one another; and how do they change over the long term? 

3. How can people develop and use an understanding of the metropolis as an ecological 
system to improve the quality of their environment and to reduce pollution to 
downstream air and water, and watersheds [as coastal environs]? 

 
In short, what are the institutional arrangements, constraints, and opportunities out there that test 
our mettle as scientists (natural, social, and economic)?  While the knowledge of nature in cities 
sets the foundation for addressing ecological processes along the urban coast, it is not sufficient 
for understanding how those processes ultimately become a function of the feedback dynamics 
associated with interactions among social, ecological, and economic drivers. Like it or not, 
humans are here to stay (Weinstein and Reed 2005) and we need to “wedge sustainability” into 
our own consciousness, as well as engaging the public and decision makers to this reality (Coontz 
2007). 
 
Sustainability Science in the Tampa Bay Region−Decades of interdisciplinary collaborations 
by scientists and managers from the Tampa Bay region have laid the groundwork for the 
establishment and implementation of sustainability science as a tool to enhance our understanding 
of interactions between the Bay’s human inhabitants and its surrounding ecosystems.   Biological 
and geophysical systems within Tampa Bay are studied at local, state and federal levels by such 
agencies and institutions as Pinellas County’s Department of Environmental Management, 
Florida’s Fish and Wildlife Research Institute, the University of South Florida, the U.S. 
Geological Survey, and the National Oceanic and Atmospheric Administration.  Technological 
systems are being developed by these agencies and by more specialized groups such as the Center 
for Ocean Technology and Stanford Research Institute (SRI).  What became clear at BASIS 5 
was that the program could benefit from more frequent interactions among current investigators 
and specialists from the social sciences and other human dimensions disciplines whose expertise 
rests in understanding the economic and social underpinnings of the Bay’s economy, and its 
human needs. Continued involvement by the Tampa Bay Estuary Program to bring these partners 
together, facilitate research collaborations and communicate a collective environmental message 
will ensure the mortar necessary to construct a sound basis for creating sustainable communities 
around the Bay. 
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It was apparent from the diverse array of environmental topics presented at BASIS 5 and the 
interdisciplinary and interagency collaborations exhibited there, that members of the Tampa Bay 
research and management community are in a strong position to further integrate the natural and 
social sciences to address relevant challenges facing the Tampa Bay metropolitan area: 
       1. How do we combine applications of the natural sciences and human dimensions to 

manage the urbanizing ecosystems surrounding us? 
2. How do we apply sustainability science to better understand the interactions of multiple 

stressors; e.g., habitat loss and alteration, point and non-point contaminant inputs, 
nutrient loads, shoreline management (reclamation, stabilization, etc.), cooling water 
withdrawals, maintenance and new dredging, watershed (land) development, 
infrastructure, intermodal transportation and human health impacts in the estuary and 
region?  

3. How can independent scholarship (research, observation, assessment, etc.) and decision 
making be better integrated into policy formulation, adaptive management, and social 
learning in the region?  Can the science and management highlighted at BASIS 5 more 
effectively influence regional policy? 

4.  How do we strike a balance between the capacity for ecosystem services and human 
needs? Has the carrying capacity of the Tampa Bay ecosystem reached or surpassed its 
limit?  If so, what additional actions are necessary to counter, or at least offset, the 
ecological stresses of excess population densities on an overburdened coastal 
environment?  

5. How can current operational systems for monitoring and reporting environmental and 
social conditions of coastal and urban Tampa Bay be extended to provide more useful 
guidance for the sustainability transition?   

 
Where Do We Go From Here?−As noted earlier, a central challenge for the 21st century is to 
address the question: how can the Earth, its ecosystems, and its people interact toward the mutual 
benefit and sustenance of all? The urban coast and its watersheds present the Tampa Bay Estuary 
Program with unique opportunities to grow the sustainability science agenda to encompass the 
following issues: 

- With the anticipated doubling to tripling of coastal urban populations worldwide in this 
century, how can we accommodate new infrastructure that is at once energy efficient, 
less material intensive, and with smaller ecological footprints? 

- Rapid port and intermodal transportation expansion worldwide may require more land 
reclamation along estuarine shorelines.  If the future tradeoff requires such construction 
how do we choose where and how much to build; understand the potential 
environmental offsets in terms of reduced carrying capacity, thresholds, and stresses that 
may shift urban-industrial estuaries to new, less-desirable steady states? 

 
A critical challenge also concerns the emerging science of restoration ecology and our ability to 
mitigate (restore/create) system functions as the human populace expands.  The NRC (2002) has 
called for informed dialogue on goals for the sustainability transition, a dialogue that is necessary 
if societies are to adopt a measure of responsibility for their choices, i.e., where it should be 
headed rather than passively navigate the currents of demographic, economic, and environmental 
change. With its broad expertise, and integrated approach, Tampa BASIS 5 scientists and 
managers can be “hands-on” leaders in coastal sustainability science.  We hope that the principles 
and concepts presented here continue to be embraced by area scientists, managers and decision-
maker, and that the fruits of this labor will indeed take center stage at Tampa BASIS 6. 
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Figure 1.    The four “pillars” of sustainability science, integrated through transdisciplinary 
 approaches to problem solving for the sustainability transition.  
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ABSTRACTS 
Session 12:  Climate Change & Future Challenges 

 
PRESENTATIONS 

Ice Sheets and Sea Level Rise: It’s Not Just the Melting That Matters. G.S. Hamilton (University of 
Maine) and B. Yeager (Clean Air-Cool Planet). The most recent IPCC projection for sea level rise calls for 
18-59 cm (7-23 inches) by the end of this century. A large portion of this rise is attributed to reductions in 
ice sheet volume, but the projections only include the melting of ice (i.e., the transfer of liquid water to the 
ocean). Research carried out since the IPCC report was compiled shows that ice sheets are losing mass at a 
much faster rate due to dynamic effects (i.e., the transfer of solid mass - icebergs - to the ocean). This 
dynamic thinning is being driven by the synchronous and rapid speed-up of several large outlet glaciers 
draining the Greenland and West Antarctic ice sheets. The causes for the speed-ups are not fully 
understood, but they most likely represent a non-linear response to climate forcing (either atmospheric 
warming, or an increase in ocean temperatures). These dynamic effects raise sea levels much faster than 
melting effects alone, so it is critical that they are included in sea level forecasts. Current best estimates 
based on recent observations indicate a 1 m rise (40 inches) by 2100 is a more realistic planning scenario. 
 
These are serious predictions that will have severe repercussions on U.S. coastal communities.  For the 
Tampa Bay region, already facing a great threat from sea level rise, these new estimates increase the 
urgency for us to respond at both national and local levels.  In order to slow the rate of warming and 
melting in the Arctic, we must act quickly to mitigate further pollution.  We must also have a serious 
discussion about which areas of Tampa Bay are most likely to be impacted given these estimates, and what 
can be done to facilitate regional adaptation efforts moving forward.   [gordon.hamilton@maine.edu] 
 
 

Holocene Climatic and Hydrologic Variability as Recorded in the Benthic Foraminifera Ammonia 
beccarii from Tampa Bay, FL. K.J. Hoover (University of Nevada), D.W. Hastings, G. Brooks (Eckerd 
College), and B.P. Flower (University of South Florida). We present a Holocene length reconstruction of 
natural and human induced climate and hydrological variability in Tampa Bay, FL. Reconstructions were 
developed using benthic foraminifera, Ammonia beccarii, collected from a series of sediment cores from 
Hillsborough Bay. Stable isotope paired with foraminifera Mg data provide records of temperature and 
salinity changes. The chronology is constructed using a series of AMS 14C dates on samples of A. beccarii 
and ostracods.  
 
The data allow us to assess temperature and salinity changes during the last several thousand years, 
including the Little Ice Age and the interval of human influence. Our record does not show a strong 
correlation between Mg/Ca and δ18Ocarbonate, suggesting changes in δ18Oseawater of Tampa Bay and thus 
substantial hydrologic variability on a sub-centennial-scale. Maxima in foraminiferal Mg indicate high 
temperatures during the Medieval Warm Period; the lowest foraminiferal Mg at 1600 AD suggests a 
possible association with the Little Ice Age.  Current research is underway to develop a temperature 
calibration for foraminiferal Mg in A. beccarii. [hastindw@eckerd.edu] 
 
 
Estuarine Adaptation: The Incorporation of Climate Change into Estuary Management Planning. A. 
Hosking (Halcrow Inc.). Climate change and relative sea level rise have the potential to significantly affect 
the physical, natural and human environments of our estuaries and hence change the way we manage and 
use these valuable resources. Recognition of this potential is critical to the definition of technically sound 
management solutions, and in turn to the delivery of future sustainability for estuaries such as Tampa Bay.  
 
In support of the draft U.S. ‘Clean Energy and Security Act 2009’, ongoing work by the U.S. Government 
Accountability Office to provide recommendations for climate change adaptation in the U.S. has identified 
the U.K., as an international leader in this field and are reviewing U.K. practices to inform their 
recommendations (http://www.gao.gov/new.items/d09534t.pdf).   
 
