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Harmful Algal Blooms (HABs)

Karenia brevis

Dinophysis ovum

K. brevis in Texas, S. Padre Island photo credit: D.  Henrichs

• Early warning is the most effective 
mitigation for harmful algal 
bIooms

• Requirements for an early warning 
system

Regular sampling
High frequency
High accuracy
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Outline
Continuous automated operation of 
the IFCB on the Texas coast has 
produced a  >10-year phytoplankton 
time series and now an IFCB network

• high temporal resolution time series for 
successful early warning of HABs 

• the importance of physical factors in controlling 
bloom dynamics

1. Imaging Flow Cytobot
2. HABs and early warning
3. Bloom initiation
4. Origin of bloom populations
5. Relevance of achievements  
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1.  Imaging Flow Cytobot

Operation:
• Combines flow cytometry           

and video technology
• 5-mL sample
• every~20 min
• ~70 samples/day
• 24/7 operation

Data:
• Copied to Campbell Lab at TAMU
• Archived
• Image processing                             

& automated classification
• Automated notification
• Manual inspection

http://toast.tamu.edu/

Olson & Sosik 2007
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(Texas Parks and Wildlife Department; 
http://www.tpwd.state.tx.us)

Automated IFCB
+ Conventional microscopy

► Species-specific early warning
► Peaks in cell abundance were 

missed by standard monitoring
► Extreme patchiness

Campbell et al. 2010, 2013

Daily resolution
 Low level detection 

>1 month before peak

2. Harmful Algal Blooms: Karenia brevis

Novel approach for 
early warning
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2. Dinophysis
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Phenology
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~ Billion images from > 10-yr time series
Automated classification is essential 
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2. Automated Classification & Messaging

• 8 successful early warnings 
• No illnesses have been reported http://toast.tamu.edu/

When >2 cells/mL:
Notifications sent via 

email to: 
 Campbell lab
 Local state 

managers
 TX State Dept. of 

Health Services
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2. End-user 
customized emails 
(GCOOS)

HAB Bulletin
• IFCB data from Port Aransas 

is included in reports

2 November 2017

IFCB 
Notification 
Form
Add threshold values 
for each species of 
interest
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Conceptual Model

Hetland & Campbell 2007

Hypothesis: 

Downwelling created by 
convergence at the coast. 

Plankton are concentrated 
between the downwelling
circulation and swimming– no 
growth is required.

Concentration is proportional to 
the net amount of shoreward 
transport in the Ekman layer

3. Models:  Bloom initiation model

K. Thyng, unpublished; Thyng et al. 2013
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Individual Based Model (IBM)  (Henrichs et al. 2015)

4. Bloom origin: 2011 Karenia

• Model behavior of individual
cells

• Cells swim vertically
• Horizontal movement is

controlled by currents
• Gulf of Mexico HYCOM
• Temperature
• Salinity

• Run IBM in reverse
• Input cells at IFCB location (Port

Aransas)
• Date/Time based on IFCB data
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4. HAB Bloom origin
IBM– forward run in bloom vs. non-bloom years

Henrichs et al. 2015. Ecological Modelling

Input cells input in S. 
Gulf of Mexico, model 
run forward:
Bloom (2009 & 2011) 
vs. non-bloom (2010) 
years
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4. HAB Bloom origin

Henrichs et al. 2015. Ecological Modelling

Observations of Karenia brevis bloom occurrences 
are consistent with an origin in the southern    

Gulf of Mexico

IBM– forward run in bloom vs. non-bloom years
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5. Specific Outcomes: Expanded network

Texas Observatory for Algal 
Succession Time Series (TOAST)

May 2017- ongoing
Surfside Beach, TX 

Summer 2018-
South Padre Island, TX
Chip Breier, UT-RGV

August 2007- 2017
Port Aransas, TX

--recovery plan 
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Conclusions
 High temporal resolution IFCB time series provides unique view   

of the phytoplankton community
1. Early warning of HABs
2. Models developed using IFCB data

