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EXECUTIVE SUMMARY
This discussion centers on the issues of water quality in Florida’s lakes, waterways and coastal waters, as related
to algal and bacterial blooms. It is written in plain language, in question and answer format, using as few
technical terms as possible to help explain and clarify the various factors involved that lead to colored waters
and toxic outbreaks in Florida’s lakes, estuaries and coastal waters.
The discussion uses examples from the Treasure Coast (Palm Beach County, Martin County, St Lucie County,
Indian River County) but is broadly relevant to other coastal areas in Florida.
Blooms are very dense colonies of simple photosynthetic organisms that live in the sea or in freshwater and
rapidly increase in biomass at certain times, sometimes coloring the water distinctively. Water coloration is
discussed under three broad categories: red tide; brown water; blue-green bloom.
Red tide is a term that has been traditionally used to describe a bloom of algae that occurs in the marine
environment. The color can be red, brown, green, yellow or even colorless and, in Florida, microscopic marine
algae are the cause, notably the dinoflagellate Karenia.
The brown water (aka coffee water, cola water) in estuaries such as the St Lucie Estuary and Indian River
Lagoon are not due to blooms but are the result of flood control water from Lake Okeechobee being released to
the coast. The color is due to dissolved organic matter and/or suspended sediment, reflecting the composition
of the lake water. Brown water may indicate the imminent presence or proximity of toxic cyanobacteria.
The brilliant green or bluish scum-like materials that accumulates on freshwater or in estuarine waters invaded
by freshwater are blue-green blooms (caused by freshwater cyanobacteria, not algae), notably Microcystis,
which is highly toxic and can cause very rapid death in mammals by respiratory failure in a very few minutes.
The typical Florida red tide that plagues coastal water is caused by the microscopic dinoflagellate Karenia. This
is thin-walled and tends to break up in the surf zone, releasing toxins into the air, which cause respiratory
problems as well as other symptoms for people and animals on or near the beach. Marine life is drastically
affected by Karenia toxins, often leading to mass fish kills. Shellfish tainted by Karenia can cause neurotoxic
shellfish poisoning if consumed by humans.
Karenia is known to have been present in Florida waters for hundreds of years, and occurs commonly elsewhere
in the Gulf of Mexico from Alabama to Texas to Mexico.
Karenia blooms originate tens of miles offshore on the West Florida Platform, when the resting cyst stage of the
life cycle releases its cell contents and starts dividing into a swimming stage. The release of cell contents might
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be related to a change in the Loop Current in the Gulf of Mexico allowing warm water to penetrate the cooler
waters of the Florida Platform.
Emerging blooms of Karenia are probably sustained by nutrients such as phosphorus and nitrogen derived from
agricultural and urban run-off into the coastal waters. The red tides can last weeks or months or occasionally
more than a year. Forecasting red tides is becoming more reliable with a success rate of about 80%. Controlling
red tides is not yet possible, until natural termination processes are better understood. Red tides can be
distributed up and down the coastline of Florida by marine currents.
Microcystis blue-green blooms in Florida lakes and estuaries are caused by tiny, microscopic, photosynthetic
bacteria which form large colonies, sometimes tens of miles in size, and weighing up to hundreds of millions of
tons. They thrive in warm, nutrient-rich waters (notably phosphorus) such as occurs in Lake Okeechobee.
Although Microcystis is a freshwater organism and cannot survive in salt water, in recent years it has developed
large blooms in estuaries such as the St Lucie River and the Indian River Lagoon, due to release of brown
floodwaters from Lake Okeechobee to the coast. These freshwater releases contain Microcystis and mix with
and displace the naturally occurring brackish estuarine waters, and at the same time release potentially lethal
microtoxins into the water bodies.
Blooms in general are becoming more frequent and getting larger in Florida because of three factors: increased
nutrient pollution; increased temperatures; and an increasing population.

