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By 

Susan Badylak 

December 2005 

Chair: Edward Phlips 
Major Department: Interdisciplinary Ecology 

The objectives of this study were to determine if sub basins within Tampa Bay 

Estuary support different phytoplankton communities and biomass potential and if 

current observations of phytoplankton communities showed differences from historical 

accounts.  Thirty collection events took place from April 2002 to April 2003 at three 

sites.  Site 1 was in the lower estuary, tidally mixed and had short water residence time.  

Site 2 was in a mixing zone between the upper and lower estuary and site 3 was in Old 

Tampa Bay, part of the upper estuary, characterized by long water residence time and 

decreased salinity.   Dactyliosolen fragilissimus was numerically abundant during all four 

seasons at the tidal influenced site. Skeletonema costatum was a numerically abundant 

diatom during all four seasons in the mixing zone and Pseudo-nitzschia spp. had its 

highest concentrations at this site.  Pyrodinium bahamense var bahamense was the 

numerically abundant dinoflagellate in Old Tampa Bay during summer and fall.   

Foremost observations of picoplankton cyanobacteria completed during the current study 
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indicate their numerical dominance at all sites but due to the small size were infrequently 

dominant in terms of biomass.  Diatom biomass was greatest at the tidally influenced site 

and mixing zone between lower and upper estuary.  Dinoflagellate biomass was greatest 

in Old Tampa Bay.  Historical records indicate Skeletonema costatum as the dominant 

diatom throughout the bay and observations from this study support that observation.  

Gonyaulax balechii had abundant records in historical data but was rarely observed in 

current data.  Pyrodinium bahamense var bahamense, the dinoflagellate with high 

concentrations in the upper estuary, has no reported historical concentrations in the bay.   

Observations from this study support the objectives that sub basins within the bay 

maintain different phytoplankton groups and biomass potential and current observations 

showed differences from historical accounts 
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CHAPTER 1 
INTRODUCTION 

Estuaries are among the most productive aquatic ecosystems and are often 

characterized by rich phytoplankton assemblages (Odum et al.1974).  One of the 

fundamental determinants of estuary structure is the composition, abundance, and 

diversity of phytoplankton (Smayda 1978, Richardson and Jorgensen 1996).  Spatial and 

temporal differences in phytoplankton communities have direct effects on the overall 

function of estuaries and can affect the role of the estuary as a natural resource from a 

human perspective (Nixon 1995, Cloern 2001, Greening and Elfring 2002).  Many 

researchers have raised serious concerns about the rapid and dramatic increase in human 

inputs to the coastal marine environment over the past century and how these inputs may 

negatively impact the integrity of estuarine ecosystems (Nixon 1995).  Observed 

increases in the intensity and frequency of phytoplankton blooms of toxic or otherwise 

harmful algal species have direct implications for the sustainability of coastal ecosystems 

as recreational and fisheries resources (Anderson 1989, Smayda 1990, Hallegraeff 1993, 

Phlips et al. 2003).  Even in cases where blooms are dominated by non-toxic species, 

their impact on water clarity, dissolved oxygen, and the structure of food webs can cause 

significant changes in the structure and function of ecosystems.     

Tampa Bay, located along the densely populated west coast of central Florida, is  a 

large subtropical estuary that experienced major increases in anthropogenic nutrient, 

pollutant, and sediment loads during the early to mid 1900s, but has since undergone 

serious restoration efforts (TBNEP 1996,).  Original sources of water quality degradation 
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included poorly treated domestic sewage, industrial wastes from phosphate mines, and 

citrus canneries (Galstoff 1954).  From 1950-1980, there was a 40% die-off of seagrass 

beds in the estuary attributed to dredging activities, resuspension of sediments, and 

nutrient-induced algal blooms (TBNEP 1996).  In 1987, the National Estuary Program 

(NEP) was created to identify, restore, and protect nationally significant estuaries 

(Beatley et al. 2002).  Tampa Bay was selected as an NEP site because of the importance 

to the ecology of the west coast of Florida and the rapid decline in water quality 

experienced by the bay in the mid 1900s.  Among the major issues raised by the NEP was 

the role that changes in the phytoplankton community played in the negative impacts 

observed in the estuary, particularly loss of water clarity and die-offs of seagrass 

communities.  

The goal of this study was to describe current phytoplankton community structure 

of Tampa Bay, taking into account the spatial heterogeneity of habitats existing within 

sub regions of the bay.  It also provided an opportunity to compare the current 

phytoplankton community with prior historical accounts.  Historical descriptions of 

phytoplankton communities along the west coast of Florida began in the 1950s.  In the 

1960s, outbreaks of the toxic red tide species Karenia brevis were observed in Tampa 

Bay and Gulf of Mexico (Dragovich and Kelley 1964, Steidinger et al. 1967, Saunders et 

al. 1967, Steidinger and Williams 1970).  Detailed studies of phytoplankton community 

structure were carried out during the late 1950s, and the 1960s and 1970s before the 

inception of the Tampa Bay National Estuary Program ( Marshall 1956, Steidinger and 

Williams 1970, Steidinger 1971, Steidinger and Balech 1977, Steidinger et al.1980, 

Turner 1972, Gardiner1983).   
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Two working hypotheses for the study were 1) sub-basins within the bay support 

different phytoplankton groups and biomass and 2) the current phytoplankton community 

differs from historical communities.  . 
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CHAPTER 2 
MATERIALS AND METHODS 

Study Site 

Tampa Bay is located in central Florida adjacent to the Gulf of Mexico.  It has an 

average depth of 3.5m, a shoreline length of 1,454 km, with mixed tides, and an average 

tidal range of 0.7 m. (Goodwin 1989).  The Tampa Bay watershed is highly developed 

with a population exceeding two million people and a mixture of land-uses including of 

urban, suburban, agriculture, mining and light industry.  Biogeographically, Tampa Bay 

is located in the transition between the warm temperate and subtropic climate (Johnson 

and Barbour 1990).  The period of this study, April 2002- April 2003, was characterized 

by high rainfall associated with an El Niño event. 