In the U.K. a strategic planning process has evolved that considers potential changes over a 100-year period 
(typically to 2100) and determines the potential consequences for human and natural resources. Through 
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this process, the potential for significant changes in landforms, habitats, and flooding and erosion risks are 
identified. This enables review of the sustainability of current management practices, identification of more 
sustainable approaches where necessary, and provides opportunity to initiate those responses which 
necessarily have a long lead-time (such as relocation of buildings). The pioneering ‘Foresight Future 
Flooding’ study (2004) demonstrated that by adopting an ‘integrated’ approach to risk management we can 
manage risks down to tolerable levels at significantly less cost than approaches relying solely on existing 
solutions.   
 
Climate change adaptation has evolved as an integral feature of the U.K. coastal and estuarine management 
process over the last 20 years. This presentation will review key elements of the U.K. framework related to 
climate change adaptation to identify lessons that could benefit the management of Tampa Bay, at this time 
when climate adaptation is set to become a far more prominent feature of U.S. processes.  
[hoskingas@halcrow.com] 
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THE PEOPLE IN BETWEEN:  TAMPA BAY NATIVES FROM  
CONTACT TO EXTINCTION 

 
B.W. Burger 

 
ABSTRACT 

Archival research of primary European documents has resulted in remarkably detailed 
accounts about some of Florida’s last native inhabitants. While 16th century 
documentation broadly relates to the entire peninsula, more detailed information from the 
following centuries, while chiefly centering upon north Florida and the panhandle, 
provides glimpses into native cultures of the Tampa Bay region. Ethnographic data for 
the central peninsular Gulf coast are quite limited. A review is presented of presently 
available information and related speculations about the Ucita, Yagua, Tocobaga, and 
Pohoy, the Tampa Bay peoples (caught) between the Timucua to the north and the Calusa 
to the south. 

 
With the native depopulation of the Caribbean islands, Spanish slavers hunted along the Florida 
coasts (Worth 2006). Landing parties and shipwreck survivors became potential disease vectors. 
While the direct atrocities of the Spanish are legendary, the introduction of European diseases 
was a greater cause of native mortality and cultural disruption. Among the preliterate native 
societies, cultural traditions were transmitted by word-of-mouth. With the deaths of both the story 
tellers and their young audiences, sociocultural systems fragmented. Yet even in the face of 
depopulation, enslavement, and increasing European colonization, native tribes continued their 
traditional customs of killing each other. 
 
In April, 1528, Panfilo de Narvaez landed at a village somewhere along the western Pinellas 
peninsula. His expedition marched northeast to Old Tampa Bay, then north, likely to the village at 
Safety Harbor later known as the seat of the Tocobaga (Bandelier 1964; Scott 1981).  
 
An unresolvable uncertainty relates to the native names found in the European accounts. These 
names, with various phonetic spellings, may have reflected the appellations of actual chiefs, 
temporary headmen, specific villages, geographic areas, specific dialectical subgroups, or larger 
language stocks, or conflations of various of these.  Some native terms may be one language 
group’s own name for another language group, rather than that group’s name for itself. These 
many caveats should always temper the use of such names as have survived. 
 
The De Vaca account describes the Narvaez landing site as consisting of small huts and one very 
large one capable of holding more than 300 persons (Bandelier 1964). When singular among 
smaller structures, these larger structures may have been chief’s houses or council houses; when 
multiple, they may indicate communal living facilities, perhaps clan houses. Such features have 
yet to be discovered and archaeologically excavated. De Vaca’s description of what was likely 
the Safety Harbor village relates nothing as to its size. A village some ten or twelve leagues to its 
north was described as having fifteen houses and a large, ripe maize field. (An additional 
difficulty in using the Spanish accounts arises from writers’ unspecified use of either the legua 
legal of 2.63 miles or the legua comun of 3.46 miles in citing leagues. A single uniform Spanish 
league measurement was not established until 1801 (Lowery 1959). 
 
Garsilaso de la Vega is the sole authority for the accounts of Narvaez’ cruelties to “Hirrihigua,” 
named as the cacique, or chief, of the landing site village. Garcilaso’s book largely relates the 
story of the 1539 De Soto expedition and was written in Spain sixty years after that event, relying 
on three informants and Garsilaso’s own imagination (Varner and Varner 1980). The account of  
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the “Gentleman of Elvas,” a member of the expedition, identifies “Ucita,” not “Hirrihigua,” as the 
local cacique in 1539 (Lewis 1907). 
 
According to Garcilaso, after Narvaez had cut off Hirrihigua’s nose, fed his mother to the war 
dogs, and headed north to his own fate, an expedition searching for Narvaez arrived from Cuba, 
was tricked into sending some men ashore, and Juan Ortiz was captured. After three years in 
captivity, Ortiz escaped to Mocoso, a cacique who lived two days journey from the bay, where he 
spent nine years, until De Soto’s arrival (Smith 1968). 
 
In 1539, De Soto landed somewhere along the southeastern shore of Tampa Bay and occupied the 
village of Ucita that had been abandoned just before he arrived. The accounts of expedition 
members Elvas and Biedma supply some details about the sociopolitical organization of the bay 
area: In about 1531, Mocoso, a cacique living some eight leagues from the bay, had raided and 
burned the town of Ucita. Cacique Ucita, captor of Ortiz, had fled to another of his coastal towns. 
Twenty to thirty leagues distant from Ucita lived “Hirriparacosi,” to whom Mocoso, Ucita, and 
“all they that dwelt along the coast” paid tribute (Bourne and Smith 1904). This name, which is 
Timucuan, indicates the bay region was then under the hegemony of the Timucua to the north 
(Granberry 1993). 
 
Mocoso’s previous raid on Ucita indicates Hirriparacosi had less than full control over his 
underlings. Both Ucita and Mocoso were independent, localized simple chiefdoms, each 
consisting of a number of villages. Mocoso complained to De Soto about the chiefs Neguarete, 
Capaloey, Ucita, and Orriygua. He had been threatened by these other regional caciques because 
he had befriended De Soto and given him Ortiz (Bourne and Smith 1904). 
 
Thus, there were numbers of lesser chiefs - at times fighting each other, who were subservient to 
a more powerful chief to whom they paid tribute, and these linkages crossed linguistic 
boundaries: Elvas wrote that Ucita and Mocoso spoke mutually unintelligible languages. 
“Hirriparacosi” is certainly Timucuan, as is the honorific prefix portion of “Hirri-higua.” So 
rather than a tightly controlled, centralized paramount chiefdom under a Timucuan overlord, the 
Tampa Bay region apparently consisted of squabbling independent fiefdoms wherein one gained 
a certain, temporary ascendancy over the others. 
 
What was the source of Hirriparacosi’s power? Perhaps it was maize. Narvaez had found some 
maize at Safety Harbor, but more ten to twelve leagues north. De Soto found no great amount 
until he was over twenty leagues from Tampa Bay. Ortiz said the land of Hirriparacosi, thirty 
leagues inland, was fertile and “abounding in maize.” Perhaps this was the key to Hirriparacosi’s 
power. With such a reliable food source capable of supplying a storable surplus, Hirriparacosi 
would have had the ability to support a larger body politic and a corresponding number of 
warriors.                    
 
In 1549, Tampa Bay was visited by Dominican missionaries led by padre Luis Cancer. After a 
landing party went inland, Juan Munoz locally held captive since the De Soto expedition, 
appeared and reported that two of the religious had been killed by the Indians and that a sailor 
was being held captive. Against the advice of his fellows, Cancer swam ashore, where he was 
killed in sight of his shipmates, who then cast off to return to Cuba (Lowery 1959). 
 
Also in 1549, three Spanish ships wrecked along the west coast. One of the survivors, Hernando 
Fontaneda, was held captive by the Calusa of the Charlotte Harbor region for seventeen years.  
He wrote in his memoir that from north to south along the west coast, the tribes were the 
Apalachee, Mogoso, Tocobaga, Osiquevede, and Calusa (Smith 1944). In 1567, Governor 
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Menendez sailed to the Safety Harbor site on Old Tampa Bay, bringing Calos, paramount chief of 
the Calusa, to make peace with Tocobaga. By this time, the control of the west coast was held by 
these two, long-warring Indian leaders. 
 
This was a meeting between two paramount chiefs. Calos had fifty subject towns, speaking at 
least twenty-four different languages (Hann 1991). Tocobaga summoned some twenty-nine 
caciques, 100 headmen, and others to join him - more than 1500 people - for the parlay. The level 
of sociopolitical organization of the Tampa Bay region had radically changed since the time of 
Hirriparacosi.  
 
The accounts do not give names or locations for Tocobaga’s vassals. However, a general 
boundary of Tocobaga territory is indicated: When addressing Menendez’s desire to find a 
supposed connection between Tampa Bay and the St. Johns River, Tocobaga told him such an 
effort would not be possible without more men due to the numerous and hostile Indians on the 
way; that is, the region to the east/northeast of Tampa Bay was outside his control. By 1564, 
Calusa influence extended as far north as present Orlando. Further, Fontaneda wrote that the 
people of Canegacola, living on or near the “river of canes,” probably the Suwannee, were 
subjects of Tocobaga (Smith 1944). 
 
So in less than forty years, the Tocobaga, a group not mentioned in any earlier accounts, had 
taken control of much of the central west coast. As rivers often served as natural, territorial 
boundaries, it may be that the Manatee River was then the boundary between Calusa and 
Tocobaga (c.f. Smith 1968; Shapiro 1986). 
 
