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Climate Change and BC Small Lakes 

Outline 

ü Climate change 

ü Physical effects ï thermal and density stratification 

ü Chemical effects ï gases and nutrients 

ü Biological effects ï algae and fish 

ü What can we do ï mitigation and adaptation 

ü Conclusions 

ü Questions  



  

 

 

 

Climate change 

In the absence of the greenhouse effect and an atmosphere, the 

Earth's average surface temperature of 14 ÁC (57 ÁF) could be as 

low as ī18 ÁC (ī0.4 ÁF), the black body temperature of the Earth. 



  

 

 

 

 

 

 

 

 

 

üPre-industrial atmospheric CO2 was ~280 ppm 



  

 

 

 

 

 

 

 

 

 

üPre-industrial atmospheric CO2 was ~280 ppm 



  

 

 

 

 

 

 

 

 

 

üAtmospheric CO2 has not been this high for at least 800,000 

years 



  

 

 

 

If we look for any linkages between CO2 and 

temperatureé. 
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Physical effects of climate change 

 

ü temperature  

ü density  

ü stratification 



ü many north and south temperate lakes exhibit a 

consistent annual cycle of stratification and mixing 

through spring, summer, fall and winter 

Annual circulation patterns 



ü driven by temperature (density) stratification, wind 

energy and regular periods of energy/heat gain 

(spring and summer) and energy/heat loss (fall and 

winter) 



Net result of climate change: physical 

 

ü In shallow lakes that do not stratify =  warmer 

summer temperatures, increased evaporative loss 

 

ü In lakes deep enough to stratify = warmer epilimnetic 

temperatures, increased evaporative loss and longer 

periods of summer thermal stratification 

 

ü Gradual warming of the hypolimnion 

 

 



Net result of climate change: physical 

 

ü For holomictic dimictic lakes, reduced duration of ice 

cover, and longer growing seasons 

 

Reduced circulation 



Net result of climate change: physical 

ü shift from dimictic to warm monomictic (less ice 

formation) 

ü shift from warm monomictic to oligomictic, and 

potentially meromictic 









Warming: epilimnion and hypolimnion 
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LaJoie Lake did 

not circulate in 

the spring or fall 

of 2023 
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Chemical effects of climate change  

ü dissolved oxygen 

ü anaerobic gases  

ü dissolved metals  

ü algal nutrients (P and N) 



ü oxygen is sparingly soluble in water.   

 

üat maximum saturation, there is only about 14.6 mg/L 

of oxygen i.e., 14.6 parts per million in fresh water. 

 



ü the presence of dissolved oxygen is critical to 

sustaining aerobic life in lakes 



üé.and, when the thin oxic layer at the sediment-water 

interface becomes anoxic, toxic compounds and 

nutrient release from the sediments increases ~10x 



ü NH3, H2S are very toxic  

ü Mn+2 and Fe+2 less toxic 

ü  P and NH3 are algal nutrients   

 



Global occurrence 



Global occurrence 
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La Joie Lake has 

become meromictic 

(i.e. never mixes) in 

less than 10 years 
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Biological effects of climate change  

ü All lakes: warmer temperatures will cause species 

shift from cold water to warm water fish species 

 

 

 

 



Biological effects of climate change  

ü All lakes: warmer temperatures will cause species 

shift from cold water to warm water fish species 

 

 

 

 



Biological effects of climate change  

ü All lakes: reduction in density of large grazing 

zooplankton due to increased warm water 

planktivorous fish predation 

ü All eutrophic lakes: increased algal density 

 



Biological effects of climate change  



Biological effects of climate change  

ü All eutrophic lakes: more algal blooms and blue-green 

algae  

ü All eutrophic stratified lakes: increased organic 

loading and greater hypolimnetic oxygen demand 

 

 



Biological effects of climate change  

ü All eutrophic lakes: increased frequency of 

recreational closures and animal poisoning from 

Cyanobacteria toxins 



ü All eutrophic lakes: increased frequency of a fish kill 

in summer  

 



Kamloops area lakes: Roche Lake 

20,000 angler-days/year = $3,000,000/yr  



Kamloops area lakes 

2023 Oxygen Evaluation Feb. 18/23 
John Frank Lake 

Snow: 
4" Ice: 21" Water: Yellow, no smell 

Depth DO  Temp 
1 0.7 1.9 

2 0.4 3.1 
3 0.2 4 

4 0.2 4.1 
5 0.1 4.7 

2023 Oxygen Evaluation 
Feb. 
18/23 

Roche 
Snow: 
4" Ice: 16" 