INTRODUCTION
The Treasure Coast intra-coastal waterways have been plagued in recent years with blue-green
bacterial blooms which have poisoned our lakes and estuaries and put our health and the lives of
our wildlife and pets at risk. On top of that, the Florida red tides, which are carried on the ocean
waters, have made our lives miserable: they compromise our breathing and drive us off the ocean
beach and littoral zone; they kill fish in massive amounts; they poison shellfish that we eat; they
bring us out in skin rashes and attendant eye problems; and they have a profoundly adverse effect
on the economy. Floridians are losing their jobs because of blue-green blooms and red tides –
not just on the Treasure Coast but elsewhere on the Atlantic side and also up and down the Gulf
Coast, the Panhandle, the Keys, and Florida Bay. The entire State of Florida is at risk. In his
recent (January 2019) inauguration speech, Florida Governor Ron DeSantis put it this way:
I will lead the efforts to save our waterways. We will fight toxic blue-green algae, we will fight
discharges from Lake Okeechobee, we will fight red tide, we will fight for our fishermen, we
will fight for our beaches, we will fight to restore our Everglades and we will never ever quit,
we won’t be cowed and we won’t let the foot draggers stand in our way. We resolve to leave
Florida to God better than we found it …

Therefore, at this time, it is important to understand as never before who the enemies are, why
they are our enemies, and why we have reached a crisis point in the battle. I will concentrate on
the Treasure Coast to exemplify the problems, but this is easier said than done. There are two
distinctly different problems - our so-called enemies - that Floridians are dealing with as
suggested in the title of this piece (Dinoflagellates and Cyanobacteria). I have been asked by
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friends and neighbors many questions about this because of my research interests, which are to
do with microscopic fossils. Because of my interest in tiny fossils I have needed to understand
the biology and life cycle of comparable living organisms, which gives me an advantage in
understanding what’s going on because some of the comparable living organisms thrive right
here in Florida. I must add that I am an earth scientist, not a life scientist, and do not have expert
training in biology, but will do my best to summarize what I know and understand from the
diverse and abundant scientific literature that I have read. However, I will not discuss the
various political, legal, economic, water management, and ethical aspects related to these toxic
blooms. These matters are important, but without a clear understanding of what causes the
blooms and their similarities and differences, little can be gained in attempting to cope with the
ramifications.
So, let’s get started. I have arranged the questions that I am often asked (or that crop up in social
media) in a sequence, to build a picture and a story of microscopic life to help understand the
complex problem we are facing in Florida in dealing with algal blooms. The questions are
grouped into three major topics:
• Algal Blooms in General
• Florida Red Tides
• Blue-Green Cyanobacterial Blooms

PART 1. ALGAL BLOOMS IN GENERAL
What is an algal bloom?
Algal blooms are very dense colonies of simple photosynthetic organisms that rapidly increase in
biomass, and live in the sea or in freshwater. Photosynthetic organisms have certain pigments,
such as chlorophyll, that can capture the energy from sunlight to manufacture molecules they
need. At certain times under certain conditions these organisms can grow apparently out of
control, and some can produce toxic materials which are harmful to people, pets, fish, shellfish,
marine mammals, reptiles, and birds.
So, is a red tide different?
No, a red tide is a term that has been traditionally used to describe a bloom of algae that occurs
in the marine environment. Actually, red tides have little to do with the tide and, although they
can be red, they can also be brown, green, yellow or some mixture, and even uncolored. The
colors are the result of the photosynthetic pigments contained in the algal cells. At background
levels these pigments are not visible to the unaided eye. At higher concentrations, they become
visible in a variety of colors. The other term used commonly for these accumulations of toxic
algae is HAB – Harmful Algal Bloom. Illustrated below are two photos showing a scarletorange red tide and a greenish-yellow red tide.
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How about the brown water (aka “coffee water”, “cola water”) that fills the St Lucie
Estuary and the Indian River Lagoon from time to time. Is that red tide?
No, the brown color is not due to algae or bacteria, but rather reflects the composition of waters
from Lake Okeechobee which from time to time are released by water managers as a flood
control measure and diverted down canals to the coast. These waters contain compounds such as
humates and tannins which provide the brown color and which are generated naturally in the
land surrounding Lake Okeechobee or in the flood plains of rivers such as the Kissimmee River
that feeds Lake Okeechobee, in addition to suspended sediment.
The color of brown water varies from yellow to dark brown-black depending on the depth of the
water, and may be accompanied by foam as seen in this photo from Indian River Lagoon near
Jensen Beach SunDance Marina taken October 2017.
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The following aerial photograph (provided by Jacqui Thurlow-Lippisch, taken in June 2018)
shows a dark grey, almost black, plume of discharge water after it had exited the St Lucie Inlet
and was working its way south along Jupiter Island. A thin line of foam marks the contact
between the very low salinity discharge waters (brown black) and the normally saline Atlantic
coastal waters (turquoise blue). The brown water may be a harbinger of toxic bacteria as
discussed later.
