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Cyanobacteria…

• Formerly known as “Blue-Green 
Algae”

• Photosynthetic bacteria, they are 
not actually algae 

Inhabitants of Earth for over 3.5 
billion years

• Thousands of species and 
hundreds of toxins 

• Ubiquitous in the environment 
and globally



Blooms



“Blooms Like it Hot”
A link exists between global warming and the worldwide proliferation of 

harmful cyanobacterial blooms. Hans Paerl (Science 2008)

Cyanobacteria Dominance 
promoted by:

• Nutrients (high levels of 
phosphorus followed by low)

• Warm Temperature (grow best in 
warmest summers)

• Thermocline Stability 
(stratification increases w/ temp)

• Low Light (low water clarity)

Blooms  rapid growth



Public and scientific interest has 
focused on surface blooms

Surface bloom in China: Hans Paerl



Rastogi et al. Bloom Dynamics of Cyanobacteria and Their Toxins: Environmental 
Health Impacts and Mitigation Strategies. December 2015. Frontiers in 
Microbiology 6(456):1254. DOI: 10.3389/fmicb.2015.01254



What is a BMP?

Best Management Practices….
Control the delivery of Non-Point Source pollutants to water 
bodies in (at least) the following three ways:

1. source reduction by minimizing pollutants available in the first 
place;

2. reduce the transport of pollutants by reducing water transported 
or by retaining pollutants; and

3. remediating or intercepting the pollutants before or after they are 
delivered to the water resource by chemical or biological 
transformation.

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/wd-03-42.pdf

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/2020-01/wd-03-42.pdf




What is a Watershed 
Management Plan?

a strategy and an achievable plan to reach water resource goals that provides 
assessment and management information for a geographically defined watershed.



https://www.des.nh.gov/water/stormwater





Lakes Management 
is Dependent on…

Cooperation Among Governing 
Agencies and Organizations

Technical Assistance

Policies and Rules

Stakeholder and Public Interest

Funding and Support



Cyanotoxin Guidelines
Limited

BMAA / DAB
Anatoxin–a (S) /Guanitoxin

Nodularin
Homoanatoxin-a

Antillatoxin
Kalkitoxin
Saxitonin

Gonyautoxin
Jamaicamides
Lyngbyatoxin

LPS
Aplysiatoxin

Cyanopeptolin

“Anatoxin-a(S) is the most potent natural neurotoxin produced by freshwater cyanobacteria. It is 
also the least understood and monitored.” Rastogi et al. 2015

Toxigenic Cyanobacteria vary World-Wide



2014



A sample glass of Lake Erie water is 
photographed near the Toledo water 
intake crib in Lake Erie. (Haraz N. 
Ghanbari/Associated Press) 

The Washington Post
The toxin that shut off Toledo’s water? The feds don’t make you test for it.

  

By Todd C. Frankel
August 11, 2014 at 6:09 a.m. EDT



Cyanotoxin Mode of action and/ or symptoms
Microcystins 
(nearly 100 variants)

Hepatotoxic, targets the liver and digestive organs, tumor 
promoting, inhibition of protein phosphatases. Acute 
gastroenteritis, chronic tumor promotion.

Nodularins
(similar in structure to 
microcystins)

Similar to microcystins, but not as toxic and common in 
brackish or marine systems.

Anatoxin-a Neurotoxic, inhibits acetylcholine receptors 
(neurotransmitter). Fast-acting and may cause seizures or death 
(i.e. common for dogs or others animals to ingest and die).

Anatoxin-a (S) Neurotoxic
Saxitoxins Neurotoxic, blocking voltage gate of sodium ion channels. 

More common to marine organisms.
Cylindrospermopsin Toxic to multiple organs, neurotoxic and genotoxic, affecting 

neurons and genes.
Lyngbyatoxins Tumor promotion
BMAA/DAB Neurotoxic, chronic exposure may be linked to 

neurodegenerative diseases such as ALS. (Though individuals 
may have a genetic precursor).

Health effects vary from skin irritations to death…

*this is not a complete list of the 
secondary metabolites and/or toxins 
produced by cyanobacteria.

Very narrow view of cyanotoxins…

Hepatotoxic

Genotoxic

Neurotoxic

More biomass, more toxic?



Cyanobacteria Toxins

HEPATO-TOXINS 
Microcystins 

(protein phosphatase blockers)
• Most cyanobacteria species

• Most widespread

• Over 100 analogs (hence plural)

Cylindrospermopsin

• liver and kidneys; tropical/subtropical (now in NH)

Nodularins 
• Nodularia: brackish water species

• Close analog of microcystins

NEURO-TOXINS
Anatoxins
• Anabaena/Dolichospermum

Neosaxitoxins (saxitoxin=marine red tide)
•  Aphanizomenon

BMAA (beta-methylamino-L-alanine)
• Produced by most cyanobacteria groups

• possible link to neurological disorders (ALS, Alzheimer’s)



