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World’s Leading Killer
• Worldwide, 780 million people do not have access to a clean water 

source

• An estimated 2.5 billion people lack access to improved sanitation 
(more than 35% of the world’s population)

• An estimated 4,000 children/day perish due to unsafe drinking 
water each year, mostly in developing countries



Silent Superhero Status: Environmental 
Engineer

Make your Passion your Paycheck!



FLORIDA RED TIDE



For centuries man has told tales of a menacing ocean 
mystery phenomenon wreaking havoc from the deep.



Karenia brevis



Red Tide Effects

• Respiratory Irritation
• Dead Fish
• Water Discoloration



Mote Environmental Health Program
Integration: Combining many parts so that they function 

as a unified whole
Science: is enhancing 
our knowledge about 
the universe and our 
surroundings in a 
rational and logical 
manner 

Engineering: is the 
application of this 
scientific knowledge to 
create new solutions and 
designs



Integrated Research 
Florida Red Tide Co-Op 

and Ocean Observing 
System

Red Tide
Karenia brevis

Phytoplankton 
Ecology 

Ocean Technology

Ecotoxicology 

Environmental 
Health 

Monitoring, Laboratory 
Analysis to Determine Red 
Tide Predators and Prey

Quantification of 
impact and neurotoxin 
persistence in lobster, 
clam, and oyster

Detection of the optical signature 
of Karenia brevis, providing 
advance warning of red tides

Brevetoxin Research and 
Dissemination of Information

Chemical and 
Physical Ecology

Statistical analyses of the 
nutrient regimes associated 
with blooms



FWC/FWRI-Mote Cooperative Red Tide Program  
Monitoring, Research, and Mitigation



Monitoring: These efforts have resulted in an abundance of 
data:

• >12,500 cell count samples

• >1700 samples for nutrient analysis (14 parameters)

• >2500 sample for toxin analysis (5 toxins)

• ~2500 samples for HPLC pigment analysis (27 
pig/9tax)

• >1500 CTD casts 



In 2018, Florida was Declared in a State of 
Emergency Due to 2 Harmful Algal Blooms



Communication Was Never More 
Important



What You Can Do

• Get Communities Involved

• Get involved with and spread the word about Citizen Science 
Programs

• Learn!

• Understand Nutrient Sources

• Understand the Water Cycle and Recognize it

• Take charge of what you can

• Retrofit your home

• Retrofit your actions



Getting Communities Involved-
Communication and Education

• Surveys to find circulation 
routes used most, what the 
public likes, and what they 
would like to see on campus



The Beach Conditions Reporting System

• Reports from 37 Beaches Along 
the Gulf

• Reports are made by trained 
beach sentinels

• Main Focus is to Alert the Public 
of Red Tide Effects

• Information is disseminated 
through BCRS and NOAA 
Websites

• Data Used for Research as Well 
As Outreach

BCRS: Protection of Human Health and Economy



BCRS- VisitBeaches.Org
• Redevelopment was Launched in November 2015



VisitBeaches.Org Results

Since October 15, 2017
Unique Users: 1.2Million
Page Views: >4Million



Citizen Science Validation



Citizen Science- CSIC

Citizen Science- Reporting by Anyone With a Cell Phone, 
Anywhere. 
• Help report environmental conditions so scientists can 

investigate



Citizen Science- HABscope

Improved Forecasts of Respiratory 
Illness Hazard from Gulf of Mexico 
Red Tide-

• NASA funded Project with NOAA and 
GCOOS

• Microscope Camera for Red Tide 
Detection to BCRS and Citizen Science 

• Quantifies BCRS Reports

• Will Provide Hourly Predictions Of 
Respiratory Irritation



Citizen Science
• Biofiltration



Understanding the Water Cycle

Nutrients and Treatment
Florida Red Tide vs 

Freshwater Cyanobacteria

Learn: 



Lake Okeechobee Releases

• Outflows directed to the Caloosahatchee River and St. Lucie River/San 
Carlos Bay (12% of total flow), along with runoff from the watershed increased 
flow to the Caloosahatchee River (4.2 bgd)

The introduction of organic matter, tannins, and other chemicals from runoff was 
captured in an aerial photograph of Sanibel showing dark water entering 
the ocean that quickly became popular on social media



•SOUTH FLORIDA WATER MANAGEMENT DISTRICT 

•Lake Okeechobee Inflow 
•WY2013-WY2017 
•Nitrogen •UPPER KISSIMMEE 

32% Water; 23% TN Load 
•TN Load •TN FWMC 

•1,172 mt 1.1 ppm 
•LAKE ISTOKPOGA 
13% Water; 14% TN Load 

•TN Load •TN FWMC 
•LOWER KISSIMMEE 
18% Water; 14% TN Load 

•710 mt 1.6 ppm 

•Northern watershed 

contributes: 

