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ABSTRACT 
 

 
 Cyanobacteria are opportunistic phytoplankton that respond to changes in excess 

nutrients such as nitrogen and phosphorous. Their presence in ecosystems is particularly 

important due to their role as primary producers but also in their potential to accumulate 

to toxic levels. The relationship between limiting ammonia, nitrate and phosphate and the 

size of cyanobacteria populations was investigated in the Celery Fields Storm Water 

Mitigation Area in Sarasota, FL, USA. Water samples were collected weekly for eight 

weeks from each of the three ponds that make up the Celery Fields. Regression analysis 

from the study showed no relationship between nutrient concentration and cyanobacteria 

cell densities. Major improvements to the study include increasing the study period to at 

least one hydrological cycle, using molecular data to identify species, and incorporating 

new cyanobacteria cell enumeration methods. 
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Chapter 1 

Project Background 

Phytoplankton as Biological Indicators 

 Throughout history, humans have exerted increasing influence on the 

environment around them (Topping 1976). However, modern scientists have begun to 

quantify the effects of negative human impact on the Earth (Johnston 1976). The 

development of monitoring techniques has progressed largely within the last century. 

Biological indicators are tools that environmental scientists have employed to measure 

the health of ecosystems. Biological indicators, or bioindicators, are organisms that reside 

in the habitat under examination whose populations may change in number, size, 

physiology or behavior in response to fluctuations in the environment (United States 

Environmental Protection Agency 2011). In measuring the health of waterways, 

phytoplankton has proven to be a very useful bioindicator. Phytoplankton, photosynthetic 

organisms, are opportunistic and respond quickly to changes in nutrient loads. One group 

of phytoplankton in particular, the cyanobacteria, has a profound effect on the health of 

wildlife and human populations (Chorus and Bartram 1999).  

Ilha do Mosqueiro Project 

This study is a continuation of a project conducted in the eastern Amazonian 

Island of Mosquiero. The purpose of the Mosquiero project was to determine if the level 

of human influence on an aquatic system could be determined by determining the density 

and species composition of cyanobacteria communities. Samples were collected on May 

8, 2010, from the littoral zone of five Island of Mosquiero estuary beaches. A map of the 
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study sites is seen in Figure 1. Two samples were collected from each beach. One sample 

was used to estimate cell densities and the other used for species identification. The 

physical-chemical parameters of pH, temperature, dissolved oxygen content, electrical 

conductivity and concentration of dissolved solids were measured and noted with each 

sample. 

 

Figure 1.1- Ilha do Mosquiero, collection sites indicated by pushpins. Red line indicates 
10km. Reprinted from Google Earth April 10, 2011. 
 

Cyanobacteria densities found during the study did seem to follow a pattern. 

Fewer colonies were found on Farôl Beach, the beach located closest to the downtown 

area of the island. Highest densities were found on São Francisco beach, which had 

 2



relatively fewer buildings on its shores. All of these buildings were residential as opposed 

to resorts and restaurants found near other study sites. Higher cyanobacteria diversity was 

also found in the waters of São Francisco. However, the results of the project were 

largely inconclusive, due to a number of factors.  

No measure of human influence was clearly established. This portion of the study 

was largely speculative as relative number of buildings around each collection point was 

used to measure human activity. The project was based on samples from one day of 

collection, which did not allow a standard reference point of ecological equilibrium to be 

established.  

Patterns between cyanobacteria and the measured physical-chemical parameters 

were either non-existent or misleading. The samples were not collected simultaneously, 

and as the day progressed, the water became hotter. Other variables were likely to have 

fluctuated throughout the day. This means that differences in cell densities could be due 

to variations in the normal daily water cycle rather than human influence (Oliver and 

Ganf 2000). 

Another major study obstacle was the enumeration technique. The Utermöhl 

sedimentation method has been used since the 1930s to calculate the density of 

phytoplankton cells in a sample (Utermohl 1931). This method is generally accepted as 

an accurate procedure to count cells. However, the Utermöhl method can be quite 

cumbersome if a large sample volume is allowed to sediment. Traditional Utermöhl 

chambers are available in various sizes, but are often large. The current study adapted 

traditional tools to avoid Utermöhl limitations. The current procedure also used a new 
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estimation technique to average cell densities instead of counting all cells within a sample 

individually. 

The Current Study 

 This study aims to improve on the methods of the Amazonian project in 

measuring human influence and in specific techniques of enumeration and species 

identification. The chosen study site for the current project is far more practical as it is 

divided into three gradient zones of human impact. The Celery Fields Strom Water 

Mitigation Area, Sarasota, Florida, USA, is made up of several ponds connected by small 

channels. A map of the Celery is seen in Figure 4.2 of Chapter 4. Northern ponds of the 

study site receive storm water from nearby residential areas. Water then flows to a central 

zone with long grasses along the shoreline. A third zone is made of shallow ponds where 

the water flows to Sarasota Bay. Theoretically, human influence will be highest in the 

northern pond, which receives storm water, and lowest in the southern pond, which is 

farthest away from the storm water source.  

 Human influence will be analyzed by examining the availability of limiting 

nutrients. As will be explained, humans can be a major source of nutrients in aquatic 

systems. In this study, runoff from human settlements play a major role in providing 

nutrients to this aquatic system. 

 This study is concerned mainly with finding a connection between the size and 

composition of cyanobacteria with human inputs i.e.; excess nutrients. Project 

conclusions will be based largely on the nature of cyanobacteria. General cyanobacteria 

features will be covered along with ecological principles of these microorganisms. 
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Improvements to the methodology will also be included. Justifications for choosing these 

new techniques as opposed those used in the Mosquiero project will also be covered. 
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Chapter 2 
Introduction to the Cyanophyta 

Cyanobacteria 

 Phytoplankton play a crucial role in both aquatic and terrestrial ecosystems. These 

microorganisms aid researchers in determining the health of a water body (Granéli and 

Turner 2006; Stevenson 1997). One phytoplankton group, the cyanobacteria, is of great 

interest to phycologists and public health officials  because the sudden growth of 

populations can lead to epidemiological consequences (Chorus and Bartram 1999; 

National Toxicology Program 2004).  

 All cyanobacteria belong to the phylum Cyanophyta in the domain of Bacteria 

(Stanier and Cavalier-Smith 2009). Members of this phylum are prokaryotic and exist 

either as single cells or as colonies. Cell sizes range from 0.1-6.0 µM. Cyanobacteria are 

easily viewed with a light microscope (Mauseth 2009).  

Unique Pigments 

 Like modern plants, cyanobacteria utilize photosystem II to produce reducing 

agents and ATP molecules. This is accomplished by chlorophylla as in higher plants. 

Cyanobacteria lack chlorophyllb but utilize several accessory pigments to collect light. 

Carotenoids and phycobillins are often accessory pigments. Cyanobacteria are known for 

the phycobillin pigment phycocyanin which aggregates in granules throughout cells 

(Fogg and others 1973; Mauseth 2009). These granules give cyanobacteria a 

characteristic blue-green color (Fogg and others 1973; Mauseth 2009). This color is the 

namesake of the group, as the prefix “cyano” is Greek for blue-green.  Coloration also 

gives cyanobacteria the nickname “blue-green algae”(Fogg and others 1973; Mauseth 
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2009). Phycocyanin absorbs light at 620-640 nm, allowing blue-greens to utilize 

wavelengths not absorbed by other photosynthetic organisms containing only 

chlorophylla and chlorophyllb. (Fogg and others 1973; Mauseth 2009; Oliver and Ganf 

2000). This pigment allows cyanobacteria to be easily distinguished from other algae in 

laboratory analysis. 

Endosymbiotic Theory and Relation to Modern Chloroplasts 

 Shared characteristics with modern plants, such as photosystem II and 

chlorophylla, have lead to the postulation of a shared evolutionary ancestor that was 

engulfed by a eukaryotic cell (Campbell and Reece 2002c; Mauseth 2009). This is known 

as the Endosymbiotic Theory. According to this theory, precursors to modern organelles 

existed as free living organisms that were engulfed, or endocytosed, by the ancestor of 

the eukaryotic cell. Their union formed a symbiotic relationship as the eukaryotic 

ancestor obtained nutrients and the chloroplast predecessor gained a safe 

microenvironment habitat (Campbell and Reece 2002a; Mauseth 2009). Support for this 

theory is quite solid.  Cyanobacteria share similar structural components to chloroplasts, 

the photosynthetic organelles of higher plants. Cyanobacteria contain membranous folds, 

synonymous with thylakoid membranes in chloroplasts, which allow for the production 

of proton gradients necessary for photosynthesis.  Cyanobacteria and chloroplasts contain 

genomes made of circular DNA, which include several shared genes. Similar 70s 

ribosome proteins are also found in both. Lastly, chloroplasts are of  similar size to many 

cyanobacteria. The discovery of a “cyanobacteria” group that contained chlorophyllb, 

prochlorophytes, was thought to support the endosymbiotic relationship between 

eukaryotic plant cells and cyanobacteria (Campbell and Reece 2002c; Mauseth 2009). 
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Advances in genetics have shown that prochlorophytes are not related to chloroplasts but 

branched from cyanobacteria at a different point in evolutionary history (Palenik and 

Haselkorn 1992). Chloroplasts and cyanobacteria are also not directly related, instead 

sharing a common ancestor. 

 The role of cyanobacteria in chloroplast evolutionary history provides a window 

to their relative age. Cyanobacteria are the oldest known photosynthetic organisms to 

utilize water as an electron source, as opposed to earlier autotrophs which utilized 

hydrogen sulfide (Mauseth 2009).  This is evidenced by fossilized cyanobacterial mats in 

Australia dating to 3.5 billion years ago. The by-product of using water in photosynthesis 

is oxygen. For this reason, early cyanobacteria are credited with the oxygenation of 

Earth’s atmosphere 2.7 billion years ago (Mauseth 2009).  

Extremophilic adaptations 

 The evolutionary age of cyanobacteria may help to explain their ubiquitous 

nature. Blue-green algae are found in nearly every aquatic environment as well as moist 

soils and in Azolla plants, living symbiotically (Mauseth 2009). Perhaps the most 

interesting cyanobacteria species are those that reside in extreme conditions. 

Cyanobacteria have been found in hot springs, geysers, saline lakes, alkaline lakes, as 

well as in environments of intense acidity (Campbell and Reece 2002b; Fogg and others 

1973; Oliver and Ganf 2000). 

