














Q10=(R2/R1)
10/(T2-T1)

R2=R1 Q10
(T2-T1)/10



Tiger moth VO2



Potato beetle VO2



Potato beetle VO2







Snail heat resistance

Thermal induced mortality

Time dependant thermal induced mortality



Antifreeze in Antarctic fish

Ice crystal induction



Bullhead upper thermal limits

Thermal tolerance
loop for goldfish



Thermal tolerance loop for bullhead and salmon



Cardiovascular control
in thermoregulation



Hair and blubber are and 
additional control
in thermoregulation



Convective heat loss



Counter current
convective exchange



Countercurrent Exchange

• Works by diffusion
• Much more efficient than Co-current
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Carey’s data on tuna Tb

Studies on 
Thermoregulation
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Individual
mass 
(kg)

mass of 
ration (g)

average 
SST (�C)

Average 
stomach 

temperature  
(TX=Ta-Ts) (�C) 

Time 
(h)

% 
digested

mako 1  [121 cm 
Fork length (FL)] 18.00 198 19.05 4.5 4 54

mako 2  (127 cm FL) 21.00 150 20.25 4.25 2.5 70

mako 2 137 5.43 100

mako 2 149 5.75 100
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