
An update on
Harmful Algal Blooms in 

Lake Erie

Thomas Bridgeman and Justin Chaffin
University of Toledo

October 30, 2013



Outline

Introduction and L. Erie HABs 2002-2013
HAB forecast and early warning tools
HAB sources and nutrient limitation



1 
Introduction and Lake 
Erie HABs 2002-2013 



Harmful algal blooms are increasing worldwide

Lake Taihu, China

Baltic SeaLake Winnipeg



Major groups in Lake Erie

Diatoms Greens Blue-greens
(Cyanobacteria)



Anabaena Aphanizomenon

Planktothrix

Microcystis

Lyngbya

Common Harmful “Algae” 
(Cyanobacteria)



Aphanizomenon toxins
Cylindrospermopsin
Anatoxin
Saxitoxin

Planktothrix toxins
Anatoxin
Lyngbyatoxin
Aplysiatoxin

Microcystis toxins
Microcystin

Anabaena toxins
Microcystin
Cylindrospermopsin
Anatoxin
Saxitoxin

Lyngbya toxins
Saxitoxin
Lyngbyatoxin
Aplysiatoxin

Why are harmful algae harmful?



Toledo Water Intake

landsat

Microcystis bloom August 2003



2002-present: Microcystis in Lake Erie



Annual estimate of Microcystis

2002

2009



Microcystis in Lake Erie
All years following 2002 have had moderate to intense Microcystis

blooms. The bloom of 2011 was the largest bloom ever recorded. 



2011 bloom from the Space 
Station

Michalak et 
al. 2013



High spring P loads Long water residence time



2013 Microcystis open water bloom

2013 open water bloom was second only to 
2011 over last 12 years



2013 Microcystis Maumee Bay

More Microcystis in bay and south shore areas 
in 2013



September 14, 2013



Effects of 2013 Bloom



Mixed plankton After 1 Hour After 1 Day

However, HABs mixed downward may cause more problems 
for utilities

Satellites and sensors give SURFACE 
cyanobacteria concentration 



2 
HAB Forecast and Early-
Warning Tools
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Springtime (March-June) TP 
load is the best predictor of
summer blooms

TP loading during 
March-June 2011 
was the highest on 
record, resulting in 
greatest bloom on 
record  

HAB Forecast and Early-
Warning Tools
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2012

TP loading during 
March-June 2012 
was one of the 
lowest on record.   

(NCWQR)



HAB Forecast and Early-
Warning Tools

NOAA annual forecast (July 5, 2012)
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NOAA HAB 
forecast for 2012 
was on target. 



HAB Forecast and Early-Warning Tools

2013 Forecast



HAB Early-Warning Tools

http://www2.nccos.noaa.gov/coast/lakeerie/bulletin/bulletin_current.pdf



October 12, 2013

R. Stumpf, NOAA National Center for Coastal Ocean Science



HAB Early-Warning Tools

http://algae.loboviz.com/



Carbon into lake

0= Carbon neutral

Carbon out of lake

Carbon Gas Flux into / out of lake

J. Chen, C Shao – U. Toledo



D. Scavia

Carbon in Carbon out

Carbon Flux suggests possible transport 
of algae out of western basin



3
HAB sources and 
nutrient limitation 



August 11 2011

October 7 2011

MODIS images

Sources of HABs

•Were these different 
blooms or a 
continuation of the 
same bloom?

•How important are 
tributary sources of 
Microcystis vs. lake 
sediments?



Source of HABs
Genetic studies indicate that Microcystis in Lake Erie is 
most similar to Microcystis in Lake sediments than tribs.
Suggests that L. Erie blooms grow from cells 
overwintering in lake sediments (J. Chaffin)

J. Chaffin, Ph.D. Dissertation



Nutrient Limitation

General Pattern for Maumee Bay
June:No nutrient limitation Juy:P-limitation  August: N-
limitation

J. Chaffin et al. 2013

General Pattern for offshore western basin
June: P-limitation  July: P-limitation August: N-limitation



Nutrient Limitation
Maumee Bay 2010: Bioassays show NO nutrient 
limitation until July.

J. Chaffin et al. 2013



Nutrient Limitation
Maumee Bay 2011: Bioassays show NO nutrient 
limitation until August. Therefore had a longer period of 
unlimited growth.

J. Chaffin et al. 2013



HABs in Lake Erie are linked to spring TP 
loading and seem to be getting even larger in 
recent years.
There are a variety of forecasting and early 
warning tools available.
HABs may become larger due to  unconstrained 
growth early in the summer. This period is 
followed by a period of P-limitation and finally N-
limitation.

Summary
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