• Identify bloom initiation
• Bloom origins

 Relevance of achievements:
1. A network of  IFCBs along the TX coast for early warning 
2. An information support system to enable end-users to utilize 

IFCB observations for HAB management decisions
3. Improved automated image classification for HAB taxa; all code 

is publicly available
4. Trained end-users
5. Established partnerships between researchers and resource 

managers that promote access and sustainability toward 
operational use of IFCB technology.
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Modeling Blooms of Alexandrium catanella

in the Gulf of Maine:
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Alexandrium catanella

Dinoflagellate 

~40 microns

Produces saxitoxins

Leads to Paralytic Shellfish Poisoning (PSP)



Maine PSP Sampling Stations 1977 - 2012



 

Life Cycle of Alexandrium



Chapter 1.  ECOHAB-GOM 1997-2001

The mean seasonal cycle



Benthic cyst distribution

Cysts per cm3



ECOHAB-GOM Observations

Townsend et al. 

(2001)

1) Gulf-wide 

distribution

2) Association with coastal

current

3) Center of mass 

shifts west-to-east

as season progresses



Population dynamics of 

Alexandrium spp.



Germination, Growth, ‘Mortality’, Nut. Limit.



A conceptual model 

for the large scale 

seasonal variability 

of A. catanella in the 

Gulf of Maine

Spring:

Temperature

limitation

Summer:

Nutrient

limitation

McGillicuddy et al., 2005



Chapter 2.  MERHAB/COHH/GOMTOX

2005 bloom and a regime shift



The 2005 bloom
• Most widespread and intense 

bloom in at least 33 years, 

perhaps longer

•Record levels of toxicity in some 

locations; first-time ever records 

of toxicity in others

• Record  high A. catanella cell 

concentrations (for this region)

•Large closure of federal 

(offshore) waters

• > $50M loss to shellfish 

industry in MA alone

• Maine, MA - disaster 

declarationsAnderson et al., 2005



Hypotheses

1. Source: High abundance of  A. catanella cysts in 
western GOM sediments.

2. Transport: Northeast winds caused strong onshore 
advection of A. catanella populations

3. Anomalously high river runoff resulted in 
enhanced alongshore transport, and higher micro-
and macro-nutrient concentrations.

He et al., 2008ab



Interannual variability in cyst population

1997                                         2004

Bay of Fundy cyst bed stable over time

WGOM cyst bed: 2004 = 10 X 1997



2005 physics +

fall 1997 cyst map

2005 physics +

fall 2004 cyst map

He et al., 2008ab



Cyst abundance is a first-

order predictor of overall 

bloom severity.

Coupled hydrodynamic / 

population dynamics models 

forecast large scale seasonal 

characteristics of the bloom. 

Theses

 



H1: Interannual variations in bloom severity result 

from fluctuations in cyst abundance

Toxicity   2005               2006               2007               2008

Cysts  2004          2005               2006               2007

McGillicuddy et al., 2011



Cyst abundance and toxicity 

2005-2009: r=-0.93

Cysts

Toxicity extent

McGillicuddy et al. 2011 L&O



Why did the 2010 bloom not materialize?

2010

2008T
em

p
er

at
u
re

Salinity

Nutrients: 2008 vs 2010

NO3 PO4

NH4SiO2

2008

2010

McGillicuddy et al., 2011



Cyst abundance is a first-

order predictor of overall 

bloom severity potential; 

whether or not that potential 

is realized depends on the 

growing conditions.

