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Common cyanoHABs (‘blue-green algae’) and their toxins
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Image Courtesy of the Lake Champlain Basin Program

What causes 



CyanoHABs occur in all 50 states and 
public awareness is increasing

Thought to be ‘macrophyte seeds’



Cyanotoxins impact all levels of the food web, 
including humans 

• The World Health Organization (WHO) 
has set a 1µg per liter concentration for 
microcystin as a guideline level for safe 
drinking water.

• Cyanotoxins can cause serious 
neurological and gastrointestinal 
disorders and have been associated with 
gastrointestinal cancers.

• On occasion, these compounds have 
lead to death in humans (i.e. Brazilian 
hemodialysis patients).

• Cyanotoxins have been linked to deaths 
in waterfowl, cattle, dogs, and marine 
mammals.

Photo courtesy of  The China Digital Times

Photo courtesy of  Jef Huisman et al.Miller et al., 2010



Toledo water crisis, 2014 Lake Okeechobee,
2016 & 2018

Photo: miamiherald.com

Utah Lake, 2016

‘Utah Poison Control says it has taken
hundreds of calls about the bloom, about
130 of which involved people that likely
came in contact with the water reporting
vomiting, diarrhea, headache and rashes.’

Recent freshwater cyanoHAB events

Salem, OR, 2018 Gulf of Mexico, 2019
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Why have cyanoHABs proliferated?
• Anthropogenic nutrient 

loading (N vs P)

• Loss of key food web 
predators

• Invasive species may alter 
ecosystems that give 
cyanoHAB species an 
advantage

• Global climate change 
producing a wider range for 
some cyanoHABs.

• More comprehensive 
monitoring and reporting

Harke et al., 2016; Harmful Algae



CyanoHABs occur throughout the Great Lakes
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Lake Erie 1950s – 1970s

©Bettmann/Corbis

• From the late 1800s Ohio (and elsewhere in the 
US) was booming with industrial growth

•Lakeside cities such as Cleveland became focal 
points for this growth

•Since restively few environmental protection 
laws  existed  pollution  quickly became out of 
control

•By the mid-1960’s Lake Erie was experiencing 
many negative impacts of pollution including 
harmful algal blooms and low dissolved oxygen 
and was considered to be a ‘dead lake’

•On June 22, 1969, an oil slick and debris in the 
Cuyahoga River caught fire in Cleveland, drawing 
national attention to environmental problems in 
Ohio and elsewhere in the United States.

Courtesy of Cleveland Press Collection at Cleveland State University 
Library.

Excerpt from Time magazine 1969:
Some River! Chocolate-brown, 
oily, bubbling with subsurface 
gases, it oozes rather than flows. 
"Anyone who falls into the 
Cuyahoga does not drown," 
Cleveland's citizens joke grimly. 
"He decays". . . The Federal Water 
Pollution Control Administration 
dryly notes: "The lower Cuyahoga 
has no visible signs of life, not 
even low forms such as leeches 
and sludge worms that usually 
thrive on wastes." It is also --
literally -- a fire hazard.



You’re glumping the pond where the Humming-Fish hummed! No more can they 

hum, for their gills are all gummed. So I’m sending them off.  Oh their future is 

dreary. They’ll walk on their fins and get woefully weary in search of some water 

that isn’t too smeary.  I hear things are just as bad up in Lake Erie (Seuss, 1971)



1978 Great Lakes Water Quality Agreement

Hear ye! Hear ye!

By Joint Proclamation
Henceforth and forever after

The Lake Erie phosphorus load shall not exceed:
11,000 tonnes/year

which probably translates to about 15 ug/L

Four models provided guidance:
Vollenweider, DiToro et al., Chapra, Bierman et al.

(Supported by info/technology available at that time)



P reductions achieved by targeting 
point source pollution

From Scavia et al. (2014), JGLR 



By the mid-1980s we considered Lake Erie nutrient 
issues to be solved



Mission Accomplished !

We even convinced Dr. Seuss!



Mission Accomplished !

By the mid-1990’s the Lorax returned



What do we know?