Tampa Bay has several distinct ecological regions, that differ in watershed inputs 

and tidal mixing characteristics (Lewis et al. 1989).  Three sampling sites were included 

in the study to capture part of the ecological heterogeneity of the bay (Figure 2-1).  Site 1 

(27º 35. 758´ N and 82º 38. 127´ W) was located in lower Tampa Bay near the 

confluence with the Gulf of Mexico.  This site had both greatest influence from tidal 

mixing and the shortest water residence times.  Site 2 (27° 53. 400´ and 82° 32. 675´) was 

located near the middle of the bay where water from the upper and lower bay mix to 

create a mixing zone (Bendis 1999).  Site 3 (27º 59. 644´ N and 82º 39. 847´ W) was 

located in the northern bay, a region known as Old Tampa Bay.  This area receives water 

from several small tidal creeks.  Vehicular causeways and shoals restrict tidal water 

exchange in Old Tampa Bay, resulting in long water residence times (Burwell 2001). 
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Figure 2-1 Location of sampling sites in Tampa Bay Estuary 
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Field Procedures 

The three sites were sampled from April 2002 to April 2003, roughly twice a 

month.  Water samples were collected for phytoplankton identification, enumeration, and 

chlorophyll determination.  On site measurements were also made of physical/ chemical 

parameters.  Total nitrogen and total phosphorus concentrations were obtained from the 

Hillsborough County Environmental Protection Agency (HCEP), which carried out 

complimentary monthly sampling activities throughout the bay during the course of this 

study.   

Water samples were collected with an integrating tube that captures water from the 

surface to within 0.1 m of the bottom to avoid bias associated with vertical stratification 

of water masses and associated plankton.  Phytoplankton samples were preserved with 

Lugols solution.  Aliquots of sample water were filtered through a Gelman A/E glass 

fiber filters on site to collect samples for chlorophyll determination.  Filters were placed 

on ice in the dark for transport to the lab, where they were immediately frozen for 

subsequent chlorophyll a determination.  Salinity and temperature were measured with a 

Hydrolab Quanta.  Secchi disk depth was determined as a measure of light transmission.   

Analytical Methods 

Chlorophyll a on filters was extracted with 95% ethanol (Sartory and Grobbelaar 

1984) and measured using a Hitachi U2000 dual beam spectrophotometer according to 

Standard Methods (APHA 1989). 

Phytoplankton analysis 

Fluorescence microscopy was used to enumerate picoplanktonic cyanobacteria 

(Fahnenstiel and Carrick 1991).  Subsamples of water were filtered through a 0.2µm pore 

Nucleopore filters that was then mounted between a microscope slide and cover slip with 
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immersion oil.  They were then frozen and counted within 72 hours of sampling using a 

Nikon research microscope equipped with autofluorescence (green light 530-560nm 

excitation and >580nm emission).  Owing to the inherent difficulty in identifying certain 

species of picoplanktonic cyanobacteria using standard microscopy, some taxa were 

given a letter designation.  These include Cyanobacterium A, a phycocyanin rich 

spherical unicell ~ 2-3 µm in diameter, and Cyanobacterium B, a phycoerythrin rich 

spherical unicell ~ 2-3 µm in diameter.  Numerical abundance of cyanobacteria cells was 

determined by counting a minimum of five ocular micrometer grids at 1000x 

magnification.  The number of grids counted was adjusted to cell density.  Counts were 

completed upon reaching a minimum of 100 cells. 

Routine phytoplankton analysis used the Utermohl method (Utermohl 1958).  

Lugols preserved samples were settled in 19 mm inner diameter cylindrical chambers.  

Phytoplankton cells were identified and counted at 400x and 100x magnification with a 

Leica phase contrast inverted microscope.  At 400x magnification, a minimum of 100 

cells of a single taxa and 30 grids were counted.  If 100 cells of a single taxon were not 

reached within 30 grids counting would continue until 100 cells were observed or until 

100 grids were counted, whichever came first.  At 100x magnification a total bottom 

count of the settling chamber was counted for taxa larger than 30µm. 

In addition to the standard protocols used for taxonomic identification, several taxa 

required special handling.  Protoperidinium cells were identified by cell size, body 

contour, and shape.  In the case of the small diameter spherical unicellular algae (<3µm) 

observed at Site 1 in the spring, a tentative identification of Chlorella/Nannochloris was 

used in the absence of a more detailed intracellular structure analysis.  These cells were 
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placed in a group classified as “other”.   Microflagellates  defined as marine flagellate 

cells less than 15µm in size, excluded dinoflagellates, and were placed in the group 

classified as “other”.  Small Gymnodinium cells (<15µm) were assigned size categories.    

Centric and unspecified pennate diatoms were put into size categories.   

Pleurosigma/Gyrosigma was not separated out.  Differences in valve outline and size 

revealed two forms of Pseudo-nitzschia from the Nitzschia delicatissima complex.  Due 

to lack of confirmation from SEM analysis the species were not separated.   Pseudo-

nitzschia calliantha has been previously reported from Tampa Bay (Lundholm 2003). 

For the purpose of broadly classifying phytoplankton numerical abundances, two 

categories were defined, 1 and 2.  1 indicates concentrations of greater than 100 cells ml-1 

and was denoted as high.  2 indicate concentrations of greater than 1000 cells ml-1 and 

were denoted as ‘very high. 

Guidelines of the Intergovernmental Oceanographic Commission of Unesco (IOC 

2003) and Florida Marine Research Institute (FMRI 2002) were used to identify species 

as potentially toxic or problematic.  References used most frequently for taxonomic 

identification included Cupp (1943), Steidinger and Williams (1970), Tester and 

Steidinger (1979), Sournia (1986), Ricard (1987), Hasle and Syvertsen (1996), Steidinger 

and Tangen (1996), and Horner (2002).   
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CHAPTER 3 
RESULTS 

Physical and Chemical 

Means and ranges for selected physical and chemical parameters are presented in 

Table 3-1.  Basic physical and chemical values exhibited spatial similarities and 

differences at three sites where they were collected.  Mean salinity values ranged from 

20.1 at Site 3 in Old Tampa Bay to 28.5 at Site 1 nearest the Gulf of Mexico.  The 

greatest range in salinity, 15.3-32.2, was observed at Site 3.  Mean water temperature 

varied by less than 1° C between all of the sites and the annual range was from 12° C to 

31° C.  Mean Secchi depth ranged from 1.5m at Site 3 in Old Tampa Bay to 2.7 at Site 1.  

