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Understanding the coupling of life and environment 
through the water cycle ð classic question in biology  



Relying on the biology to highlight mechanisms  

Agular & Sala 1999 



Relying on the biology to highlight mechanisms  

Current non -stationarity  demands mechanistic 
understandings for earth system questions ð how biology 

works in the real world  

Agular & Sala 1999 Jenerette et al., In review 



We know what we know (and itsô a lot), except 

when we donôt! 

The state of the science - ecohydrology  

We know what we know (and itsô a lot), except 

when we donôt! 

Do plants need space to 

grow? 



Effects of warming on plant distributions with elevation  

Breshears  D. D. et.al . (2008) PNAS  

Kelly A. E., Goulden M. L. (2008) PNAS  

Change in elevation (~65m) is equivalent 
to the lapse -rate for temperature 
along the gradient up the mountain  

Opposite pattern occurs 250 miles north where water 
balance over - rides temperature shifts  



What have been the 
hydrological 
consequences of 
recent vegetation 
transitions?  
 
Tree loss should 
mean more water 
traveling to the 
river  

Breshears  et al. 2005 
PNAS 

Photo: C. D. Allen 



Reductions in tree cover are related to 
reductions in yield ð how? 



US Climate Assessment 



My view of the worldé. Contrasting frameworks 
challenge ôcouplingõ 
exercises, especially in 
episodic systems  

Lohse et al., (2008) AREE  

Hydrological emphasis on 
fluxes  
 
Biogeochemical emphasis 
on reaction potential and 
elemental retention  
 
Ecological 
Emphasis on densities, 
abundances and 
connections 



 
Å E & T partitioning provides a mechanistic 

understanding of how vegetation 
transitions influence water exchanges  
 

Å E & T partitioning may be the way to 
understand ecosystem degradation in the 
context of hydrology  

 

Yepez et al., (2003) Ag. For. Met. 

Scott et al., 2006 

Huxman et al., (2004) Oecologia 



 (Villegas et al., 2011) 

Transpiration vs. Evaporation: the role of 
canopy architecture and ecosystem structure  



Weltzin et al., (2001) BioScience 

A focus on water balance and response to water availability  

Integrating nature of 
landscape water balance 
with respect to shifts in 
ecology or climate  



What type of biology is relevant for what scale?  

The three problems of biology:  
ÅHomeostatis  ð òAcclimationó 
ÅDensity dependence ð òAssemblyó 
ÅLife -environment interactions ð òAdaptationó 



Conceptual approaches / challenges  

Biological ñInteractionsò 

Dominated 

Systems  

Physicochemical Systems 

Ecology 

Mechanistic process 

models as tools for 

understanding 

Statistical approaches to 

understanding 

Approaches for prediction / 

Understanding change 



We use our understanding of an 
ecological principle to coordinate 
disparate data sets (e.g., 
ecosystem stocks, species 
behavior, environmental 
variability)  

We understand the governing 
principles of exchanges and 
transformations, and we 
understand the ecological 
dynamics that govern the 
exchange surfaces (except where 
we donõt) 



Understanding dynamic ecohydrology  

ÅPredictable perturbation relating to 
equilibrium biology (may or may not be 
operating over large scales ) 
ðSpecies range limits  

ðFunctional responses and environmental feedbacks  

 

ÅProblems of biology as they often relate to 
time: (1) homeostasis, (2) density -dependence, 
(3) life -environment couplings 
ðThresholds, non -linearities  and emergent 

properties  



Principles for coupling  

Jenerette  et al., in review  



Are we focused on enhanced measurement 
or developing an understanding of coupling?  

Turnipseed  et al., (2010) Ecological Applications  