Thesis - revised

 



Chapter 3.  MERHAB/COHH/PCMHAB

Transition to operations and ESP detection



2004

2005

2006

2007

2008

Hydrodynamics

Benthic Cyst

2015 seasonal forecast
Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scenario 7

Scenario 8

Scenario 9

Scenario 10

Scenario 11

2009

2010

2011

Fall 2014

2012

2013

2014

Ensemble Forecasting



Animation 

courtesy of 

Yizhen Li, 

NOAA



2017 Hindcast/Nowcast / Forecast
https://products.coastalscience.noaa.gov/hab/gomforecast.aspx



Stakeholder Communication Network

• Northeast PSP website (to be expanded and  renamed Northeast HABs)

• Northeast PSP listserve has ~ 275 members (also to be renamed)

• Regional HAB conference calls with ~35 participants
Rhode Island Department of Environmental Management, RI Dept of Health, NH Dept of Env Services, Maine Dept of Mar 

Resources, Mashpee Wampanoag Tribe, Wampanoag Tribe of Gay Head (Aquinnah), Massachusetts Div Mar Fisheries, Town of 

Mashpee, MA, New York State Department of Environmental Conservation, CT Bureau of Aquaculture & Laboratory Services, FL 

Fish and Wildlife Res Inst, US FDA, NOAA, WHOI, UMass Dartmouth, URI, Bigelow Laboratory for Ocean Sciences



Environmental Sample Processor (C. Scholin)



2015 Forecast 

and 

ESP Observations



Predicted A. catanella concentration
ESP observations
Toxicity measurements

ESP 1

ESP 1 ESP 2

ESP 3

Cumulative upwelling index – Buoy B

Stakeholder Dashboard
Date: June 29, 2015

ESP 2

Obs wind
Fcast wind

ESP 3

2009 
downwelling 
event



Estimating shellfish toxicity from ESP data

][][
][

1 STXkAlex
dt

STXd


Toxicity submodel

[STX] at shellfish monitoring stations

[Alex] at ESP locations



Modeled toxicity vs. 

measured toxicity in 

shellfish (Maine 

DMR) - 2014

Quarantine Quarantine

Quarantine



Toward ecological forecasting in the 

ocean: a cautionary tale from the 

physical climate system



Ji et al. (1996) Journal of Climate 9, 3105-3120.

Correlation 

(forecast, obs)

Lag (months)

1982-1992

1992-1995

Regime shifts can change the underlying dynamics

W

W

W

C

C

Chen et al. (1995) Science 269, 1699-1702.  An 

improved procedure for El Nino forecasting: 

implications for predictability.



ECOHAB-GOM

COHH

GOMTOX

Regional studies

Gulf of Maine HAB index
from PSP monitoring stations



• Long-term observational networks are essential

• Data assimilation to keep models on track

• Process studies to understand changing dynamics 

Looking forward



End



Using the Environmental Sample Processor to develop an 
early warning system for HAB toxins in western Lake Erie

Timothy Davis



OVERVIEW



Partnerships between Federal, State, academic and 
citizen scientists help to monitor western Lake Erie

OVERVIEW



Bloom projection to data dissemination requires a multifaceted effort

1) Project 2) Predict 3) Monitor

4) Forecast

5) Disseminate Monitoring Data

OVERVIEW



Microcystin
concentration (µg/L)

Phycocyanin
concentration (µg/L)

Bloom biomass does not predict toxin concentrations

(toxin)

(total 
cyanobacterial
community)

Toledo Water Intake (WE 12) 2014

OVERVIEW



Toledo water crisis of 2014

OVERVIEW



OVERVIEW



• Post-Toledo, GLRI sought proposals to integrate new 
technologies to monitor HABs and toxins in western Lake Erie

• GLERL funded to bring ESP and hyperspectral technology to the 
Great Lakes

• Funded the purchase of all equipment necessary to deploy 
ESPNiagara

• Launched the cross-Line Office collaboration

OVERVIEW



ESP microcystin extraction and  assay development

low 

toxin

high 

toxin

3 2 115

16

17

21

20

19 18

654

78

9 10 11

121314

Internal control spots

5 rows of MC LR-OVA spots

• ESP extraction efficiency similar to 
Freeze/Thaw (EPA Method 546)