 Examples of extremophilic blue-greens include Aphanotece halophytica Frémy in 

Hof et Frémy, a species found in the Great Salt Lake. A. halophytica grows optimally in 2 

M sodium chloride concentration in the laboratory (Fogg and others 1973). The genera 

Calothrix, Phormidium, and Synechococcus have been found growing abundantly in the 
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geysers of North Island, New Zealand, which reach boiling temperatures (Jones and 

others 2003). Synechococuss species have been recorded at temperatures around 74 °C in 

Hunter’s Hot Spring, Oregon (Ward and Castenholtz 2000). Thermophilic species also 

occur at Yellowstone National Park, providing a tourist attraction by forming colorful 

mats around geyser formations (Yellowston Media 2011). Other genera, such as 

Ocillatoria and Nostoc, are found in the Antarctic (Mora and others 2011).  

 Cyanobacteria are found living in environments at both ends of the pH scale. 

Gloeothece samoensis var. major Wille, is found at pH 2.8 (Dominic and 

Madhusoodanan 1999). Arthrospira, a genus widespread in Africa, Asia and South 

America, is found in waters averaging a pH of 10.2 (Fogg and others 1973).  

Specialization of Cells  

 Extremophilic cyanobacteria become the dominant life form in times of 

environmental distress (Oliver and Ganf 2000). This ability is especially present in 

colonial species that form specialized cells that enable them to survive in unfavorable 

conditions.  

 An example of advantageous cell differentiation are nitrogen-fixing cells called 

heterocysts. Heterocysts are able to fix divalent nitrogen into a usable form for other 

colony members. Plants from the genus Azolla take advantage of heterocystic Anabaena’s 

nitrogen fixing ability. Azolla form root nodules for Anabaena to reside in, while 

Anabaena produces fixed nitrogen which the plant can utilize (Mauseth 2009). A similar 

situation involves an endocytobiotic relationship between Geosiphon fungus  and 

members of the Nostoc genus of cyanobacteria (Kluge and others 2003).  
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Akinetes are another example of how cyanobacteria utilize cell specialization to 

proliferate. Some phycologists describe akinetes as the reproductive structure of colonial 

species. They take the form of vegetative cells that become active after periods of 

environmental hardship. Akinetes contribute to the ability of cyanobacteria to proliferate 

suddenly as a result of environmental fluctuations, a concept that will be covered in more 

detail in the next chapter.  

 

     Akinetes                        Non-specialized cell 

 

 

          Heterocyst  

 
Figure 2.1- Specialized cells in a generic filamentous cyanobacteria. 
 
Role of Cyanobacteria in the Trophic System 

 The abundance of cyanobacteria throughout the planet demonstrates their 

importance as a primary food source in aquatic ecosystems.  Aquatic trophic systems 

often begin with cyanobacteria, as well as other phytoplankton, being consumed by 

zooplankton grazers or lesser aquatic animals, such as mollusks. Higher animals, 

including fishes or marine mammals, in turn eat these mollusks. This sample trophic 

system can ultimately end with human seafood consumption. The placement of 

cyanobacteria at the center of the trophic web makes them crucial players in the health of 

ecosystems and, in turn, the plants and animals that rely on them. Therefore, a 

disturbance in cyanobacteria populations radiates throughout the trophic system (World 

Health Organization 1998). 
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Toxicity of Cyanobacteria 

 One reason blue-green algae is now an ecological indicator is the toxic nature of 

several genera (Chorus and Bartram 1999; Fogg and others 1973). The freshwater family 

Nostocacae is the most notorious (Fogg and others 1973; National Toxicology Program 

2004). Within the last century, a myriad of intoxication events in cities around the world 

have lead to the increased interest of the global community to prevent the entrance of 

cyanotoxins into public water supplies. The toxic effects of consuming water containing 

cyanobacteria have been known for a thousand years. Soldiers in China drank what was 

described as green-colored water and shortly after became sick with symptoms similar to 

gastroenteritis (National Toxicology Program 2004). The next major recorded cyanotoxic 

event was recorded in an 1878 issue of Nature when an increase in Nodularia spumigena 

(Mertens ex Bornet et Flahault 1888) in a lake caused the death of livestock (Francis 

1878). Instances such as these made cyanobacteria monitoring a concern for 

governmental agencies. In 1958, the World Health Organization (WHO) published 

guidelines in their first drinking water report, International Standards for Drinking-

Water, for the monitoring of cyanotoxins in water (Chorus and Bartram 1999). 

 The cyanotoxins of main concern are the microcystins, named for the most 

commonly noted toxic species, Mycrocystis aeruginosa ((Kützing) Kützing 1846). 

Microcystins are produced by several genera of the Nostocacae family. These genera are 

commonly found in freshwater and include Anabaena, Nostoc, Oscillatoriam and 

Anabaenopsis (Chorus and Bartram 1999).  Microcystins damage liver cells by inhibiting 

protein phosphatases I and II (Yoshizawa and others 1990).  Hepatotoxic effects  cause 

the liver to enlarge, which leads to hemorrhaging. In severe cases, hemorrhaging can be 
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fatal. (Dawson 1998) Large quantities of mircocystins lead to fish kills and death  for 

those animals reliant on contaminated water sources (Paerl and Fulton III 2006).  Once an 

animal has ingested microcystins it is rendered inedible. Livestock poisoned by the 

cyanotoxins cannot be sold for meat nor can infected seafood be marketed. For these 

reasons, monitoring cyanobacteria populations for density and species composition is 

important in maintaining the health of local ecosystems as well as local economies 

(World Health Organization 1998). 

Governmental Regulations 

 World Health Organization guidelines were first published after a number of 

occurrences showed the large impact toxic cyanobacteria can have on human populations 

(Chorus and Bartram 1999). A noteworthy intoxication event took place in 1988 on the 

island of Itaparica in Brazil during a large cyanobacteria growth in which eighty-eight 

residents, mostly children, died after drinking from the contaminated public water supply 

(Cavalli and others 2005). Two hundred others became ill from the same event. 

Cyanobacteria communities have allegedly led to two cases of hepatotoxicosis among 

dialysis patients in Brazil and Portugal (Azevedo and others 2002; Cavalli, Cidral, Nilson 

2005; Dawson 1998). The Brazilian event occurred in Caruru, Pernambuco involved 116 

patients. The water had been processed through a treatment facility but cyanotoxins were 

able to pass through undetected. Patient symptoms were used to diagnose Portuguese 

patients suffering from cyanotoxin intoxication post factum. Several intoxication events 

have also taken place within the United States. Increases in cyanobacteria populations in 

the Northeastern United States have corresponded to large bouts of gastroenteritis among 
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communities in Pennsylvania, New Jersey, Washington D.C. and Virginia (National 

Toxicology Program 2004). 

 The WHO recommends monitoring programs to predict cyanobacteria blooms  

(World Health Organization 1998). Some officials believe that monitoring for blooms is 

not enough (National Toxicology Program 2004). The reasoning for this is that blooms 

are not the only cause of intoxication from blue-green algae. There is evidence that 

prolonged exposure to small amounts of cyanotoxins can still be fatal in the form of liver 

cancer. Ueno and others (1996)  found that an increase in liver cancer in Haimen City, 

China, coincided with elevated, but small, levels of cyanobacteria in local potable water 

sources (Ueno and others 1996).  Bulera and others (2003) and Yang and others. (2010) 

have shown that microcystins can also affect gene expression in aquatic animals and 

mice, adding to the evidence of carcinogenicity of these chemicals (Bulera and others 

2003; Yang and others 2010). Evidence has incited certain governmental organizations to 

claim that even one part per billion is too high a concentration of cyanobacteria if such 

levels persist in public waterways (National Toxicology Program 2004). 

 The removal of cyanotoxins from waterways can be complicated and costly. 

Ultraviolet radiation is the most common treatment for potable water, as it can break up 

microcystin within hours. Treatment with UV on a large scale is undesirable and the best 

option for communities is prevention of large quantities of cyanobacteria from forming 

(Tsuji and others 1995). This would not only protect human communities from falling ill 

but would also positively influence wildlife populations. The means to controlling 

cyanobacteria populations are discussed at length within the next chapter.  
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Cyanobacteria are ubiquitous organisms that show an amazing tenacity for life. The ease 

of obtaining cyanobacteria samples as well as their size, color, and tendency to be 

preserved well in laboratory environments make these prokaryotes ideal as a biological 

indicator. Though their extremophilic tendencies and evolutionary age make them quite 

novel, the real concern of blue-green algae stems from their ability to affect human and 

animal health. Intoxication events around the globe have influenced  governmental 

organizations to recommend monitoring programs to protect the public.  

This study involves the monitoring of a small public area, the Celery Fields, in an 

attempt to better understand the process by which cyanobacteria becomes a public 

nuisance. Namely, the project addresses the relationship between cyanobacteria diversity 

and density with human influence. Can cyanobacteria be used to measure human 

influence in the Celery Fields system? The answer to this question begins with the basic 

ecology of blue-green algae.  
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Chapter 3 
The Ecology of Cyanobacteria 

Limiting Factors of Algae Growth 

 All algae are reliant on the same basic nutrients plants need for their metabolic 

processes. The most important nutrients include sulfur, phosphorous, carbon and organic 

nitrogen (Chorus and Bartram 1999). In a generic aquatic environments, all of these 

nutrients, except nitrogen and phosphorous, are available in excess to the needs of algae 

(Chorus and Bartram 1999; Khan and Ansari 2005). These compounds play a role in 

limiting the growth of algae within water bodies.  

 Predation also plays a key role in limiting algae growth (Dodds and others 2002; 

Stevenson 1997). Stevenson discusses predatory regulation of phytoplankton 

communities. Zooplankton and invertebrate grazers are able to reduce larger colonies 

before they grow to a size where there are inedible. Another factor that impedes algal 

growth is the availability of substrate and space. Regulation of phytoplankton 

communities can also take the form of undesirable physical-chemical properties of the 

water, including hydrogen ion concentration, temperature, salinity and the presence of 

toxic substances (Stevenson 1997). 

An imbalance of any of these regulating factors can cause drastic changes in the 

size and properties of an algal community.   

Principles of Eutrophication 

 When an aquatic environment is stable, an excess of limiting nutrients can cause 

phytoplankton to proliferate at a rate faster than can be controlled by grazers (Stevenson 

1997). Algae will continue to reproduce until spatial limits or outside factors, such as 
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algaecides, act on them. This sudden proliferation of phytoplankton often manifests itself 

on the water’s surface, forming what is called a “bloom.” The formation of blooms as a 

result of an excess in limiting nutrients is a process called eutrophication (Paerl and 

Fulton III 2006). Figure 3.1 depicts the eutrophication process. 

