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Aquaculture pond
Alabama, August 2008

Available Opportunities
Collaborations and Student Openings
Water Quality Sampling and Analyses

Phytoplankton, Toxin, and Off‐flavor Analyses
Training at AU and your facility

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

Jackson Lake, Georgia
September 2007

(credit: Tom Broadwell, GA Power)
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Nutrient pollution
Aquaculture pond
Alabama, August 2008

Lago de Pátzcuaro
Mexico, July 2008

Lake Erie
August 2006

May 2013
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Peter Essick
National Geographic 

27 June 2011

AU pond S10
27 June 2011

http://ngm.nationalgeographic.com/2013/05/fertilized-world/essick-photography
Lake Erie (photo: summer 2011)

August 2014
Lake Erie

Toledo, OH
500,000 people had no water
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Lake Okeechobee

Off‐flavor compounds
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domoic acid
(neurotoxin)

Bargu et al. 2012 Nature Geoscience

Anabaena

anatoxin-a

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report
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single‐celled
<10 µm length
<2 µm width

Synechococcus
ibvf.cartuja.csic.es 

colonial
15 µm to >1 mm diameter

Microcystis

filamentous
<10 µm width
>1 mm length

Oscillatoria
stcsc.edu 

Examples of cyanobacteria

Anacystis Merismopedia Cylindrospermopsis

Lyngbya Microcystis Oscillatoria
stcsc.edu 

Examples of toxigenic cyanobacteria

Anabaena Aphanizomenon Cylindrospermopsis

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

Lake Fox
16 January 2016

0.3 m Secchi depth

What is a bloom?
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Auburn Univ pond
7 August 2009

What is a bloom?
• World Health Organization

• http://www.who.int/water_sanitation_health/resourcesqualit
y/toxicyanbact/en/ Chorus and Bartram 1999

WHO Thresholds
Cell density ≥ 20,000 cells/ml
Chlorophyll ≥ 10 µg/L
Microcystin drinking water ≥ 1 µg/L

What is a bloom?

• World Health Organization
• Carlson Trophic State Index (TSI)

• widely used classification scheme
• based on transparency (Secchi depth), chlorophyll a, total 
phosphorus to relate to algal biomass typically during the summer

• scale from 0 – 110; increase of 10 TSI units = 2x algal biomass
• TSI useful for comparing lakes within a region and for assessing 
changes in trophic status over time

• Carlson 1977 Limnology and Oceanography
• http://aslo.net/lo/toc/vol_22/issue_2/0361.pdf

What is a bloom? TSI values vs. water quality

<40 Oligotrophic; clear water; high hypolimnetic O2 year-round but 
possible anoxia in the deeper hypolimnion part of year

40-50 Mesotrophic; moderately clear water; possible hypolimnetic
anoxia in summer and/or under ice. Fully supportive of all 
swimmable/aesthetic uses; possible cold-water fishery

50-60 Mildly eutrophic; decreased Secchi; anoxic hypolimnion; 
possible macrophyte “problems”; warm-water fishery; supportive 
of all swimmable/aesthetic uses but “threatened”

60-70 blue-green algal dominance with scums possible; extensive 
macrophyte problems; not supportive of all beneficial uses

>70 Heavy blooms and scums in summer likely; dense “weed” beds; 
hypereutrophic; possible fish kills; fewer plant beds due to high 
algae; not supportive of many beneficial uses

Carlson 1977 Limnology and Oceanography
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TSI values

Oligotrophic Mesotrophic Eutrophic Hypereutrophic

Trophic 
state index

Secchi depth
(m)

Chlorophyll
(µg/L)

Total 
Phosphorus

(µg/L)

NOT A 
BLOOM BLOOM

Carlson 1977 Limnology and Oceanography

• World Health Organization
• Carlson Trophic State Index (TSI)
• US Environmental Protection Agency

• https://www.epa.gov/nutrient‐policy‐data/drinking‐
water‐health‐advisory‐documents

USEPA drinking water advisories
1) Microcystin
0.3 µg/L for children 0‐6yrs
1.6 µg/L for everyone >6yrs

2) Cylindrospermopsin
0.7 µg/L for children 0‐6yrs
3.0 µg/L for everyone >6yrs

What is a bloom?

