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• Increasing problem 

worldwide 
• Fresh and salt water 

• In freshwaters, usually 

cyanobacteria 
• Toxic, nuisance, economic, 

and ecological effects 

• Increases caused by 

changes in land use, 

nutrient loading and 

climate 

Harmful Algal Blooms (HABs) in Context 





• Increased Storm Intensity 

– Sediment and nutrient loading rises exponentially 
with discharge 

• Longer drought periods? 

– Increase residence times 

– Reduced Mixing 

• Changes in snowmelt, seasonality 

Climate Change Impacts 
To-Lake Effects 



• Direct effects of temperature on phytoplankton 
growth rates (especially cyanobacteria) 

• Increased water column stability  
• Longer stratified periods (deplete oxygen in 

bottom waters) 
• Increased respiration rates (especially in 

sediments) 
– Increased sediment P release 
– Increased sediment ammonium release 

• Increased denitrification 

Wagner and Adrian 2009 
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Climate Change Impacts 
In-Lake Effects 



HAB’s in Lake Champlain 
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Temporal dynamics of phytoplankton resource limitation 

Decadal trends in Missisquoi Bay 



Missisquoi Bay Temporal dynamics of phytoplankton resource 
limitation 
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Climate Change Temporal dynamics of phytoplankton 
resource limitation 



Recap: Effects of Climate Change 
 In-Lake Processes More Cyanobacteria Dominance 

• Direct effects of temperature on 
phytoplankton growth rates 

• Longer stratified periods  

• Increased Internal Loading 

– sediment P and ammonium release 

• Increases in N-limitation 

– Increased denitrification 

• Increased water column stability 



Sources of Uncertainty 
 In-Lake Processes 

• What changes will there be in wind mixing, 
and how will this affect blooms? 

• What changes will there be in cloud cover and 
periods of drought, and what effects will these 
have? 

• What other climate-related stressors might 
affect blooms (e.g. species introductions)? 

• How will these changes affect the long-term 
trajectory of lake recovery? 