 Eutrophication has become one of the greatest waterway health concerns in recent 

history (Johnston 1976). Algal blooms cause several devastating effects, many of which 

are environmental hazards. Less serious issues arise from the bloom’s unsightly physical 

appearance, which can cause problems for tourism. The odor of the bloom can also be 

deleterious to this industry. If the bloom occurs in a potable water source, the taste of the 

water can be affected. As a bloom persists, boat machinery can be damaged as long 

filamentous species can become tangles in propellers and motors. Algae can also cause 

corrosion through oxidative processes (Oliver and Ganf 2000; Paerl and Fulton III 2006; 

Topping 1976). 

 
Figure 3.1- Nutrient input and eutrophication. Image retrieved from 
http://commons.wikimedia.org/wiki/Media:Scheme_eutrophication-en.svg. 
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 More severe consequences result when eutrophication begins to affect the 

mortality of other organisms.  The physical presence of the algal mat decreases light 

penetration and photosynthetic organisms that are lower in the water column are unable 

to perform metabolic processes at a normal rate, which stunts their growth and decreases 

oxygen levels. This hypoxic effect increases as individuals of the bloom complete their 

life cycles simultaneously and begin to decompose. As decomposition requires oxygen, 

the surrounding environment becomes anaerobic. In turn, animals may die from hypoxia 

(Oliver and Ganf 2000; Paerl and Fulton III 2006; Topping 1976). 

 The negative effects of eutrophication have caused environmental and economic 

damage around the world. These effects give rise to the common term “Harmful Algal 

Bloom” or “HAB” (Granéli and Turner 2006). HABs can become even more problematic 

if the species involved in the bloom are toxin-producing. However, toxin-producing 

species are commonplace in phytoplankton communities and do not become a threat until 

they form a bloom (Paerl and Fulton III 2006). 

Human Influence in HAB Formation 

 The process of eutrophication occurs naturally in the wild. Indeed, eutrophication 

is part of the natural aging, or succession, of a water body (Khan and Ansari 2005). In 

this case, natural succession is described as the means by which a water body becomes a 

drier terrestrial body by passing first through the phases of a marsh and then a bog. 

Through succession, eutrophication can take thousands of years. Natural events can speed 

up the HAB process. Phenomenon such as severe weather, animal migrations and 

volcanic eruptions can lead to the increase of available nutrients in aquatic systems.  
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Humans, however, have become the most common causes of HABs (Granéli and 

Turner 2006; Johnston 1976; Khan and Ansari 2005). Anthropogenic eutrophication is a 

result of the increasing human influence on the natural world. Destructive business 

practices, population growth and global climate change contribute to eutrophication 

(Paerl and Scott 2010).  Human activities generate limiting nutrients that can be 

introduced to natural waterways. Large-scale industrial agriculture, poorly maintained 

sewage and drainage systems, as well as the creation of exhaust from industry and 

automobiles all play roles in HAB formation (Topping 1976). Effluent from these actions 

can feed directly into waterways or run-off can wash nutrient-rich products into nearby 

basins (Granéli and Turner 2006; Johnston 1976; Khan and Ansari 2005). 

 Humans add to the likelihood of HABs through manipulation of the physical-

chemical properties of a water body. This can take the form of thermal pollution, which 

may be caused by hot water formed as a by-product of industrial activities (Topping 

1976). Chemicals introduced by humans into the environment can have a profound affect 

on hydrogen ion concentration, allowing for the proliferation of tolerant species and a 

decrease in overall biodiversity. Erosion can lead to a widening of a water basin, creating 

a shallower water body that has greater light penetration, more surface area and an 

increased mean water temperature (Khan and Ansari 2005).  

 Pollution of water bodies in the United States is a significant issue. The United 

States Environmental Protection Agency (USEPA) reports that as of 2002, 47% of lakes, 

32% of bays and estuaries and 45% of streams studied within the United States are unfit 

for fishing and swimming (USEPA Office of Water 2002). 
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Noteworthy Eutrophication Events  

 Examples of anthropogenic eutrophication are not hard to find. Perhaps one of the 

biggest instances occurred in the 1960’s-1970’s when human development around Lake 

Erie influenced the formation of several large HABs. According to Sharma (1998), 

approximately eighty tons of phosphorous was added to Lake Erie each day in 1965. The 

blooms created washed up on shore, forming mats along beaches (Khan and Ansari 

2005). This reduced the tourist value of the lake, as fishing was largely unfruitful and 

beaches were unfit for leisure (Sharma 1998). 

 The consequences of eutrophication are quite real to the ecosystems of Florida. 

The subtropical climate allows for much warmer waters, further promoting the growth of 

algae once nutrients are made available in excess.  

Two Florida lakes rank among the most notable waterways devastated by human 

activities (Khan and Ansari 2005). Lake Okeechobee is the eighth largest lake in the 

continental United States and the largest lake in Florida. Humans have used Lake 

Okeechobee for thousands of years as a potable water source as well as a source of fish. 

Okeechobee also plays a significant role in the ecology of the Florida Everglades. Today, 

the lake is used for irrigation systems as well as for drinking water (Lake Okeechobee 

Restoration Plan 2003).  The shores of Lake Okeechobee became developed for 

agricultural use during the 1930s (Florida Department of Environmental Protection 2009; 

Lake Okeechobee Restoration Plan 2003). Until the beginnings of governmental 

regulations in the1980s, run-off containing fertilizer and animal waste have added 

significant amounts of nitrogen and phosphorous to the lake. This resulted in HAB 

events, leading to large fish kills and the impairment of the lake for recreational use 
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(British Broadcasting Company 2009; Lake Okeechobee Restoration Plan 2003). In 2000, 

the Florida legislature passed the Lake Okeechobee Protection Act to prevent further 

damage to the lake. In 2005 the Lake Okeechobee & Estuary Recovery (LOER) plan was 

passed to restore the lake to former conditions (Florida Department of Environmental 

Protection 2009; Lake Okeechobee Restoration Plan 2003). 

 The second of Florida’s most eutrophic lakes is Lake Apopka. This lake is located 

near the center of state. This lake has also had a long history of human influence 

(Coveney and others 2002; Friends of Lake Apopka 2010). Lake Apopka is now known 

for a number of environmental hazards, including toxic contamination and mutation of 

wildlife from heavy pesticide use (Casarett and Doull 2008).  For centuries, Apopka was 

a bass fishing lake. In the early 1900s, several fishing camps were located along its 

shores.  In 1941, the southern shore was developed for farming. Vegetable and citrus 

crops were cultivated extensively, leeching fertilizers into the lake. The resulting algal 

blooms were severe enough to close down all fishing camps as only a few species of 

hardy fish could survive such conditions. As such, Lake Apopka has become known as 

“the most polluted lake in Florida” (Clary 1996). In 1996 the Florida legislator passed the 

Lake Apopka Restoration Act, but the lake is currently still in need of much repair (Clary 

1996). 

Dominance of Cyanobacteria in Blooms 

 Cyanobacteria can dominate algae blooms within freshwater ecosystems (Oliver 

and Ganf 2000). The toxicity of the species involved makes this dominance of great 

concern (Calijuri and others 2006; Chorus and Bartram 1999; Paerl and Fulton III 2006). 

There are quite a few adaptations that allow cyanobacteria to out-compete other 
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phytoplankton. As previously mentioned, several genera are capable of nitrogen fixation. 

This feature is only found in heterocystic species (Fogg and others 1973). Other species, 

however, are capable of storing nitrogen in the form of cyanophycin and in the pigment 

phycocyanin (Oliver and Ganf 2000). The ability of cyanobacteria to fix and store 

nitrogen makes phosphorous more limiting, allowing cyanobacteria to grow in systems 

slightly more deficient in nitrogen than in phosphorous.  

Some cyanobacteria species have adaptations to overcome phosphorous-deficient 

environments in the form of gas-vacuoles. Phosphorous goes through a cycle of storage 

and availability within aquatic ecosystems (Khan and Ansari 2005; Oliver and Ganf 

2000). Upon entering the aquatic system, phosphorous is stored at the bottom of the water 

body. Phosphorous slowly leaks out of the sediment, a process that accelerates under 

anoxic conditions formed during the summer. This situation creates a separation of 

resources for phytoplankton communities. Light and carbon dioxide are available at the 

surface of the water while nutrients are stored near the bottom. Several genera contain 

gas-vacuoles, the contents of which can be regulated to control buoyancy. These species 

are able to move vertically within the water column. This adaptation can also explain the 

sudden nature of algal blooms. Blooms often appear in the morning. This is because blue-

greens proliferate below the surface and come up in a unified mat (Oliver and Ganf 

2000). 

 The toxic nature of cyanobacteria is also thought to be an evolutionary adaptation 

to out compete other algal species (Fogg and others 1973; Paerl and Fulton III 2006).  

These toxic species are quite common among algal blooms, perhaps demonstrating that 

this adaptation is quite effective during times of environmental fluctuations. However, it 
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is popularly accepted that this is a secondary result of toxin-producing species. The 

phycological community generally agrees that toxins are used primarily to deter grazing 

by zooplankton.  

 Certain fluctuations are more favorable for some species than others. A 

phycologist can deduce water quality by identifying the species present within an area. 

For example, Anabaena species tend to favor saline water. Microcystis species require 

large concentrations of nitrogenous compounds and phosphorous. Nostoc species prefer 

non-polluted water (Fogg and others 1973; Komárek and Hauer 2011). The identification 

of species can be a useful tool in understanding the overall state of an aquatic system. 
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Chapter 4 
Materials and Methodology 

Study Site Information 

 The Celery Fields are located in Sarasota, Florida, off Interstate 75 and Fruitville 

Road [27°19’39.17”N, 82°26’05.41”W], as seen in  Figure 4.1. The 300-acre complex is 

comprised of five retention ponds connected by channels and a man-made creek. 

Northern ponds are the deepest and receive storm water directly are surrounded by tall 

marsh grasses. Ponds in the mid zone are similar in depth to those in the north zone and 

are bordered by dry brush. Ponds in the south zone are shallow enough to walk in. These 

ponds contain wetland plants and are bordered by sandy shores. 
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The fields were used as agricultural land for celery production until 1995 when 

Sarasota County bought the area for purposes of storm water drainage (Federal 

Emergency Management Agency 2007; Levey-Baker 2006; Rawson 2009).  

The Celery Fields also serves as a recreational destination for cyclists, hikers and 

birders as the ponds attract thousands of birds each year with the Sarasota Audubon 

Society hosting monthly counts (Rawson 2009). Figure 4.2 shows a sandhill crane, one of 

the many distinct bird species that attract community member to the Celery Fields. 

 
Figure 4.2– A sandhill crane feeding in the southern pond. Photo courtesy of Danielle 
Fasig. 

Past flooding in residential areas around the Celery Fields prompted Sarasota 

County to buy the land from celery farmers in order to reroute storm water to the area. 

