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Tropical forests occur over a wide range of rainfall regimes
that vary both in total precipitation and seasonality. Tempo-
ral and spatial variation in moisture availability play an im-
portant role in determining the structure of tropical forests,
yet the ways in which seasonal, chronic, or episodic drought
influence the physiology of tropical trees has only recently
been studied in detail. This special section of nine papers
in Trees: Structure and Function explores the importance
of soil and atmospheric moisture availability for ecophys-
iological and ecological processes across a wide range of
tropical forests. The papers presented here are the result
of two complimentary symposia that were held during the
2002 Annual Association of Tropical Biology Conference
in Panama. One of the symposia discussed advances in our
understanding of ecophysiological processes in highly sea-
sonal dry forests, while the other focused on moist and wet
forests, emphasizing the state of knowledge at different or-
ganizational levels with respect to the role of drought in
these ecosystems. The papers are not reviews, but rather
a series of case studies drawn from a large range of tropi-
cal ecosystems. Each presents new information or adds new
approaches and analyses to already published data sets. To-
gether they represent the results of scientists with diverse
expertise working at different levels of organization (or-
ganism, population, community and ecosystem) and spatial
scales, in different parts of the tropics.

Tropical forests exhibit substantial diversity not only in
terms of the numbers of species, but also their growth forms,
phenological behaviors, and basic physiology. A number of
papers included here make use of this diversity to explore
responses to water availability, comparing water uptake
and transport in lianas and trees (Andrade et al.), leaf hy-
draulic properties of species with similar and contrasting
leaf longevity (Brodribb and Holbrook), and xylem prop-
erties of evergreen and deciduous species (Choat et al.).
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We learn from these studies that many of the common as-
sumptions of water use in lianas are not born out by actual
data and that leaf physiology is a poor predictor of leaf
habit. On the other hand, Choat et al. support the idea that
deciduous species have xylem properties characteristic of
drought sensitive plants.

Seedling establishment represents a major period of mor-
tality in all tropical forests, with the challenges being mag-
nified by seasonal drought. Two of the papers here focus
on seedlings, in one case (Engelbrecht et al.) comparing
drought sensitivity of 28 species in a seasonally dry low-
land forest in Panama, while in the other contrasting the
drought physiology of seedlings and root sprouts in a fire-
prone dry forest in India (Saha et al.). What is remarkable
in both studies is the extent to which such small individuals
are able to withstand the rigors of extended periods without
rain. Nevertheless, Engelbrecht et al. report substantial dif-
ferences between species in the drought tolerance of their
seedlings, while Saha et al. support the idea that sprouts are
more resistant to drought than true seedlings.

The savannas of Central Brazil are characterized by a
rich tree flora. Two of the papers in this collection make
use of this diversity to address questions related to the
seasonal regulation of leaf water potential (Bucci et al.)
and the relation between leaf traits associated with carbon
assimilation, water uptake, and nutrients (N , P) contents
(Franco et al.). Despite marked seasonal variation in pre-
cipitation and air saturation deficit, seasonal differences in
midday minimum water potential (�L) were small in all of
the study species. Bucci et al. concluded that this isohy-
dric behavior was the result of strong stomatal control of
evaporative losses, a decrease in total leaf surface area per
tree during the dry season, an increase in total leaf-specific
hydraulic conductance, and a tight coordination between
gas and liquid phase conductance. At the community level,
maximum assimilation (ACO2 ) on a mass basis (Amass)
was significantly correlated with leaf N and P, and specific
leaf area (SLA). At the functional group level, deciduous
species compensated for their shorter leaf pay back period
by maintaining higher potential payback capacity (higher
values of Amass) and lower leaf construction costs (higher
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SLA). On the other hand, evergreens may be constrained in
terms of producing leaves with long leaf life-span, because
of accrued leaf damage by herbivores and pathogens and
substantial reductions in stomatal conductance and partial
leaf loss to stabilise water balance during the dry season.

In areas with very low rainfall, such as the semiarid
regions of northwestern Venezuela, rainfall is highly un-
predictable. Nevertheless, they support a diversity of life
forms, including trees with the full range of leaf phenolo-
gies. Diaz and Granadillo address the impact of unpre-
dictable rainfall events on the physiology and phenology
in semiarid regions, raising the hypothesis that evergreen
species have the ability to make use of water directly
deposited on leaf surfaces. Diaz and Granadillo used ir-
rigation treatments to simulate brief rainfall events, and
the responses of three species (Erythrinavelutina (decid-
uous), Croton heliaster (semi-deciduous), and Capparis
odoratissima (evergreen)) were monitored over a period
of 14 months. To partition the effects of water reaching
the canopy versus the soil, irrigation was either supplied
in the form of mist to the canopy or by mini sprinklers near
the base of the trees. Their findings suggest that reproduc-
tive phenology in these species is driven by episodic rains
and that evergreen species may sustain productivity by their
ability to make use of water deposited on leaf surfaces.

The impact of spatial and temporal variation in rainfall
influences not only the physiology of individual trees and
species, but also the cycling of nutrients at the level of
forests and ecosystems. Santiago and Mulkey compared

data for leaf photosynthetic, chemical and structural traits
of canopy trees, litterfall production and seasonal availabil-
ity of soil water at four sites across a precipitation gradient
(1800–3500 mm/year) in a lowland Panamanian forest to
determine how productivity at leaf and ecosystem scales
may be related. Leaf photosynthesis and N concentration
decreased with increasing precipitation. Leaf toughness
and fiber/N ratios increased with increasing precipitation
indicating reduced nutritional content and palatability with
precipitation. Seasonality of litter production and quality
decreased with increasing precipitation, but the amount of
litterfall produced was not substantially different among
sites. They concluded that moisture availability is asso-
ciated with leaf photosynthetic and defensive traits that
influence litterfall timing and quality.

A small collection of papers such as this clearly can-
not cover all aspects of the physiological and environ-
mental controls of plant water use in tropical ecosystems.
Nevertheless, we believe that these case studies demon-
strate well the dynamic nature of plant water relations
and its interactions with plant structure, phenology, and
ecosystems processes. We are still far away of being
able to predict the complex nature of the regulation of
plant water use and its interactions with the environment.
However, through the papers presented here, we hope to
stimulate collaborative approaches that will extend across
the different organizational levels on which soil and at-
mospheric moisture availability affects tropical trees and
forests.