Nonpoint nutrient sources are now the 
dominant source 

Image: Allison Mills



Lake Erie CHABs are increasing in severity

Richard Stumpf, Timothy Wynne, et al.
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algal paradigms support the concept that increased levels of
nutrients generally relieve the nutrient stress, and favor the
growth of larger phytoplankton (Raven and Kubler, 2002),
suggesting that other factors could be contributing to the blooms
of small (!1 mm) Synechococcus cells, including low predation
rates. Consistent with this hypothesis, experimental inorganic
nutrient loading to bloom waters in Florida Bay significantly
decreased the relative abundance of Synechococcus in the plankton
(Goleski et al., 2010), suggesting that nutrient loading is likely to
discourage these blooms. Synechococcus blooms in Florida Bay are
known to exploit organic matter for growth (Glibert et al., 2004;
Boyer et al., 2006) and are therefore more likely to dominate under
low inorganic nutrient conditions. These conclusions are also
consistent with the notion that the primary niche of picocyano-
bacteria is oligotrophic, open ocean environments (Agawin et al.,
2000).

5.3.2. Potential climate change effects
Regarding climate change, Synechococcus achieves maximal

growth rates at higher temperatures (!30 8C) than other
cyanobacteria (Moore et al., 1995) and thus will potentially be
promoted by future climatic warming. This is consistent with the
strong temperature dependence of Synechococcus in coastal
environments (Waterbury et al., 1986; Agawin et al., 1998; Gobler
et al., 2002). Synechococcus dominance may potentially be further
promoted by warming-enhanced stratification that minimizes
inorganic nutrient fluxes to the upper mixed layer and maximizes
the importance of use of organic nutrient compounds. High
temperatures are likely to co-occur with high CO2 in the future. In
laboratory studies, Fu et al. (2007) found that increasing
temperatures from 20 8C to 24 8C increased Synechococcus growth
rates and when combined with increasing CO2 concentration (from
380 ppm to 750 ppm) growth rates were further enhanced. Further
study is needed to fully clarify how future climate change may
influence harmful blooms caused by Synechococcus.

6. Synthesis and future directions

As this review has demonstrated, cyanobacterial blooms are
promoted by higher temperatures and are often associated with
high levels of anthropogenic nutrient loads, particularly with
regard to P. Paradoxically, however, most cyanobacteria are
superior competitors for low levels of inorganic P and have highly
refined strategies for accessing P from organic compounds. These
seemingly contradictory observations suggest that blooms of
cyanobacteria occur as a sequence of events in temperate
ecosystems whereby blooms of other, non-cyanobacteria phyto-
plankton are likely to precede cyanobacterial blooms and
drawdown orthophosphate concentrations to low levels, a
condition under which most cyanobacteria seem to thrive. As
the non-cyanobacteria phytoplankton are succeeded, die and/or
are grazed, their biomass will be remineralized into organic forms
which most cyanobacteria are well adapted to exploit. In tropical
ecosystems, high temperatures promote the rapid microbial
assimilation of orthophosphate even in the face of high P loads,
keeping concentrations chronically low, and favoring blooms of
cyanobacteria. Concurrently low levels of N will further favor
cyanobacteria that are diazotrophic and/or generally display
highly flexible N acquisition strategies. Since cyanobacterial
blooms typically occur under low CO2 conditions, future increases
in CO2 associated with climate change may suppress harmfual
cyanobacterial blooms, although research on this topic is in its
infancy.

The response of cyanobacteria to both eutrophication and
global climate change effects (Fig. 2) are topics that will require
intense research focus in the future (Paul, 2008; Hudnell and
Dortch, 2008; Hudnell, 2008). Given the potential increase in the
frequency and toxicity of cyanobacterial blooms in response to
both direct and indirect effects of changing climatic conditions
(Fig. 2), water management agencies will have to incorporate the
changing physical and chemical conditions of watersheds into

Fig. 2. Eutrophication and potenital effects of climate change on Cyanobacterial Harmful Algal bloom (CHAB) abundance.

J.M. O’Neil et al. / Harmful Algae 14  (2012) 313–334  325

Must further understand the impact of climate change on 
water quality O’Neil, Davis et al., 2012, Harmful Algae



• Black dots represent areas where the trend is significant (p < 0.05)

Most of the Western Lake Erie has experienced an 1-2 day 
increase in growing days per year since 2002

Annual trend  per year from
 2002-2017 

Annual growing days (>17 °C) 
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From: Gobler, Burkholder, Davis, et al., 2016, Harmful Algae

Nitrogen and phosphorus management needed



In-lake treatment options are not an option

Scale is an issue when evaluating these options 



Overall Problem
Most of these treatments try to treat the 

symptoms not the root of the problem



Increased water 
treatment costs

Lost recreational 
activities

Decreased 
charter, 

recreational and 
commercial 
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Decreased home 
values

Decreased 
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Beach closuresNon-use values
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Business income

Some possible socioeconomic impacts



Increased water 
treatment costs

Food and drink 
processing 

plants

Bottle water 
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Impacts of the 2014 water crisis 
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