This was largely due to the low elevation of the complex, allowing runoff to naturally 

flow into the area (Federal Emergency Management Agency 2007; Rawson 2009). 
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 The northern portion of the Celery Fields receives excess storm water, as seen in 

Figure 4.1. This zone is comprised of the deepest ponds. From there, the water follows 

channels to a central pond area containing wetland plants. The water then enters the 

shallow southern ponds and flows into Philippi Creek, which proceeds to Sarasota Bay.  

The presence of wetland plants in the southern zone mitigates the problem of excess 

nutrients, as plants can use the nutrients for growth and development. However, the 

shallow nature of the southern ponds could promote bloom formation. During the time of 

study, Sarasota County was performing major earth-moving projects to better drain the 

area (Federal Emergency Management Agency 2007; Trojak 2010). This activity should 

be considered during analysis of this study’s results. 

The recreational importance of the Celery Fields has the potential to suffer from 

HAB formation. As a destination for bird enthusiasts, the area could suffer if the waters 

no longer  support the food source for these birds. A toxic bloom could also lead to 

devastating effects for the avifauna of the area. 

The Celery Fields is an open system, as the water from the retention ponds 

eventually empty into Sarasota Bay. The formation of a HAB could lead to negative 

consequences for the Bay in the form of an intoxication event. Regulation of nutrient 

loads into the Celery Fields would prevent HAB formation on a broader scale.  

A Note on the Improved Methodology 

 Several new features were considered in creating the current methodology. One 

main issue with the Mosquiero study was that data were drawn from one single day of 

collection. To gain enough data for statistical analysis, the study needed to expand to a 

larger time frame. The current study is eight weeks long with weekly collections. 
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Although eight weeks would not be as ideal as gaining information from an entire 

hydrological cycle of one year, this time frame functions within the constraints of the 

research period granted. 

Improving the Enumeration Method 

The eight-fold increase in the number of collections poses a problem. The five 

samples of the Mosqueiro study took five weeks for density  analyses using traditional 

Utermöhl chambers of 5-7 mL. A modification of the previous method was used in an 

attempt to speed up the enumeration process. A 24-well microtiter plate was used in place 

of larger Utermöhl chambers. Plate wells provided a smaller volume, which was easier to 

work with. Multiple samples could be observed on the same plate,  allowing for the 

comparison of several zones simultaneously. 

Additions to The Procedure 

Two new analyses were added to the current study in addition to the identification 

and enumeration techniques used in the Mosquiero study. The first new analysis involved 

the determination of nitrogen and phosphorous concentrations of each sample. These 

nutrients act as an easily-measurable proxy to human influence, a topic poorly addressed 

in the Mosquiero study. A high concentration of these nutrients coinciding with a high 

density of cyanobacteria would support the overall hypothesis (Dodds and others 2002). 

A procedure to analyze pigment composition was included. Data from these 

analyses could help explain the overall role of cyanobacteria within the phytoplankton 

community of the Celery Fields. Specifically, it could determine whether the 

cyanobacteria community is large enough to be considered significant to the Celery 

Fields ecosystem. A low concentration of cyanobacteria-specific pigments is evidence 
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that the cyanobacteria are not necessarily a major player in this ecosystem, and are, 

therefore, a poor choice as a biological indicator.  

Methodology 

Weekly water samples were collected from each of the three pond areas during 

each collection. Collection sites are labeled as “N” for the North site, “M” for the Mid 

site and “S” for the South site in Figure 4.1. Samples were obtained from the shore using 

the grab method, demonstrated in Figure 4.3. Analyses for nutrient content, cyanobacteria 

density, species identification and pigment composition were performed for each weekly 

collection. The following methodologies followed the recommendations of the WHO, 

found in Chorus and Bartram’s Toxic Cyanobacteria in Water: A guide to their public 

health consequences, monitoring and management (Chorus and Bartram 1999) as well as 

Kemp and others (1993) Handbook of Methods in Microbial Biology (MacIsaac and 

Stockner 1993). Water temperature, pH and weather conditions were measured alongside 

each sample and recorded. 
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Figure 4.3- Samples were obtained using a simple grab method during the 3/7/2011 
collection. 
 
Determination of Cyanobacteria Density 

 One-hundred and twenty-five milliliter ICHEM amber glass vials were filled with 

sample water. Each vial was pre-filled with 0.68 mL of 37% formaldehyde solution for a 

final concentration of 0.2% once the vial was filled with sample. Vials were refrigerated 

for up to two weeks until prepared for enumeration.  

  Cell counts were made by filling wells in 24-well microtiter plates with 2.5mL of 

sample, as seen in Figure 4.4. Samples were allowed to settle for a minimum of 24 hours. 

The top row of the plate was left unstained, so that the organisms in these wells could 

retain their original coloration. Unstained specimens acted as a reference in determining 

the legitimacy of counting an object whose identity as a cyanobacteria was under 
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question. The other rows of sample were stained with lugol. The lugol stain provided 

contrast between cyanobacteria, non-organic material and the background of the plate. 

                                                                  Week 1          |            Week 2 
                   North     Mid    South  |  North    Mid   South 
 
       Unstained 
 

Stained  
with lugol 
 

 

 

Figure 4.4- Diagram of microtiter plate used for enumeration. 

 An Accu-scope® 3030 Microscope Series Inversion Microscope was used to view 

specimens. The first one-hundred object encountered were counted. Objects included 

cyanobacteria individuals or colonies. The number of cells found was then multiplied by 

the number of fields needed to fill the entire area of the well (Chorus and Bartram 1999).  

  Cells of filamentous species were counted individually. The number of cells 

inside non-filamentous colonial species, such as Microcystis was estimated by assuming a 

rectangular shape. The number of cells of the vertical axis was multiplied by the number 

of cells on the horizontal axis for an estimate of the total number of cells within the 

colony. Densities from each of the three stained wells for each zone were calculated and 

then averaged to find the final cell density of the sample. 

Identification of Cyanobacteria Species 

 A 50 mL sterile polyethylene bottle was filled with sample water and treated with 

formaldehyde to a concentration of 2%. Water from these samples were allowed to settle 
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in a well plate overnight and then viewed using the inverted microscope. Identification 

guides included Kormárek’s on-line cyanobacteria database, (Komárek and Hauer 2011) 

Purdue University’s Cyanosite, (Schneegurt 1999) the WHO’s guideline for toxic 

cyanobacteria and (Chorus and Bartram 1999) Fogg’s book on blue-green algae (Fogg 

and others 1973). Relative abundance of each species was noted. 

Nutrient Analysis 

A one-liter amber glass bottle, rinsed with methanol, was used for nutrient 

analyses of water samples. Nutrient analyses were performed the same day of sample 

collection. Samples for nutrient analysis were immediately put on ice after collection. 

Samples remained unfixed throughout this process. Each zone was tested for nitrate, 

ammonia and phosphorous concentrations. The average of three runs for each nutrient 

was determined and used in data analyses. All nutrient concentrations were found using 

Palintest nutrient test kits and a YSI® 9500 Photometer. 

Ammonia 

Ammonia concentrations were found by reacting sample water with alkaline 

salicylate in chloride, a process which forms a blue-green indophenol complex. The 

concentration of the indophenol complex was determined using a YSI photometer.  

Nitrate 

The reaction to determine nitrate levels includes reducing nitrate to nitrite,  

reacting the nitrite with diazonium and finally reacting diazonium with a dye to form a 

reddish compound. Nitrate concentration was determined with a YSI photometer. 
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Phosphate 

Phosphate was determined by a reaction with ammonium molybdate forming 

phospho-molybdic acid that was then reduced by ascorbic acid to form a blue 

molybdenum complex. A YSI photometer was then used to determine phosphate 

concentration. 

Pigment analysis  

The method used for pigment analysis is based on the Wright and others (1991) 

protocol for High Performance Liquid Chromatography (HPLC). Pigment analysis was 

carried out in the Phytoplankton Ecology Department of Mote Marine Aquarium. 

The same water collected for nutrient analysis was used for pigment analysis. The 

samples were filtered through 25 mm Whatman® GF/F filters until the filter was 

substantially covered with algae. The filters were then stored in liquid nitrogen until the 

day of pigment extraction.  

Extraction of pigments was carried out in a closed room with green lighting. 

Filters were placed in 15 mL centrifuge tubes that were then placed in 50 mL centrifuge 

tubes. The samples were sonicated for 20-30 seconds to break up the filter and release 

pigment into the Pigment Extraction Solvent (PES) a 98:2 Methanol: Ammonia mix. 

Pigment was then extracted through centrifugation. The extracted liquid was then placed 

in an amber vial and analyzed with a Shimadzu® HPLC with a diode array detector.  
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Figure 4.5 – The HPLC apparatus at Mote Marine Aquarium and Laboratory, Department 
of Phytoplankton Ecology. 
 

Components of the HPLC include a SIL-10A auto injector and a column with a 

diameter of 5 um, 4.6x250 mm length. Three mobile phases were used (Wright et al. 

1991) : 

Solvent A: 80:20 methanol : 0.5M ammonium acetate (aq.; pH 7.2 v/v) 

Solvent B: 90:10 acetonitrile (210 nm UV cut-off grade) : water (v/v) 

Solvent C: Ethyl acetate 

Methanol, acetonitrile, ethyl acetate and water were all HPLC grade. Ammonia acetate 

was A.R. grade. Flow rate was 1 mL min-1. The first four minutes of the analytical system 

used it outlined in Wright and others(1999). 

 Chromatograms were generated and analyzed using Shimadzu’s HPLC software. 

Identification of pigments, labeling of peaks, and determination of pigment volumes were 

done with this interface and UNESCO’s Phytoplankton Pigments in Oceanography 
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(Jeffery and others 1997). The data was then imported into ChemTax, where pigment 

concentrations were determined and composition of phytoplankton communities was 

determined using the pigment signatures of seven phytoplankton groups.  

Data Treatment 

 Regression analysis was performed using Microsoft Excel’s Analysis Toolkit. 

Cell densities for each pond were compared to all other measure variables: collection 

date, pH of water, water temperature, ammonia concentration, nitrate concentration, and 

phosphate concentration. Data were log-transformed before analysis to ensure non-zero 

values.  Raw data can be found in the Appendix. 

 Species data was organized into tables for each collection data. Estimated cell 

count was included for each species alongside their binomial name. 

 Data gathered from pigment analysis was made into bar graphs. Only data from 

the four most common phytoplankton groups for each collection date were used. Raw 

data from pigment analysis can be found in the Appendix. 
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Chapter 5 
Results and Discussion  

Numerical data used in these analyses can be found in Table 1, Table 2 and Table 

3 of Appendix.  