Algal bloom forecasting website

http://wilsonlab.com/forecasting.html

Algal bloom forecasting website

http://wilsonlab.com/forecasting.html
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Algal bloom forecasting website

http://wilsonlab.com/forecasting.html

SECCHI DEPTH MODEL

Algal bloom forecasting website

http://wilsonlab.com/forecasting.html

WATER QUALITY MODEL

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

• Go sample!
• Integrated and/or surface 
samples

• Whole water samples
• Secchi depth

Approaches for studying HABs

Graham et al. 2008 USGS report
http://pubs.usgs.gov/sir/2008/5038/pdf/SIR2008‐5038.pdf
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• Go sample!
• Integrated and/or surface 
samples

• Whole water samples
• Secchi depth

Approaches for studying HABs

http://wilsonlab.com/bloom_network/gear.html

Chorus and Bartram 1999
http://apps.who.int/iris/bitstream/10665/42827

/1/0419239308_eng.pdf?ua=1

Lakeside
monitoring
approaches

Approaches for studying HABs

• Go sample!
• Integrated and/or surface 
samples

• Whole water samples
• Secchi depth

Approaches for studying HABs

Lake Fox
16 January 2016

0.3 m Secchi depth

• Important targets
• Poor transparency
• Toxigenic cyanobacteria
• Toxins (cell‐bound and/or 
dissolved)

MicrocystisChroococcus Planktothrix

Cylindrospermopsis

Anabaena 

Merismopedia Lyngbya Coelosphaerium

How do we quantify cyanobacterial 
abundance?
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Huge size range

Kalff 2002 Limnology

Algal group Length (µm)

Picoplankton
Nanoplankton
Microplankton
Mesoplankton

0.2‐2.0
2.0‐30
30‐200

200‐20,000

Burj Khalifa in Dubai (830m)

Picoplankton Mesoplankton

100,000x
difference

Human (2m)

Stacked 240x to 
reach 200,000m

Common techniques for 
enumerating phytoplankton

Hydrobios settling chambers

High performance
liquid chromatography

Flow CAM imaging particle analyzer

Quantitative PCR

Benchtop fluorometer
Turner Designs Trilogy

Field sonde
Hydrolab minisonde

CellScope

• http://cellscope.berkeley.edu
Graham et al. 2008 USGS report

http://pubs.usgs.gov/sir/2008/5038/pdf/SIR2008‐5038.pdf

Common toxin analytical approaches   



9/22/2016

Chorus and Bartram 1999
http://apps.who.int/iris/bitstream/10665/42827

/1/0419239308_eng.pdf?ua=1

Common toxin analytical approaches    Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

Abiotic factors that favor cyanobacteria

http://ian.umces.edu/

Biotic factors that favor cyanobacteria

http://www.waterworld.com/articles/wwi/print/volume‐26/issue‐2/regulars/water‐leader‐focus/leading‐a‐blooming‐revolution.html

‐ Few piscivores
‐ Few large 

zooplankton
‐ Presence of 

dreissenid mussels
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Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

U.S. HABs in lakes

• National HABs water quality database does not
exist

• National HABs human and animal health database 
just announced

• One Health Harmful Algal Bloom System (OHHABS)
• http://www.cdc.gov/habs/ohhabs.html

• Useful websites about inland HABs around the U.S.
• https://www.epa.gov/nutrient‐policy‐data/cyanohabs
• http://www.toxicalgaenews.com/
• https://www.epa.gov/waterdata/storage‐and‐retrieval‐
and‐water‐quality‐exchange

U.S. HABs in lakes
• Harmful algal blooms and hypoxia comprehensive research plan and 
action strategy: an interagency report – February 2016

• Recommendations
• Add to and improve scientific understanding of HABs and hypoxia, and their 

causes and effects, as well as improve testing and research methods. 
• Strengthen and integrate new and existing monitoring programs. 
• Improve predictive capabilities by developing and enhancing HAB and hypoxia 

modeling programs; improve disease surveillance for human and animal 
exposure, illnesses, and death. 

