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Challenges to plant mega-
diversity: how environmental 
physiology can help

Environmental Physiology and Plant Diversity in 
Mexico: From Molecules to Ecosystems. A 
symposium within the XVI National Botanical 
Congress, Sociedad Botánica de México, 
Oaxaca, Mexico, October 2004

Mexico is one of the 12 megadiverse countries that together
contain about half of the world’s biodiversity. Specifically,

nearly 10% of known vascular plant species can be found
in Mexico, owing to its intricate topography that leads to
numerous microenvironments, and to the convergence
of Nearctic and Neotropical biotas in this country (Neyra
González & Durand Smith, 1998). A corresponding botanical
knowledge has also emerged in Mexico throughout its
history, contributing with the domestication of universally
important plants such as bean, cacao, maize and tomato.
Unfortunately, the southern Mexican states, which are the
most biodiverse, are the ones facing the nation’s highest
rates of deforestation and the gravest hindering of socioe-
conomic development. Thus, a pressing need for understand-
ing the mechanisms leading to species persistence emerges
simultaneously with an urgency to implement management
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practices that make conservation compatible with development.
In this context, the XVI National Botanical Congress considered
the ‘scientific and conservation challenges in a megadiverse
country’. Some examples of how environmental physiology can
address such challenges were discussed during the symposium.

‘Because environmental productivity indices can help 

predict plant responses in productivity to different 

environmental factors, they can be utilized to evaluate 

different scenarios of global climate change’

From seedlings of endemic cacti to global 
environmental change

Cacti are emblematic of Mexico. This is reflected in many
cultural aspects including the national seal, depicting an
eagle perched on an opuntia, and even those stereotypical
Hollywood allegories featuring a columnar cactus as a
source for shade. In fact, Mexico is the center of origin and
diversification for many cactus genera. Particularly, Oaxaca,
the state where the meeting was held, contains the highest
cactus diversity within the country. Also, perhaps most
readers will not be familiar with the fact that opuntias,
another contribution of the Mexican flora, are the most
extensively cultivated crassulacean acid metabolism (CAM)
plant worldwide, greatly exceeding the area dedicated to
the better-known pineapple (Nobel, 2000).

Some cacti have C3 metabolism after germinating and
acquire CAM later during their development (Altesor et al.,
1992). For over a decade it has been thought that this could
be the case for most cactus species, but recent studies have
revealed a somewhat different story (Olivia Hernández-González
& Oscar Briones, Instituto de Ecología, Xalapa, Ver., Mexico).
It turns out that some columnar cacti from the tribe Pachyc-
ereae and at least one barrel cactus from the tribe Echinocacteae
are CAM obligates; their seedlings always present a nocturnal
build-up of organic acids following germination, although the
amount accumulated does respond to light and water.

Approximately 700 out of c. 2000 known species of
cacti occur in Mexico, 40% of which have government pro-
tection (NOM-ECOL-059-2001; http://www.ine.gob.mx/
ueajei/norma59a.html). Because most of these cacti are
endemic, they are especially threatened by changes in land
use. This is the case for Mammillaria gaumeri (Britton &
Rose), a small globose cactus restricted to coastal sand dunes
(very valuable beach-front land) and tropical dry forests from

the northern Yucatan peninsula (Leirana-Alcocer & Parra-Tabla,
1999). Conservation efforts regarding M. gaumeri include
the identification of favorable sites for its reintroduction
following ex situ propagation. In particular, the responses in
productivity to various microenvironmental factors, such as
air temperature, photosynthetic photon flux and soil water
potential, are being characterized for this species (Carlos
Cervera, Centro de Investigación Científica de Yucatán, Mérida,
Yuc., Mexico) to generate an environmental productivity
index (EPI; Nobel, 1988). This is the first time that an EPI
has been created for use in conservation.

Because EPIs can help predict plant responses in productivity
to different environmental factors, they can be utilized to
evaluate different scenarios of global climate change. For
instance, plant responses to increasing air temperature could
be estimated and areas most vulnerable to invasion by exotic
species could be identified. One cause of global warming is
the postindustrial increase in atmospheric CO2 concentra-
tion. In general, higher CO2 concentrations lead to higher
plant productivities. An important caveat is that not all
plants have the same response. Rapid-growth species are
likely to be more sensitive than slow-growth species. This
could result in shorter residence time for carbon in tropical
forests because fast growing species also tend to be short-
lived (Körner, 2003). For instance, lianas from the tropical
forests of Yucatan show a considerably enhanced produc-
tivity under elevated CO2 (Granados & Körner, 2002).
Because lianas can affect the productivity of trees (Granados
& Körner, 2002; Schnitzer & Bongers, 2002), which are the
actual carbon sinks of forests (Körner, 2003), a net effect of
increased atmospheric CO2 is that tropical forests may even-
tually become carbon sources rather than sinks ( Julián
Granados, Centro de Investigación Científica de Yucatán,
Mérida, Yuc., Mexico). Thus, the responses to elevated CO2 by
various functional types need to be considered when making
estimates of carbon cycles at large scales. Furthermore,
lianas play an integral role in several aspects of tropical
forest dynamics, including a contribution to whole-plant
transpiration (Schnitzer & Bongers, 2002; Andrade et al.,
2005). However, studies about the physiology of lianas
and co-occurring trees are uncommon.