• ADDA specific
• Monoclonal, mouse antibody
• Detection and quantification by 

chemiluminescence
• Mouse IgG control spots serve as a QC check 

for assay chemistry and meter autoexposure
images

QUALITY



0.2 ng/mL 0.5 ng/mL 2.0 ng/mL 5.0 ng/mL 

20.0 ng/mL 50.0 ng/mL 200.0 ng/mL 500.0 ng/mL 

QUALITY

ESP detects microcystin at concentrations relevant to stakeholder needs



• 5’6” tall
• 5ft x 5ft footprint
• <  PSI pressure on 

footprint
• Deck weight ~ 1200 lbs
• In-water weight ~ 750lbs

Sampling manifold

3-way sample valve

Bolted lifting assembly

ESP battery assemblies
(and opposite)

Tagline 
attachment points

Pressure housing for ESP 
− Rated to 48 m depth

Lake Erie is shallow so new deployment design was needed

PERFORMANCE



PERFORMANCE

2016 and 2017 deployments of ESPNiagara

June July Sept/Oct

Test of communication 
system and general 
operations

Science testing at Ohio State 
University Stone Laboratory on 
South Bass/Gibraltar Islands

Full Mission Deployment
• Microcystin sampling every other day

June July Sept/Oct

Full Mission Deployment
• Microcystin sampling every other day
• Surface and bottom

2016

2017

Full Mission Deployment
• Microcystin sampling every other day in July
• Daily sampling in August
• Surface and bottom

August
ESP recovery mid-August 

August

Final laboratory 
preparations conducted



Sept 14 Sept 15 Sept 16 Sept 17 Sept 18 Sept 19 Sept 20 Sept 21

Sample
Depth

Bottom Surface Bottom Surface Bottom Surface Bottom Surface

Sample
Volume 

(mL)

100 100 100 100 100 100 200 200

LLOQ
(ug/L)

0.19 0.19 0.19 0.19 0.19 0.19 0.09 0.09

ULOQ 
(ug/L)

1.54 1.54 1.54 1.54 1.54 1.54 0.77 0.77

Micro-
cystin
(ug/L), 

ESP

Below
LLOD

Below
LLOD

Below
LLOD

Below
LLOD

Below
LLOD

Below
LLOD

0.1 Below
LLOD

Micro-
cystin
(ug/L), 

grab
sample

NO
DATA

NO
DATA

NO
DATA

NO
DATA

NO
DATA

Surface: 
0.1
Bottom: 
BDL

NO
DATA

NO
DATA

PERFORMANCE



Toledo water intake

Where did we deploy ESPNiagara?

RELEVANCE



Why did we deploy ESPNiagara where we did?

https://www.glerl.noaa.gov//res/HABs_and_Hypoxia/habTracker.html
Similar circulation pattern that caused the 2014 Toledo drinking water advisory

RELEVANCE Steffen, Davis et al., 2017, Environmental Science & Technology



Outcome: Near-real-time microcystin data will aid in minimizing 
risk of another drinking water crisis

• All toxin testing  and bloom monitoring is critical

• Water managers want advanced warning of changes in bloom toxicity

• ESP, combined with other important NOAA HAB forecasting tools provides early warning of high 
toxicity biomass moving towards a water intake so managers can be proactive rather than 
reactive

RELEVANCE



Further collaboration and service

3G ESP

• OAR, NOS, MBARI collaborating to bring 3G ESP technology to 
Lake Erie in 2018
• OAR Ocean Technology Development Grant
• Doucette and Mikulski developing the MC array

• GLERL acquiring two additional ESPs in 2018
• One through GLRI
• NOAA IOOS OTT program



Thank you for your attention!

QUESTIONS?