• Improve stakeholder communications, including having more effective and 
readily‐available public advisories, stronger connections with susceptible 
communities, and a better understanding of the socioeconomic and health‐
related impacts of HABs and hypoxia. 

• Continue and expand collaborations in research, management, and policy‐
related arenas. 

• Legislation reauthorization but no funds appropriated
• https://www.whitehouse.gov/sites/default/files/microsites/ostp/NSTC/
habs_hypoxia_research_plan_and_action_‐_final.pdf

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report
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2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

Oligotrophic

Mesotrophic

Eutrophic

Hyper‐
eutrophic
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2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla Yuan and Pollard 2015 Freshwater Biology

2007 EPA National Lakes Assessment



9/22/2016

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

USEPA drinking water advisories
1) Microcystin
0.3 µg/L for children 0‐6yrs
1.6 µg/L for everyone >6yrs

2007 EPA National Lakes Assessment

• 2007 EPA National Lakes 
Assessment

• 1252 samples for 
microcystin

• Range 0‐225 µg/L
• 68% ‐ undetectable 
• 16% ‐ 0.05‐0.5 µg/L
• 5% ‐ 0.5‐1.0 µg/L
• 9% ‐ 1.0‐5.0 µg/L
• 2% ‐ >5 µg/L

• http://www.epa.gov/national‐aquatic‐
resource‐surveys/data‐national‐aquatic‐
resource‐surveys

Hollister et al. 2016 F1000Research
http://f1000research.com/articles/5‐151/v1

2007 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla
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Yuan et al. 2014 Freshwater Biology

2007 EPA National Lakes Assessment

Yuan and Pollard 2015 Freshwater Biology

2007 EPA National Lakes Assessment

2007 EPA National Lakes Assessment
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Yuan and Pollard 2015 Freshwater Biology

2007 EPA National Lakes Assessment
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2012 EPA National Lakes Assessment

http://www.epa.gov/national‐aquatic‐resource‐surveys/nla

2007
NLA

timeline

Outline
• Harmful algal blooms (HABs) background

• Important taxa
• Defining an algal bloom
• Approaches for studying algal blooms
• Factors that promote algal blooms

• Data about U.S. conditions related to HABs
• 2007 EPA National Lakes Assessment 
• 2014 Toxic algae news report

2014 Toxic algae news report

http://www.toxicalgaenews.com/

2014 Toxic algae news report

http://www.toxicalgaenews.com/
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• 38 states and Washington, D.C. responded
• 71% of responding states say HABs are serious problem
• 0% of responding states say HABs are not an issue
• 53% of responding states say HABs occur every year
• 49% of responding states actively monitoring some public 
access sites for HABs in the past

• 1 state (NE) actively monitors all public access waterbodies 
for HABs

• 56% of responding states work with local govt and/or citizen 
scientists to report HABs

• 38% of responding states don’t track impact of HABs
• 2 states (OK and VA) track ER submissions related to HABs
• 3 states (HI, KS, OK) track tourism effects of HABs
• 77% of responding states don’t have HABs hotline for public

http://www.toxicalgaenews.com/

2014 Toxic algae news report

Aquaculture pond
Alabama, August 2008

SUMMARY
1. Water quality is generally improving around the U.S.
2. Harmful algal blooms (HABs) plague lakes around the 

U.S. but some regions are more prone than others.
3. The 2014 “Toledo” situation put HABs on the national 

radar but funding for monitoring inland waterbodies is 
scarce.

4. Some states are more proactive than others.

Aquaculture pond
Alabama, August 2008

Available Opportunities
Collaborations and Student Openings
Water Quality Sampling and Analyses

Phytoplankton, Toxin, and Off‐flavor Analyses
Training at AU and your facility

Aquaculture pond
Alabama, August 2008

Contact information
Dr. Alan Wilson

Fisheries – Auburn University
203 Swingle Hall, Auburn, AL 36849
wilson@auburn.edu, 334‐246‐1120

http://wilsonlab.com/  


