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Percent toothed leaves predicts mean 

annual temperature 

R2=0.98 

P<0.001 

Wing & Greenwood 1993; data from Wolfe 1979 

Jack Wolfe 



Fossil leaves as 

“paleothermometers”? 





Wolfe 1995. Paleoclimatic Estimates from Tertiary 

Leaf Assemblages 



Problems 

• Regional variation 

– Global equations noisy 

– E.g., Percent toothed - temperature: R2<0.50 

• Local (habitat) variation 

– More toothed taxa in areas with saturated soils 

• Taphonomic artifacts 

– Most fossil deposits near lakes, streams 

– “Cool bias” 

• Variation with phylogeny, growth form 

• Mechanistic basis poorly understood 

 



Regional variation 

Peppe et al. 2011 



Local variation 

Royer et al. 2009 



Burnham et al. 2001. Am. J. Botany 

Habitat variation 

Wet areas, lianas  more teeth  cooler 

temperature estimates 



Plant growth form variation 

Peppe et al. 2011 

Deciduous 

species have 

more, larger  

leaf teeth 



Hypothesized functions of leaf teeth 

1. Herbivore defense 
– Deterrence (chemical, mechanical) 

• Populus tooth resins (Curtis & Lersten 1974) 

• Spiny teeth (Ehrlich & Raven 1967, Givnish 1979) 

– Attraction of protective mutualists 
• Nectary production (Curtis & Lersten 1974, Belin-Depoux 

1989) 

 

2. Reduced necrosis between teeth in dry 
environments 
– Givnish 1979 



Hypothesized functions of leaf teeth 

3. Hydathode hypothesis 
– Haberlandt 1914; Rea 1929; Feild et al. 2005 

 

4. Gas exchange hypothesis 
– Gottschlich & Smith 1982, Baker-Brosh & Peet 

1997, Wilf & Royer 2006 
 



Hydathode hypothesis 



http://en.wikipedia.org/wiki/Hydathode 

Hydathode:  

• specialized 

stomata on leaf 

surface 

• exudes exess 

water, salts 



Feild et al. 2005. Plant, Cell and Environment 



Hydathode hypothesis 

• Hydathodes at teeth exude excess water 

via guttation 

• Prevent flooding of mesophyll and 

consequent depression of photosynthesis 



Hydathode hypothesis 

• Teeth advantageous in cool, wet areas 

due to increased photosynthesis 

• Disadvantageous in warm, dry climates 

due to increased water loss 



Gas exchange hypothesis 

Boundary layer: 

• Air movement reduced by surface friction 

• Reduced gas exchange 

 

Leaf teeth: 

• Increased turbulence, thinner boundary layer 

• High density of vein endings, stomata 

• Increased gas exchange, photosynthesis 



Gas exchange hypothesis 

Baker-Brosh & Peet 1997 



Baker-Brosh & Peet 1997 



Tooth photosynthetic activity declines 

during leaf expansion 

Baker-Brosh & Peet 1997 



Teeth proportionally large, 

photosynthetically active in young leaves 

Baker-Brosh & Peet 1997 





Early-season photosynthetic activity 

higher for toothed margins 

Royer & Wilf 2006 



Plants native to colder regions have 

most active leaf margins 

Wilf & Royer 2006 



Gas exchange hypothesis 

Cool wet climates: 

• Rapid early season growth provides net 

carbon gain 

 

Warmer / drier climates: 

• Higher carbon production at leaf teeth is 

outweighed by increased water loss  



Phylogenetic 

distribution of 

toothed leaves 

Little et al. 2010 



Little et al. 2010 



Little et al. 2010 



Little et al. 2010 