~ 95% of flow and 

~ 89% TN load •TN FWMC •TN Load 

•695 mt 1.2 ppm 
•INDIAN PRAIRIE 13% 
Water; 19% TN Load 

•TN Load •TN FWMC 
•TC-NS 

•7% Water; 9% TN Load 
•949 mt 2.2 ppm •TN FWMC •TN Load 

•435 mt 1.9 ppm 
•FISHEATING CREEK 
12% Water; 11% TN Load •EAST LAKE O. 3% 

Water; 3% TN Load 
•TN Load •TN FWMC 

•TN Load •TN FWMC 
•574 mt 1.5 ppm 

•Lake Okeechobee •176 mt 1.9 ppm 

•WEST LAKE O. <1% 
Water; <1% TN Load 

•SOUTH LAKE O. 
2% Water; 7% TN Load 

•TN Load •TN FWMC •TN Load •TN FWMC 
•1.9 mt 1.4 ppm •357 mt 4.4 ppm 

•Source: Draft 2018 South Florida Environmental Report, Appendix 8B-2 



•SOUTH FLORIDA WATER MANAGEMENT DISTRICT 

•Lake Okeechobee Inflow 

•WY2013-WY2017

•Phosphorus 

•UPPER KISSIMMEE 
32% Water; 15% TP Load 

•TP Load •TP FWMC 

•77 mt 74 ppb 
•LAKE ISTOKPOGA 
13% Water; 8% TP Load 
•TP Load •TP FWMC 

•LOWER KISSIMMEE 
18% Water; 17% TP Load 

•41 mt 95 ppb 

•Northern watershed 

contributes: 

~ 95% of flow and 

~ 93% TP load •TP FWMC •TP Load 

•84 mt 147 ppb 
•INDIAN PRAIRIE 13% 
Water; 19% TP Load 

•TP Load •TP FWMC 
•TC-NS 

•7% Water; 21% TP Load 

•95 mt 217 ppb •TP FWMC •TP Load 

•104 mt 450 ppb 
•FISHEATING CREEK 
12% Water; 12% TP Load •EAST LAKE O. 3% 

Water; 3% TP Load 
•TP Load •TP FWMC 

•TP Load •TP FWMC 
•60 mt 157 ppb 

•Lake Okeechobee •15 mt 159 ppb 

•WEST LAKE O. <1% 
Water; <1% TP Load 

•TMDL: 140 mt Target Conc. 40 ppb 

•SOUTH LAKE O. 
2% Water; 4% TP Load 

•TP Load •TP FWMC •TP Load •TP FWMC 
•0.1 mt 74 ppb •21 mt 256 ppb 

•Source: Draft 2018 South Florida Environmental Report, Appendix 8B-2 



•SOUTH FLORIDA WATER MANAGEMENT DISTRICT 

•Caloosahatchee Estuary Inflows 
•Nitrogen WY2013-WY2017 

•Local Basin Runoff accounted for about 65% of flow and 61% of TN load to Estuary 

•TIDAL BASIN 
•(ESTIMATED) 

•23% Water; 16% TN Load 

•LAKE OKEECHOBEE 
35% Water; 39% TN Load 

•TN Load •TN FWMC 

•1,302 mt •1.35 ppm 
•TN Load •TN FWMC 

•536 mt •0.85 ppm •C-43 AND S-4 
•BASINS TO ESTUARY 
42% Water; 45% TN Load 

•TN Load •TN FWMC 

•1,531 mt •1.32 ppm 

•Note: Coastal Basin runoff (west of Shell Point) is not included as Estuary contribution. 
•Source: Draft 2018 South Florida Environmental Report, Appendix 8C-1 
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Florida Red Tide Would be Here, Even if 
We Weren’t

• But limiting nutrient loads and restoring 
hydrology should always be a goal
• To prevent freshwater algae blooms
• To prevent erosion
• To recharge ground water tables
• To allow for natural degradation of 

pollutants
• AND to prevent any possible 

exacerbation of existing Florida red tide 
blooms



How do we fix what 
has been done?

LOW IMPACT DEVELOPMENT: A 
stormwater management 
approach using natural 
systems to reduce runoff 
and pollutant loadings by 
managing the runoff as 
close to its source(s) as 
possible, with A goal of 
maintaining or closely 
replicating the 
predevelopment hydrology 
of the site. 



Rainworks 2012 Proposed Retrofit



But I want to do 
something now!

YOU CAN!



