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Presentation Roadmap

• HABs: Consequences and Causes 

• Are HABs increasing? 

– Focus Milford, Marion, and Sebelius

• Sediment cores – reconstruct history

• Long-term WQ data

• Summary / Future Directions



Phytoplankton diversity



Harmful Algal Blooms (HAB) in KS

• Made of “blue-green” algae (Cyanobacteria)

• Blue + Green = Cyan

• Bacteria – but function like algae

• Can produce potent toxins (more potent than cobra!)

• Can produce taste-and-odor compounds

• But not always (we don’t know why)



Cyanobacteria diversity
• 2000 - 8000 cyanobacteria species

• Each species has 100s/1000s of strains

• Only some strains capable of toxin/ T&O

• Strain must have gene(s) to produce toxin

Microcystis
Milford & Marion

Anabaena 
Marion

(now Dolichospermum)

Aphanizomenon
Sebelius

(now Chrysosporum)

N2-fixer N2-fixer



Surface scums – Cyano. specialty
Chorus & Bartram 1999



Surface scums – Cyano. specialty

Can rapidly change location in lake
Scums are major health hazard 



Blooms form under the right conditions



KDHE response data by advisory level 2010-2019



• Economic
– Aesthetically unpleasing
– Foul odors
– Reservoir closure/warnings 

• Ecological
– Disrupts food webs 

• large, un-nutritious  hard to eat for zoops
– Harmful to animals & humans

Consequences of Cyano blooms



Why? Algal bloom causes
• Remember  algae are tiny plants
• Plants need: 

– Light

– Nutrients

– Water

• Each group of algae has different 
adaptations

N-P-K



What favors cyanobacteria?



Nutrients = Nitrogen & Phosphorus

Why? 2 primary factors 

Downing et al. 2001





Other factors

Others: luxury N+P uptake & storage, 
pesticides/herbicides, adapt to hi/lo light…

N:P

Float

Iron?

N form



Most Kansas waterbodies:

Have plenty of nutrients
Although nutrient reduction helps!

Get hot in summer



Why Now? 

Cyano blooms always there?

But only noticing them now?

Are cyano blooms increasing?

Blooms anomaly or pattern?

What is long-term trajectory of systems?



2 methods

Sediment cores

Historical reconstruction using sediments

Compile collected WQ data

Combine data from different agencies

Detecting long-term change



Sediment coring
• Cores – like tree rings

• Integrated historical 

record of WQ (& HABs!)

Ogdahl et al. 2014



Reservoirs for Cores + Data
Milford (FY18)

Large toxic blooms since 2011

Multiple reservoir closures

Marion (FY19)

Large toxic blooms since 2003

Multiple reservoir closures

Sebelius (Norton - FY19)

Several recent 2-3 week-long blooms

Blooms since 2014 – unknown pre-2014



Focus of Results Presented
Each reservoir presented individually

Sediment cores:

Sediment dating + mixing (239+240Pu)

Sediment nutrients (TN & TP)

Terrestrial plants or algae? (Isotopes)

Toxigenic taxa present? (eDNA)

Algal pigments: Differ by algal groups



Focus of Results Presented
Each reservoir presented individually

Sediment cores:

Sediment dating + mixing (239+240Pu)

Sediment nutrients (TN & TP)

Terrestrial plants or algae? (Isotopes)

Toxigenic taxa present? (eDNAmcyE)

Algal pigments: Differ by algal groups



Focus of Results Presented
Combined WQ data to impoundment

-WQ Data from KDHE, USACE, USGS

-Data on Nutrients, Algal Counts, & %Cyano

-Data from multiple sites

-High Freq. data 

Land use data from watersheds
-From Cropland Data Layers (USDA NASS)



Focus of Results Presented
Combined WQ data to impoundment

-WQ Data from KDHE, USACE, USGS

-Near-Dam Nutrients, Algal Counts, & %Cyano

-Data from multiple sites

-High Freq. data 

Land use data from watersheds
-From Cropland Data Layers (USDA NASS)



Milford



KDHE response data by advisory level 2010-2019



Milford: Sediment coring

Milford 2018



Data 
Presented
Here 



Milford Cores: Date + Mixing





Milford Cores: Total algae



Milford Cores: Only Cyano



Pigments are not water soluble and 
cannot be transformed in sediment

Stable marker of past 

eDNA can degrade in sediment

Can be un-stable marker of past

Presence = Presence
Absence = Absence OR degradation



Milford Cores: eDNA toxic genes



Milford KDHE: Algal counts



Milford WQ Data: Nutrients



Milford Watershed Land Use



Milford Cores + Data Summary
Pu date S2 at impoundment - little sed. mixing

eDNA shows toxic cyano there since impound

Pigments show total phyto and cyano incr.