The fluidity of native alliances is apparent: After the 1567 execution of Calos I by the Spanish at 
Estero Bay, the chiefs of two settlements previously subject to the Calusa transferred their 
allegiance to Tocobaga (Hann 1991:223). The boundary zone between the two politics certainly 
fluctuated. Complex chiefdoms experienced periods of emergence, expansion, and fragmentation, 
with regional simple chiefdoms cycling between greater or lesser degrees of centralization (c.f. 
Anderson 1994).  
 
In 1568, Menendez Marquez sailed to Safety Harbor and found that the garrison left there by his 
uncle had been slaughtered. He burned the deserted village, including its temple structure. Father 
Rogel learned that Tocobaga’s “captain” had ordered the killings. Cacique Tocobaga had been 
absent “in his own village at the mouth of the bar,” perhaps at the Maximo Point site (Hann 
1991). There was no native response to the torching of the village and no record of any 
subsequent Spanish retaliatory expedition. 
 
During the years 1568-1608, Menendez’s colonization attempts in south Florida failed. Spanish 
efforts largely centered on St. Augustine, with religious missions established to the north, and 
then spreading west into Apalachee. Guale Indian attacks from the north and English incursions 
into Virginia kept Spanish attention directed northwards. A probable epidemic occurred in 1595. 
Reports of incursions and attempts to find shipwreck survivors led to occasional Spanish coastal 
searches and visits to Charlotte Harbor during the early 1600s. 
 
In 1608, the Potano Timucua of north central Florida were being threatened by raids from the 
Tocobaga and the Pohoy from Tampa Bay. Who were the Pohoy? Swanton thought they were the 
Ucita from Hillsborough Bay (Swanton 1979). Milanich thought they were equivalent to the 
Capaloey (Milanich and Hudson 1993). Whatever their origin, the complex chiefdom of 
Tocobaga had changed. Power was shared in a Tocobaga-Pohoy alliance, independent of the 
Calusa and the Timucua. 
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This alliance sent raiding parties to the north in the early 1600s. Raiders canoed a coastal route, 
then went up the Suwannee and Santa Fe rivers. In 1611, they attacked a Spanish mission on the 
lower Suwannee, killing seventeen converted Indians. Spanish retaliation was swift: From St. 
Augustine, Governor Olivera sent a force to Tampa Bay that killed the offenders. Among the 
beheaded prisoners were the Tocobaga and Pohoy caciques (Hann 1996; Worth 1998). 
 
The death of the Tocobaga cacique apparently resulted in a power shift in the alliance.  In 1612, a 
force sent on a mission to Calos stopped at Tampa Bay to visit the new cacique of Pohoy, then 
continued south. There is no mention of a new cacique of Tocobaga, however (Swanton 1979; 
1985; Hann 1991). 
 
A 1614 Spanish report described further tensions in the region. The Calusa paramount had sent 
300 war canoes to the province of Mocoso, where some five hundred people were killed. The 
paramount then sent a dozen captive survivors to St. Augustine to warn both the Spanish and their 
Indian allies of his opposition to them. Governor Guillamas ordered retaliation, dispatching two 
armed launches to “exact the greatest punishment possible” (Worth 2005). It appears that this 
Calusa raid had bypassed Tampa Bay without any interference from what remained of the 
intervening Tocobaga-Pohoy alliance 
 
During the 1620s, raiding occurred between the Pohoy and the Amacano - the latter apparently 
located along the coast north of Tampa Bay. In late 1628/early 1629, Governor Borja sent a force 
to Tampa Bay to bring the “captain” of the Pohoy to St. Augustine to negotiate a peace with the 
Amacano (Worth 1998). 
 
By 1634, the Pohoy were apparently allied with or subject to the Calusa (Hann 2003). In 1636, 
further Pohoy raids resulted in a Spanish retaliatory expedition (Worth 1998). Significant for the 
entire peninsula are reports of epidemics of plague, small pox, and measles for 1612-1617, 1649-
1650, 1655, 1659, and 1672 (Hann 1988; 1996). Remnant survivors of increasingly fragmented 
native societies became wandering disease vectors. 
 
In 1674/75, Bishop Calderon of Cuba made a visitation to the peninsula. Describing points north, 
he wrote that four leagues beyond the principal village of the Calusa (at Estero Bay) was the bay 
of Tampa - which would indicate that the original bay of that name was Charlotte Harbor. Six 
leagues from the beach of Pusale (location unknown) was the Pojoy river, and twelve leagues 
farther, that of the “Tocopacas.” While Calderon mentioned the Pojoyes, the Pineros, and the 
Tocopacas north of the Calusa, he did not himself visit the region (Wenhold 1936; Hann 2003). 
 
Prior to 1675, some Tocobagas had moved to a settlement of mixed tribal remnants on the 
Wacissa River. In 1678, visitador Leturiondo counted 348 people in this village (Hann 1993). 
Their assigned work was to transport produce by canoe down the Wacissa and Aucilla rivers to 
the Gulf, south along the coast, then up the Suwannee and Santa Fe rivers to a landing from 
where it was transported overland to St. Augustine. They also portaged cargo to lighten Spanish 
ships otherwise unable to cross the shallow Suwannee River mouth (Bushnell 1978). 
 
In 1679, Governor Salazar sent a force including Timucua allies to Calos to ransom some Spanish 
captives. Traveling by canoe down the Santa Fe and Suwannee rivers to the Gulf, the force 
followed the coast south to Alcola, a village of up to 300 persons, then traveled overland to 
Pohoy, described as a comparably sized village. The Pohoy cacique reported that Calos had 
ordered him to prevent the expedition from going any further. The warning was ignored, and the 
force proceeded south to “Elafay” (likely on the Alafia River), a village that contained up to forty 
people; then moved on to “Apojola Negra,” containing up to twenty people; then on to 
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“Tiquijagua,” a village of about 300 people. At this point, their Timucua allies decided to heed 
the Calusa warning and turned around, soon followed by the Spanish contingent (Hann 1991). 
This account mentions no Tocobagas at Tampa Bay. It does clearly indicate that the Tampa Bay 
area was under Calusa control at this time. The Tocobaga-Pohoy alliance was effectively gone.  
 
There is little information about the Tampa Bay region for the 1680s. Natives from Guale were 
fleeing south from coastal and interior Georgia into peninsular Florida. Yamasees were raiding 
the northeast Florida missions. In 1688, in Apalachee, Governor Losada met the son of the Calusa 
casique and many of his leading men (Hann 1991). That such a large, important party could travel 
unmolested all the way from the Charlotte Harbor area clearly indicates Calusa control of the 
intervening west coast. In 1695, visitador Florencia noted that Tocobaga were still present at the 
Wacissa River settlement (Hann 1993). 
 
In 1699, acting on a rumor that the British were planning a settlement on Tampa Bay, Governor 
Ayala sent Ensign Rodrigo, three soldiers, and a group of Timucua allies overland to investigate. 
In approaching the bay, they camped at an abandoned village called “Elafay” (c.f. Alafia River), 
then traveled to the southern border of the bay to a river they named the “San Salvador,” called 
“in the language of the natives Alameva” - likely today’s Manatee River (Childers 2002). 
 
A diary kept by Diego Pena, one of the soldiers, relates that:  

“[t]he village of Pojoy remained behind us to the west [sic], twelve leagues distance from 
that bay by land…From the coast on the south, leaving the edge of the bay in order to go 
to Pojoy it takes three days by sea according to what these Indian guides say. [It follows 
from this that the then village of Pojoy was located north of Tampa Bay.] Also, inland, 
not very far from this bay, there are the following villages: Acassa, Alachepoyo, Amaca, 
Talafosole, and Ereze…. There are more places in this vicinity which are the following: 
la Feaba Tesca, Leley, Tequi, Sole, Juyla and Piaya which is a village that has many 
people. These [latter] are the ones that are close by the said bay. I have not seen these 
villages but those that know of them have declared it thus to me” (Childers 2002). 

 
The expedition was visited by the cacique of Cayuco, who knew of no British incursions. 
Possibly at Point Pinellas, or perhaps near the mouth of the Manatee River, a large cross was 
erected with an attached warning sign. Ensign Rodrigo instructed the natives to send word north 
if any Englishmen appeared. Some of them told him that “[t]he Indians that had lived at the 
mouth of this bay had been called Tampas and others call them Vantabales, but they had gone 
north” (Childers 2002).  This appears to reference the formerly present Tocobagas and their 
migration to the Wacissa River area. 
 
The English slave trade was a major factor affecting the entire Southeast during the period 1670-
1715 (Gallay 2002). In the early 1700s, slave raiding by Creeks and Yamasees, and British 
invasions, led to Spanish abandonment of the west Timucua hinterland. The destruction of the 
north Florida missions gave raiders open access to the southern peninsula. In 1708, a British 
report stated that Creek slavers had to go as far south as the firm land would permit in order to 
find and capture the natives (Braund 1993).  
 
