
Scott Williams,  ME Volunteer Lake Monitoring Program 

Dave Courtemanch, The Nature Conservancy 

Linda Bacon,  ME Dept. Environmental Protection 

     NEC NALMS June 8, 2013 



The Changing Phenology of 
Lake Stratification… 

 Extreme weather 2012 (temperature & precipitation)  

 Observations from Maine lakes 

 Lake Auburn 

 George’s and Abrams Ponds  

 Changes in thermal stratification dynamics  

 Future of Maine lakes through a climate change lens 



Stratification in a Dimictic Lake 



Stratification in a Dimictic Lake 



Drivers of Thermal Stratification 
 Lake morphometry – area, depth, volume 
 Solar radiation 
 Air temperature 
 Inflow – surface and groundwater 
 Shape and orientation of lake basin 
 



Climate change related factors 
 Warming air temperature 

 Increasing precipitation 

 Storm intensity 

 Precipitation mode 

 Decreasing albedo 

 Solar radiation (?) 

 Increased dissolved organic carbon 







How might these influence 
stratification? 

 Lakes with early ice-out are primed to stratify 
earlier 

 Increased duration of stratification 
 Altered depth  (volume, area) of stratification 
 Increasing hypoxia in subsurface water 
 Altered thermal diffusion gradient (thickness of 

thermocline) 
 Altered run-off regimes modifying flushing 

characteristics 



Smoothed-line ice-out dates for eight New England Lakes  

(from Hodgkins, James, and Huntington, 2005) 

Moosehead 
Rangeley 

Auburn 

Damariscotta 

Sebago 



Average monthly temperature, NWS, Gray Maine 
2012 monthly average in red 



Monthly average precipitation from NWS, Gray Maine 
2012 data in red 





Georges Pond, Franklin, ME  



Georges Pond 
Temperature 

and 
Oxygen 
Profiles  



Abrams Pond, Eastbrook, ME 



Abrams Pond 
Temperature 

and 
Oxygen 
Profiles  



Lake Auburn, Auburn, ME 



Lake Auburn Temperatures 



Lake Auburn Dissolved Oxygen 
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What are some extrinsic factors that 
predispose lakes to climate-forced 

eutrophication? 
 Early ice-out 

 Earlier and greater warming of surface waters resulting 

in early onset of stratification 

 Longer growing season 

 Inflow – increased volume, temperature, nutrients, 

color, DOC 

 Shift in hydrologic regime due to timing and intensity of 

storms 

 

 

 

 

 



What are some intrinsic factors that 
predispose lakes to climate-forced 

eutrophication? 
 Change in stratification 

 Duration of hypolimnion development and hypoxia 

 Extent  (volume or area) of hypolimnetic hypoxia 

 Epilimnetic volume/area to hypolimnetic 
volume/area 

 Change in hydrology 

 Inflow – increased volume and temperature 

 Seasonal flushing rates, watershed area and 
watershed development 

 Epilimnetic flushing rate 



Wrap - up 

Questions? 

Your observations? 



 



0.0

2.0

4.0

6.0

8.0

10.0

12.0

1/22/2010 5/2/2010 8/10/2010 11/18/2010 2/26/2011 6/6/2011 9/14/2011 12/23/2011 4/1/2012 7/10/2012 10/18/2012 1/26/2013 5/6/2013 8/14/2013 11/22/2013

TR
A

N
SP

A
R

EN
C

Y
 (

m
e

te
rs

) 

Secchi Disk Readings on Lake Auburn at Site 8 Deep Hole 
 4/15/2010 - 8/28/2013 



The changing phenology of lake stratification: eutrophication, algae blooms, and fish 

die-offs 

Scott Williams, Maine Volunteer Lake Monitoring Program; Dave Courtemanch, The 

Nature Conservancy; Linda Bacon, Maine DEP 

Abstract: Lake stratification develops in the spring as surface water warms from 

increasing solar radiation and warming air temperatures relative to lake area and lake 

volume, persisting into the fall until declining surface temperatures equilibrate with 

subsurface temperatures. Therefore, the onset of stratification can be expected to occur 

earlier and last longer based on projections for warmer atmospheric temperatures, 

reduced snow cover, and a shorter duration and depth of ice cover. Early onset can 

increase the duration of stratification, thus increasing the extent and period of anoxia in 

subsurface waters, creating greater dissolution of iron-bound phosphate in sediments. 

Rapid warming can result in a shallower epilimnion with steeper thermocline gradient, 

decreasing the epilimnion to hypolimnion volume ratio thereby reducing the dilution 

capacity of diffused phosphorus released from the sediments into the phototrophic zone. In 

2012, anomalous early spring weather provided a glimpse of how a warming Maine 

climate may affect lake water quality in the future. Two aberrant algae bloom events were 

documented on Georges Pond and Abrams Pond in Hancock County where such altered 

stratification characteristics were observed. Additionally, Lake Auburn in Androscoggin 

County experienced a die-off of lake trout when the entire thermocline and hypolimnion 

became anoxic at least a month earlier in the year, eliminating all coldwater refugia for 

this species.        
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