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Cyanobacteria: the good, the bad, 
the algae

Keith Bouma-Gregson, Ph.D.
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February 6, 2020



Whiskey is for drinking ...

Strayer and Dudgeon 2010, JNABS
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Harmful Algal Blooms (HABs)

Michalak et al. 2013, PNAS

http://ngm.nationalgeographic.com/2013/05/fertilized-world/charles-
text?_ga=2.76816656.424317726.1512142752-1048308631.1469734927

https://www.pbs.org/newshour/science/ 
chinas-blueprint-clean-lakes-stop-algae-blooms-working Photo: Ohio EPA

Photo: Richard Graulich /The Palm Beach Post 
via AP



Impacts of blooms
• Ecosystem function (e.g. fish kills) 
• Aesthetics
• Toxins: drinking water, 

recreation, agriculture 

Photo: NY Times

Photo: NOAA

https://dogtrekker.com/useå
rfiles//GreenDogCCJillSiegri
st.gifPhoto: Ohio EPA



Getting our terms straight…

Algae 
Blue - green algae 
Cyanobacteria



What are Algae?

• Imprecise term for simple 
photosynthetic 
organisms  

• Archephyta proposed by 
Ernst Haeckel in 1866 

• Includes Nostoc a type of 
Cyanobacteria 

Ernst Haekel (1904)
http://resource.nlm.nih.gov/101417555

http://resource.nlm.nih.gov/101417555


What are Algae?
• Blue - green algae = Cyanobacteria 
• Cyanobacteria are bacteria (e.g. no nucleus or cell wall) 
• Previous combining of cyanobacteria into algae lumps 

together very different organisms 

https://upload.wikimedia.org/wikipedia/commons/1/19/Phylogenetic_Tree_of_
Life.png

You are 
here!



What are Cyanobacteria?
• Photosynthetic bacteria 
• Evolved >2 billion years ago 



Diversity of Cyanobacteria

http://www.keweenawalgae.mtu.edu/gallery_imag
es/cyanobacteria/Merismopedia_j72a-
15_402z_ec_h.jpg

Single celled Filamentous

http://www.keweenawalgae.mtu.edu/gallery_i
mages/cyanobacteria/Woronichinia_p5-
8a_40125.jpg

Shea
th

Mucus casing Individual 
cell



Where do Cyanobacteria live?

https://freethoughtblogs.com/pharyngula/2012/09/29/c
yanobacteria-the-desert-soil-and-you/

DesertsLakes

https://www.researchgate.net/figure/Cross-
section-through-a-lichen-with-cyanobacteria-as-
photobiont-left-and-green-
algae_fig1_282031175

Symbioses 
Photograph by Peter Essick posted by National 
Geographic

Oceans

https://en.wikipedia.org/wiki/Trichodesmium

https://www.nhm.ac.uk/discover/news/2018/ap
ril/blue-green-algae-from-legendary-
expedition-help-study-of-climate.html

Antarctica



HABs in California
2016 2017 2018 2019

Reports 91 181 190 241

• Oregon to Mexico 
• High elevation to the coast 
• Urban and rural areas 
• Drinking water reservoirs and 

natural lakes 
• Rivers 
• Cyanotoxins in estuaries 
• Occur every month, peak in 

summer 



Cyanobacteria in rivers
Mucilagenous mats growing on riverbed



Cyanobacteria in rivers
Three phases 
1) Colonization 
2) Growth 
3) Detachment 

McAllister et al. 2016



Cyanobacteria in rivers
Detachment and stranding on riverbank a public health risk 



Paerl et al. 2018. Toxins, 10(2), 76.

Why do cyanobacteria bloom?
Drivers: temperature, nutrients, 
sunlight, and stable water columns



Example of a bloom
Drivers: temperature, nutrients, 
sunlight, stable water column, 
grazing

Photo: East Bay Times 
https://www.eastbaytimes.com/2018/07/19/stay-out-of-discovery-bays-toxic-
waters-officials-warn/

Reduced flow → stable water → warm temps 
and 
Nutrient inputs 



Mitigating blooms Chemical treatments 
• Alum, phoslock 
• Algicides

Physical treatments 
• Aeration 
• Mechanical mixing 
• Hypolimnetic 

oxygenation

Watershed treatments 
• Reduce erosion 
• Reduce nutrient inputs 
• Riparian vegetation 
• Wetlands

https://www.pe.com/2019/06/07/blue-
green-algae-treated-at-lake-skinner-
near-temecula-as-other-lakes-recover-
from-blooms/



