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The Spatiotemporal Variability of Cyanobacteria Poses 
Unique Challenges to Monitoring and Assessment
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Overview

• Screening Tools

• Genetic Indicators

• In Situ Sensors

• Satellites

• Emerging Technology
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Cyanobacteria Colonies or Filaments Large Enough to Be 
Retained on a Net Can Be A Useful Indicator

After Graham and Jones, 2007, Lake and Reservoir Management
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Photo Credit: S. Panken, University of Missouri



Aerial- and Ground-Based Cameras Show 
Potential as Early Indicators

Ohio River Willow Creek Reservoir, OR

July 20, 2016 4:09 pmJuly 20, 2016 at 3:54 pm

Milford Lake, KS

Photo Credit: E. Emory, USACE Photo Credit: C. Smith, USGS

Photo Credit: G. Foster, USGS Photo Credit: G. Foster, USGS



Test Strips May Be Effective for Rapid Detection of Relatively 
High Concentrations of Cyanotoxins

• Tests take a minimum of 
45 minutes, and there 
are several critical steps

• Interpretation is difficult 
and highly subjective

• Work better at higher 
cyanotoxin 
concentrations

Courtesy of V. Christensen and C. Churchill, USGS

Anatoxin

Microcystin
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Genetic Data May Provide an Early Indicator 
of Cyanotoxin Occurrence 

Courtesy of R. Briland, OH EPA



Diurnal Patterns in pH and Dissolved Oxygen May Be 
Indicative of Potentially Harmful Blooms

Figure 5. Diel cycles in pH and dissolved oxygen in the 

Clackamas River at Oregon City, May 2015.
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DO response 
during a lake 
HAB event in 
Milford Lake, KS

DO & pH response 
during a river benthic 
bloom event in the 
Clackamas River, OR

Courtesy of G. Foster, USGS

Courtesy of K. Carpenter, USGS



Diurnal or Noisy Patterns in Algal Fluorescence May 
Be Indicative of Potentially Harmful Algal Blooms

Courtesy of G. Foster, USGS
Courtesy of K. Carpenter, USGS

Courtesy of O. Stoken, USGS

Clackamas River, OR

Upper Klamath Lake, OR



Cameras May Provide Additional Lines of Evidence When 
Interpreting Sensor-Based Data

https://ny.water.usgs.gov/maps/habs/

Courtesy of G. Foster, USGS
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San Francisco Bay 

Delta System, CA

Brushy Park Reservoir, SC

Courtesy of B. Bergamaschi, C. Journey, and C. Smith, USGS

Mobile Sensor Arrays Allow High Resolution Spatial Data 

Collection to Characterize Bloom Severity and Extent

Willow Creek, OR
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Sensor Data Can Be Used to Develop Models to Estimate 

Cyanotoxin Concentrations in Real Time

After Foster et al., 2018, USGS SIR 2018-5166
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http://nrtwq.usgs.gov/ks

Sensor Data Can Be Used to Develop Models to Compute 

Probability of Cyanotoxin Occurrence

After Graham et al., 2017, USGS SIR 2017-5016



Satellite Imagery May Capture Spatial and Temporal 
Variability Across a Regional Scale

After Clark and others, 2017, Ecological Indicators



https://hablab.whoi.edu/sp

Alexandrium fundyense

Imaging Technology May Provide Near Real-Time Notification 

of the Presence of Potentially Harmful Algae
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5

Photo Credit: M. Broshnahan, WHOI
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Courtesy of C. Culberson, USGS

https://hablab.whoi.edu/sp


Environmental Sample Processors

• Cyanotoxins
• Cyanotoxin synthetase genes
• Testing in Lake Erie - Collaboration between 

NOAA, MBARI, WHOI, OSU

Courtesy of T. Davis, Bowling Green State University
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Multichannel Fluorometers Have Potential to Measure 

Phytoplankton Community Composition 

Milford Lake May through 
December, 2016; after 
Foster et al., 2018, USGS 
SIR 2018-5166

https://www.turnerdesigns.com/phytofind-algal-classification

Courtesy of G. Foster, USGS
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Paine et al, 2018, Journal of Applied Remote Sensing

100 μm
100 μm

Hyperspectral Microscopy Can Potentially Be Used to Identify 
Unique Signatures of Harmful Algal Bloom Forming Taxa 



Paine et al, 2018, Journal of Applied Remote Sensing

100 μm
100 μm

Hyperspectral Microscopy Can Potentially Be Used to Identify 
Unique Signatures of Harmful Algal Bloom Forming Taxa 



Citizen Science is Becoming an Increasingly Important 
Resource for Harmful Algal Bloom Monitoring

https://cyanos.org/

https://cyanos.org/


New and Emerging 

Technologies Allow Ground-to-

Space Assessment of HABs
Photo Credit: A. Horner, USGS Photo Credit: PhycoTech, Inc

Photo Credit: J. Graham, USGS Photo Credit: USGS

Photo Credit: USGS

Courtesy of J. Graham, USGS

Photo Credit: Sentinel-2A

Landsat 8, Public Domain



Integrated Approaches are Needed to Understand, 
Quantify, and Predict Harmful Algal Blooms

• Individual systems are unique.

• Spatial and temporal variability 
present challenges to data 
collection, analysis, and 
interpretation.

• A range of sensor-based 
applications have been 
developed to quantify harmful 
algal bloom occurrence and 
severity.

• A variety of tools for early 
warning and prediction are 
being developed and used.
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jlgraham@usgs.gov
518-285-5706
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