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What about the brilliant green stuff that floats on lakes and estuarine water, such as Lake
Okeechobee, the St Lucie Estuary, and the Indian River Lagoon?
Well, that really is an algal bloom, more specifically called a blue-green algal bloom. Again, the
term is a bit of a misnomer because the microscopic organisms are not algae at all but are
bacteria – photosynthetic bacteria. Since they are not algae, many scientists prefer to use the
technical term “cyanobacteria” for the blue-greens. Rather confusingly, blue-green blooms often
show up with a very bright green color, not necessarily blue. The photo below is an example.

How do photosynthetic bacteria differ from algae?
They are both small, single-celled, and only visible under a microscope, but that’s where the
resemblance ends. Bacteria are cells in which the genetic material is distributed throughout the
cell. Algae have the genetic material clustered in a special body called the nucleus as well as in
some other special places.
Does the possession of a nucleus make a difference?
Yes, it does. All animals and plants have a nucleus as a basic cellular plan. Only bacteria and
allied organisms don’t possess a nucleus. Algae do have a nucleus and have a life cycle which
includes sexual reproduction, whereas bacteria can only grow by simply splitting in half without
“mixing and matching” the DNA. This makes a huge difference as to how they develop, adapt,
and evolve.
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PART 2. FLORIDA RED TIDE
OK, so we have in Florida two types of blooms: blue-green cyanobacterial blooms that
occur in freshwater, and red tides that are concentrations of marine algae in the coastal
areas. Are there any more details known about them?
Yes, lots. Let’s start with red tides. Typically, these are caused by a particular type of marine
alga called a dinoflagellate. Dinoflagellates are minute floating organisms equipped with two
flagellae, which allow them to swim in the water following a corkscrew trajectory (hence the
name: dinoflagellate means “whirling whip” in Greek).
Some have a thick coat of plates and are known as armored dinoflagellates. Others only have a
thinner rather delicate coat and are called unarmored dinoflagellates, but there are gradations
between very thick and very thin. In Florida, the particular dinoflagellate that causes Florida red
tide has the scientific name Karenia and is one of the thin-walled unarmored dinoflagellates, an
important point. Here is a photograph of Karenia taken with an electron microscope. The
organism is less than one tenth of a millimeter in diameter – that’s about three thousandths of an
inch.

So Karenia is an unarmored dinoflagellate. Why is this important?
Well, when Karenia red tide blooms move into coastal areas, the unarmored cells can get broken
up in the surf zone and mixed with salt spray. The toxic substances (brevitoxins) released from
the dinoflagellate cells enter the atmosphere as aerosols which can then be breathed in by people
and animals on or near the beach, particularly if there is an onshore breeze.
What are the symptoms of Karenia red tide poisoning for beach users?
They vary. Some people are very sensitive, other less so. Typically, it starts with a tickle at the
back of the throat, which can escalate into uncontrollable coughing and gagging. This is very
serious for people who have a pre-existing condition such as asthma, bronchitis, COPD and other
respiratory disorders. Other people complain of stinging eyes, tearing, and skin rashes. Dog
walkers report that their animals have sneezing fits and other breathing problems, which might
make walking on the beach impossible.
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Are other animals affected by Karenia red tide poisoning?
Yes. Fish can be killed in large numbers, partly because of the powerful toxins they ingest, and
partly because their gills become clogged. Marine mammals such as manatees and dolphins are
also at risk, as well as turtles. Mass fish kills can wash up on Florida beaches and make the
littoral zone (that is the nearshore coastal water, the beach, the back beach and dunes and so on)
quite inaccessible until the rotting carcasses - large and small as shown below - are removed by
local authorities.
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Are shellfish such as oysters and clams affected by Karenia?
Yes and no! Oysters and clams can accumulate Karenia toxins in their flesh, without adverse
effects to the shellfish themselves. The taste, color and smell of their flesh is not changed. But
human consumption of Karenia-tainted shellfish (raw or cooked) can lead to a very serious
condition known as neurotoxic shellfish poisoning (NSP). The Florida Fish and Wildlife
Commission (FWC) sums up the symptoms of NSP as follows: abdominal pain; nausea;
vomiting; diarrhea; reversal of hot/cold sensations; progressive sensations of tingling, pricking,
or burning; lack of muscle control during voluntary movements; muscle pain; headache; and
vertigo. In severe cases, an abnormally slowed heart rate may occur. The duration of NSP, which
varies from person to person, typically lasts 3 days.
