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Internal Loading in Chautauqua Lake 

• What are the important time scales associated with internal loading processes?

• Chronic steady-state release (seasonal)

•  Acute pulses (hourly)

• Why does it matter? 

• How does the timing of nutrient release effect uptake by phytoplankton and other 

primary producers?

 



Chautauqua Lake  

Image Source- NYDEC Harmful Algal Bloom Action Plan



Chautauqua Lake  

Image Source- iBoating

• North Basin
• Mean = 7.9m

• Max = 22.9 m

• Long-term seasonal stratification and anoxia 

• South Basin
• Mean = 3.3m

• Max = 5.8m

• Episodic stratification and anoxia 

• Mark Lucius previous talk



Data Collection 

Photo Credit: Brian Mattes



Internal Loading in the North Basin

• Chronic anoxia at depth in 
North Basin

mob = meters off bottom



Internal Loading  

• Phosphorus bound in sediments is 

released under anoxic conditions

https://assets.ccaps.umn.edu/



Internal Loading in the North Basin

• Chronic anoxia at depth in 
North Basin

• Phosphorus bonded to iron 
oxyhydroxides in sediments

• Reductive dissolution in anoxic 
sediments → Release 
biologically available ortho-
phosphate 

North Basin Big Bar South Basin

mob = meters off bottom

1 mob

surface



• Observed episodic increases in conductivity within 
hypolimnion 

• Potential source of increased conductivity 
• ↑ P +  ↓ O2 + reduced products 
• Ferrous iron
• Internal loading in “real-time”

• Can we use specific conductance as a tracer to 
characterize episodic loading?

• Conductivity is a generalized measure
• Ability of water to pass an electrical current
• Not just iron- any dissolved cation/ anion

• Sediment disturbance driving conductivity pulses

Internal Loading- pulse events vs chronic release 



Internal Waves

https://mlml.sjsu.edu/physoce/internal-waves-in-monterey-bay/



Potential hydrodynamic drivers of pulsed internal loading

Cossu et al. 2017

• Wash zone
• Internal wave “crashing” as thermocline 

interacts with sediments
• Mike Kelly 

• Skaneateles 



Potential hydrodynamic drivers of pulsed internal loading

Image Source - NYDEC

• Wash zone
• Internal wave “crashing” as thermocline interacts 

with sediments
• Mike Kelly 

• Skaneateles 

• Wash zones interact with bathymetry 
(holes)

• Migrate with thermocline depth 



“Our tracer experiments demonstrated that shallow-water waves can 
increase fluid exchange between sandy sediment and overlying water 
50-fold, relative to the exchange by molecular diffusion. The main 
driving force for this increased exchange are the pressure gradients 
generated by the interaction of oscillating boundary flows and 
sediment wave ripples.”

What might be driving increases in 
conductivity associated with bottom 
sediments?

“Advective pore-water exchange driven by 
surface gravity waves and its ecological 
implications”
Precht & Huettel 2003

Potential hydrodynamic drivers of pulsed internal loading



= Thermocline deformation /
   Energy driving pumping of pore 
   water locked in sediments 

= Internal loading signal as tracked by 
increased conductance   
    

Can we use SpCond as a proxy measurement/ evidence of a nutrient pump and internal loading? 







Pulsed Internal Loading 





Pulsed Internal Loading 



Pulsed Internal Loading 

• Timing of conductivity pulses 
are coincident with observed 
internal waves

• Timing of conductivity pulses 
is coincident with increases in 
multiple analytes, including 
Iron and different forms of 
phosphorus



Pulsed Internal Loading 

• Timing of conductivity pulses 
are coincident with observed 
internal waves

• Timing of conductivity pulses 
is coincident with increases in 
multiple analytes, including 
Iron and different forms of 
phosphorus



Implications for Phytoplankton Ecology 

Increase in fluorescence vs biomass?
Lippemeier et al. 2021 – 30 min response time in fluorescence signals after nutrient addition 
(diatoms and green)
Kruskopf & Flynn 2005 (?)
Harrison & Smith 2012 (??)