Cyanotoxins
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Cyanotoxins
Types of effects

• skin
• liver
• kidneys
• nervous system

Photo Credit: Miller et al. 2010, PLOS ONE

Toxin Toxicity
Microcystin Liver
Anatoxin Neurotoxin
Cylindrospermopsin Liver & 

kidney
Saxitoxin Neurotoxin

Anatoxin Cylindrospermopsin



Cyanotoxin exposure routes

Photo Credit: Miller et al. 2010, PLOS ONE

Skin

contacthttps://esemag.com/wp-
content/uploads/2018/07/Blue-Green-Algae.jpg

https://www.housebeautiful.com/lifestyle/kids-
pets/a28723484/blue-green-algae-killing-dogs/

Ingestion

Inhalation

https://www.uwsp.edu/cnr-
ap/UWEXLakes/Documents/programs/conve
ntion/2019/FR-
Session6/AmandaKoch_Cyanobacteria_talk_
WPLC_4.12.19.pdf

https://www.kwrwater.nl/en/actueel/airborne-dispersal-
of-cyanobacteria/



Cyanotoxin production

Yes
Yes

No

No

● Toxin production controlled by genes

● Not all species and strains contain 
toxin synthesis genes

● Changes in bloom toxicity often 
driven by changes in number of toxin 
and non - toxin producing strains in 
the bloom

Otten et al. 2015



Cyanotoxins –  need to test water to 
determine toxicity

Pinto Lake 
Toxins 
Present

Lake 
Pillsbury 
No Toxins 
Present



CA freshwater HABs program
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The past

26
Library of Congress: 2004661643



1970s: Clear Lake blooms ; Horne and Goldman 
2000s: Klamath reservoirs bloom and formation 
2006: CCHAB network formed  
2014: Toledo, OH water crisis 
2016: FHABs Strategy document, CA FHAB 
program begins, and formal tracking of FHABs 

FA

 History of FHABs in California



Anabaena sp. individual spire with air bubbles (South Fork Eel R.).

What is SWAMP? 

• Surface Water Ambient Monitoring Program (SWAMP) 
• SWAMP provides water quality resources and information 

to decision makers and the public about the condition of 
surface waters in California. 

• SWAMP is the designated agency lead for the Freshwater 
Harmful Algal Bloom (FHAB) Program. 



Anabaena sp. individual spire with air bubbles (South Fork Eel R.).

SWAMP FHABs program
The freshwater Harmful Algal Bloom 
program’s purpose is to: 
• lead freshwater HAB event response, 
• assessment, and 
• communication  

Focus on recreational exposures, and 
source water protections where recreational 
and drinking water uses overlap



The present



Freshwater Harmful Algal Bloom 
Program Infrastructure & Resources

Marisa Van Dyke
Co-Lead Freshwater Harmful Algal Bloom Program
California State Water Quality Control Board

February 6, 2020



 FHABs assessment and support strategy (2016)



Program Infrastructure Development
• Infrastructure developed to support immediate and long-term event response
• Centralized website launched in 2016

○ CA HABs Portal https://mywaterquality.ca.gov/habs/index.html

○ Created a platform to bring together all resources for the public and 
support coordination with partner organizations

○ Water Boards manages the Portal
• Developed other infrastructure including:

○ Response procedures, field SOPs, lab capacity, satellite imagery tool
○ Supported limited outreach, education and applied research

https://mywaterquality.ca.gov/habs/index.html


Central Themes of HAB Resources
How are 

advisories 
issued and 

communicated?

How to 
collect 

samples?
How to stay 

safe?
Where are 

HABs?



Where are 
HABs?



Where are HABs?
HAB Incident Reports Map 
https://mywaterquality.ca.gov/habs/where/freshwater_events.html

• Map is populated from the Water Boards 
reporting and database system 
• Reporting is voluntary

• Anyone can submit a report or an update by: 
• Online report form, phone, or email 

• Reports include: 
• Suspected or confirmed blooms
• Data from some monitoring programs
• Human or animal illness 

• An interagency illness workgroup leads 
response and reports to the Centers for 
Disease Control (CDC) database 

https://mywaterquality.ca.gov/habs/where/freshwater_events.html


Where are HABs?
Satellite CyanoHAB Map Tool
https://mywaterquality.ca.gov/habs/data_viewer/

• Developed for water managers and agencies

• Currently displays satellite imagery for  
~250 largest waterbodies

• Purpose to inform where cyanobacteria  
blooms are developing and prioritize field 
assessments

• Imagery does not show toxin concentrations 
from blooms 

• SWAMP is conducting research to improve 
data quality, current the data is provisional

https://mywaterquality.ca.gov/habs/data_viewer/


How to stay 
safe?