In 1701, the Wacissa River Tocobaga apparently moved further inland as a result of raids. After 
that year, some Pohoy and Alafaes from Tampa Bay had moved to a village nine leagues south of 
St. Augustine, as well as to a mission site near present Gainesville.  In 1726, that mission site was 
identified as a mixed settlement of Timucua, Pohoy, and Alafaes (Hann 1991). 
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In 1718, Ribera was sent to the mouth of the St. Marks to build a blockhouse (Kerrigan 1951). 
Plans for the fort indicate there were two small Tocobaga settlements in the vicinity (Hann 1988). 
Ribera found no more than two dozen Tocobaga in the area and settled them along the Wakulla 
River upstream from the blockhouse. Later in 1718, a small Tocobaga community on the Wacissa 
was attacked by Pohoy coming in from the Gulf (Hann 1991; 2003): Former allies, now enemies. 
A few Tocobaga were still living in the St. Marks region in 1723 (Hann 1988). By 1755, they had 
been completely destroyed by the raiding Creeks (Covington 1957). 
 
In 1727, an epidemic killed all but a few of the refugee Pohoy, Alafaes, and Amacapira at a 
village nine leagues south of St. Augustine. Remnants were present there in 1734, when Governor 
Sanchez tried to move them closer to St. Augustine. Instead, they fled further south (Hann 1991; 
2003). 
 
In 1737, the virtual extermination of a mixed Pohoy/Amacapira village by the Bomto included 
the deaths of its two caciques. The village was apparently located somewhere inland, west of 
present New Smyrna Beach (Hann 1995).  
 
When Celi surveyed Tampa Bay in 1757, he encountered a few, unidentified Indians, armed with 
muskets (Ware 1971). The weapons probably indicate a Yamasee or Creek hunting party. The 
1769 Jeffreys map shows islands near the mouth of the Withlacoochee River as the “Pogoi Keys,” 
with subsequent maps of the 1770s showing these near the mouth of the Suwannee. These are 
likely historical, cartographic artifacts transferred from earlier maps, such as the 1711 Crisp map. 
Evia’s 1783 voyage found only Uchises, Talapoosa, Choctaw - all non-Florida Indians - and 
Cuban fishermen at Tampa Bay (Holmes 1965).  Folch’s 1793 exploration of the bay similarly 
found only Creek tribes in the region (Kinnaird 1946).  The original natives were gone. 
 
While European accounts relating to the native history of Tampa Bay are limited in detail, this 
summary presents at least the general story. If the University of Florida’s proposed project at the 
Havana, Cuba, archives should occur, much more may be learned about the last natives of Tampa 
Bay, the people in between. 
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PREHISTORIC COASTAL HABITATION AND 
EARLY MARITIME TRAVEL ON OLD TAMPA BAY 

 
P.E. Kolianos & R.W. Estabrook 

 
ABSTRACT 

The vast natural resources of Old Tampa Bay, part of the largest open water estuary in 
Florida, enabled the development of fairly large prehistoric populations. Recent research 
by Weedon Island Preserve Cultural and Natural History Center, in partnership with other 
professionals and volunteers, has led to new information about early occupation sites and 
subsistence, and an exciting discovery of the first open-water dugout canoe found on the 
Gulf coast. We present information first on the Shoreline Midden (8Pi11569) public 
archaeology restoration project and then on the Shoreline Canoe (8Pi11624), a 1100-year 
old, saltwater dugout canoe documented to be more than 12 meters long.  

 
INTRODUCTION 

For several thousands of years, early people inhabited the coastal shores of Old Tampa Bay 
utilizing the rich resources of the estuarine environment. This led to the development of some 
fairly large pre-historic populations in this region of Tampa Bay (Milanich 1994), part of the 
largest open water estuary in Florida. Recent investigation of two sites, Shoreline Midden 
(8Pi11569) and Shoreline Canoe (8Pi1164) at the Gateway Tract of Weedon Island Preserve has 
led to new information about this coastal habitation and adds substantial evidence to open water 
travel. This State conservation land is managed by Pinellas County’s Department of 
Environmental Management, Environmental Lands Division, and is surrounded by dense urban 
development comprising the St. Petersburg/Tampa Bay area. Weedon Island Preserve is Pinellas 
County’s largest marine preserve, and consists of approximately 1500 hectares of coastal uplands 
and mangrove forests. 
 

PROJECT AREA DESCRIPTION AND BACKGROUND RESEARCH 
The Shoreline Midden (8Pi11569) and Shoreline Canoe (8Pi1164) sites are located within the 
Gateway Tract, a  275-ha, low-lying coastal fringe of mangrove forests and isolated upland ridges 
found on the west side of Old Tampa Bay. Habitation sites dating to the early Manasota culture 
are found on the few upland areas, including a burial mound (8Pi11700). Since the land is owned 
by the State of Florida and leased to Pinellas County for resource management, there are pertinent 
federal, state, and local laws that affect its management of those resources. Examples of 
applicable laws include Florida Administrative Code: Chapters 267 and 872; the federal Native 
American Graves Protection and Repatriation Act (NAGPRA); Pinellas County Municipal Code: 
Chapter 146; and Pinellas County Ordinance 08-29.  
 
The Shoreline Midden site, located in portions of Section 36, Township 29S, Range 16E and 
Section 1, Township 30 South, Range 16 East, is adjacent to the Yat Kitischee or Moog Midden 
(8Pi1753) site investigated in the 1990s and eligible for listing in the National Register of 
Historic Places. Yat Kitischee was an exemplary public archaeology project that included 
hundreds of volunteers and resulted in a publication, Yat Kitischee, The Archaeology of a 
Prehistoric Coastal Hamlet, (Austin 1995) that defines much of what is known about the ancient 
cultures that lived in the Tampa Bay area and greater Central Gulf Coast region. That project 
served as the baseline for the present research in this area. The Shoreline Canoe site (8Pi11624) is 
located within the Gateway Tract at Township 30S, Range 16E, Section 1, northeast and within 
400 meters of the Shoreline Midden site. 
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Located within the Weedon Island Preserve and contiguous with these two sites on Old Tampa 
Bay is the eminent site Weeden Island (8Pi1), the first identified site of the Weeden Island 
culture. Weeden Island culture is now known to extend from this Tampa Bay region into North 
Florida, southern Georgia and Alabama. Over 3,000 Weeden Island sites have been recorded 
since this discovery in the 1920s by Dr. Jesse Walter Fewkes of the Smithsonian Institute. In Dr. 
Fewkes’ 1924 publication, Preliminary Archeological Explorations at Weeden Island, Florida, he 
described the extraordinary pottery recovered from the burial mound and types of burials found in 
several strata. He noted that no European contact had taken place at this site (Fewkes 1924). Over 
a two-year period this excavation was the premier public archaeology project where thousands of 
visitors were ferried to Weedon Island to observe the excavations under the guidance of Dr. 
Fewkes’ assistant, Dr. Mathew Stirling.   
 
Some of the greatest densities of sites in Pinellas County are located within the Old Tampa Bay 
area from Grande Bayou to Safety Harbor, including two sites listed on the National Register of 
Historic Places, Weeden Island and Safety Harbor. Many of these sites encompass evidence of 
occupation from the Manasota, Weeden Island, or Safety Harbor cultural periods that range from 
500 BC to AD 1750 (Austin 1995).  
 
Southeastern Archaeological Research Inc. (SEARCH) conducted a thorough background 
investigation into previously recorded prehistoric sites within the Gateway Tract, including sites 
that may have referred to the Shoreline Midden Site (8PI11569). This research and subsequent 
survey results are documented in the grant report, Weedon Island Preserve Gateway Tract 
Archaeological Survey Project Grant Number S0828 (Austin 2008). This work included 
comparisons of old aerial photographs and modern shorelines. Five prehistoric sites were 
previously recorded within the Gateway Tract. SEARCH concluded that one of those sites, Dan’s 
Island (8Pi53) as described in the Florida Master Site File (FMSF), correlates to the Shoreline 
Midden (8Pi11569) site. Another recorded site, Cabbage Patch Point (8Pi57) could not be located 
and appears on the USGS 7.5 Safety Harbor quadrangle map in the locale of the Shoreline 
Midden. It is probable that this site also refers to the Shoreline Midden site.  
 
In the SEARCH report, their review of old maps and 1943 aerial photographs indicated the 
Shoreline Midden site was located on a peninsula. Today this site supports dense mangrove 
swamp vegetation and disturbance associated with mosquito ditching conducted in the 1960s. In 
addition to the previously recorded sites, a new site recorded is a prehistoric dugout canoe located 
approximately 400 meters from the Shoreline Midden site. Shoreline Canoe (8Pi11624) is buried 
in the intertidal zone of the coastline on Old Tampa Bay. Our recent investigation revealed a pine 
canoe with a raised bow. The length of the existing canoe is 12.17 meters from bow to a broken 
stern. Radiocarbon dates in the 2-sigma range are AD 690 – 1010 (Cal BP 1060 to 940). This 
indicates a temporal association with the Shoreline Midden site during the late Weeden Island 
period.  
 

PROJECT DESCRIPTION – SHORELINE MIDDEN 
The Gateway Tract Shoreline Midden (8Pi11569) Investigation and Restoration Project 
originated through reports of aboriginal habitation sites in the Gateway Tract at Weedon Island 
Preserve. Survey of this area confirmed a heavily pot-holed shell mound on state lands located on 
an upland dune ridge on Old Tampa Bay. The FMSF confirmed reports of sites in the vicinity, but 
exact locations were unknown. Through a grant funded in part by the Bureau of Historic 
Preservation, a cultural resource survey was conducted for the Gateway Tract as well as the plan 
to include the public in the investigation and restoration of the Shoreline Midden site. A 1A-32 
Archaeological Research Permit (Number 0708.26) was applied for and received in 2007.  
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Accessed only by boat, this project involved extensive planning and coordination. Tides and 
weather were important considerations. Since all transportation was by Pinellas County boats, all 
volunteers became Pinellas County short-term volunteers with job descriptions. Initial preparation 
of the mound site, which was covered with Brazilian pepper, also involved seasoned volunteers 
working side-by-side with County staff.  The 167-m mound was cleared of debris and exotic 
vegetation. Over 250 sandbags were filled, and brought to the site by pontoon boat. Shallow 
shoals around the area would not allow the overburdened pontoon close to shore, so the sandbags 
had to be shuttled in with a flats boat.  
 
