DIVEISIlY INn walelr use ana water aCquisition
mechanisms of neotropical forest trees

ST TR R

Rafael S. Oliveira
Unicamp, Sao Paulo, Brazil



Context.:

A Native wvegetation cover s
Earthoés surf ace |

APlants as engineeiswater pum’p‘é to the
atmosphere (main conduits from land surf:
N to the atmosphere)

a2 / _they recycle.~66% of all the fresh water o
e} \‘Q{'f » Earth each year (~7,500,000 kmoves

C\ s S through trees each year)
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Conitext:

BUT . ..

A Vegetation signif i candinates n
that are known to drive water loss

Plant function i a major uncertainty in climate models

A There is a pressing need
biological & physical drivers of the hydrological cycle via,

» Precise characterizations of the biological activities of trees
» Precise characterizations of the environmental drivers
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SPAC MODEL (Soil-plant-atmosphere continuum)
Uni-directional




Hierachy of spatial scales
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Cloud forests (CF)

- characterized climatically

by receiving constarROG events




Worl dos Cl oud For es




Cloud forests (CF) are characterized climatically by receiving
constanFOG events

3 Total rainfall can vary
from 500 to 7000 mm




Cloud forests (CF) are characterized climatically by receiving
constanFOG events

3 Total rainfall can vary
from 500 to 9000 mm

droughts are common In
cloud forests



Cloud forests (CF) are characterized climatically by receiving
constanFOG events

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




letters to nature

Simulating the effects of
climate change on tropical
montane cloud forests

Christopher 1. 5l {, Prudence N. Fostert
& Stephen H. Schnelder:

* Defrartrment of Bigdopeal Somees Snford [eearsite Stanforad

rarch, Dnrarsty af Tobn, Komebas 4-86-1,

¢ o Planr ioloyy

250 Madama Srreel, Snad

Tropical montane cloud forests are unigque among terrestrial
ecosysterns in that they are strongly linked 1o regular cycles of
cloud formation. We have explored changes in atmospheric
parameters from global climate model simulations of the Last
Glacial Maximum and for doubled atmespheric carbon dioxide
concentration (2 = C0,) conditions which are assoctated with the
height of this cloud formation, and hence the occurrence of intact
cloud forests. These parameters include vertical profiles of abso-
lute and relative humidity surfaces, as well as the warmth index’',
an empirical proxy of forest type. For the glacial simulations, the
wirmth index and absolute humidity suggest a downslope shift of
cloud forests that agrees with the available palasodata For the
2 ® OO, seenario, the relative humidity surface is shifted upwards
by hundreds of metres during the winter dry season when these
forests typically rely most on the moaisture from dowd contact. At
the same time, an increase in the warmth index implies increased
evapo-transpiration. This combination of reduced cloud contact
and increased evapo-transpiration could have serious conserva-
tion implications, given that these ecosystems typically harbour a
high proportion of endemic species and are often situated on
mounizain tops or ridge lines,




In order to investigate plant/ecosystem response to climate
change we need to know:

A »how they function in response to current climate

A »what climatic factors shape function and ecology most and
what will change most significantly

Some objectives:

A »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

A Tracing water sources by labelling or by
measuring natural isotope abundances can be very
powerful



Stable Isotopes Natural abundance

ASeveral elements are found in more than one form in
nature

AEx., hydrogen may be found as H, but it also has a
variant with elemental mass 2 (deuterium)



Table 13.1 Average terrestrial abundance of the
isotopes of major elements used in environmental
studies (from Fritz and Fontes, 1980)

Stable isotopes of the

Element Isotope Average
terrestrial

abundence normal form are

99,985 relatively rare in

0.015

et nature but they do

99.759

0.067 occur consistently in

99.63

0.37 nature

Strontium




| sotopi c variati on 4 sampleratis e d
(rare/commonisotop&) i vi ded by the rat.
(rare/common isotope):

(D/H)sample

(D/H)standard

Samples are considered nenr .|
when there is higher delta number in relation to the standard or
other sample



How can isotopes be used to inform us about water sourc




|sotopic
composition of
superficial soll
water (more
enriched) differed
from deeper soll
wateri this pattern
was used to
determine depth of
water source used
by plants

Great variation init8O xylem water Evidence of both overlap and
partitioning in soil water resources.



Fog (neblina) is usually isotopically enriched Iin
the heavier Isotopes in relation to rain water in tr
same region (different condensation processes

AWnhen fog is the main source of water, plants will
have their xylem water enriched when compared to
others in the same habitat



Amostrador de neblina do
tipo fAiCaltech Active
Strand Cloudwatero

v Lkl

Local deentradade neblina

Reded efiogicoletorescom
didmetros distintosonde
goticulas deneblinacondensam e
escorrem para um tubo coletor




| sot opi ¢ c é@)bfagian rainowater( U
collected between August and November 2006 in
Nucleo de Santa Virginia, PE da Serra do Marr.

\[| - Chuva

. Neblina
o Média chuva
—o—Média Neblina




Av er ad@valies from xylem water of 18 species in a Montane
Forest1 Serrado Mar - Nucleo de Santa Virginia

Setembro 2006

Indet.

Inga sp.

Lauraceae

Pouteria sp.
Calypthrantes clusiaefolia
Clusia sp.
Guareamacrophylla
Hedyosmium brasiliensis

Piperarboreo
Pteridofita

Psychotria sp.
Tibouchina sp.
Eugenia cupra
Couepia sp.
Euphorbiaceae
Eugenia sp.
Bromelia epifita
Bromelia terretre

Neblina

0-5 ¢cm »—oi




Change in xylem water G20 values of 5 individuals after a
fog event. Enrichment of Ut%0,, . suggests that fog water

was absorved by all individuals.

Espécies

H. brasiliense P. arboreo E. cupra Lauraceae G. macrophylla M édia

® Antes neblina
° Depois neblina




Indirect approaches to measuring plant water

AThe use of stable isotopes can be quite informative
about water sources used by plants

However:
A Natural abundance studies do not work at some sites
where there Is little natural variation

A Where multiple water sources exist, mixing models
can be ambiguous if only one isotope tracer is used



Direct measurements of water uptake &
use by woody plants

A Many heatbased techniques® measure
water flow through plant xylem



Heat-Ratio Method (HRM)

Can measure low
velocities of sap flow
In acropetal and
basipetal directions
(Burges<t al.
2001a,b).




Heat Ratio Method

(Burgess et al. 1998, 2001)

Flow velocity (V)

IS logarithmically
\ E related to the ratio
of temperature
Increases up and
Heater downstream from
SRR a heater

= thermal diffusivity x Ln [Tl]

probe distance '_I'Z



Drimysi common species
In neotropical cloud forests




