
Constraints on vertebrate athleticism: The temperature 
dependence of red blood cell volume

The ability to perform at high levels of aerobic activity (i.e. athletic ability) increases with 

temperature among vertebrates. These differences in species’ activity levels, from highly 

active to sedentary, are reflected in their ecology and behavior. Yet, the changes in the 

cardiovascular system that allow for greater oxygen supply at higher temperatures, and thus 

greater activity levels, remain unclear. Here we show that the total volume of red blood cells 

in the body increases exponentially with temperature across vertebrates, after controlling for 

effects of body size and taxonomy. These changes are accompanied by increases in relative 

heart mass, an indicator of athletic ability. The results point to one way vertebrates may 

increase oxygen supply to meet the oxygen demands of greater activity at higher 

temperatures.
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Referee
Sticky Note
Here it is implied that a higher total red cell volume on its own would enhance oxygen delivery. 
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Referee
Sticky Note
Here there is a contrast set up between aerobic activity and temperature.

Referee
Sticky Note
This is not true.  It is the oxygen capacitance of blood that is useful in the Fick Principle, not the total pool of blood in the body.  Oxygen capacitance is derived by the concentration of haemoglobin and the solubility of oxygen in plasma.  It is not related to total blood volume.

Referee
Sticky Note
What does cellular density of hemoglobin mean?  Does it mean the hemoglobin concentration in the cells (mean cellular Hb)?  The Hawkey paper showed that there were great differences between endotherms and ectotherms in oxygen carrying capacity.  This sentence might give the opposite impression.

Referee
Sticky Note
Heart mass should be related to stroke volume of course.  But how in the world could total red blood cell volume be related to stroke volume?

Referee
Sticky Note
Not expressly stated what the first 'R' stands for (relative).
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http://www.clinchem.org/search?author1=Raymond+J.+Trudnowski&sortspec=date&submit=Submit
Referee
Sticky Note
Unfortunately the specific gravity of mammal blood is about 1.06, not 1.0.  This reference is used in a misleading way.

Referee
Sticky Note
The data on relative heart mass seem to be presented in another paper on the relationship between temperature and the cardiovascular system that I have reviewed for another journal by the same authors.  A solution to this problem might be to combine the papers.  
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Referee
Sticky Note
As I keep saying, the total volume is not relevant to oxygen delivery because it is not related to the Fick  Principle.


Referee
Sticky Note
No it doesn't.  Once again, stroke volume does not depend on total blood volume.  

Referee
Sticky Note
This paper came up as an abstract when I clicked on the citation in the reference section (thanks).  The abstract does not indicate that they authors considered stroke volume.

Referee
Sticky Note
Yes, it would.
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Referee
Sticky Note
understanding is

There is good reason for this.
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Figure 1
The natural logarithm of bodymass-corrected red blood cell volume vs. temperature in vertebrates. 

Figure 1 : The natural logarithm of body mass-corrected relative red blood cell volume vs. 

temperature in vertebrates. The regression line shown (i.e., ln (RRBC/M -0.06 ) = 0.063T- 

0.88; R 2 = 85.3) is based on weighted values for data averaged at the level of taxonomic 

order to address phylogenetic non-independence. Relative red blood cell volume (RRBC) is 

expressedas a percentage of body mass, temperature (T) is expressed in degrees Celsius, 

and body mass (M) is expressed in grams. Bootstrapping analysis produced a nearly 

identical line (see methods).
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Figure 2
The natural logarithm of relative redblood cell volume vs. the natural logarithm of relative heart 
mass invertebrates. 

[p] Figure 2 : The natural

logarithm of relative red blood cell volume (% body mass) vs. the natural logarithm

of relative heart mass (% body mass) in vertebrates. The regression line shown (i.e.,

ln (RRBC) = 0.72 RHM +1.41; R 2 = 65.7) is based on weighted values

for data averaged at the level of taxonomic order to address phylogenetic

non-independence. Bootstrapping analysis produced a similar line (y = 0.70x +

1.43; see methods). [p] 
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