Cell Densities 

 The following three pages contain Figures 5.1-5.3, graphs of the estimated 

cyanobacteria cell densities found for each pond during the eight weeks of study. 
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 Densities in the three figures do not correspond with each other. Peaks in the 

density of one pond do not tend to coincide with a peak in any other pond. One point of 

interest, however, a peak in cell density for the North and Mid pond during week five. 

This was followed by a peak in cell density for the South pond during week 6. Weather 

events that could have caused an increase in nutrients did not occur during this time. 

 North and Mid densities were often similar, while South densities were always at 

least 1000 points lower for any given week. This supports the hypothesis that cell 

densities are lowest when farthest from the storm water source 

 During the enumeration process, only the first one hundred objects encountered 

were counted. This means that the number of fields of view investigated related to the 

number of objects in each field. In other word, lower cyanobacteria density leads to a 

higher number of fields counted. This should be kept in mind when looking at species 

data, as the South will seem to have more cells present in comparison to the other ponds. 

This is because five fields were often needed to encounter one hundred objects in 

comparison to the one or two fields needed for the North and Mid pond. 

 Analysis of Relations Between Cell Densities and Measured Variables 
 
 Regression analysis was used to gather information on the nature of relationships 

between measured variables of the study and average cell densities. However, these 

relationships proved to be non-linear, meaning that regression analysis is invalid for this 

set of data. The results of regression analysis are still used in this section to support key 

arguments regarding these relationships.  

 Relationships between cell densities and time were not found for any of the three 

ponds. R-squared values from these analyses are weak: R2=0.003 for the North pond, 
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R2=0.0255 for the Mid pond, R2=0.2804 for the South. This is strong evidence that data 

from this study cannot be used to predict future cell densities. One suggestion to improve 

these results is to expand the collection period to at least one hydrological cycle of one 

year. This would provide more data points, which could lead to a better trend line.  

An expanded study period would also account for normal fluctuations that coincide with 

seasonal changes, e.g. wet months lead to more run-off into the Celery Fields system, 

which could lead to larger cyanobacteria cell counts. 

 Regression analyses of cyanobacteria densities and ammonia for all three ponds 

provide strong evidence that no relationship between these two variables exist. R-squared 

values are well below one: R2=0.2179 for the North pond, R2=0.0126 in the Mid pond 

and R2=0.0017 for the South pond. Increased sample size over longer periods would be 

beneficial to measure ammonia concentrations to obtain a larger data set.  

 Factors that could have affected the relationship between ammonia and cell 

densities include threshold concentrations and the presence of other organisms within the 

Celery Fields system. Dodds, et al. (2002) and Stevenson (1997) present evidence that 

blooms occur above a certain point, specific to the ecosystem in question,  in the 

concentration of total nitrogen and total phosphorous in streams (Dodds, Smith, Lohman 

2002; Stevenson 1997). Roselli, et al. (2009) discussed the role of nitrogen threshold in 

algae populations for a pond (Roselli and others 2009). Perhaps the concentration of 

ammonia in these ponds did not fluctuate around the system’s threshold. It is possible 

that below this threshold, cyanobacteria are relatively unaffected by changes in ammonia 

concentration. 
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 As will be discussed in the Pigment Analysis section, several other phytoplankton 

groups were present in the Celery Fields system during this study. Other organisms that 

were observed included various zooplankton and fishes. Different organisms will have a 

different affinities for ammonia than others. The metabolic processes of these organisms 

can include nutrients such as ammonia into other nitrogenous molecules, such as urea 

(Sekar and others 2002). As a result, fluctuations in ammonia may be explained by its 

uptake by organisms other than cyanobacteria and its subsequent biotransformation. 

Cyanobacteria may not be able to compete for ammonia as well as other organisms in the 

Celery Fields system 

 It must also be noted that ammonia may be a poor indicator of cyanobacteria 

density because the blue-green algae of the system simply do not utilize it as much as 

other nitrogenous compounds. Perhaps a better indicator would be total nitrogen, rather 

than ammonia. Even then, nitrogen-fixing capabilities of some cyanobacteria may make 

any form of nitrogen a poor indicator of cyanobacteria densities. 

 Regression analyses of cell densities and nitrate levels also provide R2 values 

below one: R2=0.2365 for North, R2=0.1316 for Mid, R2=0.2693. However, all nitrate R2 

values are on the order of 10-1 while R2 values from previous analyses were usually 

around 10-2. Expanding the data for nitrate may yield better results in comparison to 

previous analyses as the R2 values from nitrate provide evidence that a relationship 

between densities and nitrate is more likely than previous variables. For the moment, it is 

not possible to say that there is no relationship between these two variables. 

 Similar explanations for the results of ammonia analyses can be made for nitrate. 

Nitrate levels may not have fluctuated around threshold values, allowing for no 
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observable difference in cell densities between one nitrate concentration and another. 

Celery Fields resident organisms may out-compete cyanobacteria for nitrate and 

transform it into another substance. Lastly, nitrate may not be the correct form of nitrogen 

that the resident cyanobacteria utilize. 

Results from phosphate analysis are similar to those found for previous variables. 

It can be said with confidence that no relationship between cell density and phosphate 

exist with the given data set. It would be particularly interesting to gather more data 

points for the South pond, as its R2 is 0.5851, which is larger than any R2 value so far. 

Until more data are collected, this value remains as evidence that no relationship was 

found. 

 Reasons for the lack of a relationship between cell densities and phosphate levels 

are similar for ammonia and nitrate. Phosphate could be the wrong form of phosphorous 

to which cyanobacteria are sensitive. Other organisms may also transform phosphorous 

into non-usable forms. Further study into this topic and a survey of phosphorous 

compound within the Celery Fields is needed to substantiate this data. Threshold levels 

may not have been reached during the study period. As a result, cyanobacteria remain 

free from the influence of phosphate levels.. 

 Relationships were not found between pH and cyanobacteria densities. It is 

possible that pH values did not change significantly enough in the eight-week period to 

elicit a response in cyanobacteria. More data points are required to confirm a relationship 

between cell densities with pH.  
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 The R2 values of density and temperature regression analysis, 0.1298 for North, 

0.2009 for Mid, and 0.0002 for South, do not support a relationship between temperature 

and cell densities. The eight-week period may not have long enough for cyanobacteria 

populations to respond to temperature changes. The bulk of cyanobacteria production 

occurs farther from shore, where temperature is more or less constant due to the depth of 

the ponds in central areas. This means that temperatures from the shores, where samples 

were collected, have less influence on cyanobacteria populations. 

Identified Species 

 The following tables contain the binomial names of all species identified over the 

eight-week study period. The estimated number of cell found for each species is listed for 

each pond. Table 5.9 is a summation of species found in each pond.  

 

 

 

 

 

 

 

 

 

 

 

 

 43



Table 5.1- Cyanobacteria species found in 1/17/2011 samples with estimated cell counts. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 1/17/2011       

  
Zone 

 

Species North Mid South 

74     Anabaena circinalis Rabenhorst 

      Anabaena perturbata var. tumida (Nygaard) Cronberg & Komárek 

      Anabaenopsis elenkinii Miller 

      Aphanocapsa rivularis (Carmichael) Rabenhorst  

      Eucapsis spp. Clements et Shantz 

17 11   Gloeocapsa granosa (Berkely) Kützing 

      Merismopedia punctata Meyen 

  24   Merismopedia spp. Meyen 

56 304   Merismopedia tenuissima Lemmermann 

5808 2887 6306.7 Microcystis aeruginosa (Kützing) Kützing 

      Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva 

25     Oscillatoria spp. Vaucher ex Gomont 

      Phormidium spp. Kützing ex Gomont 

184 195   Spirulina spp. Turpin ex Gomont 

4 42 Synechococcus spp. Nägeli 5 

 
 
Table 5.2- Cyanobacteria species found in 1/24/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 1/24/2011       

  
Zone 

 

Species North Mid South 

  15   Anabaena circinalis Rabenhorst 

Anabaenopsis elenkinii Miller       

      Aphanocapsa rivularis (Carmichael) Rabenhorst  

Eucapsis spp. Clements et Shantz       

      Gloeocapsa granosa (Berkely) Kützing 

Merismopedia punctata Meyen       

24     Merismopedia spp. Meyen 

Merismopedia tenuissima Lemmermann 50 128 44 

1918.4 1103.3 10278.5 Microcystis aeruginosa (Kützing) Kützing 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva   1405   

      Oscillatoria spp. Vaucher ex Gomont 

Phormidium spp. Kützing ex Gomont       

313 201 58 Spirulina spp. Turpin ex Gomont 

Synechococcus spp. Nägeli 64 5 8 
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Table 5.3- Cyanobacteria species found in 1/31/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 1/31/2011       

  
Zone 

 

Species North Mid South 

5   10 Anabaena circinalis Rabenhorst 

Anabaenopsis elenkinii Miller 5     

      Aphanocapsa rivularis (Carmichael) Rabenhorst  

Eucapsis spp. Clements et Shantz       

5     Gloeocapsa granosa (Berkely) Kützing 

Merismopedia punctata Meyen       

  40   Merismopedia spp. Meyen 

Merismopedia tenuissima Lemmermann 135.2 148   

4654 2254.9 2874.7 Microcystis aeruginosa (Kützing) Kützing 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva 208.6     

10     Oscillatoria spp. Vaucher ex Gomont 

Phormidium spp. Kützing ex Gomont       

187 419 156 Spirulina spp. Turpin ex Gomont 

Synechococcus spp. Nägeli 13 15 6 

 
 
Table 5.4- Cyanobacteria species found in 2/7/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 2/7/2011       

  
Zone 

 

Species North Mid South 

  12   Anabaena circinalis Rabenhorst 

Anabaenopsis elenkinii Miller       

      Aphanocapsa rivularis (Carmichael) Rabenhorst  

Eucapsis spp. Clements et Shantz       

6     Gloeocapsa granosa (Berkely) Kützing 

Merismopedia punctata Meyen       

      Merismopedia spp. Meyen 

Merismopedia tenuissima Lemmermann   152 16 

2856.6 2581.8 6285.6 Microcystis aeruginosa (Kützing) Kützing 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva       

  6   Oscillatoria spp. Vaucher ex Gomont 

Phormidium spp. Kützing ex Gomont       

311 322 15 Spirulina spp. Turpin ex Gomont 

Synechococcus spp. Nägeli 22 6 34 
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Table 5.5- Cyanobacteria species found in 2/14/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 2/14/2011       

  
Zone 

 

Species North Mid South 

19 25   Anabaena circinalis Rabenhorst 

Anabaenopsis elenkinii Miller 19 27   

      Aphanocapsa rivularis (Carmichael) Rabenhorst  

Eucapsis spp. Clements et Shantz       

6 5   Gloeocapsa granosa (Berkely) Kützing 

Merismopedia punctata Meyen       

      Merismopedia spp. Meyen 

Merismopedia tenuissima Lemmermann 176 92   

8084.4 8033.8 4495.1 Microcystis aeruginosa (Kützing) Kützing 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva     156 

