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Plant physiological ecology is not a new scientific discipline
in Mexico. Indeed, ecophysiological research has been
conducted in this country since at least 1976, when the late
Carlos Vazquez-Yanes, a dear professor of some of us, first
published his work on germination of tropical rainforest
plants (Vazquez-Yanes 1976, Vazquez-Yanes & Orozco-
Segovia 1984). Indeed, Prof. Véazquez-Yanes is considered
the founder of Mexican plant ecophysiology. At present,
however, the development of this discipline appears lagging
relative to other Mexican ecological sciences. Factors
contributing to this deceiving perception might include its
technological dependence, the elevated costs of some
research protocols, and the intrinsic difficulties of combining

extensive fieldwork with a precise knowledge and use of first
principles of physics and chemistry, which are essential for
understanding physiological processes.

A principal intention of ecological sciences is to explain
biodiversity: why are some species and not others found in
certain places (Lambers et al. 2008). As an experimental
science, plant ecophysiology focuses on the interactions
among plants, the environment, and other biological species.

In this context, the VII Mexican Ecology Congress focused
on "addressing the complexity of nature." Some examples of
how ecophysiology can address said complexity were
discussed during the symposium.
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Moving plant ecophysiology forward

From elucidating fundamental processes to anticipating
climate change responses. A basic understanding of
physiological functions is still lacking for many species.
This is certainly the case for the establishment phase of
ferns from the Mexican cloud forest (Oscar Briones,
Instituto de Ecologia AC, Xalapa, Ver., México). Although
cloud forests receive large amounts of rainfall, the soil
surface and tree branches are exposed to frequent periods of
water scarcity that can cause mortality of gametophytes and
young sporophytes of fern species. Experimental evidence
with herbaceous, arborescent, and epiphytic ferns shows
that the water requirement of spore germination is
correlated with the distribution of the adult sporophyte in
the forest and that the spores can germinate with very low
light availability. In turn, gametophyte growth depends on
multiple environmental conditions and resources, with
amount of light, relative humidity, thickness of litter layer,
and disturbance being most important. The distribution and
abundance of sporophytes and spore physiology support the
hypothesis that the coexistence of fern species in the cloud
forest occurs by differentiation in the regeneration niche.
However, ecological interactions during the establishment
of gametophytes and young sporophytes are still virtually
unknown.

Considering that ample portions of Mexico are arid or
semiarid and that climate change scenarios anticipate an
increase in air temperature and a decrease in annual
precipitation in various regions of the country (Saenz-
Romero et al. 2010), current arid lands can be considered

natural laboratories for studying plant responses to
impending climate change. Water stress is one of the main
selection factors in such regions, giving rise to different
coping strategies. Plant responses to drought can actually be
placed along an isohydric-anisohydric continnum, a
conceptual axis that describes how plants regulate their
water potential, based on their water relations strategies
(Tardieu & Simonneau 1998). This framework integrates

multiple components of water transport and stomatal
regulation of water status, based on which, the anatomical,
morphological, and physiological hydraulic characteristics
of tree species of the Sonoran Desert with different
phenology and age (young and adult plants) have been
classified (Clara Tinoco-Ojanguren, Universidad Nacional
Auténoma de México, Hermosillo, Son., Mexico), finding a
clear expression of the different strategies of desert tree
plants living under the same stress conditions. For young
and adult plants, isohydric and anisohydric groups were
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clearly differentiated by their hydroscape area and
phenology; both characteristics showed a high correlation
with leaf and stem hydraulic characteristics and other
important variables. Studies of several species growing
under extreme conditions have provided important
information of functional diversity and plant responses to
climatic change.

While arid and semiarid lands are commonly associated
with low primary productivity, studies across the arid
northwestern Mexico over the past two decades have
revealed otherwise (Alejandro E. Castellanos, Universidad
de Sonora, Hermosillo, Son., Mexico). In particular, high
maximum photosynthetic rates, leading to high ecosystem
productivity, have been found across different vegetation
types, including much simplified socio-ecosystems, such as
pastures sown with the exotic buffelgrass. Thus, the current
arid environment-low productivity paradigm needs to be
revisited, in particular its relation to resource use
efficiencies and nutrient stoichiometry interactions
(Castellanos et al. 2018).