How to stay safe?



How are 
advisories 
issued and 

communicated?



How are advisories issued and communicated?
Voluntary CA Cyanobacteria Guidelines for Recreational Waters

https://mywaterquality.ca.gov/habs/resources/habs_response.html

https://mywaterquality.ca.gov/habs/resources/habs_response.html


How are advisories issued and communicated?



How are advisories issued and communicated?



How to 
collect 

samples?



How to collect samples?



Looking 
Forward



Looking Forward
HAB-related Assembly Bill 834
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB834

• Approved by Governor in September 2019
• Establishes formal Freshwater and Estuarine HAB Program, led by the 

Water Boards in coordination with resource agencies, Dept. of Human 
Health, CA Native American Tribes, and others

• Funding was not allocated with the bill, Water Boards submitted a  
Budget Change Proposal (BCP) to request funding
○ BCP request mirrored bill’s recommended funding amounts for new staff 

and contracting funds for monitoring
○ BCP funding is in the Governor's draft state budget, we are awaiting final 

state budget 

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB834


Looking Forward
HAB-related Assembly Bill 834
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB834

• Bill mandates many objectives for the Water Boards, briefly includes:
○ Coordinate immediate and long - term event response, as well as 

communicate notifications and risks broadly
○ Conduct monitoring and assessment at the state, regional, watershed, 

 and site - specific waterbody scales
○ Identify and prioritize at risk waterbodies
○ Conduct applied research and tool development
○ Provide outreach, education, centralized website, and data management

• Bill requires a formal report, first report due by July 1, 2021

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB834


Looking Forward
FHAB Monitoring and Research Strategy

• To address the unmet need of establishing statewide monitoring for 
HABs in freshwater and estuarine environments

• Inform the condition, health risks, and trends at many scales  
(waterbody, watershed, statewide) 

• Includes implementation framework and approximate costs to help 
inform management decisions and priorities 
○ Framework includes citizen and volunteer based monitoring 

• Anticipated final report in Fall 2020; projects implemented from the 
strategy depends on new funding



Regional Freshwater Cyanobacteria 
Harmful Algal Bloom Program Update

Rich Fadness
Lead Freshwater Harmful Algal Bloom Program
North Coast Regional Water Quality Control Board

February 6, 2020



Dog dies on Russian River, 

tests positive for toxic algae
THE PRESS DEMOCRAT | September 3, 2015

Mendocino County issues algae alert  
for Eel River after dog’s death 

THE PRESS DEMOCRAT | September 25, 2015





FHABs assessment and support strategy (2016)



Regional Board 
CyanoHAB Monitoring  

Program 
(2015-PRESENT)

FHABs assessment and support strategy (2016)



Regional CyanoHAB   
Monitoring and Response Strategy

§ Four Strategy Elements:

• Coordination 

• Monitoring and Response 

• Outreach and Training 

• Research and Tool Development
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Regional CyanoHAB   
Monitoring and Response Strategy

§ Four Strategy Elements:

• Coordination 

• Monitoring and Response 

• Outreach and Training 

• Research and Tool Development



PLANKTONIC

BENTHIC

Lake Wilson, Riverfront Park, Santa RosaLake Wilson, Riverfront Park, Santa RosaLake Wilson, Riverfront Park, Santa RosaKlamathValley.com, Klamath Lake, OR

Russian River, Cloverdale Russian River, Guerneville



CyanoHABs Monitoring Program 
Data Collection

§ Four Assessment Tools:

• Visual Assessment and Identification  

• Water Column Grab Sampling  

• Cyanobacteria Mat Grab Sampling 

• SPATT Passive Samplers
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CyanoHABs Monitoring Program 
Data Collection

§ Four Assessment Tools:

• Visual Assessment and Identification  
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DRAFT 
Benthic Cyanobacteria Signage



Cyanobacteria and Cyanotoxins

§ Many benthic cyanobacteria genera are present in Northern 

California 

o 117 unique species, of which their toxicity is unknown 

§ Constant presence of cyanotoxins in low - level concentrations 

in North Coast Rivers? 

o At least 1 cyanotoxin has been detected at every site, every time



Simultaneous Detection of Multiple Toxins
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Variability in Toxin Results by Sampling Method

Location Toxin Analysis 6/15 to 6/27 6/27 to 7/12 7/12 to 8/1 8/1 to 8/15 8/15 to 8/29 8/29 to 9/11 9/11-10/2
LCMS

