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Recognize chairRecognize co-presentersRecognize authorsToday, I will present results of a 2015 cyanoHABs monitoring study performed on an inland reservoir in southwest oh.As you can see from the Author list, this was very much a group effort with each contributor bringing their own expertise to the project.I would particularly like to recognize Tim Neyer and Clermont County water resources dept



Prediction of cyanoHAB/toxin events

Questions
• Which biotic/abiotic factors drive 

cyanobacterial communities and 
cyanotoxin production?

• Are there environmental or molecular 
measures which can indicate impending 
blooms and cyanotoxin production?

• How does sampling frequency impact 
the picture provided by monitoring?

• What are the challenges and 
opportunities of reservoir hydrology in 
HAB dynamics and management?

• Goal
Reactive->Proactive Risk Management

Study Approach
• Leverage a variety of monitoring 

parameters
• Collect data/samples at a frequency 

which can capture variability of the 
system

• Develop relationships between 
observed parameters and bloom 
status

• Provide near-term predictive 
capabilities to focus cyanotoxin 
monitoring

Presenter
Presentation Notes
To frame the problem and direction of this research, cyanoHAB events are increasing in frequency and intensity due to excess nutrients and increasing temperatures.CyanoHAB events [point at hab pic] then lead to potential public health and ecological problems [point at sign pic]. Currently, decisions regarding cyanoHAB events are based on chemical analysis and are retrospectiveSome work done in 2014 with Donna Francy of USGS resulted in the finding that in-vivo phycocyanin fluorescence predicted MC with a 7 day lead timeThe objective of the work I will present is to develop and investigate tools that could be used to predict the likelihood of not just cyanoHAB events but cyanotoxin eventsOne point of emphasis here is understanding the temporal aspect of underlying processes so we can move from Reactive to Proactive Risk Management



HAB monitoring tools
HF Physico-chemical
• Water Quality

• Temp
• pH
• ORP
• Sp Cond
• Turbidity
• Dis Oxygen
• TOC
• DOC
• NO3-N
• UV-Vis spectra

• PAR
• Weather

Wet Chemistry
• Total Nitrogen
• NO2-NO3
• NO2
• Total NH4
• Total Phosphorous
• Total Reactive 

Phosphorous

Phototroph Dynamics
• In-vivo Fluorescence

• Phycocyanin
• Chlorophyll 
• Other pigments

• Diatoms
• Cryptophyta

• Microscopic
enumeration

Molecular Markers
• Next Gen Sequencing

• 16S rRNA gene
• 18S rRNA gene
• Cytochrome oxidase
• Metagenome
• Metatranscriptome

• qPCR/RT-qPCR assays
•Toxin specific gene 
assays

Cyanotoxin Analysis
• ELISA

• MC-ADDA
• LC-MSMS

• MC congeners
• Cylindrospermopsin
• Anatoxin-a
• MMPB

Presenter
Presentation Notes
As I mentioned, each co-author brought their own set of skills and we have covered many current and some relatively novel cyanoHABs monitoring methods.



Lake Harsha, Clermont County, OH

• Watershed Area
• 342 miles2

• Summer Pool Elevation
• 733 ft

• Summer Pool Area
• 2000 acres

• Water Quality Data since 2012 at 3 week intervals

Presenter
Presentation Notes
Our study area is Lake Harsha, a 2000 acre multiple use reservoir in SW OH. USEPA has collected WQ data since 2012 at 3 week intervals.We focused on a subset of sampling including cgb, emb, buoy, efl.Our sampling schedule was once per week but increased the frequency daily during the bloom.Data presented from here on is from the BUOY site only.



High frequency parameters
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POC: Joel Allen allen.joel@epa.gov
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Daily mean Sonde dataCensored MC-ADDA dataPhyco 13 days 0.78Chl 7 days 0.59 neg slopepH 13 days 0.69Temp 5 days 0.27



Nutrients
• Interior plateau ecoregion Targets

• TN = 688 ppb 
• TP = 34 ppb

• Lake Harsha lake is well above 
these levels most of the time 
especially for TP. 

• Depth profiles among sampling 
sites suggest the hypolimnion as a 
source of NH4

+ and TRP
• Concentrations increase until fall 

turn over
• Inorganic nutrients deplete in the 

surface waters by early summer, 
while organic fractions tend to 
dominate, presumably as live 
algae. 