Three days were devoted to the investigation and restoration went quickly. Over 35 volunteers, 
many university students, supported this phase of the project and gained valuable hands-on 
opportunities to conduct real archaeology. Three archaeologists, Robert Austin, Ph.D., 
Southeastern Archaeological Research Inc., Richard Estabrook, M.A., Florida Public 
Archaeology Network (FPAN), and Phyllis Kolianos, M.A., Pinellas County, supervised 
participants and Pinellas County’s Communications recorded the event and interviewed several of 
the volunteers. 
  

RESEARCH METHODS 
After an initial reconnaissance survey of the area, it was determined that a comprehensive survey 
of the entire Gateway Tract was needed.  This survey was conducted under contract with 
Southeastern Archaeological Research, Inc. (SEARCH) of Gainesville, Florida through their 
Tampa Bay office in Riverview, Florida.  The Shoreline Midden site was an opportunity to 
expand on this survey and accomplish several site management goals while addressing some 
general research questions. In the event of the discovery of unmarked human remains, 
investigators were prepared to comply with the provisions of Chapter 872.05, Florida Statutes.  
 
Objectives - Five major objectives were defined for the Shoreline Midden restoration project.  
These included: 

1) Restore the pot-holed mound site to a resemblance of its original contours to discourage 
future looting and vandalism. 

2) Conduct limited data recovery from selected looter holes to increase knowledge about the 
Manasota culture in this coastal environment. 

3) Engage the public in this investigation exposing volunteers to the damage of destructive 
vandalism and the value of archaeological research.  

4) Spread this message to the general public through public archaeology events, general 
programs and communications, and publications.  

5) Work with local and state partners interested in supporting this project.  
 

FIELD METHODS 
Initial site reconnaissance−Prior to the fieldwork, an initial site reconnaissance was conducted 
by Phyllis Kolianos, Richard Estabrook, and J. Bart McLeod in November 2007.  Access to much 
of the midden was restricted by thick vegetation (mostly Brazilian pepper trees and black 
mangroves).  At least six major looter holes were identified.  Surface inspections of all six 
locations recovered small pieces of prehistoric pottery and some broken shell tools left behind by 
the looters.  The position of the abandoned materials and the “style” of digging used by the 
looter(s) indicated that most of the six areas likely had been visited recently (within the past year) 
by a single individual or a small group of individuals working together. The pottery was 
recovered; the broken shell tools were not.     
   
Site preparation and clearing−Before the project could get started, some of the invasive 
Brazilian pepper vegetation that covered much of the site was removed by Weedon Island 
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Preserve personnel and long-term volunteers.  Clearing this vegetation provided a safe and open 
working environment for the volunteers and allowed the participants access to the piles of 
disturbed shell and soil that was used to re-fill the looter’s holes.  A path was cleared that allowed 
access to the main portion of the site from the shoreline/beach landing area.  The area on top of 
the midden and around many of the major looter holes was also hand cleared of vegetation at 
ground level.   
 
Limited data recovery−As little was known about the site prior to this investigation, a limited 
data recovery strategy was implemented.  Originally three of the large looter holes, designated 
Units A, B, and C, were selected for the limited data recovery effort.  The large number of 
volunteers allowed a fourth unit, designated Unit D, to be opened in a looter hole between Units 
A and B.  The data recovery plan included cleaning out the backfill and debris that had washed 
into the hole; creating a vertical surface along one side of a looter trench of which a profile 
drawing could be made; and screening the previously-disturbed back dirt from within and 
immediately adjacent to each of the selected holes.  Once the loose, previously-disturbed shell 
matrix was removed for each unit, each profile was drawn and photographed, and the soil colors 
were determined using Munsell color charts.  Each unit was then individually mapped in plan 
view and mapped as part of the larger site universe. 
 
In Units D and C, excavation continued along the profile face below the loose, previously-
disturbed shell and into possibly undisturbed midden matrix in order to gain a better 
understanding on the various occupations at the site and to determine how deep the midden 
actually extended.  In Unit D, it appeared as if the shell matrix was not very deep, perhaps 30-40 
cm, as the looter(s) had begun to undercut the midden by digging horizontally into an area that 
appeared to have been backfilled and re-contoured. Faunal remains recovered from the disturbed 
backfill from Unit D revealed possible human remains. Dr. Erin Kimmerle from the University of 
South Florida, Forensic Anthropologist, confirmed a small finger bone and portion of a vertebra. 
Dr. Ryan Wheeler, the State Archaeologist was notified, who directed the remains to be re-
interred at Unit D. 
 
An intact ash/shell feature was encountered in Unit C at 45 cm below surface.  This feature was 
carefully excavated in natural soil zones by Dr. Robert Austin and a group of volunteers.  This 
roughly circular area of crushed shell and ash appeared to be a hearth or dump area.  It was 
obviously denser and contained much smaller fragments of shell than did the surrounding shell 
matrix.  All of the material from this feature was excavated and bagged separately.  A sample of 
the shell/ash lens matrix was retained for possible C14 dating. Charcoal (0.2 g) from Feature 1 at 
67 cm was sent for AMS dating to Beta Analytical, Inc., with the calibrated date to 2-sigma range 
of AD 410 – 590 (Cal 1540 to 1360 BP). 
 
The spoil from each looter hole was screened though 0.6-cm hardware cloth screens suspended in 
portable wooden frames.  In some cases, self-supporting shaker screens were used.  In other units, 
frames were suspended with nylon ropes from the overhead branches of the larger trees.  All 
pottery, shell tools, and other modified materials were bagged by zones separately as originating 
from either disturbed or undisturbed areas.  As excavation into undisturbed midden deposits was 
limited, different anthropogenic strata were not encountered and arbitrary levels were not 
assigned.  Samples of the various sources of food shell (i.e., oyster, clam, gastropods, and the 
like) were also recovered.  All larger bone specimens were recovered (those easily recovered in 
the mesh screens), but no attempt was made to recover every fragment of bone or shell, especially 
from the disturbed complexes.  
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Figure 1.  Overview site plan with GPS location of looter holes and looter hole units A, B, C, and D profiled. 
 
 
GPS location of looter holes−As only a limited number of the looter holes could be investigated, 
and the vegetation across the site inhibited the development of a map of the entire site, Global 
Positioning Systems (GPS) hardware and software were used to map the locations of all the 
obvious damage.  All looter holes were flagged and numbered sequentially from 1 to 23.  Units 
A-D were mapped individually.  A Trimble GeoExplorer XH GPS receiver with a detachable 
hurricane antenna was used to collect the locational data. Locations were taken from the center of 
the looter holes/trenches or as close to that location as was physically possible given vegetation 
and other obstructions. These data were later post-processed to provide the most accurate 
locations of each of the looter holes.   
 
Site reconstruction−The looter holes and midden contours were reconstructed using sand bags 
filled with culturally-sterile sand and disturbed midden matrix recovered from the back-dirt piles 
found next to the looter trenches.  The sandbags had previously been filled with sand by county 
staff and volunteers and brought to the site by boat.  Volunteers carried the bags from the beach 
landing up onto the midden, where they were distributed out to the various looter holes once the 
limited data recovery and mapping activities were completed. 
 
Due to the large number of looter holes and the limited number of sand bags, the bags were used 
as a liner between the surface of the looter holes and the disturbed shell matrix used to level the 
area.  Each hole had at a minimum a single layer of sand bags between the looter ground surface 
and the refilled spoil used to recreate the land surface.  Shovels, rakes, and other hand tools were 
used to backfill the area and to level out the previous damage.  This effort created a surface that 
will allow any future investigation to determine undisturbed midden from re-deposited fill, but 
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one that will also discourage future looting as there is now no way to tell by looking at the surface 
which areas had been previously disturbed by illicit digging.  

 
LABORATORY METHODS 

All material recovered from the site was returned to the Weedon Island Preserve Cultural and 
Natural History Center where it was cataloged and processed.  Each provenience was assigned a 
Field Specimen (FS) number.  The paper FS log was then transferred to a computer spreadsheet 
so that the analysis information could be included.   
   
 

 
Figure 2. Profile Unit C with Feature 1 (State report: Weedon Island Preserve Gateway Tract Shoreline 
(8Pi11569) Investigation Project). 
 
 
Materials were separated into various material types.  Shell was inspected and any tool use or 
other modifications were noted.  Unworked shell was identified by species. Bone was similarly 
inspected and then identified as to genus and species (if possible).  All material was counted and 
weighed.  As these samples were recovered from previously-disturbed contexts, and the sample 
sizes were by no means representative, these data were recorded as a simple species list.  This list 
enumerates the variety of resources used by the site’s prehistoric inhabitants, but does not attempt 
to quantify the relative use of any of these food resources.   
 