For these reasons, shellfish harvesting is regulated. During blooms of Karenia, harvesting of
shellfish is completely banned. FWC advises that, during a red tide, finfish are safe to eat as long
as they are caught alive and only the muscle is eaten. The muscle of crustaceans, including crab,
shrimp, and lobster, is also not affected by red tide toxins and can be eaten, according to FWC.
However, recent studies by Florida scientists have shown that Karenia red tide does adversely
affect Florida stone crabs, decreases their survivorship, and calls into question the sustainability
of the crab fishery if red tides become more frequent.
Where does Karenia come from?
Well, Karenia has been around a long time in Florida. The first accurate records of Karenia red
tides date back to the mid-19th century. However, mass fish kills around Florida have been
reported by mariners for hundreds of years suggesting the presence of red tides. Early explorers
in the 1500s reported mass fish kills, but it is not clear that these were all due to Karenia. Other
things can also cause massive fish mortality. Karenia is part of a large group of algae called
dinoflagellates which have an excellent fossil record and extend back in time hundreds of
millions of years.
Does Karenia live anywhere else outside Florida?
Yes, it commonly occurs in the Gulf of Mexico, so can affect the coastline stretching from
Alabama to Texas and adjacent coastal areas in Mexico. The Gulf species is called Karenia
brevis. Other species of Karenia occur in other parts of the world, in marine waters. Karenia is
named for Dr. Karen Steidinger (see photograph), a world-renowned expert on toxic
dinoflagellates, a graduate of the University of South Florida and currently attached to the
Florida Fish and Wildlife Conservation Commission (FWC for short).
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How does Karenia reproduce and form the billions of cells present in red tide water?
This needs a little more explanation. The first thing to know is that dinoflagellates in general
have two stages in their life cycle. The swimming stage (aka motile stage) is the more familiar
part of the life cycle and is abundantly present in red tides. The swimmers can reproduce by
splitting in two under certain conditions. For reasons not fully understood, at certain times the
swimmers start sexual reproduction, conjugate in pairs, shrink, discard their flagellae and
probably secrete a very tough and resistant wall. Without their flagellae they cannot maintain
their position in the water column and they sink to the sea floor and become incorporated as
resting cysts in the bottom sediments. The cyst stage (aka resting stage) is known to be viable
for many years. At certain times (again not yet fully understood) the cyst stage releases its cell
contents which transform into swimmers, starting the whole life cycle again.
If Karenia is a species in the Gulf of Mexico, why does it occur on the Atlantic side of
Florida?
This is a great question, but it needs a little more background to answer. Karenia blooms
commonly originate some tens of miles offshore in nutrient-poor water and then drift in nearer
the coast driven by wind and water currents. The west coast of Florida is different compared to
the east coast because it has a very wide platform submerged beneath the sea. As the Wikipedia
map shows, the submerged platform approximates the size of the emergent portion of Florida.
The Florida platform is covered by the sea up to about 300ft deep and is terminated along its
western edge by a very steep escarpment, where the ocean floor plunges down more than 10,000
feet into the Gulf of Mexico.
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Within the Gulf of Mexico, the ocean waters circulate clockwise in a major stream of water
known as the Loop Current. Warm water enters the Gulf of Mexico as the Yucatan Current
between the west end of Cuba and the Yucatan Peninsula (Mexico). It then circles the Gulf and
emerges out between the southern tip of Florida and Cuba (the Straits of Florida). The map
below, provided by the Rosenthal School of Marine Sciences, shows how very complex the Loop
Current is. Not all aspects of the Loop Current are fully understood, but one important point is
that the Florida Escarpment helps to keep the warm water in the Loop Current from easily
penetrating onto to the shallow and somewhat cooler water over the Florida Platform, but
sometimes the Loop Current does invade the shallower platform water.

OK, that’s all very interesting, but what about the Karenia red tide? Is that in the Loop
Current?