The largest range was observed at Site 1, from 1m to 4.5m.  Mean chlorophyll a values 

ranged from 2.1 mg m-3 Site 1 to 8.8 mg m-3 at Site 3.  Peak chlorophyll a values were 

highest at Site 3, reaching 52.2 mg m-3.  Mean total nitrogen (TN) concentrations were 

similar at Sites 1 and 2 (0.64 mg L-1), and somewhat higher at Site 3, (0.79 mg L-1).   

Mean total phosphorus (TP) concentrations were very similar at all three sites, (0.11 to 

0.12 mg L-1). 
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Table 3-1 Ranges and mean values for salinity, temperature, secchi, chl a, total nitrogen 
(TN), and total phosphorous (TP),  at three sites in Tampa Bay over a one year 
sampling period 

Site 
 

Salinity 
(ppt) 
 

Temp 
°C 
 

Secchi 
(m) 
 

Chl a 
(mg m-3) 
 

TN 
(mg L-1) 
 

TP 
(mg L-1) 
 

TB1 
 

23.2-36.5 
(28.5)   
 

12.9-30.7 
(24.4) 
 

1-4.5 
(2.7) 
 

0.04-10.3 
(2.1) 
 

0.34-1.10 
(0.64) 
 

0.08-.15 
(0.12) 
 

TB2 
 

17.4-29.2 
(23.5) 
 

13.2-31.1 
(24.6) 
 

1-3.7 
(2.2) 
 

0.08-8.4 
(2.9) 
 

0.44-0.88 
(0.64)  
 

0.09-0.15 
(0.12) 
 

TB3 
 

15.3-32.2 
(20.1) 
 

13.3-31.4 
(24.8) 
 

1-2.5 
(1.5) 
 

0.05-52.2 
(8.8) 
 

0.41-1.17 
(0.79) 
 

0.07-0.15 
(0.11) 
 

 

Phytoplankton Composition 

Phytoplankton composition revealed spatial and temporal differences in biovolume 

and cell densities among sites.  Although diatoms dominated phytoplankton biovolumes 

at Sites 1 and 2, dinoflagellates were dominant in summer and fall at Site 3 (Figure 3-1 

A, B, C).  In terms of numerical abundance, picoplanktonic cyanobacteria were always 

dominant (Figures 3-2 A, B, C), masking temporal and spatial patterns of numerical 

abundance among other phytoplankton groups (Figures 3-3 A, B, C).    
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Figure 3-1.  Biovolume of dinoflagellates, diatoms, cyanobacteria and other 
phytoplankton cells at  three sampling sites in Tampa Bay.  
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Figure 3-2 Numerical abundances of dinoflagellates, diatoms, cyanobacteria and other 
cells at three sampling sites in Tampa Bay 
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Figure 3-3. Numerical abundances of dinoflagellates, diatoms, and other phytoplankton 
groups at three sampling sites in Tampa Bay 
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Table 3-2 gives a detailed account of the phytoplankton taxa observed at each site 

and basic seasonal trends in numerical abundance. 

Table 3-2. Phytoplankton species that occurred in more than three sample events during 
Winter Spring Summer or Fall (W, SP, S, F) 

 
 

Tampa Bay 1 Tampa Bay 2 Tampa Bay 3 

DINOPHYCEAE 
 

   

Akashiwo sanguinea 
(Hiraska) Hansen & 
Moestrup 
 

        F W     F W SP  F 

Alexandrium balechiia 

(Steidinger) Balech 
 

       SP 

Amphidinium sp. 
 

       SP 

Ceratium furca 
(Ehrenberg) Claparède & 
Lachmann 
 

       SP 

Ceratium fusus  
(Ehrenberg) Dujardin 
 

 SP S F   

Ceratium hircus Schröder 
 

W SP S F W SP S F W SP S1 F 

Cochlodinium citron 
Kofoid  & Swezy 
 

    SP       SP 

Dinophysis caudata var 
acutiformis 
Kofoid & Skogsberg 
 

W SP W SP  F  SP S F 

Gambierdiscus toxicusab 

Adachi & Fukuyo 
 

         S   

Gonyaulax digitalis 
(Pouchet) Kofoid 
 

            F W        F W SP  F1 

Gonyaulax polygrammaa 

Stein 
 

      SP      SP   F 

Gonyaulax spinifera  
(Claparède & Lachmann) 
Diesing 
 

       SP       SP   F 

Gymnodinium pulchellum 
1,2 cf 

Larsen 
 

  W 
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Table 3-2 continued 
Gyrodinium fissum  
(Levander) Kofoid & 
Swezy 
 

     SP         SP 

Gyrodinium instriatum 
Freundenthal & Lee 
 

         SP 

Gyrodinium spirale  
(Bergh) Kofoid & Swezy 
 

    SP         SP 

Gyrodinium 
/Gymnodinium spp <15µ 
 

W      S F      SP S F        SP    F 

Heterocapsa niei 
(Loeblich) Morrill & 
Loeblich III 
 

          S       SP         SP S F 

Heterocapsa triqueta 
(Ehrenberg) Stein 
 

               F  

Karenia brevis a b 

 
          S   

Katodinium rotundatum  
(Lebour) Loblich III 
 

          S   

Katodinum glaucum 
(Lebour) Loblich III 
 

   W  SP S      W SP  F 

Ornithocercus sp 
 

           SP 

Oxyphysis oxytoxoides 
Kofoid 
 

         SP          SP 

Pheopolykrikos hartmannii 
(Zimmerman) Matsuoka & 
Fukuyo 
 

         SP          SP 

Polykrikos schwartzii 
Bütschli 
 

W    W SP       W SP 

Protoceratium spinulosum 
(Murray & Whitting) 
Schiller 
 

             SP 

Prorocentum balticum 
(Lohmann) Loeblich III 
 

     W         W SP1 S F 

Prorocentrum compressum 
(Bailey) Abe & Dodge 
 

         SP              SP 

Prorocentrum dentatum 
Stein 
 

                    S 
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Table 3-2 continued 
Prorocentrum mexicanum 
1,2 
Tafall 
 

