
Physical and chemical limnology: 
temperature gradients 

Limnology 

Lecture 6 



Outline 

•  Thermal properties of water 

•  Temperature gradients in lakes 

•  Mixing patterns and lake classification 



The Density Anomaly of Water 





A body of water heated by the sun 
develops a thermal gradient. 
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Lake stratification 
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Thermal gradients and habitat 
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Dunham pond data 













Probability of mixing 

• Depth 

• Topography 

• Solutes 

• Size (fetch) – distance over which wind 
travels 

Increases mixing 
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Seiche: standing wave in enclosed water body 
 Wind pushes water to one side 
 Sloshes back and forth when wind abates 
 
Implications: 
 Larger lakes have larger, more frequent seiches 
 Bends thermocline down, causes some mixing 
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Mixing patterns in lakes 

• Dimictic = mix twice a year 

• Amictic = no mixing 
– Permanently frozen 

• Polymictic  = mix frequently, even daily 
Warm - tropical or shallow (< 3m) lakes with 

wind exposure 

Cold – shallow temperate lakes 
• Cold means it freezes 



K. Shulz 

Monomictic = mixing once a year 
Cold – polar lakes do not reach above 4 C 
Warm – large lake does not freeze, mixes in winter 
  

Other mixing patterns in lakes 



Lewis 1983 



Lewis 1983 



Meromixis 

Chemolimnion (pycno- or 
halocline) 

Mixolimnion 

Monimolimnion 

Salts 

Meromictic = deep waters never mix, salt layer 





Killer meromictic lake:  
Lake Nyos 

•Volcanic crater, 200 m deep 
• magma leaks CO2 
• > 1 liter CO2 per liter of hypolimnion 
 



Lake Nyos: Hypolimnetic Inequilibrium 

Degassing of  
Hypolimnion 

• 1986 CO2 release caused by 
earthquake 

• 1700 people killed by cloud 
• Degassing program put in place 
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