No, it’s not, or not right away. As far as can be ascertained, Karenia cysts accumulate in the
bottom muds on the seafloor of the Florida Platform. They remain dormant for months or years
until something happens to “wake them up”. These things include changes in water temperature,
salinity, availability of nutrients (e.g. phosphorus and nitrogen) and other biological factors.
From time to time the Loop Current is energized and can penetrate on to the Florida Platform,
bringing changes in temperature, salinity, and water chemistry. This is one possible reason the
Karenia cysts “wake up” and start dividing to form the beginnings of red tides which are so
common along Florida’s west coast.
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Recent studies using numerical modelling have suggested that Karenia cells occurring in the
southern Gulf of Mexico tend to bloom in coastal areas, but when they originate further north
nearer Texas and Louisiana they do not bloom. How this distribution relates to the Loop Current
is not yet clear.
But you still haven’t explained why the red tides are also on Florida’s east coast. How does
this happen?
Well, the Loop Current exits the Gulf of Mexico around the southern tip of Florida and becomes
part of the better-known Gulf Stream, which flows north along the Atlantic coast and then
eastwards across the Atlantic Ocean. Once a red tide is active, it can be driven by wind and
water currents, particularly the Loop Current, from the Gulf side of Florida into the waters of the
Atlantic. The Loop Current typically flows at about 3 or 4 miles per hour, is thousands of feet
deep and up to more than a hundred miles wide (it is equivalent in flow rate to more than two
thousand Mississippi Rivers combined). It moves enormous volumes of water, typically several
billion gallons per second. Here is a map from Texas Pelagics showing how the Loop Current
(the red and yellow line) in the Gulf of Mexico exits around the southern end of Florida and
becomes part of the Gulf Stream. It also shows the complex circular eddy systems that spin off
the Loop Current in the Gulf of Mexico.

Why are red tides becoming more frequent on the Atlantic Coast of Florida?
Don’t know. It is easy to implicate climate change, global warming, and so on. However,
experts have reviewed the possibility and concluded that right now there is simply just not
enough known about the complexities involved to come to a firm conclusion with our present
knowledge of climate science. However, the majority of scientists do agree that the enormous
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quantities of nutrients (phosphorus and nitrogen) from agricultural and industrial run-off into
coastal waters are helping to sustain harmful algal blooms in general. Nutrient pollution is
becoming a hot topic.
Do red tides occur in the Indian River Lagoon or St Lucie Estuary?
Well, Karenia is very sensitive to salinity and only thrives in normal salinity seawater, so it does
not penetrate into the brackish estuarine waters of IRL or SLE. However, another dinoflagellate
is adapted to lower salinities called Pyrodinium. It does bloom in IRL and is responsible for the
pretty displays of bioluminescence visible at night. Unfortunately, Pyrodinium is also
responsible for another type of paralytic shellfish poisoning, so is closely monitored for potential
public health issues. It is about the same size as Karenia but forms long chains. Pyrodinium has
an excellent fossil record and is known to have been present in the Gulf of Mexico and elsewhere
for tens of millions of years.
How long do red tides last?
It’s difficult to generalize. They typically might last a few weeks to a few months, but some red
tides have been known to go on for much more than a year.
Does pollution cause red tides?
No. Karenia red tides originate in nutrient-poor waters in offshore regions far from land where
the resting cysts form “seed beds” which give rise to the Karenia “swimmers”, as explained
earlier. However, once the swimmers become incorporated in the water column, they are subject
to marine currents and wind-driven currents that might take them closer to shore. Pollutants
from agricultural run-off or urban discharge of sewage into coastal waters may increase the
availability of nutrients such as phosphorus and nitrogen which might benefit the Karenia
blooms.
Why do they keep saying that Florida red tides are “natural”? They don’t seem to be very
natural, closing down beaches and killing marine life.
You are correct that they have a huge negative impact on Florida’s economy, but remember
Karenia was here first! Karenia doesn’t have a grudge against humans. Karenia is exquisitely
fine-tuned for the life it leads, but its metabolic products are incompatible with mammals, fish
and reptiles, all of which are also exploiting the environment to the best of their ability. And
remember that dinoflagellates are primary producers that provide food for other animals higher
up the food chain, so their presence in marine waters is not all bad news.
How long has Karenia existed prior to human contact?
Don’t know, because Karenia is very fragile and does not fossilize. What we do know is that
related dinoflagellates originated at least 200 million years ago and probably much further back
in time. These fossil dinoflagellates bear an uncanny resemblance to living ones, sharing the
same basic structure as Karenia. They occur in huge numbers in ancient marine sediments,
suggesting that many of them always had a propensity to form algal blooms and red tides.