Pottery was brushed clean of sand, weighed, and the thickness measured.  Sherds were separated 
into standard typological categories after Goggin (1948), Willey (1949), and Cordell (1993).  Rim 
and body sherds were also identified.  Given to small number of sherds recovered, vessel  
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reconstruction was not attempted, but an effort was made to identify the relative size and shape of 
the vessels represented by the samples. 
 
Historic/modern artifacts were cleaned, re-bagged, and separated into standard categories based 
on function and material type.  The type and provenience of this material were considered of 
particular importance as they may show the extent of site disturbance and perhaps provide some 
idea as to how long this site has been the target of intensive looting activities. After analysis, all 
recovered materials were re-bagged in archivally-stable polyethylene bags and labeled per the 
Florida Bureau of Archaeological Research’s Standards for Curation. 
 
 

Fauna 
Miscellaneous fish bone (Osteichthyes and Sparidae) 
Turtle (Testudines) 
Deer (Odocoileus virginianus) 
Bird (Aves) 
Drum (Sciaenidae) 
Stone crab (Menippe spp.) 
Shark (Chondrichthyes) 
Crown conch (Melongena corona) 
Lightning whelk (Busycon sinsistrum) 
Pear whelk (Busycon spiratus 
Oyster (Crassostrea virginica) 
Scallop (Argopecten irradians) 
Olive (Olividae spp.) 
Southern quahog (Mercenaria campechiensis) 

   
 Figure 3. Faunal species collected from Shoreline Midden. 

 
 

PROJECT DESCRIPTION – SHORELINE CANOE 
The Shoreline Canoe (8Pi11624) investigation at Weedon Island Preserve, conducted on 
December 10, 2007 under the 1A-32 Archaeological Research Permit Number 0708.2, proved to 
be a significant archaeological find. This one-day investigation was scheduled at a very low tide 
and all logistical and personnel support was coordinated to accomplish the task in the short 
window of a few hours. Professional archaeologists assisting with the investigation were Donna 
Ruhl, University of Florida, Archaeobotanist, Robert Austin, Ph.D. and Justin McNesky, 
Southeastern Archaeological Research, contractors with Pinellas County for the Gateway Survey, 
and Phyllis Kolianos, Environmental Education Coordinator from Weedon Island Preserve, 
Environmental Lands Division.  
 
To reach this site, accessible only by boat, required planning and coordination to ensure that tides 
and weather were suitable. Logistics of building a coffer dam took several months of research to 
determine the fastest, cheapest, and best construction to do the job of keeping the tide waters at 
bay during mean high tide. The actual coffer dam was built of two tiers of sandbags enveloped in 
heavy vinyl sheeting with occasional wood post supports. It was installed at dead low tide prior to 
the team’s investigation. Two commercial “mud hog” pump systems were in place to evacuate 
water away from the canoe once exposed through a trench system. The dam system worked  
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efficiently up until the last minutes of the investigation when the tide breached the dam and 
allowed the water to enter the area.   
 
The objectives of the canoe investigation were to determine, through precise documentation, the 
significance of this canoe situated in the intertidal zone soils of Old Tampa Bay. The specific 
purposes of the investigation were to: 

• Measure all dimensions of the canoe: length, width and depth. 
• Sample the canoe for wood identification and radiocarbon dating.  
• Photograph, video tape, and record all steps of the investigation. 
• Research comparative canoes and study possible similarities.  
• Publish pertinent information about the canoe for public awareness and stewardship of 

cultural resources in an urban setting.  
 

FIELD METHODS 
Initial Site Reconnaissance−An initial trip to the site with the informant confirmed the location 
of the canoe and its approximate orientation in October 2006. The informant thought the canoe 
may have been up to 13 meters in length. Plans were developed to create a coffer dam with two 
rows of stacked sandbags in rolled heavy plastic vinyl surrounding the intertidal area to the shore. 
This would prevent tidal water up to a depth of 51 cm. Red and black mangroves dominated the 
shoreline area, which also supported considerable oyster growth.  
 
Field Investigation−On December 8, 2007, two teams converged on the site during a very low 
tide. The sandbags had been positioned the previous day to allow for ready construction of the 
coffer dam. J. Bart McLeod, Management Intern, and two volunteers quickly built the dam, while 
the second team began to carefully excavate the canoe. Two mud pumps were taken to the site for 
siphoning off the water as the investigation progressed. The exposure of the entire canoe in a 
short time period (four hours) was a laborious process. Parts of the canoe were covered in 
sediment with a heavy oyster growth and red mangrove roots were also heavily encrusted with 
oysters. Several trenches were dug at 90-degree angles and then parallel at a distance to allow for 
pooling of water for runoff and siphoning with the pumps. During the excavation, it was observed 
that remnants of the gunwales left stained areas in the soils.  
 
A diagram was made of the canoe by Robert Austin and Melissa Ayvaz with measurements taken 
approximately every 25 – 50 cm. The girth of the canoe, 50 cm from the bow, measured at 79 cm 
and the exterior depth at 17 cm, at 563 cm, the girth measured 75.5 cm and the exterior depth at 
17 cm. The length of the canoe from the bow, which oriented west, to the broken jagged end of 
the stern was 12.17 meters.             
                                                                                                              
Samples for wood identification and radiocarbon dating were taken from various edge areas of 
the canoe. Sample #1 came from approximately 38 – 42 cm from the bow, Sample #2 came from 
73 cm, Sample #3 came from 610 – 623 cm, and Sample #4 came from a broken piece from the 
edge of canoe that lay in the canoe from 596 – 641 cm. Radiocarbon dating from Beta Analytic 
Laboratory results were from canoe samples #2 and #3 and yielded the 2-Sigma calibrated result 
of Cal A D 690 to 1010 (Cal BP 1260 to 940). The wood was identified as pine (Pinus spp.) by 
Donna Ruhl. The wood had some general loss of cell integrity due to previous exposure and 
natural processes.    
  
Additional Find−Toward the completion of the investigation and while taking girth 
measurements, an additional associated artifact was discovered. A single pole was lodged under 
the canoe. The initial consensus of the investigators was that the pole was a tool used by looters 
to attempt to dislodge the canoe.  After further investigation and research of associated poles 
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found with canoes (McGee 2001), the decision was made to identify the wood and send a sample 
for radiocarbon dating. The canoe pole was identified also as pine (Pinus spp.). Radiocarbon 
dating results from the canoe pole yielded the 2-Sigma calibrated result of Cal A D 870 to 1030 
(Cal BP 1080 to 920).  
 

DISCUSSION 
Although existing research from previous investigations and this recent archaeological evidence 
expands the knowledge of the early people who lived on Old Tampa Bay, there are many 
unanswered questions. The archaeological record is sparse for most of the sites. The limited data 
recovery and the investigation of the looter holes at the Shoreline Midden only explored to an 
estimated one-third of the midden’s total depth. Many areas of the site were undisturbed and 
could give valuable information about the beginning habitation of the site, formation of the land 
mass, and insight into the climatic prehistorical record of the Old Tampa Bay environments 
through anthropogenic remains.  
 
The Shoreline Canoe discovery with its raised bow and 12-m length, even with the broken stern 
end, is the longest prehistoric dugout canoe found in Florida. It is the first open-water canoe 
found buried in an intertidal salt water environment, giving solid evidence to theories of extensive 
water transportation, resource procurement, trade and exchange.  
 
These investigations illustrate the types of integrated archaeological/ecological research that are 
possible in the future. Collaborative research is the goal of a new effort underway at Weedon 
Island Preserve by the Alliance for Weedon Island Archaeological Research and Education 
(AWIARE). AWIARE is a recently-established non-profit organization dedicated to furthering 
integrated research in the Tampa Bay region.  
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ABSTRACT 
Session 13:  Tampa Bay’s Archaeology & Anthropology 

 
PRESENTATION 

Underwater Tampa Bay and Beyond Submerged Cultural Resources. J. Moates (FL. Public 
Archaeology Network). Interest in and commitment to Tampa Bay’s maritime past has accelerated. A 
dugout canoe and shoreline middens, interpretation of an historic arrival in 1528, and the first time a local 
youngster embarks on a near-shore journey aboard a traditional sailing craft helps bring Tampa Bay’s 
maritime heritage to light. With the efforts of regional groups and organizations, more and more of our 
submerged and locally known maritime-related remains are being documented. Underwater Tampa Bay 
and beyond Submerged Cultural Resources is a sketch of the bay area’s maritime connections as seen 
through its archaeological and historical remains. Since modern water levels emerged five to six thousand 
years ago, people’s continued occupation along the margins of Tampa Bay has generated indelible marks 
on and off its shorelines.   [jmoates@cas.ufl.edu] 
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ABSTRACT 
Session 14:  Relaying The Message – Science Communications 

 
PRESENTATION 

Can Science and Sound Bites Coexist?  Improving Communication Between Scientists, the Public 
and the Media.  N. O’Hara (Tampa Bay Estuary Program). Recent research shows that science literacy is 
declining in America. In one recent survey, only 59% of those queried knew that dinosaurs and humans did 
not live at the same time. This problem is compounded by a quantum shift in mass media – the major 
source of science knowledge for most Americans – brought on by competition for the public’s attention in 
the information-saturated digital age, as well as an economic upheaval in journalism that has seen a 
dramatic decline in science coverage in general. The good news is that U.S. adults strongly believe that 
science education is important and, moreover, they hold scientists in very high regard. Capitalizing on this 
attitude will require the scientific community to embrace new communication tools and techniques, and to 
strengthen dialogue with the media messengers who deliver information to the public.   [nanette@tbep.org] 
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SYNTHESIS AND NEXT STEPS TOWARDS MAINTAINING PROGRESS 
 

S.T. Cooper, H. Greening, E. Estevez, E. Peebles & G. Henderson 
 
Although researchers, managers and users of Tampa Bay have been about the business of 
documenting and understanding Tampa Bay’s interwoven habitats, species and systems for well 
over 40 years, each Bay Area Scientific Information Symposium reveals new findings and 
identifies gaps in our knowledge.  BASIS 5 was no exception.  The final synthesis session gave 
us an opportunity to recap what was learned and what we as a Bay research and management 
community need to focus on for the future.   
 