Ecophysiology in anthropic environments. Human activities,
such as industrial manufacturing and the use of motor
vehicles, release a substantial amount of pollutants to the
environment, with dire consequences on biodiversity and
human health (Rockstrém et al. 2009, Landrigan et al.
2017). For the particular case of carbon and nitrogen

gaseous emissions, pollutants have specific isotopic
signatures that depend on the source. For this reason, the
spatial distribution of atmospheric pollution is traceable by
means of the isotopic composition of the vegetation (Edison
A. Diaz-Alvarez, Universidad Veracruzana, Xalapa, Ver.,
Mexico). For example, plants that take up carbon from
anthropic sources show a significant reduction of their 5"C
values, while the 8""N values tend to increase for plants
exposed to nitrogen emissions from urban areas (Diaz-
Alvarez & de la Barrera 2018). This is not the case, for
instance, for orchids from a cloud forest in the Colombian

Andes, which display 6N values indicative of negligible
pollution despite their close proximity (less than 50 km) to
the megalopolis of Bogotd (Diaz-Alvarez et al. 2019).

Biomonitoring of atmospheric emissions can thus be useful
for evaluating ecosystem integrity (Diaz-Alvarez et al.
2018).

Another important component of pollution is the release

of heavy metals, such as lead, which is normally discharged
in tropical coastal areas, where mangroves occur. Mangrove
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forests, which are the most productive and diverse natural
wetland systems, grow in a complex environmental network
governed by salinity and hydro-period. To help restoring
affected mangrove areas, we need to make detailed
experiments to observe anatomical and physiological
changes in controlled environments. From such
experiments, mangrove species have been identified that
accumulate lead in roots in the absence of salt, with a
greater translocation to the leaves under conditions of
higher salinity (José Luis Andrade, Centro de Investigacion
Cientifica de Yucatan, Mérida, Yuc., Mexico).

Habitat fragmentation is well characterized as having a
negative effect on ecosystems and biodiversity (Aide et al.
2013, Haddad et al. 2015), but the physiological ecology

effects on tropical plants are hardly documented, as

discussed for ecosystems within the Yucatan Peninsula
(Casandra Reyes-Garcia, Centro de Investigacion Cientifica
de Yucatan, Mérida, Yuc., Mexico). Permanent plots set up
across the Peninsula show that forests and coastal sand dune
scrubs in the north of the Peninsula are experiencing higher
population decline in both trees and epiphytic bromeliads,
compared to those in the southern region. The northern
region is highly fragmented, mainly as a result of
urbanization, which is especially grave for coastal dune
communities (Martinez et al. 2014). There are differences

among susceptible and resilient species. For example, trees
with higher water demand, associated with permanent water
table access, are having higher mortality. This raises the
question whether the water table contamination and
excessive aquifer exploitation are reducing tree access
and/or affecting water quality. The most affected trees are
also those that host the highest numbers of epiphytic
bromeliads, in turn affecting their populations.

Parallel to what occurs in urban ecosystems, agricultural
landscapes display a reduction of biological species and
ecosystem functions stemming from land use change,
greenhouse gas emissions, and agrochemical pollution
(McDonald 2010). However, agriculture is also one of the
most vulnerable sectors to global environmental change, as
agricultural operations greatly depend on certain

climatological regularity (de la Barrera 2016). Considering
that food is a topic that everybody has some familiarity
with, it can be a useful heuristic for bringing biodiversity to
the public discourse, just like "global warming" has become
a well-known environmental issue (Erick de la Barrera,
Universidad Nacional Auténoma de México, Morelia,
Mich., Mexico).

Moving forward. A logical starting point for developing an
action plan for further advancement of plant ecophysiology
is a two-fold diagnosis: determine the scope and urgency of
environmental questions and problems that the discipline
can answer. However, despite that the combined work of the
research groups participating in the symposium has
considered a few hundred different species over the past
several decades and various studies describing our current
knowledge on plant physiological diversity from different
ecosystems have already been published (Castellanos-
Villegas et al. 2010, Tinoco-Ojanguren et al. 2018), the
syntheses presented in the symposium should still be

considered preliminary, as they represent a minuscule
fraction of plant biodiversity, i.e., less than 3 % of the
species from the Sonoran Desert, a region with a high
frequency of endemism (_Shreve & Wiggings 1964), and
less than 3 % of the species from the Yucatan Peninsula, a
region with high rates of deforestation (Valdez-Hernandez
et al. 2015). It is almost like a "few islands of knowledge
among a sea of unknown". We identified a need to train
more ecophysiologists to work in the different parts of the
country. As an initial step, we are releasing a website at
http://ecofisiologia.mx/, as a point of access for sharing new

research, information on graduate programs, and other
academic activities.