What can be done to stop red tides?
Well, really not much at the present time. Early attempts in the mid 20th century to kill off
Karenia red tides with copper compounds led to unintended massive kills of other marine life.
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So, emphasis shifted to trying to understand what makes Karenia “tick”. It is now becoming
clear that a whole host of things contribute to red tide development such as water currents,
seawater temperature, salinity, nutrients in the seawater, the presence of other competing
organisms and so on. Understanding these things has allowed a collaboration between the
University of South Florida and the Florida Wildlife Commission to develop a forecast model for
red tide outbreaks in Florida. It is still in its early stages but in recent years has forecast correctly
about 80 percent of the time. But when it is wrong, the model can be spectacularly wrong, so
there are still areas of Karenia’s biology that need to be worked out. Here below is a recent
example of the USF-FWC forecast.

Is anyone monitoring red tides on a regular basis?
Yes. Starting in the late 1990s, collaboration between the State of Florida, NOAA, EPA, FWC,
USF and other university researchers led to a program which now publishes weekly reports on
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concentrations of Karenia in Florida’s coastal waters. Here below is a map showing Karenia
distribution in Florida in early- to mid-November 2018.

Is there anything on the horizon that might improve our understanding of Karenia and red
tides?
Yes, there’s lots going on. In particular, there has been a breakthrough in understanding the DNA
of Karenia using new techniques such as molecular genetics. It’s early days yet, but such
innovative techniques might eventually plug the gaps in our knowledge of how Karenia germinates
and grows into a bloom and maintains itself. It is known that eventually red tides terminate and
disappear of their own accord, but it is not fully understood why. Once termination processes are
understood, intervention to stop a red tide might be possible.
Another area of innovation involves oceanography and a better understanding of ocean water
circulation, particularly the Loop Current in the Gulf of Mexico. The United States Academy of
Sciences recently called for a $100 million research program on the Loop Current because it
impacts so profoundly the climate, the Gulf of Mexico fisheries, the environment and the economy
in general, as well as its interaction with Karenia blooms.
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PART 3. BLUE-GREEN CYANOBACTERIAL BLOOMS.
So, red tides are really bad news for humans and wildlife. What about the blue-green
blooms and their toxicity?
Blue-green cyanobacterial blooms also produce neurotoxins like red tides, but these toxins are
different and some of these can be highly dangerous and even lethal. For example, Very Fast
Death Factor (VFDF, also called anatoxin-a) from blue-greens leads in mammals to loss of
muscle coordination, tremors, convulsions, paralysis, respiratory distress, and death from
respiratory failure in 2-7 minutes. Another blue-green toxin (lyngbyatoxin-a) is a potent skin
irritant causing “seaweed dermatitis” (rashes and blistered skin) and additionally, if consumed,
causes severe gastrointestinal damage and promotes tumors. Still other blue-green toxins
(saxitoxin) contaminate shellfish which, if consumed causes paralytic shellfish poisoning with
symptoms such as tingling, vomiting, diarrhea, cramps, headache, muscle weakness, memory
loss, seizures, difficulty breathing, coma and death. Microcystin poisoning can cause breathing
problems, stomach upset, skin reactions, and even liver damage.
Where do blue-green cyanobacterial blooms occur?
Well there are hundreds – perhaps thousands - of species of blue-green bacteria living in all sorts
of different environments, but there are only a few that concern us in south Florida. The major
culprit for blue-green blooms in the lakes and estuaries of south Florida is Microcystis, but there
are others.
Tell us about Microcystis. Where does it occur and why does it thrive?
In recent years, very large blooms of Microcystis have been observed in Lake Okeechobee. For
the past several years, these blooms have been photographed from satellites orbiting a few
hundred miles above the Earth. Here is a NASA satellite image of the Microcystis bloom that
occurred in the summer of 2016 near Port Mayaca, Martin County, when it occupied most of the
lake (Lake Okeechobee is about 30 miles in diameter).
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A photograph from a light plane flying about a thousand feet above Lake Okeechobee in July
2017 shows the complicated structure of a Microcystis bloom as it is modified by surface winds
(photo courtesy of Jacqui Thurlow-Lippisch). The large colonies of Microcystis are strung-out
into windrows almost at right angles to the waves. Color has been enhanced to show details.