Cross-cutting topics for further study – i.e., those that emerged in several sessions or that tie 
multiple research disciplines together – included: Integrating bay circulation and hydrology into 
ecosystem-based research, understanding transitional tidal tributary ecosystems better, defining 
functional success for restoration projects, identifying hardbottom habitats in Tampa Bay and 
determining their importance to the ecosystem, determining the anticipated impacts of future 
climate change, identifying new funding sources to complete research priorities, and integrating 
other research disciplines into current assessments (e.g., economists, coastal land use 
managers/planners, etc.). 
 
The following summary is based on a synthesis of the conference sessions and BASIS 5 
participants’ discussions and inputs during the final session. 
 

GEOLOGY, SEDIMENTS & CIRCULATION 
 New information: 

- New analyses indicate that Tampa Bay was formed by sinkholes and that it is not a 
fluvial valley 

- A multidisciplinary approach in Safety Harbor, using modern technology, gave a 
different interpretation than individual investigations had 

- Wind patterns and freshwater riverine inputs are major driving forces influencing bay 
flushing, not just tides 

- 3-D bay circulation models offer an improved perspective on storm surge scenarios 
 
Gaps: 

- Better understanding the circulation patterns in the upper bays (especially Old Tampa 
Bay) related to causeway impediments and the net effect on estuarine processes 

- Hardbottom areas in the bay are not clearly identified 
- Groundwater connections, particularly in Middle Tampa Bay, are not fully understood 

 
Surprises: 

- Residential fertilizer is a dominant source of the nitrogen found in recent Safety Harbor 
fine sediments 

 
WATER QUALITY, PRIMARY PRODUCTIVITY & ECOSYSTEM IMPLICATIONS 

New information: 
- NOx concentrations in bay waters decreased substantially from 2002 to 2008 
-   The quality of light reaching seagrass beds is as important, or even more so, than the 

quantity 
- Hydrologically-normalized TN load estimates take into account annual variation in 

rainfall when comparing loads between time periods 
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- Bay phytoplankton primary productivity is half of what it was in 1980, due in large part 
from nutrient input reductions since that time 

 
Gaps: 

- Incorporating light quality considerations into the development of seagrass light 
requirement targets 

- Incorporating CDOM effects into the development of seagrass light requirement targets 
(e.g., determining CDOM sources, which may be natural, to better define targets) 

- Benthic primary production stemming from sources other than seagrasses (e.g., 
epiphytes, benthic microalgae, etc.) 

- Open-water phytoplankton and zooplankton communities of the bay (community 
dynamics linked to bay circulation and the connection with the Gulf of Mexico). The 
importance of these communities and their links across the whole estuarine ecosystem are 
poorly understood 

- Ensuring that sound science and research findings drive new regulatory frameworks (e.g., 
development of numeric nutrient criteria) 

- Updating and/or enhancing bay-wide water quality models 
- Determining which key water quality parameters are driving serious bay water quality 

concerns 
- Causes of spring/summer phytoplankton blooms in Old Tampa Bay are not understood 

 
Big Points: 

- Four studies demonstrated that water quality concerns are centered near the Safety 
Harbor/Largo area of Old Tampa Bay 

- Monitoring of bay water quality needs to better account for periodic, episodic events 
 

SEAGRASSES 
New: 

- Observation of aerial photographs over time show that longshore sandbars travel across 
the shallow shelf from shoreward to the bay, and have been sliding off the shallow shelf 
every three years in the Mariposa Key area of Lower Tampa Bay 

- Seagrass mapping continues to improve with new technologies 
- 42% of mapped seagrass areas in the bay are persistent 
- Annual changes in Halodule wrightii coverage are driving bay acreage estimates (Tampa 

Bay is a H. wrightii driven system) – This should be carefully considered in achieving the 
overall bay seagrass acreage target (38,000 acres) 

- A successful Syringodium filiforme transplant was documented adjacent to MacDill AFB 
 
Gaps/Questions: 

- Do seagrasses stabilize longshore bars? Or do longshore bars provide protection for 
seagrass establishment and growth? 

- Are longshore bars persistent or shifting in other areas of the bay? 
- Persistence of seagrass beds needs to be better understood 
- What factors are affecting ephemeral seagrass beds in the bay? What is causing H. 

wrightii coverage changes? 
- Linking seagrass species information and a better description of seagrass bed quality into 

aerial surveys and mapping efforts. Are bay segment-specific seagrass species targets 
needed? 

- Has the 1950 baseline seagrass species composition changed in the bay? 
- Understanding photosynthetically-useable radiation (i.e. importance of light quality) 

requirements of seagrass and the effect of epiphytes on light availability/quality to 
seagrass 
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- Better understanding of the effects of commercial/port expansion on seagrass resources is 
needed 

- Better understanding of fisheries use/ecosystem functions of seagrass beds broadly 
classified as patchy/continuous (including bed density/quality, canopy height, and edge 
effects) is needed 

- Standardizing classification of patchy/continuous seagrass beds across disciplines would 
benefit comparison of results 

- Water quality differences between offshore/inshore areas where seagrass occurs should 
be examined 

- Involving the community in bay seagrass assessments (opportunity for public outreach) 
should be considered 

 
TIDAL TRIBUTARY RESEARCH & MANAGEMENT 

New: 
- Snook are 2-36 times more abundant in tidal creeks than in adjacent habitats (charismatic 

species can be most directly translated to policy makers, if these areas are impacted in the 
future) 

- Snook liked creeks regardless of quality 
- New technologies were used to track ecosystem processes stemming from tidal tributary 

systems (N isotopes / Otolith microchemistry) 
- Benthic microalgae pathways have been identified as the base of the tidal tributary food 

web 
 
Gaps/Questions: 

- Contribution of tidal tributaries to overall bay fish production. Are tidal tributaries 
sources or sinks? 

- Better understanding the hydrology of small tidal systems. How is flashiness affecting 
estuarine processes? 

- Developing an overarching management strategy that encompasses the entire estuarine 
system 

- Characterizing the more than 100+ tidal tributaries to better identify trends and indices 
- Sampling methodologies may be missing other charismatic species which could also be 

used to campaign for the protection of these systems to policy makers [e.g. tarpon, higher 
trophic orders (birds, amphibians, reptiles, etc.)] 

- Sediment quality of small tidal tributaries relative to the open bay environment 
- Developing water quality targets/requirements which support the ecosystem function of 

these systems. This may lead to a better integration of current research findings with 
regulations and management affecting these systems. These systems could serve as a 
model for development of intermediate water quality criteria (i.e. transitionary between 
freshwater and marine criteria). 

- Identifying effective tidal creek restoration opportunities. Many options to be considered 
and researched (e.g., changing geomorphology, hydrology, habitat composition, etc.) 

- Identifying opportunities for public involvement/volunteers in the rapid assessment of 
these systems. However, caution should be taken for degraded systems where human 
health impacts may be a concern 

 
Surprises: 

- Tidal tributaries, regardless of their perceived alteration, appear to provide similar fish 
production/use 
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ECOSYSTEM RESTORATION 

New: 
- The 2010 Tampa Bay Habitat Master Plan Update has been completed, including a 

Habitat Restoration & Land Acquisition Work Plan 
- An easily-accessible Habitat Restoration Database has been developed, and is available 

on the Tampa Bay Water Atlas 
- Emerging 3-D imagery technology for habitat monitoring and assessment is promising 

 
Gaps: 

- Publications on the evolution (including trial and error results) of habitat restoration/ 
creation techniques in Tampa Bay and other estuaries is lacking 

- Integrating/considering open water column production/larval recruitment/dynamics in the 
Bay’s habitat restoration goals (“Restoring the Balance”) should be considered 

- Monitoring and reporting on functional success of restoration/creation projects is needed 
- Shifting the focus of restoration opportunities towards the upper watershed (including 

freshwater systems) that will be minimally affected by anticipated future coastal impacts 
from climate change should be incorporated into future habitat restoration planning 
processes 

- A better understanding of the conversions occurring in the coastal uplands and important 
coastal habitats in the upper watershed relative to estuarine habitats identified in the 
“Restoring the Balance” concept is needed 

 
Surprises: 

- Unwillingness of regulators to accept advancements in habitat creation techniques should 
be recognized and addressed  

 
Big Points: 

- Acquire and protect habitat now; manage/restore later; use various means (investigating 
new strategies, public/private partnerships) 

- Define future reality, and determine what steps are needed to reach it (100 -200 years 
from now) 

- Incorporate new climate change forecasts into restoration project plans 
 

BIOTA 
New: 

- Over-wintering manatees feed on seagrass beds at night. Rays have also been found to 
contribute to seagrass impacts 

- New research revealed that the probability of manatee detection was only 58%, possibly 
resulting in a dramatic undercounting 

- Existing pipeline projects in the bay could provide insight on hard-bottom habitats and 
mitigation strategies employed by those projects 

- Benthic invertebrate sampling is limited to sandy and soft sediments due to sampling 
methods, and may be under-sampling hard-bottom habitats. New research at FWRI/FIM 
may address monitoring gaps in hardbottom habitats and other live-bottom habitats in the 
Bay 

 
Gaps/Questions: 

- Do surveys of scallop populations in the Bay take into account transplanted/introduced 
scallops?   