 

DVM boundary at thermocline







Ceratium hirundinella

https://www.inaturalist.org/taxa/345252-Ceratium-hirundinella



Ceratium hirundinella

• Dinoflagellate (mixotroph)

• DVM
• Oxycline is barrier to DVM
• Diurnal microstratification just 

above oxycline



Ceratium hirundinella

• Overwinter cysts 
• Mass encystment or sudden lysis late in season
• Associated with turnover

Chapman et al 1982Heaney 1976, Talling 1971, Pollingher 1993



Ceratium hirundinella

• Ceratium as nutrient pump
• Seasonal pump

• Overwinter cysts absorb “luxury” nutrients 
from sediments and rise to epi

• 5x increase in P

• Short-term
• DVM allows Ceratium to “come within 

reach” of hypolimnetic nutrients – near 
thermocline

• Pathway to transfer P from hypolimnion to 
epilimnion

Chapman et al 1982Heaney 1976, Talling 1971, Pollingher 1993











2022 Biovolume 
Aug 8, Aug 22, Sept 12, Sep 26

Known CHQ HABs 

HF sensor – Sep 21 



Hypothesized series of events

1. Deoxygenation of hypolimnion leads to internal loading

2. Pore water pumping/ wash zone drives pulses of nutrient rich water higher into the hypolimnion (conductivity 
as proxy)

3. By mid season nutrient super-rich water nears upper layers of hypolimnion, enough so that Ceratium can 
access it

4. Ceratium DVM acts as daily nutrient pump, bringing nutrients to epilimnion (leaky bodies), driving growth of 
other phytoplankton groups

5. Ceratium maintains dominance until turnover
1. Cold water drives encystment  -OR-
2. Competition with other cyanobacteria (toxins) drives them into encystment

6. Void left by Ceratium allows cyano HABs in North Basin



Why does it matter?

• Help explain timing of late season CHABs in North Basin of Chautauqua Lake

• Provides predicative capability for HABs in other lakes
• Monitor for episodic internal loading events



https://jeffersonproject.rpi.edu

• Brian Mattes
• Michael Henderson
• Chautauqua Institution 
• Chautauqua Lake and 

Watershed Management 
Alliance

• Lloyd Treinish
• Anthony Praino
• John Ma
• Jon Borrelli
• Maria Pelusi 



Hypothesized series of events

1. Deoxygenation of hypolimnion leads to internal loading

2. Pore water pumping (or mix of hydrodynamic drivers) pulses nutrient rich water higher into the hypolimnion 
(conductivity as proxy)

3. By mid season nutrient super-rich water nears upper layers of hypolimnion, enough so that Ceratium can 
access it

4. Ceratium DVM acts as daily nutrient pump, bringing nutrients to epilimnion (leaky bodies), driving growth of 
other phytoplankton groups

5. Ceratium maintains dominance until turnover
1. Cold water drives encystment  -OR-
2. Competition with other cyanobacteria (toxins) drives them into encystment

6. Void left by Ceratium allows cyano HABs in North Basin



• Release of nutrients associated with turnover available to wider phytoplankton community  
• Turnover is not a singular event 

• Local turnover is depth dependent
• Either turnover or leaky Ceratium drives cyano biomass
• Competition from cyanobacteria drives encystment of Ceratium



• Submersible Platform for Automated Timeseries Sampling
• Julia Levan (RPI Arch Student)

• 2023 North Basin and South Basin VP deployments
• Near-Sediment interface sampling 

• Other Research Questions?

S.P.A.T.S.



Pulsed Internal Loading 



Potential hydrodynamic drivers of pulsed internal loading

Cossu et al. 2017 Wells et al. 2019



Pulsed Internal Loading 



Vertical velocity matches pattern seen in water temperature and conductivity. Alternate upwelling and downwelling of water 
column as a potential driver pumping pore water in benthic sediments





Second deeper 
thermocline/ density 
gradient





Switch from Red/ 
Green to BGA in Oct

Woronichinia (BGA), Microcystis (BGA)

Oct 10: Chl-a channel is greatly reduced 
BGA channel increases in early Oct, dominant by 15th



Sep 8th sample suggest this could be Ceratium (Dino with known DVM)
Ceratium seems to register in both Green and Red channels

Increase in Green and Red channel coincident with VP Chl-a channel
Observed DVM in Chl-a channel 

*Missing Aug phyto sample

Increase in Green and Red 



Internal Loading in the North Basin

Hypolimnetic  Fe and SRP 
increase during stratified 
period



Can we use SpCond as a proxy measurement/ evidence of a nutrient pump and internal loading? 

• Mike Kelly 
• Skaneateles 2018

• Late-morning modeling talk
• Guillaume Auger
• Mike Henderson 
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