               S F                   S 

Prorocentrum micans  
Ehrenbergh  
 

W SP S F W SP S F W SP S F 

Prorocentrum minimum a 
(Pavillard) Schiller  
 

 W       S  F S1   F 

Prorocentrum rostratum 
Stein  
 

 W  

Prorocentrum scutellum 
Schröder  
 

               F                 F  

Protoceratium spinulosum 
(Murray and Whitting) 
Schiller 
 

      SP 

Protoperidinium claudicans  
(Paulsen) Balech 
 

 W      SP        F 

Protoperidinium conicum  
(Gran) Balech 
 

                F       SP      F W              F 

Protoperidinium depressum  
(Bailey) Balech 
 

        SP   

Protoperidinium divergens 
(Ehrenberg) Balech 
 

W             F  W   SP        F 

Protoperidinium leonis 
(Pavillard) Balech 
 

         SP 

Protoperidinium oceanicum 
(VanHöffen) Balech 
 

                  F       SP         SP S F  

Protoperidinium 
pellucidium  
Bergh 
 

          SP   W SP     W SP    F 

Protoperidinium 
punctulatum 
(Paulsen) Balech 
 

                 S   

Protoperidinium 
quinquecorne b 

(Abè) Balech 

                     
 
 
 
                    F 

 
 
 
                 SP 

Protoperidinium stenii 
(Jørgensen) Balech 
 

       W 
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Table 3-2 continued 
Protoperidinium subinerme 
(Paulsen) Loeblich III 
 

            SP 

Pyrodinium bahamense 
Plate 1906 var bahamense 
 

                      S F                 S F      SP1 S1 F1 

Pyrophacus horologium 
Stein 
 

W SP S  F                     F     W SP S  

Pyrophacus stenii (Schiller) 
Wall & Dale 
 

    SP S    W SP S                     F 

Scrippsiella trochoidea 
(Stein) Loeblich III 
 

            S               S F      W SP     F 

Unidentified dinoflagellate 
A 
 

               S                S   F    

   
BACILLARIOPHYCEAE 
 

            

Amphiprora sp  
      SP 

 
      SP 

 

Asterionella glacialis  
(Castracane) Round  
 

 
            S 

 
            S F1 

 
              S1 F 

Bacteriastrum spp 
 

      SP S          SP S                 S 

Bacteriastrum furcatum 
Shadbolt 
 

                F  

Bellerochea horologicalis 
Von Stosch  
 

 
           S F 

 
         SP S 

 
              S 

 
Centric diatoms 5-10µ 
 

 
  W1 SP S F 

 
W SP S F 

 
W SP1 S1 F1 

Centric diatoms 10-50 
 

  W SP S F   W SP S F W SP S F 

Centric diatoms 50-300 
 

  W SP S F   W SP S F W SP S F 

 
Cerataulina dentata 
Hasle and Syversten 
 

                      
        SP 

Cerataulina pelagica 
(Cleve) Hendey 
 

    W SP S F W1 SP S1 F  W1 SP S  

Chaetoceros ceratosporus 
Ostenfeld 
 

 
 

        
         SP 
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Table 3-2 continued 
Chaetoceros compressus 
Lauder 
 

                    F 
                    

            S1 
               

 

Chaetoceros costatus 
Pavillard 
 

             SP 

Chaetoceros curvisetus 
Cleve 
 

             S  

Chaetoceros danicus 
Cleve 
 

W1SP S1 W SP1 S                       F 

Chaetoceros diadema 
(Ehrenberg) Gran 
 

                     S 

Chaetoceros minimus 
(Levander) Marino, 
Giuffré, Monstresor & 
Zingone 
 

                    F  

Chaetoceros simplex 
Ostenfeld 
 

       SP1 S F1     SP S F              SP1 S F 

Chaetoceros subtillus 
Cleve 
 

        SP  S F           S F1               SP S F 

Chaetoceros spp. 5µ               S      SP S F               SP    F 
 

Chaetoceros spp. 10µ 
 

    W      S F W SP S F               SP S 

Chaetoceros spp. 20µ 
 

                 F W SP S               SP S F 

Corethron criophilum 
Castracane 
 

              F1  

Cylindrotheca closterium 
(Ehrenberg) Lewin & 
Reimann 
 

 
    W SP S F 

 
W SP S 1F 

 
W SP1 S F 

Dactyliosolen fragilissimus 
(Bergon) Hasle comb nov. 

 
W1 SP1,2S1F1 

 
W1,2 SP1S1,2 F 

 
W1 SP S F 

Ditylum brightwelli 
(West) Grunow in Van 
Heurck 
 

            
          SP 

 

Guinardia delicatula 
(Cleve) Hasle comb nov. 
  

     W SP1 S F   W SP1 S  

Guinardia striata 
(Stolterfoth) Hasle com nov 
 

         SP1 S F1         SP S F   W SP 

Hemialus hauckii Grunrow 
in Van Heurck 
 

                S F         SP S 1 F        SP F 
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Table 3-2 continued 
Hemialus sinensis 
Greville 
 

         SP                S F               F 

Leptocylindrus danicus 
Cleve 

         SP S F                S F  

Leptocylindrus minimus 
Gran 
 

                  F   

Lithodesmium sp. 
 

       W        F             SP         SP 

Melosira nummuloides 
C.A. Agardh 

  
   W 

 

Navicula spp. 
 