- Are existing surveys conducted using methods which are appropriate to monitor changes 
in bay scallop populations? 
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- Do fisheries landings data relate at all to overall Bay quality? 
- What is the effect of routine, repetitive sampling programs on specific seagrass beds and 

infauna? 
- Identifying ways to better protect freshwater wetlands (e.g., for water birds, etc.) should 

be considered. 
- Hardbottom habitats and biota are still poorly understood. There is a need for 

development of monitoring programs to address potential future impacts from in-bay 
activities, especially in the context of mitigating for future impacts. 

- There is a need to define the function of natural hardbottom areas for mitigation 
determinations 

- Caution should be taken to advertise hardbottom areas to prevent exploitation. 
- Faunal communities associated with rocks at the mouths of large tidal rivers are not fully 

described or generally included in discussions of biota of Tampa Bay 
 
Surprises: 

- Benthic invertebrates: Seven taxa make up 25% of the overall Bay abundance and 240 
species, in total, have been identified from the Tampa Bay Benthic Monitoring Program 

- Freshwater influences (e.g., salinity ranges and related water quality factors) affect 
seagrass productivity, and are related to nekton abundance in the estuary 

 
WATERSHED MANAGEMENT & REGULATION 

New: 
- New collaborative bay management decisions are effective.  Examples include the 

nitrogen management strategy developed and implemented by the Tampa Bay Nitrogen 
Management Consortium and the adoption of a Basin Management Action Plan (BMAP) 
for bacteriological impairment in the Hillsborough River 

- A Decision Matrix evaluation of bacterial contamination has been developed for the 
Hillsborough River BMAP assessment 

- ACOE/EPA regulators can now direct watershed mitigation towards regional planning 
goals, as defined in adopted watershed management plans.  There is a need to clearly 
identify the information needed by these regulators to support this process 

- SWFWMD environmental resource permitting now requires a demonstration of “Net 
Improvement” for redeveloped and new development in the Tampa Bay watershed. This 
will assist in meeting the EPA’s TMDL and FDEP’s Reasonable Assurance allocations 
for nitrogen in Tampa Bay because additional nitrogen loads will need to be offset 

 
Gaps: 

- Addressing sea level rise in land use planning is needed (e.g., improving FEMA 
floodplain maps, integrating One Bay Initiative findings into local ordinances) 

- Permit monitoring and reporting for small/mid-level industrial facilities is severely 
lacking 

- Assessing the effectiveness of restoring freshwater wetland function through mitigation 
activities 

- There is a need to link emerging research and scientific findings with the regulatory 
process (e.g., wetland mitigation, anticipated sea level rise and its effect on future land 
use zoning scenarios, etc.) 

- There is a need to creatively explore mitigation options that support the whole ecosystem 
and watershed (e.g. selectively focus land acquisition, restoration, creation opportunities 
etc.). It should be recognized that functional mitigation projects are the objective and end 
result of the regulatory process 
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Surprise: 
- The lack of reporting requirements for Multi-Sector General Permits and Regional 

General Permits 
CLIMATE CHANGE 

New: 
- New estimates by the International Panel on Climate Change indicate a  potential for 1+m 

rise in sea level by 2100  
- Perspective and understanding of Tampa Bay’s climate history has vastly improved 

 
Gaps/Questions: 

- What has been the effect of sea level rise on the Bay’s depth? Is the Bay getting deeper? 
- What is the potential extent of seagrass bed migration in response to sea level changes 

(movement of beds along the deep and shallow edge)? 
- There is a need to translate climate change science and potential effects of climate change 

on coastal habitats and communities to local land use decision-makers 
- Potential sea level rise effects on sensitive biota / aggressively colonizing non-indigenous 

species is not known 
- Implications to shallow-water respiration and dissolved oxygen dynamics in the bay due 

to increasing water temperatures and/or depths 
- Changes in rain, storm-intensity, and other general weather conditions and patterns for 

the region are not well known in the face of climate change 
 
Surprises: 

- Rapid sea level rise is possible, if ice sheets continue to break up in upper and lower 
latitudes 

- The United Kingdom is using a 4-m sea level rise for infrastructure planning purposes 
 

ANTHROPOLOGY 
New: 

- Improvements in the understanding of the Bay’s past history, both in terms of 
archaeological resources and cultural anthropology have occurred over the past 10 years 

 
OTHER ISSUES 

New: 
- Plant species on spoil islands, sand bars, and shell middens occurring in Tampa Bay have 

been documented 
- Lack of funding focused towards environmental monitoring programs in the Bay may 

lead to a lack of data needed to measure progress towards goals and the ability to assess 
critical resources over time. Economic conditions have caused severe cut-backs in local 
natural resource management departments 

 
Gaps: 

- A better understanding of alternative nutrient best management practices is needed (e.g., 
stormwater harvesting, benefits of urban tree canopies, etc.) 

 
CROSS-CUTTING THEMES 

Commonalities: 
- Bay circulation and hydrology need to be better understood in terms of the effects on Bay 

ecology (e.g., water quality, flushing rates/time, algal bloom formation, and larval 
recruitment to both restored/natural systems, etc.). 
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- More research is needed on tidal tributaries (e.g., better understanding their hydrology 
(flashiness), geomorphology, restoration potential, and overall connectivity with in-situ 
Bay production, etc.). 

- Some measure of functional success for restoration projects needs to be defined (both 
above and below the waterline, if applicable). 

- Hardbottom habitats (in rivers and the bay proper) are poorly understood. 
- New research findings and scientific knowledge need to be more effectively integrated 

into bay management and regulatory frameworks. This includes anticipated climate 
change effects on coastal habitats and communities and the resulting land use policies 
and regulations that need to be updated to reflect new sea level rise scenarios. 

- Understanding potential impacts related to climate change other than sea level rise (e.g., 
water supply impacts, regional weather pattern changes, impacts on stormwater transport 
systems, etc.). 

- Additional research is needed across several disciplines, as described in each preceding 
“Gaps” section. 

- Identifying new sources of funding to address research “Gaps” will be crucial in the 
future. For example, research on open-water zooplankton and larvae communities could 
be sought as part of permit requirements for Bay dredging projects. 

- Multi-entity/multidisciplinary research projects have provided beneficial insight and 
integrated research results for Tampa Bay.  Developing a system-wide conceptual 
framework may add additional value by better prioritizing where future multidisciplinary 
projects should be focused.  

- As such, other disciplines should and can be integrated into future research assessments 
(e.g., economic and social scientist evaluations, land use policy/planning staff, etc.). This 
could lead to additional stream-lining and efficiencies for integrating results of research 
assessments with regulatory policy and frameworks. In addition, multidisciplinary 
research approaches will be important for potential future funding related to large-scale 
projects (e.g., Bay channel dredging, large-developments in the watershed, cumulative 
impact assessments, etc.) 

- Tampa Bay should and can be used as a model in developing multidisciplinary 
assessments that are effectively integrated into bay management, policy decisions, and 
regulatory frameworks (especially for collaborations among local/ state/federal levels).  

- The EPA Tampa Bay Ecosystem Services Demonstration project can be used as a 
decision-making tool in the future. 

 
Gaps: 

- Re-evaluating existing science and management paradigms is a critical element of the 
adaptive management approach utilized for Tampa Bay. The paradigms should 
periodically be assessed and reported on a routine basis.  

- Improving our understanding on the potential for future impacts to overwhelm or 
exacerbate the Tampa Bay ecosystem is crucial. Ongoing updates to our understanding of 
the cumulative impacts to Tampa Bay will be needed to determine the sustainability of 
the Bay to future impacts and provide a measure of uncertainty towards this ultimate 
determination. 

- Evaluating whether new/innovative status and trends measures should be established for 
Tampa Bay. 

 
IMPROVEMENTS TO CONSIDER FOR BASIS 6 

- Session arrangements for future Symposia should consider cross-cutting issues at the 
beginning of the conference. 

- Encourage more student and next generation researcher involvement with BASIS 6. 
- Effectively transferring the lessons learned at Symposia to policy makers, senior agency 
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officials, and bay managers is a high priority. (TBEP staff will develop a four-page 
newsletter of the BASIS 5 meeting synthesis) 

- Effectively communicating BASIS findings to the media. Potentially develop a half-day 
event focused on transferring the science to policy makers and media outlets. An Agency 
on Bay Management/Regional Planning Council meeting occurring after future Symposia 
could be the appropriate forum to accomplish this communication from BASIS.  

- Identifying ways to effectively transfer future Symposia research findings and 
management actions to State policies and regulations. 

 




