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Outline 

•  Section 319(h) of CWA 

•  Three legged stool of lake/reservoir WQ reclamation 

 Ecosystem structure 

 Methylmercury 

 Internal nutrient loading 

•  Conclusions 



Section 319(h) of CWA 



Lake water quality reclamation stands on three legs 



Ecosystem structure and water quality 



Water clarity and ecosystem structure 



Ecological Controls on Water Clarity 



Alternative Stable States 



But biomanipulation is deeply, deeply complex 



Carp and ecosystem change Carp and ecosystem change 



•  Carp removal Lake Susan, Chanhassen, MN  2009-2010 
•  Final removal in February 2010. 
•  About 90% of population removed 
•  Current population << 100 lbs/ac 



Lake Susan, Chanhassen, MN:  
Carp Harvest Effect on Water Transparency 



Managing carp 

o  Smart, very hardy, extremely fecund 

o  Standard fish surveys don’t count them 

o  Need to know basic fisheries biology to manage 

 Carp sexually active to age 50 years 

 Very uneven recruitment. Why? 

 Lepomis populations eat ALL eggs, fry, and juveniles < 1” 

 But not after winter fish kills 

 Carp must have access to winter fish kill lakes to recruit 



Recipe for carp-free watershed 

•  Tag, track, net out to << 100 lbs/ac 

•  Install carp barrier to invasion  

•  Aerate fish kill lakes for 50 years 
Photo: Dave Hanson 





Potamogeton crispus 



Internal nutrient loading 



History of impairment matters: paleolimnology 



How long does laissez-faire recovery take? 

Rice Marsh Lake, Eden Prairie, MN 

•  Shallow lake (79 ac, max depth 11 ft) 

•  Sewage discharge stopped ~1970 

•  If watershed controls were work: 

  How long to effective? 

  How long after effective to work? 

  Is 50-100 years to goal good policy? 



Sediment – water interactions I 





Monomethyl mercury (HgCH3
+) 

H
gC

H
3+  (

ng
/L

) 

N
H

4+  (
m

g/
L)

 



Nitrate control of methyl mercury 



Effect of nitrate 
addition on 
phosphate 



Vadnais Aerators Installed 



Summer 2010 Dissolved Oxygen 
Performance  

Lake Vadnais  - Aerator Operational  Pleasant Lake  - Aerator NOT Operational  



Summer 2010 ORP Performance 

Lake Vadnais  - Aerator Operational  



Vadnais Aerators Removed 



Hypolimnetic oxygenation 



Vadnais hypolimnion TP results 
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What about the winter? Highly dynamic 
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Ice Preserving Aeration System - IPAS 



Oxygen Performance 
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Lucy Lake Hypolimnion Oxygen Mass By Month 

2011 

2012 



Lucy Redox Control 
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But aren’t stormwater ponds just little lakes? 
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Conclusions 

•  The stool needs all three legs 
•  Ecosystem structure and internal 

loading profoundly affect water 
quality 

•  Watershed only approach omits 
critical science 

•  Many technical opportunities to 
address the “forgotten legs” 



Questions? 