Campground MCY-LA <MDL 115.630 197.278 116.490 112.140 160.032 416.873
Big Bend MCY-LR 130.400 26.161 15.790 15.600 12.554 <MDL
Big Bend NOD-R 450.750 111.514 156.010 15.270 89.488 2.655
Jimtown MCY-LA 301.760 <MDL <MDL <MDL <MDL <MDL <MDL

LCMS
Campground MCY-LA <MDL <MDL <MDL <MDL <MDL <MDL <MDL
Big Bend MCY-LR <MDL <MDL <MDL <MDL <MDL <MDL
Big Bend NOD-R TRACE <MDL <MDL <MDL <MDL <MDL
Jimtown MCY-LA <MDL <MDL <MDL <MDL <MDL <MDL <MDL

ELISA
Campground MCY-NOD 0.25 0.12 0.51 <0.10 0.86 1.56
Big Bend MCY-NOD 1.11 <.010 0.84 0.32 1.79 2.13
Jimtown MCY-NOD <.010 <.010 0.63 0.14 0.24 4.67

Location Toxin Analysis 6/15 to 6/27 6/27 to 7/12 7/12 to 8/1 8/1 to 8/15 8/15 to 8/29 8/29 to 9/11 9/11-10/2
LCMS

Campground <MDL <MDL <MDL <MDL <MDL <MDL <MDL
Pull Out <MDL <MDL <MDL <MDL
Airport <MDL <MDL <MDL <MDL <MDL

LCMS
Campground <MDL <MDL <MDL <MDL <MDL <MDL <MDL
Pull Out <MDL <MDL <MDL <MDL
Airport <MDL <MDL <MDL <MDL <MDL

ELISA
Campground 0.64 1.29 18.5 13.6 45.3 6.94
Pull Out 2204 2054 >15750 8143
Airport 53.5 1002 619 3396 1217

Algal Mat Grab Results (ug/L)

Water Grab Results (ug/L)

SPATT Bag Results (ng/g resin)

Algal Mat Grab Results (ug/L)

Total
Anatoxins

Total
Anatoxins

Anatoxin-a
(only)

Water Grab Results (ug/L)

SPATT Bag Results (ng/g resin)
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“A Deeper Look at HABS”

• benthic cyanobacteria are a concern in 
both river and lakes, and 

• lake managers need to be aware that 
surface waters may not be the only 
source of harmful toxins.

North American Lake Management Society



Extracts from benthic anatoxin - producing Phormidium are 
toxic to three macroinvertebrate taxa at environmentally 
relevant concentrations.

Phormidium strain
02/11/2016 6/28/2016 03/28/2017

Total 
Anatoxin

Anatoxin-a Anatoxin-a Homoanatoxin-a
Dihydro - 

anatoxin-a
Dihydro-

homoanatoxin-a

(µg/L)  -  
ELISA

(µg/L)  -  
LCMS

(µg/g of dry culture)  - LCMS

Strain 1 525 ND 0.66 ND 331.2 ND

Strain 2 343 ND 0.38 ND 363.4 ND

Strain 3 193 ND 0.47 ND 483.3 ND

0
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2

3

4

5

6

Ceriodaphnia Survival
LC50

Ceriodaphnia
Reproduction IC25

Chironomus Survival
LC50

Hyalella Survival LC25
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Molecular and morphological characterization of a novel 
dihydroanatoxin - a producing Microcoleus species 
(cyanobacteria) from the Russian River, California, USA



Multiple cyanotoxin congeners produced by sub - dominant 
cyanobacterial taxa in riverine cyanobacterial and algal mats

• Even when cyanobacteria are not dominant, the mats may 
still pose a serious health risk to the public



Additional Reporting

Data Report 

• Analysis of cyanotoxins, locations, and seasonality 

SPATT Bag Deployments 

• Appropriate time deployment length to assure accurate 
documentation of conditions  

DNA Analysis 

• Identification of species of concern 
• Further evaluation of the role that sub - dominant species 

play in public health risk



Regional CyanoHAB   
Monitoring and Response Strategy

The North Coast Region has been a leader in CyanoHAB 
monitoring and research

• A model for collaboration, outreach, and training 

• Development of monitoring and assessment tools 

• Publications and articles to inform a wider audience of researchers and 

resource managers 

• Research furthering our understanding of cyanobacteria issues, and most 

importantly  

• Leading the way in benthic cyanobacteria research and understanding



Thank you 

Any 
Questions?
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