Discrete phyto data show total and cyano incr.

Discrete WQ data show P incr. but N consistent

Cores + data show change in early 2000s

Land use changing to more corn & soy

Incr. P seems to drive incr. cyano



Marion



KDHE response data by advisory level 2010-2019



Marion: Sediment coring

Marion 2018





Marion Cores: Date + Mixing



Marion Cores: Total algae



Marion Cores: Only Cyano



Marion Cores: eDNA toxic genes



Marion KDHE: Algal counts



Marion WQ Data: Nutrients



Marion WQ Data: log Nutrients



Marion Watershed Land Use



Marion Cores + Data Summary
Pu dated impound in both - little sed. mixing

eDNA shows toxic cyano there since impound

Pigments show total phyto and cyano incr.

Discrete phyto data show total and cyano incr.

Discrete WQ data show P incr. but N consistent

Cores + data show change in 90s

Land use changing to more corn & soy

Incr. P seems to drive incr. cyano



Sebelius



KDHE response data by advisory level 2010-2019



Sebelius: Sediment coring

Sebelius 2018





Sebelius Cores: Date + Mixing



Sebelius Cores: Total algae



Sebelius Cores: Only Cyano



Sebelius Cores: eDNA toxic genes



Sebelius KDHE: Algal counts



Sebelius WQ Data: Nutrients



Sebelius WQ Data: log Nutrients



Sebelius Watershed Land Use



Sebelius Cores + Data Summary
Pu dated impound in both - little sed. mixing

eDNA shows toxic cyano there since impound

Pigments show large mixed blooms in 1980s

Discrete phyto data variable,slight cyano incr.?

Discrete WQ data variable

Overall dynamic, few trends – hydrology? 

Land use changing to more corn & soy

Dynamic hydro. -> dynamic conditions



Summary
• Milford & Marion are increasing in HABs

• HAB incr. concurrent with P incr.

• Incr. started 90s/early 2000s in both 

• 20-30 year “push” towards cyanoHAB

• Sebelius dynamic but slight HAB incr.
• Hydrological signal?  

• Short-term conditions?

Trajectory of Milford & Marion seem to 
be progressively favoring cyano



Future Directions
• External P loading differences??

• Are land use trends important to P?

• Does it matter what crop is planted?

• Does double cropping matter?

• Related to tillage practice?



Tillage differences?



Tillage differences?



Tillage differences?



Future Directions
• External P loading differences??

• Are land use trends important to P?

• Does it matter what crop is planted?

• Does double cropping matter?

• Related to tillage practice?

• How much P is internally loaded?
• Currently finding out in Marion



What is internal loading?



internal loading = P from sediment
Occurs under anoxia No oxygen



Internal P incr. with external loading



How often does anoxia 
occur in bottom waters?



High Freq. monitor w/ depth 
Can determine when O2 absent



High Freq. monitor: Marion Ex.
Dissolved O2 with depth – Aug. 2019



Big Picture Summary
• Coring can determine:

• Are cyanoHABs are increasing?

• If yes,  when did increase start?

• How dramatic was change?

Help characterize the long-term 

trajectory of a system



Started unraveling Kanopolis & 
Webster history in 2019!

Kanopolis



Started unraveling Kanopolis & 
Webster history in 2019!

Webster



Big Picture Summary
• Why have some lakes increased in HABs 

while others have not???

• Sediment coring can help gain insights into 
past & why/how HABs change over time
– Could be discouraging…. But can bring hope

• Decades w/ less cyanobacteria in Milford/Marion 
– Can lakes reverse or return?

• More cored lakes, experiments, HF data, & 
data collection/aggregation  better 
understand long- and short-term processes 
that help change risk of HABs 



Thank you!

Questions?

Email: 
T992H577@KU.edu

Pictures from Milford 2017
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