Rules of being a change-maker
1. Make your message simple to 

understand
2. Connect impacts with people-

family, health, or finances
3. Give them an achievable solution
4. Get them involved
5. Sometimes, you can’t change 

someone’s mind, but you have 2 
choices

Big changes are made through regulation 
and market- educate to change the 
market, science to change regulation



Dr. Tracy Fanara (@Inspector Planet)
tfanara@mote.org

● Mote Beach Conditions Report: www.visitbeaches.org

● Updates and info from FWC: http://myfwc.com/redtide

● HAB Bulletin from NOAA: 
http://tidesandcurrents.noaa.gov/hab/

● Mote, FAQs, & Beach Conditions Report: 
http://mote.org/news/environment-updates#RedTide

● Learn about red tide on Facebook from this FWC-Mote 
page 

about Florida’s harmful algal blooms: 
www.facebook.com/flhabs

● Latest model forecasts from USF-FWC Collaboration for   
Prediction of Red Tides at: http://cprweb.marine.usf.edu/



Plants recommended for Florida Landscaping (i.e. solid root 
structure, resistant to pests, freeze resistant):

• Annuals: Violet, Marigold, Sweet Alyssum, Ageratum, 
Rudbeckia

• Perennials: Cinnamon Fern, Firespike, Wild sage, Heliconia, 
Climate-specific Agave

• Ferns: Holly fern, Florida Thatch Palm, Cabbage Palmetto, 
Date Palms, Jelly Palm 

• Grasses: Crown Grass, Muhly Grass, Elliot’s Lovegrass
• Ground Covers: Sunshine Mimosa, Holly Fern
• Vines: Mandevilla, Algerian Ivy, Morning Glory, Pipevine
• Shrubs: Ternstroemia, Weeping Fern Pine, Yaupon Holly
• Trees: Yellow Elder, Sand Live Oak, Twinberry, Gumbo Limbo, 

Satinleaf, Bluff Oak, Sweet Bay Magnolia, Red Maple 

KEEP healthy plants in place and plant around them



Common Questions
• How to blooms initiate?

• How does weather impact 
blooms?

• Can we predict blooms

• How can we mitigate 
blooms?

• What role does nutrients play



South Florida Environmental Stressors
Stressors: 
• Urbanization
• Agricultural Chemical Use
• Increased Water Demand
• Pollutant Loads: 

Phosphorus, Nitrogen, 
Mercury, Copper, 
Wastewater, Pesticide, 
Fungicide, and Fertilizer 
Chemicals

• Rainfall

What Needs to be Done:
• Full Chemical Monitoring
• Implementation of Low Impact Development
• Develop and Use Chemical Removal Techniques for 

Pesticides, Fertilizer, and other Stressors 
• Treat at Source

*Stormwater is 
the #1 non-point 
source of 
pollution

Implications:
• Eutrophication and 

Harmful Algae Blooms
• Ecological Impacts of 

lakes, wetlands, 
estuaries

• Impacts to Aquatic Life
• Impacts to Drinking 

Water Sources
• Impacts to Groundwater 

and Soil Quality
• Dark water 



Lake Okeechobee Releases
• January 2016, SFWMD saw 9.18” of 

rainfall ~476% Ave Jan. Rainfall
• Southwest Coast of Florida received 

11.54” of rainfall ~counties over 300% Ave.
• 3.9” were experienced within three days 

(January 26th-29th)
• To prevent flooding, runoff was back-

pumped to Lake O to protect local 
communities and agriculture to the south

• Lake O raised 10” in water level



Brief History of Florida Red Tide

The first scientifically 
documented “red-tide” 
occurs along the West 

Florida Shelf and off the 
Panhandle near Panama 

City

Alvar Nuñez Cabeza
de Vaca published 
tales of toxic "red 

water" from Florida 
Indians in this region

1542

1844

Florida's first recorded protracted 
period of “red-tide” begins, 
continuing for ~ 10 years

1878
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Karenia brevis abundance 1954 
- 2019





x-axis is time with one pixel per month, starting Jan 1954 ending in 2007. Ticks are start of year. y-axis is latitude 24 – 31 
(ticks every 1 degree bottom is 24 degrees). 
Gray means sampled but absent, colors are present; blue = up to 1K cells/L, cyan up to 5K
green up to 10K (FWRI very low), yellow up to 50K, orange up to 100K, red up to 1000K, dark red > 1000K, darkest red > 
32000K



FWC/FWRI-Mote Cooperative Red Tide Program  
Monitoring, Research, and Mitigation

“Comprehensive” monitoring of coastal waters in 
areas of bloom initiation and propagation

• Bloom detection, tracking, mapping

• Improve knowledge of environmental correlates

• Provide a time series of chemical and physical 
conditions in SW FL coastal waters 

• Estimate nutrients and nutrient ratios

• Provide data for modeling efforts for prediction 
and forecasting



FWC/FWRI-Mote Cooperative Red Tide Program  
Monitoring, Research, and Mitigation

4 Components

• Routine Surveys

• Florida Keys 
Monitoring

• Adaptive Response

• Collaborative Support





Amoebophrya – A parasitic 
dinoflagellate that parasitizes 
other dinoflagellates 
• Little work re: Am. And K. 

brevis
• Possible control mechanism

Mote Phytoplankton Ecology Program:
Pilot Projects/Future Work -



Mote Environmental Health Research 
Program

Goals:

• Investigate How Human Interactions with the Environment 
Impact Ecosystem Health

• Investigate How Marine And Freshwater Chemicals Impact 
Public Health 

• Communicate Human Impacts And Health Risks To The Public

• Design Strategies And Methodologies To Alleviate Impacts