Near the shoreline, accumulations of Microcystis take on the typical bright green color, such as
seen at Sewall’s Point in 2016.
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So Microcystis forms huge colonies visible from space. What does it look like under the
microscope?
Well, it’s very tiny, and spherical to ovoidal in shape. It’s less than one tenth the size of Karenia
(the red tide dinoflagellate). Typically, it is 2-5 micrometers in diameter (that is about a ten
thousandth of an inch). Under the microscope it has a greenish color, but often appears black or
brown due to embedded gas vesicles which refract the light causing the appearance of dark spots
(see the two photographs, below, each showing hundreds of cells of Microcystis, with and
without gas vesicles).

What are the gas vesicles for?
These are used to regulate the buoyancy of Microcystis cells. Unlike Karenia (the red tide
dinoflagellate), Microcystis does not have flagellae so cannot move by swimming. Rather, the
gas vesicles are inflated to allow the cell to float up in the water column, or are deflated to allow
sinking. In this way using these buoyancy controls, the cells can seek out the optimum
conditions – near surface for sunlight; other depths to gain access to phosphorus and/or nitrogen.
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The above is a photograph of a colony of Microcystis with many gas vesicles causing the cells to
look dark brown.
Why does Microcystis bloom in Lake Okeechobee?
This is a question that has occupied many scientists for many decades. In a nutshell, there is
general consensus now that Lake Okeechobee has been acting as a reservoir to collect nutrients
such as phosphorus and nitrogen entering the Lake watershed from agricultural run-off and to a
much lesser extent domestic runoff (sewage, leaky septic tanks). Microcystis thrives in waters
very rich in phosphorus, at concentrations that tend to discourage or kill off other algae.
The waters of Lake Okeechobee have been steadily increasing in phosphorus content for
decades. In addition, the lake bottom sediments are accumulating nutrients, which from time to
time are released into the water column when agitated by strong winds. For example, in
September 2017 the eye of Hurricane Irma tracked very close to Lake Okeechobee and stirred up
the lake bottom sediments (the lake has a maximum depth of about 9 feet). This was considered
to be a crucial factor in releasing more phosphorus to the lake waters which led to the major
Microcystis bloom in the summer of 2018.
Is temperature important for Microcystis bloom formation?
Yes, Microcystis thrives in warm water, and grows optimally at temperatures between about
85ºF and the low 90ºs. That is why blooms typically form during the early summer in Lake
Okeechobee and persist into the fall. Lower temperatures curtail Microcystis blooms. Water
temperatures in Lake Okeechobee typically range from the 60ºs in the winter to the mid-80ºs in
the summer.
So, if Microcystis is a bug that likes fresh water rich in nutrients, why does it occur in the
St Lucie River and its estuaries which are salty or brackish to taste?
This is because the St Lucie River and its estuaries are used for flood discharges from Lake
Okeechobee. The U.S. Army Corps of Engineers has responsibility to control the lake level.
When it gets to a critical level, they open the flood gates at Port Mayaca and elsewhere, and
water is discharged down the C-44 canal, adjacent to the Kanner Highway, which links to the St
Lucie River (similarly, the Caloosahatchee River is used to take flood discharges westwards to
the Florida Gulf Coast). High lake levels typically occur during the rainy season (mid-May
onwards) which happens to be the time when blue-green blooms are forming as temperatures
increase. The flood waters (colored brown as discussed earlier) enter the St Lucie River highly
contaminated with Microcystis.
So, what happens when the brown flood waters from Lake Okeechobee enter the St Lucie?
The flood waters from Lake Okeechobee typically are released in such huge volumes that they
completely replace or are mixed with the naturally occurring river and estuary waters, and in
effect become an extension of Lake Okeechobee. Microcystis continues to thrive, while the
naturally occurring river and brackish estuarine flora and fauna of the St Lucie and the Indian
River Lagoon are severely compromised or killed off completely, such as turtle grass, oysters,
fish, manatees, dolphins, and so on.
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What about when Microcystis contacts salt water?
Yes, this is a serious point. Microcystis is a freshwater organism, and cannot live in saltwater.