        SP S F          SP   F         SP S F 

Nitzschia longissima 
(Brébisson, in Kützing) 
Ralfs in Pritchard 
 

          SP  

Odontella aurita 
 

        SP   

Odontella mobiliensis 
(Bailey) Grunrow 
 

         SP F          SP S 

Odontella regia 
(Schultze) Simonsen 
 

   W SP  F          SP F 

Odontella sinensis 
(Greville) Grunrow 
 

               F  

Plagiogrammopis 
vanheurcki 
(Grunrow) Hasle, Von 
Stosch & Syvertsen 

          SP  

Paralia sulcata 
(Ehrenberg) Cleve 

    W SP S F     W SP S  

Pennate diatom apical axis 
<25µ 
 

    W SP S          SP S F     W2 F 

Pennate diatom apical axis 
>25µ <150µ 
 

    W SP1 S F     W SP S F     W SP S F1 

Pleurosigma /Gyrosigma 
 

        SP S F      W SP S F      W SP 

Pseudo-nitzschia spp. 
(Nitzschia delicatissima 
complex) 1,2 

 

    W1 SP S1 F1    W SP1 S1 F1           SP S1 F2 

Pseudosolenia calcar- avis 
(Schultze) Sundström 
 

   W SP S F    W SP  

Rhizosolenia spp. 
 

W2 SP1,2 S1,2 F1,2 W1,2 SP1 S1    F1        SP2  S 

Skeletonema costatum 
(Greville) Cleve 

W  SP S 1,2 F 1,2 W 1,2 SP1 S 1,2 F 1,2       SP1 S2 F 
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Table 3-2 continued 
Skeletonema menzelii 
Guillard, Carpenter & 
Reimann 

           SP       SP1 

Surirella spp.      W 
Thalassionema 
nitzschioides (Grunow) 
Mereschkowsky 
 

           S F1 W1               F      SP        F 

Thalassiosira chain       SP S F       SP          F SP1S F1 
Thalasiothrix javanicum 
(Grunrow) Hasle comb.nov 
cf 

 

  SP 

Triceratium sp      SP  
Tropodensis  sp                F   
Diatom chain A      SP  
CYANOPHYCEAE    
Ankistrodesmus convolutes 
Corda  
 

   W1 

Ankistrodesmus falcatus 
(Corda) Ralfs 
 

  W 

Lyngbya sp 
 

  W 

Lyngbya contorta 
Lemmermann 

  W 

Merismopedia tenuissima 
Lemmermann 

  W 

Oscillatoria spp. W1 S1 F2 SP F W1SP F2 
Scenedesmus bijuga 
Turp 

  W 

Cyanobacterium A 
(phycocyanin) 

W1 SP2 S2 F2 W2 SP2 S2 F2 W2 SP2 S2 F2 

Cyanobacterium B 
(phycoerythrin) 

W1 SP2 S2 F2 W1 SP2 S2 F2 W1 SP2 S2 F2 

Synechococcus longates.  
Nageli 

W2 W2 SP2 W2 SP2 F2 

Unidentified 4µ m 
filamentous 
 

                 F             S 

Anabaena sp.               S2   
CHLOROPHYCEAE    
Chlorella /Nannochloris        SP   
Unidentified 
microflagellates Not 
including dinoflagellates 
<5µ 

W SP W SP S F W SP F 

CRYPTOPHYCEAE    
Unidentified cryptophyte W2 SP S F W2 SP S2 F2 W2 SP2 S2 F2 
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Table 3-2 continued 
EUGLENOPHYCEAE    
Euglena spp 
 

               F                 F                     SP       F 

ZOOFLAGELLATES 
Ebriidea 

   

Hermesinum adriaticum 
Zacharias 

           S                 F          SP S F 

a Intergovernmental Oceanic Commission of UNESCO harmful algae species 
b Florida Marine Research Institute harmful algae species 
c.f. compare   
1 Denotes numerical abundances of >102 cells ml-1 

2 Denotes numerical abundances of >103 cells ml-1 
 

  With respect to general spatial patterns of individual taxa, Dactyliosolen 

fragilissimus was often the most prominent phytoplankton species at Site 1 in terms of 

biovolume (Table 3-2 Figure 3-4 A, B, C ). 
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Figure 3-4 Distribution of Dactyliosolen fragiilissimus at three sites in Tampa Bay 
Skeletonema costatum was most often the numerically dominant diatom at all three 

sites (Figures 3-5 A, B, C). 
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Figure 3-5  Distribution of Skeletonema costatum at three sites in Tampa Bay 
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Dinoflagellates were most diverse and abundant at Site 3 in the upper reaches of the 

estuary.  An exceptionally high concentration of the toxic dinoflagellate Pyrodinium 

bahamense var. bahamense in summer and fall was the dominant feature of the 

phytoplankton at Site 3 (Figures 3-6 A, B. C).  Additional details of the phytoplankton 

community are best discussed on a site-specific basis.  

 

Figure 3-6.  Distribution of Pyrodinium bahamense var. bahamense at three sites in 
Tampa Bay 
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Site 1 

Site 1, nearest the mouth of the bay, had the lowest numerical abundance of 

diatoms among the three sites (Figure 3-3A), but the highest biomass of diatoms (Figure 

3-1 A).  This disparity is due to the relatively large size of the diatoms common to Site 1, 

compared to the other two sites.  Among the individual taxa, Dactyliosolen fragilissimus 

had either high or very high numerical abundances in each of the four seasons (Table 3-2 

and Figure 3-4A).  Skeletonema costatum was also prominent at Site 1, as it appeared in 

high and very high abundances in both summer and fall (Table 3-2 and Figure 3-5A).   

Other diatom species that appeared at densities in excess of 100 cells ml-1 were: 

Chaetoceros danicus,  Chaetoceros simplex, Chaetoceros subtillus, Guinardia delicatula, 

Guinardia striata, Thalassionema nitzschioides, and Pseudo-nitzschia spp.  In addition, 

centric diatoms in the 5-30µm size category and pennate diatoms in the large size 

category (25µ -150 apical axis) were also observed at greater than 100 cells ml-1 in a 

number of samples.   Dinoflagellates were present at Site 1, but did not reach high or very 

high numerical abundances (Table 3-2).  Unidentified cryptophytes were numerically 

important throughout the sampling period and were observed at high levels in winter 

(Table 3-2).   