Water: Clear, no 
smell 

Depth DO  Temp 
1 1.7 1.9 

2 0.5 3.5 

3 0.2 3.7 

4 0.1 3.7 
5 0.1 3.7 

6 0.1 3.7 
7 0 3.7 

8 0 3.7 
9 0 3.7 

10 -0.1 3.7 
11 -0.1 3.7 
12 -0.1 3.7 

14 -0.1 3.8 
16 -0.1 3.8 

18 -0.2 3.9 
20 -0.2 3.8 
22 -0.2 3.8 

2023 Oxygen Evaluation 
Feb. 
18/23 

Frisken 
Snow: 
6" Ice: 17" 

Water: Yellow, 
no smell 

Depth DO  Temp 
1 0.6 1.8 

2 0.4 2.1 
3 0.4 3 

4 0.2 3.1 

5 0.2 3.2 
6 0.1 3.4 

7 0.1 3.6 

2023 Oxygen Evaluation 
Feb. 
18/23 

Bulman Lake 

Snow: 4" Ice: 17" 
Water: Yellow, 
no smell 

Depth DO  Temp 

1 2.8 1.5 

2 2.3 2.8 

3 1.9 3.3 

4 0.9 3.4 

5 0.5 3.5 

6 0.4 3.5 

7 0.2 3.5 

2023 Oxygen Evaluation 

Rose Lake Aerated 

Snow: 7" Ice: 18" 

Water: 
Clear, no 
smell 

Depth DO  Temp 

1 5.3 0.4 

2 5.2 0.3 

3 5 0.3 

4 4.9 0.3 



Kamloops area lakes 
Black Lake Feb. 18/23 

Snow: 
6" Ice: 16" 

Water: Clear, no 
smell 

Depth DO  Temp 

1 3.4 2.9 
2 3.2 3.5 

3 3.6 3.1 
4 3 3.7 
5 2.9 3.7 

6 2.8 3.7 

7 2.6 3.9 
8 1.1 4.2 

9 0.3 4.4 

2023 Oxygen Evaluation 
Feb. 
18/23 

Bog 
Snow: 
5" Ice: 17" 

Water: Yellow, 
some smell 

Depth DO  Temp 
1 1.1 1.4 

2 0.5 2.6 
3 0.3 3.2 

4 0.2 3.4 
5 0.1 3.6 

6 0 3.7 

7 0 3.8 

2023 Oxygen Evaluation 
Feb. 
18/23 

Ernest Lake 

Snow: 
6" Ice: 17" 

Water: Yellow, 
no smell 

Depth DO  Temp 
1 3 1.7 

2 2.7 2.9 
3 2.5 3.4 

4 0.5 3.7 

5 0.3 3.7 

6 0.2 3.7 
7 0.1 3.7 

8 0.1 3.7 
9 0.1 3.8 

10 0 3.8 
11 0 3.8 

12 0 3.8 

13 -0.1 3.8 

14 -0.1 3.8 
15 -0.1 3.8 

16 -0.2 3.8 

2023 Oxygen Evaluation 
Feb. 
18/23 

Horseshoe Lake Aerated 

Snow: 
6" Ice: 18" 

Water: Clear, no 
smell 

Depth DO  Temp 

1 3.7 1.3 
2 3.5 1.3 

3 3.3 1.3 
4 3.2 1.4 
5 0.9 2.4 



Net result of climate change: biological 

 

ü increase in fish kills (summer and winter) 

ü increase in algae blooms 

ü increase in toxicity events involving blue-green algae 

ü impaired potable water supplies 

ü impaired recreational use and angling opportunities 

ü decreased Crown revenue 





What can we do ï mitigation and adaptation 

 

Two main strategies in the short term: (5-15  years) 

 

1. All lakes - reduce external nutrient loading via 

watershed management 

 

2. Stratified lakes - mitigate oxygen depletion caused by 

longer periods of thermal stratification   

 

3. Citizen science monitoring of lakes 



1. Reduce external nutrient loading via watershed 

management 

 

Watershed scale post-fire restoration ï to prevent soil 

erosion 

 

  
 



Watershed scale post-fire restoration ï to prevent soil 

erosion 

 

  
 



What can we do ï mitigation and adaptation 

 

 

  
 



ü  

 

 

 

 

2. Stratified lakes - mitigate oxygen depletion caused by 

longer periods of thermal stratification   

ü provide assistance in spring and fall circulation in 

stratified lakes  



ü Destratification uses compressed air or mechanical 

mixers to destratify the water column  

ü less useful due to thermal concerns in summer, can 

be used to assist spring and fall circulation 



Hypolimnetic aeration/oxygenation 
 

ü uses compressed air or oxygen to circulate the 

hypolimnion and maintain thermal stratification,  

 

ü oxygen is added mainly from the bubbles, minimal 

contact with the atmosphere 