      Oscillatoria spp. Vaucher ex Gomont 

Phormidium spp. Kützing ex Gomont       

146 316   Spirulina spp. Turpin ex Gomont 

Synechococcus spp. Nägeli 10   18 

 
 
Table 5.6- Cyanobacteria species found in 2/21/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 2/21/2011       

  
Zone 

 

Species North Mid South 

46     Anabaena circinalis Rabenhorst 

Anabaenopsis elenkinii Miller 12     

      Aphanocapsa rivularis (Carmichael) Rabenhorst  

Eucapsis spp. Clements et Shantz   22   

  5   Gloeocapsa granosa (Berkely) Kützing 

Merismopedia punctata Meyen       

    16 Merismopedia spp. Meyen 

Merismopedia tenuissima Lemmermann 204 164 16 

Microcystis aeruginosa (Kützing) Kützing 2543 2885.67 8023.9 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva 1666.7 205   

Oscillatoria spp. Vaucher ex Gomont       

Phormidium spp. Kützing ex Gomont       

Spirulina spp. Turpin ex Gomont 178 208 2 

Synechococcus spp. Nägeli 3 24 8 
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Table 5.7- Cyanobacteria species found in 2/28/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collection Date 2/28/2011       

  Zone 

Species North Mid South 

Anabaena circinalis Rabenhorst 83 31   

Anabaenopsis elenkinii Miller 74 28   

Aphanocapsa rivularis (Carmichael) Rabenhorst  44     

Eucapsis spp. Clements et Shantz   8 4 

Gloeocapsa granosa (Berkely) Kützing 8   2 

Merismopedia punctata Meyen       

 
 
Table 5.8- Cyanobacteria species found in 3/7/2011 samples with estimated cell counts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

Merismopedia spp. Meyen 16     

Merismopedia tenuissima Lemmermann   164   

Microcystis aeruginosa (Kützing) Kützing 700 1569.5 5196 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva 1093.7 196   

Oscillatoria spp. Vaucher ex Gomont       

Phormidium spp. Kützing ex Gomont       

Spirulina spp. Turpin ex Gomont 257 185 8 

Synechococcus spp. Nägeli   52 17 

Collection Date 3/7/2011       

  Zone 

Species North Mid South 

Anabaena circinalis Rabenhorst 123 31   

Anabaenopsis elenkinii Miller 126 24   

Aphanocapsa rivularis (Carmichael) Rabenhorst        

Eucapsis spp. Clements et Shantz       

Gloeocapsa granosa (Berkely) Kützing   5   

Merismopedia punctata Meyen       

Merismopedia spp. Meyen 48 44 60 

Merismopedia tenuissima Lemmermann   186 40 

Microcystis aeruginosa (Kützing) Kützing 397 618 870.5 

Microcystis wesenbergii (Kormárek) Kormárek in Kondrateva   233 70 

Oscillatoria spp. Vaucher ex Gomont       

Phormidium spp. Kützing ex Gomont       

Spirulina spp. Turpin ex Gomont 154 154 3 

Synechococcus spp. Nägeli 10 12 13 
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Table 5.9- Species compositions of North, Mid, and South ponds. 
North 
11 species 

Mid 
11 species 

South 
9 species 

Anabaena circinalis 
Rabenhorst 
 
Anabaenopsis elenkinii 
Miller 
 
Aphanocapsa rivularis 
(Carmichael)  
Rabenhorst 
 
Gleocapsa granosa 
(Berkely) Kutzing 
 
Merismopedia 
tenuissima 
Lemmerman 
 
Merismopedia spp. 
Meyen 
 
Microcystis aeruginosa 
(Kutzing) Kutzing 
 
Microcystis 
wesenbergii 
(Kormarek) Kormarek 
in Kondrateva 
 
Spirulina spp. (Turpin 
ex Gomont) 
 
Synechococcus spp. 
Nageli 

Anabaena circinalis 
Rabenhorst 
 
Anabaenopsis elenkinii 
Miller 
 
Eucapsis spp. 
Clements et Shantz 
 
Gleocapsa granosa 
(Berkely) Kutzing 
 
Merismopedia 
tenuissima 
Lemmerman 
 
Merismopedia spp. 
Meyen 
 
Microcystis aeruginosa 
(Kutzing) Kutzing 
 
Microcystis 
wesenbergii 
(Kormarek) Kormarek 
in Kondrateva 
 
Oscillatoria spp. 
Vaucher ex Gomont 
 
Spirulina spp. (Turpin 
ex Gomont) 
 
Synechococcus spp. 
Nageli 

Anabaena circinalis 
Rabenhorst 
 
Gleocapsa granosa 
(Berkely) Kutzing 
 
Merismopedia spp. 
Meyen 
 
Merismopedia 
tenuissima 
Lemmerman 
 
Microcystis aeruginosa 
(Kutzing) Kutzing 
 
Microcystis 
wesenbergii 
(Kormarek) Kormarek 
in Kondrateva 
 
Spirulina spp. (Turpin 
ex Gomont) 
 
Synechococcus spp. 
Nageli 
 
 

 
 As seen in Table 5.9, species diversity was highest in the North and Mid ponds, 

with eleven species identified during the study period while the South pond contained 

only nine. Note that it was rare for the South pond to have more than 4-5 species at any 
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given time. These findings do not fit with the hypothesis that the pond nearest the storm 

water source would have the fewest species. However, it is possible that the South pond 

does have more species, but in such low concentrations that they were not observed 

during the identification process.  

 Microcystis aeruginosa was prevalent in all ponds and was found in all samples. 

M. aeruginosa played a significant role in the South pond as cell counts from other 

species were relatively small. Spirulina spp. was always found in North and Mid ponds. 

This species was especially prominent in the Mid pond. Anabaena circilanis and 

Anabaenopsis elenkinii were common members in North and Mid ponds. 

 The profile of all of these species is quite similar. All are found in brackish waters 

of streams or ponds (Komárek and Hauer 2011). Spirulina spp. and Anabaenopsis do 

especially well around submerged plants (Komárek and Hauer 2011).  Three of the 

genera encountered, Spirulina, Microcystis, and Anabaena, seen in Figures 5.22-5.24, 

produce toxins (Komárek and Hauer 2011). The presence of these genera and their 

repeated role in the pond system is enough to endorse a monitoring program for the area. 

The extent of this monitoring program requires more study to obtain an accurate the 

baseline cell densities. 

 
Figure 5.4- Spirulina spp., a commonly-encountered cyanobacteria species in the North 
and Mid ponds. Image from Cyanosite, retrieved on 4/14/2011. 
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Figure 5.5- Microcystis aeruginosa, the most common species found in the study sample. 
Image from Florida Department of Environmental Protection website, retrieved on 
4/14/2011. 

 
Figure 5.6- Anabaena circinalis, a heterocystic species found mainly in the North and 
Mid ponds. Image from Cyanosite, retrieved on 4/14/2011. 
 
Pigment Analysis 
 Week 5 samples from the Mid pond, week 6 samples from the South pond, and 

week 7 samples from the North did not produce chlorophylla peaks after High Pressure 

Liquid Chromatography (HPLC) analyses.  A second HPLC run was done to eliminate 

the possibility of a procedural error. The second run confirmed first results. This is 

evidence that pigment degradation occurred, due to over-exposure to light or heat. 

ChemTax will not calculate relative abundance values for chromatographs without 
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chlorophylla peaks. Consequently, no information for relative phytoplankton group 

abundance  is available for these samples. Samples from week 1 and 2 were not analyzed 

due to time constraints. 

 Fifteen pigments were identified by the HPLC. Figures 5.25-5.27 show 

chromatographs from the week 8 collection. 
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 Relative abundance of four major phytoplankton groups were found from the 

ChemTax software: diatoms, cryptophytes, chlorophytes and cyanobacteria. Figures 5.25-

5.27 show the percent composition of each pond of these four phytoplankton groups. 

Relative Abundance of Four Major Phytoplankton Groups in North Pond
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Figure 5.10- Relative abundance of four phytoplankton groups for five weeks of North 
pond samples. 
 

Diatoms were the most prolific phytoplankton group in all North samples, as seen 

in Figure 5.28. This is as expected, as diatoms are the most abundant phytoplankton 

group on the planet and often play a large role in an ecosystem at equilibrium (Round and 

others 2007).  

 Cyanobacteria play the smallest role in these samples (Figure 5.28). This does not 

mean, however, that they are a poor biological indicator in the North pond. A sudden 

influx of excess nutrients could change the composition of the pond, as cyanobacteria 

could out-compete other phytoplankton in this situation. 
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 Cryptophytes are the second most abundant phytoplankton group in the North 

pond. Interestingly, cryptophytes, though opportunistic like the cyanobacteria, perform 

very well in nutrient-poor environments (John and others 2002). Their large role in this 

pond suggests that nutrients are indeed below a threshold level, as discussed in the 

Regression Analysis section. 

Relative Abundance of Four Major Phytoplankton Groups in Mid Pond
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Figure 5.11- Relative abudance of four phytoplankton groups for five weeks of Mid pond 
samples. 
 
 Composition of the Mid pond is similar to that of the North pond (Figure 5.29). 

Diatoms played a large role, as before, but cryptophytes dominate during week 6. Week 6 

is noteworthy because diatoms are reduced to one-fifth of their previous percentage and 

cryptophytes account for nearly half the phytoplankton community. Cyanobacteria and 

chlorophytes also grew in population. This is evidence that an influx of excess nutrients 

occurred, providing non-diatom populations and opportunity to compete for these 
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resources and proliferate. Figure 5.29 show evidence that an event occurred, as diatoms 

are reduced and the other three groups have higher relative abundance than the previous 

week. 

Relative Abundance of Four Major Phytoplankton Groups in South Pond
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Figure 5.12- Relative abudance of four phytoplankton groups for five weeks of South 
pond samples. 
 
 Cryptophytes are much more prominent in the South pond with diatoms being the 

second most prominent (Figure 5.20). Week 7 showed the most dramatic growth of 

cryptophytes, one week after the growth of non-diatom groups of week 6 in the North and 

Mid ponds. Cell densities data for North and Mid ponds show a peak during week 5, with 

a peak in cell density in the South pond a week later. As the South pond is the last to 

receive storm water, this week’s delay is logical. The fact that these peaks occurred a 

week before the changes in phytoplankton composition for each pond shows that some 

event took place that allowed non-diatom populations to out-compete diatoms and 
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proliferate. Interestingly, a cold snap occurred during the collection of week 4. Cooler 

water formed at the top of the ponds may have moved towards the bottom of each pond, 

causing a stirring of water and perhaps disturbing sediments of the basin. This may have 

released limiting nutrients into the aquatic system, allowing for the growth of 

phytoplankton communities. 