NOAA – EPA 

Citizen Science HAB Collaboration

Antonio Bravo

Office of Wetlands, Oceans & Watersheds



EPA Partnership with NOAA

• Complements the EPA National Communication 
Strategy on Nutrient Pollution

• Highlights Pubic Engagement through Citizen 
Science

• Creates Awareness of HABs and Water Quality

• Builds Local Capacity to Address Water Quality 
Issues 

• Develops partnerships to Sustain Community 
progress



is one of the most 
widespread, costly, and challenging 
environmental problems in America.



• Demonstrate the 
Problem

• Showcase Best 
Management 
Practices

• Engage Diverse 
Organizations

• Localize the Issue

• Highlight 
Community Benefits

Nutrient Pollution 
National Communication Strategy

4





6



HAB Awareness Campaign

•Began in 2014

•Component of National 
Nutrient Pollution 
Communication 
Strategy

•Environmental and 
human health impacts 
from HABs



Public Engagement on HABs

•Work with Federal, State, NGO                                                                  
& Academic partners 

• 4-part HAB expert webinar series
• Average 700 participants

•HAB webpage

•Social media campaign, listservs
• Nitrogen News, Water Headlines, Watershed News, etc.

•PSA’s: Nutrient Pollution 101; When in Doubt, Stay Out; 
Protect Your Pooch from Harmful Algal Blooms

•Partnered with NEEF on 2014 Algal Bloom Photo Contest



EPA & The Humane Society 
partnered to alert pet owners 
of the dangers of HABs

• Public service announcements

• 15, 30, & 60 second

• Social Media

• Odin from Kansas Dept. of 
Health

• HSUS has 200k+ Twitter 
followers and 1.7M+ 
Facebook likes

Partnerships

9



Key Partners:

• CDC 

• Humane Society 

• American kennel Club 

Protect Your Pooch

10



Pet Articles

• American Kennel Club

• Dog Fancy Magazine

• EPA blog

Outreach to Dog Lovers

11



Videos:

• Nutrient Pollution 101
• 34K+ views

• The Choice is Yours: Clean or 
Green Water? 
• 11K + views

• Protect Your Pooch from 
Harmful Algal Blooms
• 8K+ views

• Requests received for 
broadcast-quality versions
• Estimated audience of one 

outlet: 70K+

Multimedia Outreach

12



HAB Campaign Partnerships

• North American Lake Management Society

• NOAA, CDC, USDA

• NGOs: Human Society, World Resources 
Institute, Nitrogen News, National 
Environmental Education Foundation

• States:  Departments of Health and Environment 
(Montana, Maryland, Virginia) 



14

NEEF-Earth Gauge
• 150 interesting tips about nutrient pollution for 

meteorologists to use on air & on-line

•Tips were distributed to 275+ outlets:
• Broadcast meteorologists

• Radio broadcasters

• Journalists

• National Weather Service meteorologists

•Reached 128 cities 

•TV media markets reached 230 million+ viewers

Partnerships



•EPA partnered with North 
American Lake Management 
Society

•Dedicated Summer 2015 issue 
of LakeLine on HABs and EPA

• Featured EPA and NOAA 
articles
•Winning photo from NEEF 

national photo contest

North American Lake 
Management Society 

15



EPA Partnership with NOAA

The PMN promises:

•Multiple Opportunities to complement EPA on 
Nutrient Pollution outreach

•Public Engagement through Citizen Science

•Creating Awareness of HABs and Water Quality

•Building Local Capacity to Address Water Quality 
Issues 



EPA and NOAA partner to support 
the Phytoplankton Monitoring 
Network (PMN)

Goals:
•Expand marine VPMN to 

freshwater
•Educate communities about WQ 

issues
•Build local capacity for 

addressing WQ issues

Phytoplankton Monitoring Network

17

VPMN Volunteers



Lake Erie, September 2015



•The PHYTO app was developed 
to help PMN volunteers identify 
species of algae

•Helping to simplify science to 
encourage public participation

Citizen Science

19



PMN Outreach Opportunities

•Communities on or around Lake Erie

•Esri Story Map to highlight PMN Sampling Sites
• Michigan, Ohio, Utah and Montana

