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Context:  

Å Native vegetation covers a significant portion of the  

Earthôs surface 

Å Plants as engineers ï water pumps to the 

atmosphere (main conduits from land surface 

to the atmosphere) 

 

 they recycle ~66% of all the fresh water on 

Earth each year (~7,500,000 km3 moves 

through trees each year) 

 
 



 

Context:  

EVAPOTRANSPIRATION in tropical regions is a 

dominant moisture source to the planet 



Context:  
Å The ñclimateò system has long been thought to 

ódriveô this water movement through forests 
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Context:  

BUT . . .  

 

Å Vegetation significantly modify the climate and micro-climates 

that are known to drive water loss 
 

 

 Plant function ï a major uncertainty in climate models  
 
 

 

Å There is a pressing need to determine the relative importance of 

biological & physical drivers of the hydrological cycle via, 

 

» Precise characterizations of the biological activities of trees 

» Precise characterizations of the environmental drivers 



Context:  
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 SPAC MODEL (Soil-plant-atmosphere continuum) 

Uni-directional 



Hierachy of spatial scales 



Cloud forests (CF)  

 

 

 

- characterized climatically 

by receiving constant FOG events 



Worldôs Cloud Forests 

Mantiqueira range in Brazil 



Cloud forests (CF) are characterized climatically by receiving 

constant FOG events 

ɈTotal rainfall can vary 
from 500 to 7000 mm  

 

 

 

 



Cloud forests (CF) are characterized climatically by receiving 

constant FOG events 

ɈTotal rainfall can vary 
from 500 to 9000 mm  

 

 

 

 
-   Seasonal and interannual 

droughts are common in 
cloud forests 

 

 

 

 



Cloud forests (CF) are characterized climatically by receiving 

constant FOG events 

Ecological role? 
Fog, and its importance 
in mountain-top 
ecosystems are not 
well known, yet could 
be central to explain 
the persistence of 
some species and have 
a major role in 
hydrology  
 





In order to investigate plant/ecosystem response to climate 

change we need to know: 

Å »how they function in response to current climate  

Å »what climatic factors shape function and ecology most and 

what will change most significantly 

 

Some objectives:  

Å»characterize how fog impact dominant cloud forest species 

»characterize plant responses to changes in water availability 

(in the soil and the atmosphere)  

Mountain ecosystems are some of the most vulnerable 

to climate change  

 



Indirect approaches to measuring 

water usage 

Water isotope methods 

 
ÅTracing water sources by labelling or by 

measuring natural isotope abundances can be very 
powerful 



Stable Isotopes ï Natural abundance 

Å Several elements are found in more than one form in 

nature 

Å Ex., hydrogen may be found as H, but it also has a 

variant with elemental mass 2 (deuterium) 



Stable isotopes of the 

normal form are 

relatively rare in 

nature but they do 

occur consistently in 

nature 



sample 

Isotopic variation expressed in ñDelta notationò ï sample ratio  

(rare/common isotope) divided by the ratio of a ñstandardò 

(rare/common isotope):  

Samples are considered ñenrichedò with the heavier isotopes 

when there is higher delta number in relation to the standard or 

other sample 



How can isotopes be used to inform us about water source use? 



Isotopic 

composition of 

superficial soil 

water (more 

enriched) differed 

from deeper soil 

water ï this pattern 

was used to 

determine depth of 

water source used 

by plants 

Great variation in ŭ18O xylem water. Evidence of both overlap and 

partitioning in soil water resources. 



Fog (neblina) is usually isotopically enriched in 

the heavier isotopes in relation to rain water in the 

same region (different condensation processes) 

Å When fog is the main source of water, plants will 

have their xylem water enriched when compared to 

others in the same habitat 



 

Local de entrada de neblina

Redede ñfios coletoresòcom 

diâmetros distintos, onde

gotículas de neblinacondensam e 

escorrem para um tubo coletor

Amostrador de neblina do 

tipo ñCaltech Active 

Strand Cloudwaterò
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Isotopic composition (ŭ18O) of fog an rain water 

collected between August and November 2006 in 

Núcleo de Santa Virgínia, PE da Serra do Mar.  



Average ŭ18O values from xylem water of 18 species in a Montane 

Forest ï Serra do Mar - Núcleo de Santa Virgínia 
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Change in xylem water ŭ18O values of 5 individuals after a 

fog event. Enrichment of ŭ18Oxilema suggests that fog water 

was absorved by all individuals. 



However: 

ÅNatural abundance studies do not work at some sites 

where there is little natural variation 

ÅWhere multiple water sources exist, mixing models 

can be ambiguous if only one isotope tracer is used 

Å The use of stable isotopes can be quite informative 

about water sources used by plants 

 

Indirect approaches to measuring plant water use 



Direct measurements of water uptake and 

use by woody plants 

ÅMany heat-based techniques to measure 

water flow through plant xylem 



Heat-Ratio Method (HRM) 

Can measure low-
velocities of sap flow 
in acropetal and 
basipetal directions 
(Burgess et al. 
2001a,b). 



   V  = thermal diffusivity x Ln  T1 

            probe distance               T2 

T2 

T1 

Heater 

Heat Ratio Method 
(Burgess et al. 1998, 2001) 

Flow velocity (V) 

is logarithmically 

related to the ratio 

of temperature 

increases up- and 

downstream from 

a heater 



- Indivíduo arbóreo (2 m) removido 

do PECJ em nov.2008 e mantido 

em vaso em casa de vegetação em 

Campinas 

Drimys ï common species 

in neotropical cloud forests 