Stable ‘iso-tropical’ ecology

Over the last three decades, stable isotope studies have
become a common part of physiological ecology in order
to gain insight about various functional aspects of plant
biology, including photosynthetic metabolism and water
use by individual plants and by whole ecosystems (Dawson
et al., 2002). An area of current vigorous research using
stable isotopes in plant ecophysiology is that of tracing the
movement and utilization of water at various scales. For
instance, variation of the natural isotopic composition of
the various water compartments for an ecosystem can help
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identify various ecological processes by separating the different
water sources for plants in space and time. One difficulty for
such studies is the procurement of water samples from
the deeper layers of the soil. In most cases, such a sampling
requires the efforts of a very strong graduate student using
a soil borer. This task becomes even more complicated at
places where, like in Yucatan, a calcareous hardpan occurs
rather superficially. Nevertheless, the Yucatan peninsula also
has numerous cenotes (singular, cenote), subterraneous water
deposits that had religious significance for the Maya. By
using stable isotope tracers, cenotes provide a unique system
for detailed accounting of potential water sources for
tropical trees. In particular, preliminary work from a tropical
dry forest of northern Yucatan revealed that perennial trees
have access to cenote water, whereas deciduous trees do not
(Paula C. Jackson, Kennesaw State University, Kennesaw,
GA, USA). Proximity to caves has also allowed very detailed
studies of water use for trees from North American
temperate forests (McElrone et al., 2004).

Legumes, especially shrubs and trees, tend to dominate
the vegetation in tropical arid and semiarid regions of America
and Africa. It is not surprising, then, that about 10% of the
20 000 known species in the Fabaceae are found in Mexico
(again, Oaxaca, along with Chiapas, has the greatest legume
diversity in Mexico; Sousa & Delgado, 1993; Doyle &
Luckow, 2003), where just over half of the territory is arid
or semiarid (Neyra González & Durand Smith, 1998). Soils
from arid lands tend to be nutrient-poor, hinting that the
success of legumes may be a result of the symbiotic association
with nitrogen-fixing bacteria found for most species in the
family (Doyle & Luckow, 2003). For tropical dry forests in
the Yucatan, 21 out of 23 legume trees were nitrogen fixers,
as indicated by the presence of root nodules (Louis Santiago
& Todd Dawson, University of California, Berkeley, CA,
USA). The contribution of biologically fixed nitrogen to the
nitrogen budget of legumes can be evaluated with the nitrogen
isotopic composition of leaf tissue. Indeed, biologically fixed
nitrogen in trees from tropical dry forests of Yucatan tended
to increase with the age of tree stands. It ranged from about
10% for 5- to 10-yr-old stands to twice as much for 20- to
30-yr-old stands. It became apparent that availability of
biologically fixed nitrogen favors the higher photosynthetic
rates observed for nitrogen-fixing species compared to those
observed for nonfixing species.

Conclusions and Perspectives

Physiological research aims to explain the mechanisms by
which plants adapt and persist in a given environment
within an ecosystem. Questions of interest occur at various
scales, from the spontaneous diffusion of solutes at the
subcellular level (De la Barrera, 2005), to whole plant
processes ( Jackson et al., 1999), and to ecosystem and
global scales (Körner, 2003). Technological advances

leading to portable instruments have greatly contributed to
the advance of ecophysiological knowledge. Nevertheless,
despite the great diversity of plants and ecosystems in
Mexico, studies about physiological ecology are relatively
incipient in this country. Participants and attendants to the
symposium committed to encourage the organization of at
least three environmental physiology symposia for the next
National Botanical Congress (in 2007) about CAM, stable
isotopes and biological interactions. A considerably sized
cohort of graduate students is nearing the completion
of their PhD in several ecophysiological laboratories in
Mexico. Their professional careers will surely improve
our understanding of the mechanisms responsible for the
impressively diverse Mexican flora.
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