Cyanobacteria were observed in all samples collected from Site 1 during the study 

period.  Picoplanktonic cyanobacteria A and B, and Synechococcus elongatus were 

always the dominant phytoplankton taxa from a numerical perspective (Figure 3-2A), but 

due to their small size were not a major component of total phytoplankton biovolume 

(Figure 3-1A).   Other cyanobacteria that appeared with high cell densities were 

Anabaena sp. and Oscillatoria sp.   These genera are typically of freshwater origin and 

may result from inputs from the watershed.   
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Potentially toxic and problematic taxa that occurred at Site 1 included the 

dinoflagellates Karenia brevis, Gambierdiscus toxicus, and Pyrodinium bahamense var. 

bahamense (Table 3-2).   Karenia brevis appeared at very low densities, less than 0.5 cells 

ml-1.  Gambierdiscus toxicus was observed once in very low quantities, less than 0.002 

cells ml-1.  Pyrodinium bahamense var bahamense, which was observed at very high 

densities at Site 3, was only occasionally observed at low densities at Site 1, perhaps as a 

result of drift from the upper reaches.  Two taxa from the potentially toxic diatom 

complex Pseudo-nitzschia were also observed in some samples.   Pseudo-nitzschia spp. 

was observed at densities greater than 100 cells ml-1 during the winter, summer and fall 

but these concentrations were low compared to other sites (Figures 3-7 A, B and C).    

Site 2 

Site 2, in the middle of the Bay, had a lower diatom biovolume than Site 1 (Figure 

3-1 B), but a higher numerical abundance (Figure3-2 B).  This disparity was attributable 

to the prominence of small celled diatoms at Site 2, such as Skeletonema costatum.  S. 

costatum was present in all seasons at either high or very high levels (Table 3-2 and 

Figure 3-5B).    Dactyliosolen fragilissimus was also common at Site 2 with densities of 

greater than 100 cells ml-1 in three of four seasons (Table 3-2 and Figure 3-4 B).   

Cerataulina pelagica displayed high numerical levels in winter and summer.  Other 

diatoms that appeared at high concentrations during the sampling period were: 

Asterionella glacialis, Chaetoceros compressus, Chaetoceros subtillus, Corethron 

criophilum, Cylindrotheca closterium, Guinardia delicatula, Hemialus hauckii, 

Thalassionema nitzschioides, and Pseudo-nitzschia spp.   Dinoflagellates were observed 

in numerous samples, but not at high or very high levels of numerical abundance (Table 
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3-2).  Unidentified cryptophytes were numerically important throughout the sampling 

period and were present at high concentrations in winter, summer and fall (Table 3-2). 

As observed at Site 1, picoplanktonic cyanobacteria A and B, and Synechococcus 

elongatus were always the numerically dominant phytoplankton taxa (Figure 3-2 B), but 

due to their small size were not a major component of total phytoplankton biovolume 

(Figure 3-1B). 

Potentially toxic and problematic species that occurred at Site 2 included the 

dinoflagellates Gonyaulax polygramma, Prorocentrum mexicanum, Prorocentrum 

minimum, Protoperidinium quinquecorne, and Pyrodinium bahamense var. bahamense , 

but none of these taxa were observed a high cell densities (Table 3-2).  Two taxa from the 

potentially toxic diatom complex Pseudo-nitzschia were also observed in some samples.   

Pseudo-nitzschia spp. was observed at densities greater than 100 cells ml-1 during the 

spring, summer and fall with concentrations greater than and more frequent than other 

sites (Figures 3-7A, B and C).    
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Figure 3-7.   Distribution of Pseudo-nitzschia spp. at three sites in Tampa Bay 

Site 3 

At Site 3, in Old Tampa Bay, dinoflagellates were the dominant feature of the 

phytoplankton community in terms of biovolume, in sharp contrast to the dominance of 
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diatoms at Sites 1 and 2 (Figure 3-1 A, B and C).   Site 3 also contained the greatest 

variety of dinoflagellates (Table 3-2).  Because of its large size Pyrodinium bahamense 

var. bahamense dominated the phytoplankton community in summer and fall in terms of 

biovolume (Figure 3-1 C).  It was also observed at high densities in spring (Table 3-2).  

Diatoms observed at high densities included: Ceratium hircus, Gonyaulax digitalis,  

Prorocentrum balticum, Prorocentrum micans and Prorocentrum minimum. 

Diatoms were only rarely dominant in terms of biovolume at Site 3.  The diatoms 

that occurred in high numerical abundances were: Asterionella glacialis, Thalassiosira 

spp., Cylindrotheca closterium, Dactyliosolen fragilissmus, Cerataulina pelagica, 

Chaetoceros simplex, Pseudo-nitzschia spp., Chaetoceros spp. in the 10 µm size category, 

centric diatoms in the 5-10µm size category and pennate diatoms in the <25 µm and large 

(25µ-150µ apical axis) size categories.    Skeletonema costatum occurred in both high 

and very high abundances.   

Picoplanktonic cyanobacteria A and B, and Synechococcus elongatus were always 

the numerically dominant phytoplankton taxa as observed at Sites 1 and 2 (Figure 3-2 C), 

but due to their small size were not a major component of total phytoplankton biovolume 

(Figure 3-1C).  During the period of high cell concentrations of Pyrodinium there was a 

dramatic drop in picoplankton levels (Figure 3-1 C and 3-2 C). Another cyanobacterium 

that was observed in very high numbers was Oscillatoria sp. likely due to washout from 

the watershed.   Unidentified cryptophytes were also observed in very high numbers 

during all four seasons.   

Potentially toxic and problematic species of interest observed at Site 3 included 

Pyrodinium bahamense var. bahamense, Gonyaulax polygramma, Gymnodinium 



30 

 

puchellum c.f., Prorocentrum mexicanum, Protoperidinium quinquecorne and 

Prorocentrum minimum.  Gymnodinium puchellum was also observed at high densities 

but was given a tentative I.D. until a more detailed morphological analysis is completed.  