•Community Testimonials
• Champions

• Organizations

• Innovative Approaches



ESRI Story Map

•Tells the story of PMN
•Highlights volunteers
•Showcases innovation 

and citizen science

The PMN Story

21



•Biographical profiles of on-the-ground 
volunteers in communities 
•Why they got involved, 
•Perspective on WQ, citizen science, etc.
•Champions  encouraging federal & citizen 

scientist collaborations
•Video featuring the life-cycle of a PMN 

sample

PMN Testimonials

22



www.epa.gov/nutrientpollution







Relevance 



 Subsistence user groups play 
toxin roulette when harvesting 
bivalves in Alaska.

Relevance 



 Pre-SEATOR—Illness/deaths/limited harvest

 OCT 2013--Illness in Sitka
 NOV 2013—Planning meeting (Event Response funds)
 SEPT 2014--Tribal Collaboration formed
 NOV 2014—First workshop (PMN)
 OCT 2015—Sitka Lab funded
 FEB 2016—RBA Training (NCCOS Charleston)
 MAY 2016—Routine shellfish sampling
 DEC 2016—Expanding out of SE (AHAB)
 OCT 2017—ISSC, RBA for geoduck



 Southeast Alaska Regional Ocean Acidification Monitoring 
(SEAROAM)

 Integrated AlexandriumCyst bed Mapping in Southeast 
Alaska (IACSEA): ECOHAB

 Undergraduate Teaching Internships
 Alaska Harmful Algal Bloom Network (AHAB)
 Intertidal Shellfish Population Estimates 
 Heavy Metals and Mercury in Marine Mammals (HMMM)

TRIBAL CREDIBILITY



EPA IGAP -$20-30K/Tribe/year (~$250/yr)

EPA IGAP workshops/lab capacity-$150K (STA)

BIA Climate Change Program-$500K (STA)

ANA Environmental Regulatory Enhancement Program-$580K 
(STA)

UAF BLaST program-$64K 



 NOAA –Northwest Fisheries Science Center and Charleston 
Marine Biotoxin Program NCCOS/PMN

 University of Alaska Fairbanks School of Fisheries and Ocean 
Science

 Southeast Alaska Regional Dive Fisheries Association 
(SARDFA)

 Washington State Department of Health Marine Biotoxin
Program

 Alaska Department of Environmental Conservation (EHL)



 Alaska Department of Environmental Conservation follows 
FDA regulations for all commercially harvested shellfish in 
Alaska under the National Shellfish Sanitation Program

 80µg toxins /100g shellfish tissue

Who Regulates for PSP and
Toxins in Alaska?

Relevance 



 Alaska has no long-term recreational and 
subsistence monitoring program.

AND…
 Illness and deaths

Relevance 



Equipment
• Digital Microscope with camera
• Refractometer and Thermometer
• Phytoplankton net
• Filtering apparatus
• Identification tools

Training
• Workshops in Sitka
•Sampling Manual
•Videos 
• Site Visits
•Technical training by PMN

Quality



Quality



48 Hour  turnaround on results

Tribes can  establish subsistence 
management plans Quality 



 NOAA 
Charleston 
Lab

 Lower 
detection 
limit (6.4 
µg/100g )

 High 
throughput

Quality



Performance 



Performance 



SEATOR.ORG

Performance 



Performance



Performance



Performance

No illness or deaths at any SEATOR 
monitoring sites



 Reduced risk

 No illness or deaths at any 
monitor site

 Increased access to 
traditional resources

 Increased collaborations 
and relationships



Chris Whitehead
Environmental Program Manager
Sitka Tribe of Alaska
Resource Protection Department
907-738-5479
chris.whitehead@sitkatribe-nsn.gov
www.seator.org

mailto:chris.whitehead@sitkatribe-nsn.gov