POC: Chris Nietch nietch.christopher@epa.gov

Presenter
Presentation Notes
Targets for TN and TP for inland lakes in the interior plateau ecoregion where Lake Harsha resides are 688 ppb and 34 ppb, respectively. The lake is well above these levels most of the time especially for TP. The depth profiles among all of our sampling sites also suggest a significant source of ammonium and total reactive phosphorus from the hypolimnion waters with concentrations of each increasing as the summer hypoxia period progresses until overturn takes place in October/November timeframe. Inorganic nutrients deplete in the surface waters by early summer, while organic fractions tend to dominate, presumably as live algae. 



Phytoplankton dynamics

• 2015 and 2016 
summer 
cyanobacteria 
relative abundances

• Cyanobacteria 
community is 
diverse and 
changes as season 
progresses

• Inter-annual 
differences are 
significant 

POC: Chris Nietch nietch.christopher@epa.gov

Presenter
Presentation Notes
Compares 2015 and 2016 relative cyanobacteria abundances at the surface depth of the Buoy site.  Cell count data. Eight most relative abundant taxa in each year plotted. Other category is lower in abundance Cyanos plus other algae groups, so R.A. is based on all phytoplankton counted.1) The cyanobacteria community in Harsha is quite diverse and changes as the season progresses. 2) There were substantial differences in relative abundance between 2015 and 2016. Anabaena not nearly as dominant in the beginning of summer in 2016 compared to 2015.Planktothrix had higher relative abundance in 2016 compared to  2015Aphanocapsa relatively abundant in 2015, not 2016, Cylindrospermopsis relatively abundant in 2016, not 2015. Pseudoanabaena major component of algal community both years.Microcystis only abundant early in 2016. 



16S rDNA and rRNA sequencing
BUOY rDNA 2015
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Presentation Notes
Overall Goal: To develop a molecular toolbox that can identify and detect cyanobacterial andnoncyanobacterial targets linked to toxin productionOngoing studies: 16S and 18S rRNA and rRNA gene sequencing using next generation molecularmethods to look at the composition and structure of microbial communities associated withcyanobacterial bloomsResults: Using sequencing analysis of the 16S rRNA gene, we have identiied 11 different cyanobacterialgenera in samples collected from Lake Harsha (2015). Among the most dominantgenera are Cylindrospermopsis, Dolichospermum, Microcystis, and Planktothrix. Other abundantbacterial groups are Bacteroidetes, Chlorobi, and Chlorolexi. RNA libraries suggested that mostof the active organisms in these samples were cyanobacteria, Increases in densities and activityof these groups were noted early summer. Additionally, potential cyanobacterial predators (i.e.,copepods) and a large diversity of phytoplankton were identiied in 18S rRNA sequencinglibraries.



qPCR and RT-qPCR 

POC: Jingrang Lu lu.jingrang@epa.gov
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HEP = 0.84HEPrt = 0.75mcyG = 0.76mcyGrt = 0.78Pla_mcyE = 0.49Pla_mcyErt = 0.4Based on slope agreement, it appears most of the MC production was from Microcystis



Cyanotoxin analysis

POC: Jody Shoemaker shoemaker.jody@epa.gov, Dan Tettenhorst tettenhorst.daniel@epa.gov, Heath Mash mash.heath@epa.gov, Toby Sanan sanan.toby@epa.gov
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Data generated by Dan and JodyApples to oranges comparison of LC and ELisaNote congenersCensored regression followed similar trends as ELISA but with lower correlations
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Relationships



Relationships

Beta = 0
p = <0.001
r = 0.74
Lag = 0 days
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Relationships
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Summary
• Lake Harsha is a eutrophic inland reservoir located in the interior plateau ecoregion
• A variety of tools were used to characterize the cyanobacterial community and 

environmental factors during the cyanoHAB events of 2014-16
• High resolution sampling has given insight into the relationship between indicator 

parameters of bloom status and cyanotoxin production
• Taxa trends show Lake Harsha is a diverse system with multiple cyanotoxin producing groups
• Cyanotoxin analytical techniques confirmed the presence of cyanotoxins over the course of the 

season
• ELISA may be better for magnitude
• LC-MSMS demonstrates diversity of MC congeners present

• in-vivo fluorescence can provide useful information regarding HAB status
• Molecular techniques indicate the occurrence of genes involved in cyanotoxin production and 

correlate well with cyanotoxin water column concentrations

• Evidence suggests Microcystis is the greatest contributor to microcystin prodution
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