All of these taxa occurred with high numerical densities during the sampling period 

(Table 3-2).   The exceptionally high numerical abundance of Pyrodinium bahamense 

var. bahamense is particularly noteworthy considering recent observations of its capacity 

to produce saxitoxin (Landsberg et al. 2002).  In accordance with the tropical nature of 

Pyrodinium bahamense var. bahamense it was not observed in the winter. The potentially 

toxic diatom Pseudo-nitzschia spp was observed at high and very high numerical 

densities in summer and fall. 
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CHAPTER 4 
DISCUSSION 

Spatial and Temporal Trends 

Results of this study reveal major spatial and temporal differences in the structure 

and abundance of phytoplankton in Tampa Bay and the difference of physical factors 

between sites.  In terms of biomass (represented as biovolume), diatoms dominate the 

lower and middle regions of Tampa Bay, while dinoflagellates dominate in the upper 

reaches of Bay, i.e. Old Tampa Bay.  Two of the major differences between the 

lower/middle and the upper regions of the bay are the relative influence of tidal mixing 

and salinity variation. The lower/middle region experience relatively greater tidally 

induced turbulence.   Diatoms are favored by turbulent conditions (Margalef et al. 1979, 

Reynolds and Smayda 1998, Lauria et al. 1999).  This conclusion is related in part to the 

extra energy available to maintain positively buoyant non-motile diatoms in the euphotic 

zone and partially attributable to the excellent light harvesting ability of many of these 

diatom taxa.  The latter characteristic allows such diatoms to sustain growth in the light 

restricted environment of deeply mixed water columns.   

Conversely, the upper region of Tampa Bay is characterized by less tidally induced 

turbulence and long water residence times conducive to blooms of motile dinoflagellates 

like Pyrodinium bahamense var. bahamense and other euryhaline dinoflagellates.  The 

long residence times in Old Tampa Bay also result in quick responses to high rainfall 

events, such as that associated with El Niño, which lowers salinities (Schmidt 2002). 

Salinity variation appears to be another driving force behind phytoplankton succession in 
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the upper Bay, as indicated by the euryhaline character of Pyrodinium bahamense var. 

bahamense, and other dinoflagellates and diatoms common to the upper Bay.   

From a temporal perspective, the subtropical location of Tampa Bay allows for 

blooms of algae to occur almost year around, although the overall highest phytoplankton 

standing crops occur in the warm season.  Some truly tropical species, like Pyrodinium 

bahamense var. bahamense, occur only in the warm season.  Seasonality in the 

appearance of the taxon is likely due to restriction of germination to a particular time of 

year (Anderson and Keafer 1987).   In addition to temperature variation, seasonal and 

long-term patterns of wind velocity and rainfall probably have an influence on the 

dynamics of the phytoplankton community.  Windy conditions in winter and spring 

enhance the presence of certain diatom taxa in the bay, such as large-celled centric and 

pennate diatoms.  Periods of elevated rainfall can increase nutrient load to the bay from 

the watershed, thereby enhancing the potential for algal growth. 

Models for Phytoplankton succession 

The spatial and temporal patterns observed in the phytoplankton community of 

Tampa Bay can be viewed from the context of models describing phytoplankton 

succession and distribution.  As proposed by Margelef in the Mandala (Margelef 1978, 

Margelef et al. 1979), turbulence (or mixing depth) and nutrient availability form two 

important axes in the definition of successional and competitive interactions between 

phytoplankton species.  The concept introduced in the Mandala was later expanded to 

include three functional groups of phytoplankton, defined by Reynolds and Smayda 

(Reynolds and Smayda 1998, Smayda and Reynolds 2001) as ‘C’ species, ‘S’ species and 

‘R’ (Table 4-1), whose succession is dictated by the two parameters identified in the 

Mandala.   The three species groups are favored under different turbulence and nutrient  
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Table 4-1 Definitions of the three life form strategies (after Reynolds and Smayda 1998) 
‘C’ Species Small celled (biovolume <1000 µm3), fast 

growing, high nutrient preference. 
‘S’ Species Large celled (biovolume >10,000 µm3), 

slow growing, high light preference, 
motile, toxic or not eaten. 

‘R’ Species Intermediate size, intermediate growth rate, 
low light tolerance, adapted to well mixed 
environments. 

scenarios (Figure  4-1), thereby driving successional patterns in a scheme described as the 

‘Intaglio’ (Reynolds and Smayda 1998).  ‘R’ species, like the diatom Rhizosolenia are 

favored by well-mixed turbulent water columns with high nutrient levels because of their 

ability to grow efficiently under limited light.  As the mixed-layer shrinks, light 

availability in the surficial layers increases, providing the needed light energy for small, 

fast-growing ‘C’ species like picoplanktonic cyanobacteria, to become prominent.  As the 

pool of bioavailable inorganic nutrients becomes more limiting, the selective advantage 

shifts to the ‘S’ species, which are larger, motile, slower growing, and capable of storing 

nutrients for sustained, long–term population increases.   
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Figure 4-1. Annual successional pattern of phytoplankton life strategy components C-S-R 

in relation to nutrient accessibility and water column mixing (After Smayda 
and Reynolds 2001). 
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Some of the major temporal and spatial patterns of phytoplankton composition 

observed in Tampa Bay fit into the general scheme of life form strategies and 

successional patterns outlined in the ‘Intaglio’.  For example, in the lower and middle 

regions of Tampa Bay, high levels of turbulence caused by tidal mixing and the presence 

of deep shipping channels may explain the prominence of the non-motile diatoms 

Dactyliosolen fragilissimus and other Rhizosolenia spp. (‘R’ species).  Non-motile 

diatoms benefit from vertical mixing as it prevents populations from sedimenting out of 

the euphotic zone (Lauria 1999).    D. fragilissimus also occurs in the upper reaches of 

Old Tampa Bay, but primarily in the winter and early spring when wind velocities are  

consistently high.  Winter storms are a major driving force for resuspending sediments in 

Old Tampa Bay (Schoellhamer 1995).   