How toxic are microcystins?
Method of 
administration

Toxicity Species Value

Intraperitoneal LD50 Rat 0.05 mg/kg

Intraperitoneal LD50 Mouse 0.03 mg/kg

Intravenous LD50 Mouse 0.06 mg/kg

Hook-nosed seasnake (Enhydrina schistosa) 
Highly venomous snakes (Indo-Pacific)
Mouse LD50 (mg/kg) : 0.02

LD50= Lethal Dose for 50% of test population





http://www.dogsnaturallymagazine.com/blue-
green-algae-risks-to-dogs/

Acute toxicity



Canine Cyanotoxin Poisonings in the United States (1920s–2012): Review of Suspected and 
Confirmed Cases from Three Data Sources
Lorraine C. Backer, Jan H. Landsberg, Melissa Miller, Kevin Keel, and Tegwin K. Taylor

“reported 67 suspected or confirmed cases of canine intoxications associated with HABs. Of these 67 
cases, 58 (87%) followed exposure to fresh waters and 1 (1%) followed exposure to marine waters.”

“…duration of illness ranged from <1 day to 6 weeks.”

“Dog' s death fuels lake cyanobacteria scare”

http://www.burlingtonfreepress.com/story/news/local/2015/08/12/de
ath-dog-heightens-cyanobacteria-concerns/31555091/

Canine 
“mine canaries”

of lakes
We identified 231 discreet cyanobacteria harmful 
algal bloom (cyanoHAB) events and 368 cases of 
cyanotoxin poisoning associated with dogs 
throughout the U.S. between the late 1920s and 
2012. The canine cyanotoxin poisoning events 
reviewed here likely represent a small fraction of cases 
that occur throughout the U.S. each year. 



https://www.bbc.com/ne
ws/world-africa-54234396

https://www.bbc.com/news/world-africa-54234396

September 2020



https://fortune.com/longform/alzheimers-disease-cure-breakthrough/



Biomagnification
A mechanism for slow release 
of biomagnified 
cyanobacterial neurotoxins 
and neurodegenerative disease 
in Guam 2004





• Bioaccumulation of cyanotoxins to 
higher trophic organisms… ?

Bioaccumulation through food…?



Every Lake is Unique

You cannot immediately tell if a lake bloom is toxic … it will also rapidly change over time



Blooms



Dolichospermum lemmermannii

NHDES



Dolichospermum/Anabaena
Anabaena (unh.edu)

Typical form

http://cfb.unh.edu/CyanoKey/Anabaena.html


Microcystis (unh.edu)

http://cfb.unh.edu/CyanoKey/Microcystis.html


Chrysosporum (formerly Anabaena and Aphanizomenon)

https://www.researchgate.net/publication/332079468_GreenWater_Laboratories_Potentially_Toxigenic_PTOX_Cyanobacteria
_List?channel=doi&linkId=5ed3bd8945851529452209ce&showFulltext=true





Nostoc



Stigonematales and other benthic 
mats of cyanobacteria



Woronichinia



Lyngbya

Oscillatoriales 

Oscillatoria / Planktothrix (unh.edu)

http://cfb.unh.edu/CyanoKey/Oscillatoria.html




• Persistent Blooms 
• Fish deaths
• Musty, bloom-decay odors



Silver Lake, Hollis : June 13, 2017



Silver Lake, Hollis : June 18, 2017

• Some bloom accumulation and decay 
along shoreline



Silver Lake, Hollis : June 20, 2017



Silver Lake, Hollis : June 23, 2017



Silver Lake, Hollis : June 28, 2017



Silver Lake, Hollis : July 15, 2017



August 11, 2017



Silver Lake, Hollis : July 15, 2017



https://www.arcgis.com/apps/webappviewer/index.html?id=1f4
5dc20877b4b959239b8a4a60ef540











2022-silver-hollis.pdf (state.nh.us)

https://www4.des.state.nh.us/onestoppub/TrophicSurveys/2022-silver-hollis.pdf


Chl

PC

Detection of Cyanobacteria by fluorescence

Chlorophyll
Emission

Phycocyanin
Emission

Hand-held fluorometers

50 micron
meshWLW

<50
NPC

PE



Cyanos.org

EPA Approved QAPP and SOPs guide citizen scientists to a tiered monitoring approach 



Volunteer/Student 
Involvement

cyanoMonitoring
• Best if involved with established VM/CBM program
• Experienced volunteers
• Easy to train for sample collection
• Need an organization for processing/analysis

bloomWatch
• General public
• No connection to established VM/CBM program
• Good for tracking blooms
• Generating awareness

cyanoScope
• Interested/dedicated individuals
• University education/research
• Agencies, water suppliers

Slide credit to EPA Region 1 (Hilary Snook): Cyanos.org



https://hcb-1.itrcweb.org/



https://www.des.nh.gov/about/boards-and-committees/cyanobacteria-plan-advisory-committee

https://www.des.nh.gov/about/boards-and-committees/cyanobacteria-plan-advisory-committee


Thank you!

Amanda Murby McQuaid
University of New Hampshire
Cooperative Extension/Dept. of Biological Sciences
Amanda.McQuaid@unh.edu
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