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Harmful Algal Blooms occur world-wide, but nowhere else on earth
are they as frequent or as long lasting as along Florida’s west coast.

Some coastal water blooms of the toxic dinoflagellate Karenia brevis
have lasted up to 18 months.
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IMPACTS TO AQUATIC ANIMALS
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Times photos — FRSER HAI
Veterinarian P.K. Robbins listens to the manatee's heartbeat while technician Judy Kelly scrubs the back of a
flipper. The manatee, from Englewood, is the third brought to Tampa in the past two weeks from that area




IMPACTS TO HUMANS

TOXIC SHELLFISH

ECONOMY
RECREATIONAL ACTIVITIES



Economic Impact
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In the 1970s, two red tide outbreaks caused by the toxic
dinoflagellate Karenia brevis affected several west coast
counties for 3 to 5 months and caused an estimated 15- to
20-million-dollar impact to those counties. A recent WHOI
report estimates that Harmful Algal Blooms in the US
(1987-1992) cost an average of 49 million dollars at year
2000 value.



+Fish kills documented starting 1844

+ Shellfish poisonings first reported in 1880

+ Respiratory irritation first reported in 1916

+ Occur almost every year along the west coast
« Can cover >10,000 square miles of Gulf

+ Typically last 3-5 months, but records up to 18
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Florida West Coast Red Tide Data: Number of Red Tide Months per year.
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Red Tide Data Frequency

N
o

By Month
1878 - 2003
70
60
> 50
o 40
-
o 30
Qo
'

-
(=)

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

56% of Florida West Coast Red Tide Blooms occur between
September and December. 37% of blooms are first detected in
September; 18% are first detected in October.



159 Years of Documented Red Tide
Off Florida's West Coast
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* Suspected continuance of red tide was not confirmed by water sampling.
Note: Apparent increase in red tide beginning in 1976 reflects an increase in water sampling and recording.
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OFFSHORE VOLUNTEER SAMPLING PROGRAM
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REDTIDE COUNTS FROM SAMPLES COLLECTED BY
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PRESENT <101
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VERY LOW B <10,000

LOwW <100,000

MEDIUM <1,000,000

HIGH 1,000,000+
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An inverted light microscope Florida’s red tide
dinoflagellate
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Florida Marine Research Institute
(FMRI, NMFS/NOAA, Mote, USF, others)
Historical Red Tide Database

Data Record Year -

o 1957 - 1961

e« 1962 - 1965
» 1966 - 1969
1970 - 1974
1975 - 1978
1979 - 1982
» 1983 - 1987
1988 - 1991
1992 - 1995
1986 - 2000




Tides in Fiori

Version 2.0 (1 954-2092)




Cruise Years

1954-1961 — US Fish and Wildlife Service

1963-1965 — Florida State Board of Conservation
1966-1969 — Florida State Board of Conservation
1973-1975 — Florida Department of Natural Resources
1975-1980 — NASA — FDNR/Mote Marine Lab
1979-1982 - Florida Department of Natural Resources
1987-1989 - Florida Department of Natural Resources
1997-2002 — ECOHAB:Florida (NOAA/EPA)
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BIOTOXIN CONTROL PLAN

% Mouse Bioassay only approved FDA
method

% Mouse Bioassay takes 2 days to complete
% Seeking more rapid chemical method

%% Participated in interlaboratory comparison test
conducted by FDA
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ELISA brevetoxin test

End product

* rapid

*field

*replace mouse bioassay
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% Red Tide Counts and Areas

%% Shellfish Harvesting Area Closures
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%% New program to determine toxin level and
compare that to cell count level in water

#% Toxin level in exposed marine mammals,
birds, shellfish

% Multiple methods



K.brevis BLOOM PREDICTION
and RESEARCH



<+ Where do they start
+ How do they move and where
< Are there phases to bloom development
<« What conditions precede blooms
<« How can we predict them
« Can we reduce the risks associated with red tides



Approach

GULF FLORIDA
MEXICO ® Tampa

Tampa Bay _.»