Another pattern that fits the concept of the ‘Intaglio’ is the prominence of 

picoplanktonic cyanobacteria (‘C’ species) throughout the bay, particularly in late spring 

and fall, when rainfall-induced inputs of nutrient from the watershed heighten levels of 

inorganic nutrients.  Similarly, the small-celled and fast growing diatom Skeletonema 

costatum is prominent throughout the bay in spring.  The morphological makeup of 

Skeletonema, with setae at valve margins, enhances its ability to stay in the water column 

even at relatively low levels of turbulence, allowing it to extend its range in to the upper 

reaches of the bay.  The euryhaline character of Skeletonema costatum may also provide 

a competitive edge (Rijstenbil 1988), in the rapidly changing salinity environment of 

Tampa Bay.   Skeletonema costatum had its highest concentrations in the middle of the 

bay between Old Tampa Bay and lower Tampa Bay.  This area is where water from the 

upper and lower bay mix to create a mesohaline transition zone (Bendis 1999).    
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The upper reaches of Old Tampa Bay present another unique set of environmental 

conditions that are conducive to summer blooms of the ‘S’ type species Pyrodinium 

bahamense var. bahamense (Phlips et al. 2005).  Old Tampa Bay is characterized by 

restricted tidal mixing due to flow constrictions from causeways and shoals, yielding long 

water residence times (Burwell 2001).   Unlike the Hillsborough Bay region of Tampa 

Bay, which receives inputs from several major rivers, Old Tampa Bay is fed by small, 

nutrient-rich creeks.   The combination of long residence times, limited turbulence, and 

rainfall induced pulses of nutrients from local creeks apparently provide the ideal 

environment for large blooms of the euryhaline dinoflagellate Pyrodinium bahamense 

var. bahamense.   This toxic tropical species completely dominated the phytoplankton 

community in Old Tampa Bay in late summer and early fall of 2002, reaching 

exceptionally high concentrations of up to 350 cells ml-1.   It is noteworthy that blooms of 

Pyrodinium bahamense var. bahamense were also observed at similar cell densities in the 

northern Indian River Lagoon on the east coast of Florida during the same week (Badylak 

et al. 2004a,2004b, Phlips et al. 2002, 2004).  The northern Indian River Lagoon and Old 

Tampa Bay share many of the environmental characteristics conducive to such blooms, 

including long water residence times, shallow depth, and inputs of water from small 

nutrient-rich tidal creeks (Phlips et al. 2005).  Both blooms followed after a drought 

period that ended in the El Nino event of 2001/2002.    Another factor that may enhance 

the potential for Pyrodinium bahamense var. bahamense in both Tampa Bay and the 

Indian River Lagoon is the inhibitory effect of the toxin produced by alga on zooplankton 

and benthic invertebrates.  The toxic phytoplankton may maintain high standing crops by 
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reducing  zooplankton grazing but  such interactions are complex and site specific 

(Shumway 1970, Turner 1997).   

Historical Perspective 

Studies of the phytoplankton community carried out in the 1960s and 1970s, prior 

to the restoration efforts in the bay, provide an opportunity to evaluate similarities and 

differences with the current study, in the post restoration period.  One of the most 

apparent similarities between the two periods is the importance of diatoms in the lower 

and middle reaches of Tampa Bay.  Species like Skeletonema costatum, which played a 

key role in the phytoplankton community in the 1960s and 1970s (Saunders 1967,Turner 

1972) are still a dominant feature of the bay.  S. costatum is a highly cosmopolitan 

species, a tribute to its adaptability to a wide range of environmental conditions.  It is a 

euryhaline species capable of growing over a wide range of salinities (Rijstenbil 1988).  

This attribute gives S. costatum an advantage in Tampa Bay, where salt and freshwater 

mix to form mesohaline conditions (Bendis 1999).  S. costatum is also a fast-growing 

species capable of taking advantage of the high nutrient conditions in the bay.  It is 

important to note that while the cleanup efforts in Tampa Bay have reduced  nutrient 

concentrations in the bay, it remains a nutrient-rich environment with the potential to 

sustain algal blooms.  It is therefore not surprising that S. costatum has been able to retain 

a major role in the phytoplankton community of Tampa Bay.    

The same argument could be made for picoplanktonic cyanobacteria, which play an 

important role in the phytoplankton community in terms of numerical abundance.  There 

is no mention of picoplankton cells in any historical accounts, but these cells may have 

been overlooked without the use of fluorescence microscopy.   
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Some of the most dramatic differences between the current phytoplankton 

community and historical accounts involve dinoflagellate taxa.  Dinoflagellates were 

reported as being abundant in the upper reaches of Old Tampa Bay in the spring 

(Dragovich and Kelley 1964) and winter (Turner 1972).  It is apparent from the current 

study that dinoflagellates now play an important role during the warm summer and early 

fall in the upper reaches of the bay.  Historically, the dinoflagellate Alexandrium balechii 

(formerly Gonyaulax balechii) was the dominant taxon, reaching concentrations of 1000 

cells ml-1 (Turner 1972), but it was only rarely observed in the current study.  In the 

current study, Pyrodinium bahamense var. bahamense was the overwhelming dominant 

species in the Upper Bay during the peak phytoplankton biomass period of summer/fall.  

Pyrodinium bahamense var. bahamense was not observed in historical accounts of 

phytoplankton in Tampa Bay (Dragovich and Kelley 1964, Turner 1972), with the 

exception of a description of the species by Steidinger in 1980 (Steidinger et al. 1980).   

It is not certain whether these differences represent a long-term trend but they do reflect 

an important characteristic of the phytoplankton community considering the toxic nature 

of Pyrodinium bahamense var. bahamense (Landsberg et al. 2002).  The recent success of 

Pyrodinium bahamense var. bahamense may reflect some of the changes that have 

occurred in the bay since restoration efforts began.  As an ‘S’ species, Pyrodinium 

bahamense var. bahamense may be more competitive than faster growing species like 

Alexandrium, especially given the nutrient-limited conditions that exist more frquently in 

the Bay today.  The strong toxin-producing characteristics of Pyrodinium bahamense var. 

bahamense may also provide a competitive advantage by reducing the potential loss of 

standing crop from grazing (Shumway 1970).     
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