Recent experiments by scientists at the U.S. Geological Survey have shown that when
Microcystis comes in contact with brackish water (about half as salty as seawater), the cell walls
break down rapidly and release the toxin, microcystin. This could trigger a catastrophic release
of toxins, which would be extremely harmful or instantly lethal to any animals coming in direct
contact with the contaminated waters. Water managers need to know more about this aspect of
flood control of Lake Okeechobee before making decisions on release of water from the lake.
Can Microcystis adapt to salty water?
Well, conventional wisdom says not. But it is entirely possible that freshwater colonies of
Microcystis could be carried by water currents into salty water before they died, in much the
same way that coconuts, mangrove debris, oranges, palm fronds and so on are washed up
routinely on Martin County beaches from their inland “home” near the St Lucie River or the
Indian River Lagoon. Blue-green cyanobacterial blooms are truly gigantic, and elsewhere have
been estimated to contain hundreds of millions of tons of Microcystis in a single bloom.
Why are blooms getting worse?
This is the $64,000 question, but there is no simple answer. I will stick my neck out and give
you my take on it. First, we are all now much more aware than previously about red tides and
blue-green blooms. Government organizations at all levels and universities are keeping the
general public better informed about bloom occurrences, their potential hazards, forecasts of red
tides, and being pro-active in getting the public to report such occurrences. Social media and
specialized blogs are now very active in documenting and warning everyone about blooms, their
geographic spread, and their toxic effects, which all help to keep the public better-informed.
Secondly and most importantly, blooms really are getting more frequent and larger. It’s not just
the perception of a better-informed public, it’s for real. Florida red tides in the early 2000s were
found to be 13-18 times more frequent than 50 years prior, and the blooms persist longer each
year. So why? In brief, it is nutrient pollution of our waterways and coastal waters, largely the
result of increasingly intensive agricultural run-off as well as release of domestic untreated
sewage and a variety of industrial pollutants dumped into rivers that are to blame. In the last
fifty years, the population of Florida has increased about fourfold, largely concentrated on the
urbanized coastal areas. In contrast, much of the interior wetlands and flood plains continue to
be used intensively for agriculture, with nutrient run-off pumped back to lakes and released to
coastal waters. The NASA satellite image of Florida at night, reproduced below, shows
dramatically the dense coastal urban growth in central and south Florida outlined as nighttime
lighting along the Gulf of Mexico and the Atlantic Ocean respectively, enclosing the sparsely
populated interior wetlands and agricultural areas, and flanked to the north by the populous I-4
Corridor.
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Thirdly, Florida is getting warmer. This is an indisputable fact. In the last half century, Stuart
FL is now recording more than double the days (81) annually with daytime temperatures greater
than 90ºF compared with 37 days in1960. The inland towns of Belle Glade and Okeechobee are
level pegging together at 129 days each with daytime temperatures greater than 90ºF compared
with 104 days in 1960 (24% increase). Shallow water bodies such as Lake Okeechobee are
soaking up the extra heat and getting warmer with temperatures conducive to blue-green
cyanobacterial growth, aided and abetted by nutrient pollution.
Karenia red tides are more of a problem to understand. The temperatures of the marine waters of
the Gulf of Mexico have been more or less steady for many decades, being dominated by warm
tropical waters injected into the Gulf by the Yucatan and Loop Currents, so recent warming is
not directly implicated. However, the vagaries of the Loop Current are not fully understood, but
it is clear that when the warm waters of the Loop Current intrude on to the shallow West Florida
platform there is an increased likelihood of red tide outbreaks. This changing circulation pattern
may be influenced by changing climate conditions. Once a red tide is triggered, it is often
sustained by additional nutrients from run-off, urban pollution, river discharges, and coastal
longshore winds spreading the bloom further. The “Green Revolution” starting in the 1970s
generated a global demand for more agricultural fertilizers rich in phosphorus and nitrogen.
Since then, world production of phosphorus has doubled, and much of this production ends up as
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run-off into rivers, lakes, estuaries and oceans. Harmful algal blooms are becoming a problem
globally because of nutrient pollution, not just in Florida alone.
Well, that’s what I think. What do you think?
The photograph below was taken by me in November 2009, showing the St Lucie Inlet and
Indian River Lagoon, looking north from Jupiter Island to Hutchinson Island and Sewall’s Point
with the City of Stuart in the background – a reminder of how blue our coastal waters used to be,
not so many years ago. Thank you, Frank Tidikis, for flying the plane.
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