Latitude (N)

Sarasota
Transect

ECOHAB:Florida Ft. Myers
Control Volume Transect

| | | | | |
-84.00 -83.30 -83.00 -82.50 -82.00 -81.50

Long’itucle (W)

The backbone of the ECOHAB:Florida program consisted of three
sampling strategies to gather data to develop a predictive 3D
biophysical model. This figure represents monthly cruises and

a weekly transect.



One Theory

Trichodesmium blooms in West Florlda Shelf Waters

Saharan dust ™® wet deposition of iron®™® Trichodesmium blooms fix
atmospheric N#® released DON®® conversion to ammonium and urcams
fueling coastal Karenia brevis blooms m# growth and movement of
blooms

This theory can account for large K. brevis red tides but not small ones

The coupled biophysical model will incorporate several scenarios based
on initiation and forcing factors at the time



Nutrients

Different sources of nutrients and phytoplankton growth strategies
can influence HABs on the WFS and different sources of
inorganic and organic nutrients may play a role in different
stages of bloom developent, e.g., upwelled nitrate versus urea



1979 Case History for Model Testing

A simple, coupled biophysical model was able to replicate the

alongshore transport of Karenia brevis on the West Florida
shelf 1n 1979

Simulated landfall matches initial landfall

Future models will simulate successional processes in time-
space that lead to K. brevis blooms after DON release on the WFS
by: (1) cyanophytes and Saharan dust, (2) bacteria and diatom bloom
decay from upwelled nutrients, (3) estuarine sources, and other
sources. Different nutrient sources will be model-tested .



Karenia brevis
Sexual Cycle

@%ﬁ nucleus = chloroplasts e oil globules







NEW AND ADVANCED
TECHNOLOGY FOR MONITORING
AND EVENT RESPONSE



Battery, 2000-km range,
200 m, 30 days, GPS
navigation, ARGOS
satellite two-way
communication

CTD, fluorometer, &=
PAR,
transmissometer,
G. Kirkpatrick’s
“breve buster”

The Future of HAB Monitoring and Forecasting

Automated instrumentation packages on various platforms:

Buoys, bridges, and other fixed platforms
Automated underwater vehicles, e.g., slocum glider
Satellite remote sensing for tracking and forecasting



Meteorological Tower:
Compass, temperature, relative
humidity, PAR, barometric
pressure

. _Automated in situ instrument platform
Physical / Chemical:
Autonomous NO,; & PO,
analyzers, YSI (chlorophyll,
conductivity, dissolved oxygen,
pH, salinity, temperature,
turbidity), Acoustic Doppler
Current/Tide Profiler, PAR

Samples: ISCO volumetric
sampler (24, 1-L episodic
samples)

Data logging /
Communications: Campbell
System transmitting via TGT1
GOES-satellite & cellular-
telephone system.

Power: Marine batteries
charged through solar panels.




Florida Red Tide Bloom
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Remote Sensing

CoastWatch

2000 OCT 17 17:533:38 GM

Full Region Gulf of Mexicg
LA&T: 17.00N — 31.00N
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Remote sensing of chlorophyll, sea surface temperature, sea surface
height, and other features with import of winds and currents can be
used to track and forecast movement of surface HABs in the GOM
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Near Real-Time Bulletins
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HAB PARTNERS IN GOM(PARTIAL LIST)

EPA LABORATORIES AND GOMPO
NOAA LABORATORIES

FLORIDA FISH & WILDLIFE

OTHER STATE OF FLORIDA AGENCIES
MOTE MARINE LABORATORY

TEXAS PARKS & WILDLIFE, DEPARTMENT OF HEALTH
LUNCOM, LA DEQ

ALABAMA DEPARTMENT OF HEALTH

MISSISSIPPI DEPARTMENT OF NATURAL RESOURCES
UNIVERSITY OF SOUTH FLORIDA

FLORIDA STATE, U OF FLORIDA,

U OF MIAMI, SO. MISSISSIPPI, UNIVERSITY OF TEXAS,
U OF MARYLAND, OTHERS

NZ SCIENTISTS

MONTEREY BAY AQUARIUM RESEARCH INSTITUTE
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