
Stomatal optimization under rising CO2 
Ecohydrological Consequences 

Conclusions 

Vegetation becomes more efficient in their water use efficiency 

30% reduction of transpiration for double CO2 due to structural adaptation. 

Questions 

Competitive advantage between species foreseen? 

Ecohydrological consequences in water limited systems? 

Limits of the phenotypic plasticity of vegetation?  
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Structural adaptation of  

stomatal conductance 

Data: Size and Density of stomata 

Geometry measured under microscope... 

Example of leaf fragment of from 1877 to 2009 Ilex Cassine 

1877  2009 

Structural adaptation of maximum stomatal conductance for 

8 species. Stomatal optimizaton model based on 

maximization of carbon gain with minimum water loss 

Maximal stomatal conductance (gsmax) is a function of: stomatal density 

(D), maximal pore size (amax), pore depth (l) and diffusivity (dw): 
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Ecohydrological consequences 

Modeled canopy fluxes for energy limited 

systems. 
 

 

GfixMod: Only dynamic adaptation of stomatal conductance 

GoptMod  With structural optimizaton.  

GlimMod  Limits of phenotypic plasticity 

 

 

 

 

Evidence for sudden shift? 
In the Cretaceous sudden drop in CO2 and increase in angiosperms 

Falling CO2 

 More water transport needed 

 More veins and stomata 

 Lower photosynthesis 

After passing Critical Dv 

 Water transport length lower then CO2 length 

 With more stomata more Carbon gain  

higher Photosynthesis 

Conifer:  Water transport costs always the same 
 
Broadleaf:  Water transport costs differ due to 
 differences in stomata and veins 
 

Conceptual overview how crossing critical vein 

density (Dv) facilitated angiosperm revolution 
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