Non-representative Samples 

 Cell density estimates were not representative of their respective ponds in this 

study. Samples were collected at only one spot at each pond. Distribution of 

cyanobacteria throughout each pond was not taken into consideration.  To better 

understand the distribution of cyanobacteria densities, the study needed to extend to the 

entirety of each pond. An increase in the number of collection sites, as well as samples, 

would also be beneficial during regression analysis.  One way to expand the study is to 

divide each pond into transects. Samples would then be collected from at least three 

randomly chosen transects for each pond each week. Randomization would allow for a 

better understanding of the entire pond’s cell density by combining data from 

cyanobacteria-poor and cyanobacteria-rich areas.  

 Resources limited the possibility of generating representative samples. Transect in 

central portions of the northern and middle zones were only accessible through the use of 

a boat, because of the size and depth of ponds. Cell counts can be quite time-consuming 

and an increase in the number of samples would also require more than one researcher in 

order to complete analyses in a reasonable time frame.  
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Difficulty in Species Identification 

 Expertise in cyanobacteria identification takes years to develop. However, an 

experienced researcher can still have trouble identifying cyanobacteria species. Individual 

species can take on various morphologies as a result of ecological conditions. 

Cyanobacteria cells are largely featureless, and they can be difficult to separate from 

similar species using light microscopy alone.  

 During the current study, there were two major instances of confusion during 

cyanobacteria species identification. One species, identified temporarily as Unknown (a) 

was determined to be Microcystis aeruginosa upon further investigation. Unknown (a) 

was more spherical and compact than other M. aeruginosa colonies. The colonies of 

Unknown (a), however, had the same characteristic mucilage, spherical cells, and 

refraction pattern as M. aeruginosa. A similar misunderstanding occurred between an 

unknown filamentous species and Synechococcus spp. Investigation into the nature of 

Synechococcus showed that many species divide and form chains that appear to be 

filamentous colonies. 

 Cyanobacteria phylogenies have been revised several times in the last century. 

Classification of cyanobacteria was based largely on morphology (Fogg and others 1973). 

Current phylogenic data are reliant on molecular components of individual species. An 

improvement to the methodology of this project would be to isolate cyanobacteria 

species, extract and amplify DNA, then send the data to a laboratory for species 

identification (Fogg et al. 1973). 
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Error in Cell Counts 

 Averaging methods used in this project’s cell counts expedited the process in 

comparison the Mosquiero study. However, the averaging techniques did introduce error 

into the calculations. Homogeneity throughout each well was assumed, but aggregation 

of cells in one location is possible, especially with mucilaginous species that attract other 

cells.  

 Rectangular shapes of colonies was also assumed, although Microcystis species 

form globular shapes. This approximation also ignored the three-dimensional shape of the 

colony. Confusion is mitigated somewhat by allowing sample to settle overnight, 

allowing gravity to flatten colonies. 

  Diminishing error in cell counts could be done by enumerating a larger number of 

samples while using the modified Utermöhl method. A microscope with higher resolution 

would also help to distinguish individual cells from their neighbor, eliminating the 

possibility of this error source.   

 MacIsaac (1993) presented an enumeration method using autofluoresence of 

cyanobacteria (MacIsaac and Stockner 1993). This method would require a fluorescence 

microscope that is capable of emitting in the range that would excite cyano-specific 

pigments. The benefit of this technique is that it would avoid confusion between 

cyanobacteria and other phytoplankton. Researchers would also be able to distinguish 

cyanobacteria covered by debris. This method was used briefly at the beginning of the 

project. However, more expertise was needed in order to successfully count 

cyanobacteria. Figures5.31-5.33 are photographs taken of sample from the second week 
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of collection using MacIsaac's autofluorescence technique. The photos were taken at 40X 

on a Leitz® Orthoplan fluorescence microscope with a Leica® rhodamine filter cube.  

 

 
Figure5.13- North pond sample from 1/24/2011 containing a typical suite of 
cyanobacteria species. A Microcystis aeruginosa (A) is seen in the center with worm-like 
Spirulina spp.(B) caught in its mucilage. Anabaena circinalis (C) is seen to the top right 
of M. aeruginosa. 
 

 
Figure5.14- This figure represents the diversity found commonly in the Mid pond. 
Merismopedia tenuissima (A), Synnechococcus spp. (B), Microcystis aeruginosa (C), and 
Spirulina spp. (D)  can all be seen. 

A

B 

C

A

D 

C 

B
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A 

Figure 5.15- This sparse view is typical of the South pond. A single Microcystis 
aeruginosa (A) colony is seen at the center. 
 
 The Centre for Cyanobacteria and Their Toxins (CTT) in The Czech Republic 

provides resources for enumeration techniques using flow cytometry (Šnábl 2008). 

Fluorescence of cyanobacteria is again utilized, in conjunction with forward and side 

light scatter. Such a methodology would reduce human error because a researcher would 

not have to actively decide whether or not to count a cell based on its morphology (Šnábl 

2008). 

 Figure 5.16 is a schematic view of possible processes for future projects using 

cyanobacteria as a biological indicator for the Celery Fields. The flow chart can be 

applied to a similar pond system, as the analyses indicated are universal.  
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Figure 5.16- Possible processes for future projects involving cyanobacteria as a biological indicator for the Celery Fields.  

 63



 

Chapter 6 
Conclusions 

 
 Results from this study did not conform to assumptions made at the beginning of 

the project. Expectations were that cyanobacteria densities and nutrient data would form 

a relationship, cyanobacteria densities would be lower the farther from the storm water 

source, and diversity of cyanobacteria species would increase as human influence became 

lower.  

Regression analysis data from this project provided evidence to confidently state 

that no relationship was found between ammonia, phosphate, nitrate and cell densities. 

This does not mean that these nutrients do not play a role in the Celery Fields system. A 

better understanding of biotransformation of nutrients in the ponds is needed to make a 

definitive conclusion. More data, from at least one year of sampling, must also be 

collected in order to understand the role of nutrients in this pond system. 

Cell densities data, found in Figures 5.1-5.3, did show that cell densities are 

significantly lower in the South pond, which is the pond furthest from the storm water 

source. North and Mid densities (Figure 5.1 and 5.2, respectively) were similar. Further 

study is needed to conclude why the North and Mid ponds often acted as a unit while the 

South pond had independent patterns in cell densities. Speculation refers to the similar 

depth and size of North and Mid ponds.  

Species diversity behaved opposite of what was expected. Eleven species were 

found in the North and Mid ponds while only nine were found in the South pond. 

However, densities of certain species may have been so low that they were not observed 

during identification of South pond samples. If the numbers do indeed represent the 
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ponds, then the increased diversity of the North and Mid ponds could be explained 

simply. Favorable conditions in terms of temperature, pH, salinity, etc. may have been 

better met by the North and Mid ponds, given their size. In this case, the pond with the 

least human influence may be the most extreme in physical-chemical parameters, making 

it an unfavorable habitat for a number of cyanobacteria species.  

The toxic nature of three genera does justify the suggestion for a cyanobacteria 

monitoring program for the Celery Fields. Further study, however, is needed before 

resources are dedicated to such a program.  

Indeed, a longer study is needed to provide any conclusive evidence. Studies 

lasting at least one hydrological cycle would establish baselines for cyanobacteria cell 

densities, nutrient concentrations, and relative abundance of phytoplankton groups. 

Surveys of resident organisms would also be beneficial in understanding the role of 

biotransformation in nutrient cycling.  

Results from the current study were similar to those found in the Ilha do 

Mosquiero study. Cell densities were higher in the least influenced areas for the 

Mosquiero study and higher in areas of greater influence in the current study. 

Relationships between physical-chemical parameters and cell densities were not found in 

either study. However, diversity in this study was higher in areas of higher human 

activity. 

The Celery Fields project did introduce elements that aided in conceptualizing 

changes in the cyanobacteria community. Pigment analysis, in particular, provided 

information that was valuable in determining the importance of cyanobacteria as a 

biological indicator. Though changes in relative abundance of cyanobacteria suggested a 
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nutrient-influx event, it appeared that cryptophytes responded more drastically to these 

changes. Cryptophytes, however, can be difficult to identify and may not be the best 

biological indicator for this reason.  

Overall, the project was successful in providing cyanobacteria densities and 

identifying toxic species. Improvements must be made in order for future results to 

provide concrete evidence regarding the relationship between human influence and 

cyanobacteria. 

 

 
 
 
 
 
 
 
 
 
 



Appendix 
Table 1- Raw numerical data used in cell density and regression analyses. 

Week Pond Ave_Den Ammonia Nitrate Phosphate pH Temp 
1 North 7235.33 0 0 1.45 8.38 16.39 
2 North 3872.37 0 0.37 0.75 8.15 15.39 
3 North 7400.60 0 0.80 0.52 8.12 17.39 
4 North 2995.60 0 0.38 0.59 7.65 21.17 
5 North 11342.00 0.22 0.15 0.17 8.17 15.39 
6 North 8895.60 0.05 0.39 0.18 8.11 16.78 
7 North 7564.00 0.11 0.11 0.06 8.23 23.17 
8 North 3282.00 0.09 1.07 0.35 8.10 20.00 
        
1 Mid 4492.33 0.11 0.069666667 1.3 8.37 16.55556
2 Mid 7390.13 0 0.817333333 1.3 8.38 15.11111
3 Mid 7175.15 0.003333333 0.335333333 0 8.58 17.55556
4 Mid 8212.80 0 0.166666667 0.40333333 8.21 20.88889
5 Mid 11343.73 0.16 0.005 0.35333333 8.32 15.05556
6 Mid 8759.20 0.02 0.811 0.28333333 8.36 16.44444
7 Mid 5155.47 0.04 0.878666667 0.21666667 8.44 22.55556
8 Mid 3818.67 0.03 0.881333333 0.30666667 8.24 19.55556
        
1 South 3385.973333 0.085 0.120333333 2.1 7.7 16.05556
2 South 5611.626667 0.003333333 0.404666667 1.47666667 8.17 14.55556
3 South 1709.006667 0 1.033666667 0.59333333 7.92 15.88889
4 South 3180.8 0.05 0.164 1.1 7.7 19.77778
5 South 2555.786667 0.963 0.963 0.82666667 7.71 10.88889
6 South 4607.733333 0.093333333 1.525 1.06666667 7.88 18.66667
7 South 2798.453333 0.033333333 1.516333333 1.71666667 7.98 19.55556
8 South 702.16 0.076666667 1.997 0.37333333 7.96 17 
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Table 2- Pigment concentrations found through ChemTax (continued on next page) 

Sample 
Date Sample chl c3 chlorophilide 

chl 
c1+c2 fuco 

9-cis-
neo viola diadino anther allo diato lutein zea 

1/31/2011  NO 28 SOUTH 0.40435 1.20344 0.00000 0.46016 0.04277 0.10769 0.39140 0.05372 0.33891 0.05552 0.19164 0.36560 

1/31/2011  NO 30 MID B 1.56826 14.39523 0.00000 7.49951 0.58519 0.68951 4.46036 0.00000 1.98883 0.65091 1.64283 2.29916 

1/31/2011  NO 31 MID A 1.83424 14.85175 0.00000 7.79981 0.61426 0.54234 4.43545 0.37039 1.95368 0.60058 1.77245 2.28536 

1/31/2011  NO 33 NORTH 1.39219 11.67541 0.04282 6.51383 0.47164 0.56273 3.94665 0.00000 2.01576 0.53994 1.12114 2.10591 

2/7/2011  NO 36 SOUTH 0.00000 6.04666 0.01408 1.14091 0.17863 0.14281 0.53836 0.00000 2.34220 0.11005 0.35239 0.35100 

2/7/2011  NO 39 MID 1.10910 10.75034 0.00000 5.78465 0.57577 0.67454 2.52215 0.28158 1.79559 0.28050 1.58827 2.01579 

2/7/2011  NO 42 NORTH A 2.20136 19.99215 0.00000 12.35205 0.84410 0.47099 4.92416 0.00000 3.20889 0.75354 1.13573 1.16170 

2/7/2011  NO 42 NORTH B 1.34131 15.39673 0.00000 9.91539 0.66500 0.47548 4.09181 0.00000 2.61847 0.71898 1.08977 1.58451 

2/14/2011  NO 45 SOUTH A 0.00000 0.85011 0.00000 0.28392 0.04108 0.06055 0.17896 0.00000 0.50221 0.03980 0.10906 0.11600 

2/14/2011  NO 45 SOUTH B 0.00000 0.81261 0.00000 0.26169 0.03049 0.02990 0.16267 0.01371 0.47966 0.04595 0.09598 0.09343 

2/14/2011  NO 48 MID 0.00000 6.57681 0.00000 2.72019 0.43438 0.43183 1.61606 0.17387 0.75250 0.23450 0.46590 0.00000 

2/14/2011  NO 51 NORTH 0.00000 17.28648 0.00000 10.22573 0.57025 0.08887 6.17295 0.29420 2.14046 0.85182 0.79454 0.00000 

2/21/2011  NO 54 SOUTH 0.00000 0.95286 0.00000 0.51856 0.09896 0.09254 0.26365 0.03283 0.21556 0.00000 0.12497 0.20775 

2/21/2011  NO 57 MID A 0.00000 5.07030 0.00000 2.26575 0.37161 0.23347 1.13714 0.13499 0.62016 0.09832 0.60131 0.59155 

2/21/2011  NO 57 MID B 1.73830 6.50325 0.00000 2.78667 0.42435 0.35494 1.84667 0.22696 1.75222 0.36715 1.12074 1.13933 

2/21/2011  NO 60 NORTH 2.37756 0.00000 0.00000 5.10099 0.09295 0.28754 2.12707 0.32578 1.38394 0.26910 0.84480 1.56673 

2/28/2011  NO 63 SOUTH 0.00000 1.08972 0.00000 0.21072 0.07580 0.04503 0.24436 0.00000 0.71219 0.05266 0.11728 0.14847 

2/28/2011  NO 66 MID 0.00000 4.77438 0.00000 1.98245 0.37870 0.23775 1.26297 0.26673 0.52890 0.20055 0.76418 1.21305 

2/28/2011  NO 69 NORTH A 2.11846 3.52550 0.00000 1.73766 0.31788 0.15522 1.03874 0.08785 0.25486 0.13719 0.35455 1.25356 

2/28/2011  NO 69 NORTH B 0.00000 2.85327 0.00000 1.86020 0.32722 0.12527 1.02765 0.06893 0.21639 0.13223 0.40768 1.36073 

3/7/2011  NO 72 SOUTH A1 0.00000 1.98143 0.00000 0.48351 0.12150 0.13977 0.40355 0.04909 1.46328 0.07597 0.35115 0.68817 

3/7/2011  NO 72 SOUTH B 0.00000 1.74553 0.00000 0.40325 0.10329 0.10635 0.33028 0.00000 1.20935 0.06135 0.28140 0.57951 

3/7/2011  NO 75 M 0.93777 5.93393 0.00000 2.68451 0.59061 0.62655 1.73436 0.26224 1.04731 0.26124 1.63267 1.99086 

3/7/2011  NO 78 N 0.75167 5.06864 0.00000 2.61097 0.46882 0.31692 2.58843 0.29900 0.67674 0.49137 0.79639 1.40086 
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Sample Date Sample chl b 
chl a 

@440nm 
monovinyl 

chl a 
divinyl 
chl a 

chl a 
epimer 

beta-
eta 

beta-
beta 

1/31/2011  NO 28 SOUTH 0.29809 2.18772 0.00000 0.00000 0.24872 0.02316 0.19900 

1/31/2011  NO 30 MID B 4.12278 26.79380 0.00000 0.00000 0.00000 0.00000 1.89237 

1/31/2011  NO 31 MID A 4.29568 24.81461 0.00000 0.00000 0.00000 0.00000 2.16171 

1/31/2011  NO 33 NORTH 2.78777 26.91623 0.00000 0.00000 0.00000 0.13780 1.70396 

2/7/2011  NO 36 SOUTH 0.91267 10.05230 10.77256 0.15764 0.00000 0.22912 0.41956 

2/7/2011  NO 39 MID 4.09414 28.84530 31.36213 -0.08758 0.00000 0.13004 1.87908 

2/7/2011  NO 42 NORTH A 6.78353 50.76780 57.22607 -0.91246 0.00000 0.29994 1.98773 

2/7/2011  NO 42 NORTH B 5.07818 42.35510 46.41940 -0.07901 0.00000 0.27304 1.92806 

2/14/2011  NO 45 SOUTH A 0.14312 1.28290 1.33342 -0.03247 0.00000 0.00000 0.00000 

2/14/2011  NO 45 SOUTH B 0.15397 1.04524 1.09225 -0.00602 0.05959 0.00000 0.00000 

2/14/2011  NO 48 MID 0.29113 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

2/14/2011  NO 51 NORTH 4.74973 29.34582 32.66418 -0.23782 0.62333 0.00000 0.06061 

2/21/2011  NO 54 SOUTH 0.08689 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

2/21/2011  NO 57 MID A 0.19421 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

2/21/2011  NO 57 MID B 1.15181 1.98025 2.04652 -0.04077 0.29531 0.00000 0.00000 

2/21/2011  NO 60 NORTH 0.65248 0.70206 0.00000 0.00000 0.00000 0.00000 0.00000 

2/28/2011  NO 63 SOUTH 0.25160 1.59754 1.64288 -0.07789 0.08896 0.00000 0.00000 

2/28/2011  NO 66 MID 0.35964 0.29420 0.00000 0.00000 0.00000 0.00000 0.00000 

2/28/2011  NO 69 NORTH A 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

2/28/2011  NO 69 NORTH B 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

3/7/2011 
NO 72 SOUTH 
A1 0.80530 6.99487 7.27835 0.25038 0.49428 0.09958 0.33006 

3/7/2011  NO 72 SOUTH B 0.64800 4.93398 5.04348 0.21035 0.40818 0.10684 0.28553 

3/7/2011  NO 75 M 4.21823 20.75995 21.92031 0.38126 2.26550 0.00000 1.66125 

3/7/2011  NO 78 N 3.67200 20.28596 22.38391 -0.16399 2.29863 0.00000 1.32426 
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Table 3- Relative abundance of phytoplankton groups found through ChemTax. 
Sample 

Date Sample Diatoms Cyanobacteria Chlorophytes Dinoflagellates Haptophytes_S Cryptophytes Prochlorophytes 

1/31/2011  NO 28 SOUTH 35.7331 12.29502501 16.4264905 0.08150566 0.15540655 35.1500821 0.158437807

1/31/2011  NO 30 MID B 55.8111 6.955588661 13.9241986 0.15810294 0.30410393 22.5257029 0.321201351

1/31/2011  NO 31 MID A 55.931 7.075954213 14.4424044 0.134232107 0.261941252 21.8624751 0.292039695

1/31/2011  NO 33 NORTH 56.0533 6.964853117 11.1824518 0.181732958 0.344645456 24.9401556 0.332855532

2/7/2011  NO 36 SOUTH 25.6077 2.842857297 9.32879755 0.074194222 0.134024905 59.3310254 2.681439788

2/7/2011  NO 39 MID 55.2842 6.377870855 14.0031052 0.226709471 0.427473052 23.6773824 0.00323831

2/7/2011 
NO 42 NORTH 
A 63.0883 2.502630151 9.18888366 0.223162411 0.42307958 24.5739019 0

2/7/2011 
NO 42 NORTH 
B 61.8457 3.800612122 9.29669541 0.227300069 0.430810663 24.2622352 0.136645681

2/14/2011 
NO 45 SOUTH 
A 9.44017 5.535716329 15.1303621 0 0 69.8937472 0

2/14/2011 
NO 45 SOUTH 
B 6.33425 4.997427579 13.1600886 0 0 75.5082354 0

2/14/2011  NO 51 NORTH 67.3863 0.238784515 8.94260892 0.157500634 0.308191573 22.9666572 0

2/21/2011  NO 57 MID B 10.6159 12.59019258 31.3419094 0 0 45.4519842 0

2/21/2011  NO 60 NORTH 39.0822 17.85203687 17.5130609 0 0 25.5526784 0

2/28/2011  NO 63 SOUTH 0.33753 5.628339257 15.0059776 0 0 79.0281497 0

2/28/2011  NO 66 MID 18.205 26.18333536 40.8898068 0 0 14.7218369 0

3/7/2011 
NO 72 SOUTH 
A1 21.8748 7.860187158 11.4206927 0.104284134 0.189844176 52.7995645 5.750652345

3/7/2011 
NO 72 SOUTH 
B 17.0624 8.668532328 12.018147 0.052955306 0.095637883 55.765161 6.337211601

3/7/2011  NO 75 M 47.72 8.033974617 18.6290582 0.259522309 0.486686223 21.5527874 3.317937795

3/7/2011  NO 78 N 57.1834 6.951946232 13.961007 0.326356503 0.61192018 20.9653321 0
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