Acknowledgments

We thank the board of the Sociedad Cientifica Mexicana
de Ecologia for facilitating the organization of the Plant
Ecophysiology Symposium; our students and coauthors for
enriching our ongoing research; and funding by the Consejo
Nacional de Ciencia y Tecnologia (Grant 284418, to O.B.).
We declare that this is an original work, that it has not been
previously published, nor is it currently under consideration
by another journal; and the authors do not have a conflict of
interest. We also declare that said work does not infringe the
intellectual property rights of another person, research, or
entity. We agree that the manuscript may be reviewed with
the plagiarism programs that the journal uses for that
purpose. We authorize the Sociedad Botanica de México,
A.C. in a non-exclusive manner through its scientific
dissemination body Botanical Sciences to correct, edit,
publish, preserve, and distribute in their repositories and
other digital platforms online and printed our manuscript. In
addition, we authorize the work to be made available to
users in open access, respecting the author's rights in
accordance with the conditions set by the journal's license:

207


http://ecofisiologia.mx/

Moving plant ecophysiology forward

License CC Recognition-Non-Commercial 4.0 International
https://creativecommons.org/licenses/by-nc/4.0/

Literature cited

Aide TM, Clark ML, Grau HR, Lépez-Carr D, Levy MA,
Redo D, Bonilla-Moheno M, Riner G, Andrade-Nuiez
MIJ, Muiiiz M. 2013. Deforestation and reforestation of
Latin America and the Caribbean (2001-2010).
Biotropica 45: 262-271. DOI: https://doi.org/10.1111/
j.1744-7429.2012.00908.x

Castellanos-Villegas AE, Bravo LC, Koch GW, Llano J,
Lopez D, Méndez R, Rodriguez JC, Romo R, Sisk TD,
Yanes G. 2010. Impactos Ecoldgicos por el Uso del

Terreno en el Funcionamiento de Ecosistemas Aridos y
Semi-Aridos de Sonora. In: Molina-Freaner FE, Van
Devender T, eds. Diversidad Biologica del Estado de
Sonora. Mexico City: Universidad Nacional Auténoma
de Meéxico-Comision Nacional para el wuso y
Conocimiento de la Biodiversidad. pp. 157-186. ISBN
978-607-02-0427-2

Castellanos AE, Llano-Sotelo JM, Machado-Encinas LI,
Lopez-Pifia JE, Romo-Leon JR, Sardans J, Pefiuelas J.
2018. Foliar C, N, and P stoichiometry characterize
successful plant ecological strategies in the Sonoran
Desert. Plant Ecology 219: 775-788. DOI: https://
doi.org/10.1007/s11258-018-0833-3

de la Barrera E. 2016. COP-eration for global food security.
F1000Research 5: 2814. DOI: https://doi.org/10.12688/
f1000research.10323.1

Diaz-Alvarez EA, de la Barrera E. 2018. Characterization
of nitrogen deposition in a megalopolis by means of

atmospheric biomonitors. Scientific Reports 8: 13569.

DOI: https://doi.org/10.1038/s41598-018-32000-5
Diaz-Alvarez EA, Felix JD, de la Barrera E. 2019.

Elemental and isotopic assessment for Colombian

orchids from a montane cloud forest: a baseline for
global environmental change. Acta Physiologiae
Plantarum 41: 99. DOI: https://doi.org/10.1007/s11738-
019-2893-y

Diaz-Alvarez EA, Lindig-Cisneros R, de la Barrera E.
2018. Biomonitors of atmospheric nitrogen deposition:

potential uses and limitations. Conservation Physiology
6: coy011. DOI: https://doi.org/10.1093/conphys/coy011
Haddad NM, Brudvig LA, Clobert J, Davies KF, Gonzalez
A, Holt RD, Lovejoy TE, Sexton JO, Austin MP, Collins
CD, Cook WM, Damshen EI, Ewers RM, Foster BL,
Jenkins CN, King AJ, Laurance WF, Levey DJ, Margules

208

CR, Melbourne BA, Nicholls AO, Orrock JL, Song DX,
Townsend JR. 2015. Habitat fragmentation and its lasting
impact on Earth's ecosystems. Science Advances 1:
¢1500052. DOI: https://doi.org/10.1126/sciadv.1500052
Lambers H, Chapin III FS, Pons TL. 2008. Plant
Springer.  ISBN:

Ecophysiology.  New  York:
978-0-387-78341-3

Landrigan PJ, Fuller R, Acosta NJR, Adeyi O, Arnold R,
Basu N, Baldé AB, Bertollini R, Bose-O'Reilly S,
Boufford JI, Breysse PN, Chiles T, Mahidol C, Coll-Seck
AM, Cropper ML, Fobil J, Fuster V, Greenstone M,
Haines A, Hanrahan D, Hunter D, Khare M, Krupnick A,
Lanphear B, Lohani B, Martin K, Mathiasen KV, McTeer
MA, Murray CJL, Ndahimananjara J, Perera F, Poto¢nik
J, Preker A, Ramesh J, Rockstrom J, Salinas C, Samson
LD, Sandilya K, Sly PD, Smith KR, Steiner A, Stewart
RB, Suk WA, van Schayck OCP, Yadama GN, Yumkella
K, Zhong M. 2017. The Lancet Commission on pollution
and health. The Lancet 391: 462-512. DOI: https://
doi.org/10.1016/S0140-6736(17)32345-0

McDonald BL. 2010. Food Security. Cambridge, UK:
Polity Press, ISBN: 978-0745648088

Martinez ML, Mendoza-Gonzalez G, Silva-Casarin R,
Mendoza-Baldwin E. 2014. Land use changes and sea

level rise may induce a "coastal squeeze" on the coasts of
Veracruz, Mexico. Global Environmental Change 29:
180-188. DOI: https://doi.org/10.1016/j.gloenvcha.2014.
09.009

Rockstrom J, Steffen W, Noone K, Persson A, Chapin III
FS, Lambin EF, Lenton TM, Scheffer M, Folke C,
Schellnhuber HJ, Nykvist B, de Wit CA, Hughes T, van
der Leeuw S, Rodhe H, Sorlin S, Snyder PK, Costanza
R, Svedin U, Falkenmark M, Karlberg L, Corell RW,
Fabry VJ, Hansen J, Walker B, Liverman D, Richardson
K, Crutzen P, Foley JA. 2009. A safe operating space for
humanity. Nature 461: 472-475. DOI: https://doi.org/
10.1038/461472a

Saenz-Romero C, Rehfeldt GE, Crookston NL, Duval P, St-
Amant R, Beaulieu J, Richardson BA. 2010. Spline
models of contemporary, 2030, 2060 and 2090 climates
for Mexico and their use in understanding climate-
change impacts on the vegetation. Climatic Change 102:
595-623. DOI: https://doi.org/10.1007/s10584-009-975
3-5

Shreve F, Wiggings IL. 1964. Vegetation and flora of the
Sonoran Desert. Vols. 1 & 1II. Stanford, California:
Stanford University Press. ISBN: 978-0804701631



https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1111/j.1744-7429.2012.00908.x
https://doi.org/10.1111/j.1744-7429.2012.00908.x
https://doi.org/10.1007/s11258-018-0833-3
https://doi.org/10.1007/s11258-018-0833-3
https://doi.org/10.12688/f1000research.10323.1
https://doi.org/10.12688/f1000research.10323.1
https://doi.org/10.1038/s41598-018-32000-5
https://doi.org/10.1007/s11738-019-2893-y
https://doi.org/10.1007/s11738-019-2893-y
https://doi.org/10.1093/conphys/coy011
https://doi.org/10.1126/sciadv.1500052
https://doi.org/10.1016/S0140-6736(17)32345-0
https://doi.org/10.1016/S0140-6736(17)32345-0
https://doi.org/10.1016/j.gloenvcha.2014.09.009
https://doi.org/10.1016/j.gloenvcha.2014.09.009
https://doi.org/10.1038/461472a
https://doi.org/10.1038/461472a
https://doi.org/10.1007/s10584-009-9753-5
https://doi.org/10.1007/s10584-009-9753-5

Briones et al. / Botanical Sciences 98(1): 205-209. 2020

Tardieu F, Simonneau T. 1998. Variability among species of
stomatal control under fluctuating soil water status and
evaporative  demand: modelling isohydric and

anisohydric behaviours. Journal of Experimental Botany

49: 419-432. DOI: https://doi.org/10.1093/jxb/49.Spe

cial Issue.419

Tinoco-Ojanguren C, Andrade JL, Briones O, Castellanos
A. 2018. Functional Diversity in Plants: Implications for
Conservation Issues of the Mexican Biodiversity. In:
Ortega-Rubio A, ed. Mexican Natural Resources
Management and Biodiversity Conservation. New York:
Springer Nature . pp. 519-554. DOI: https://doi.org/
10.1007/978-3-319-90584-6

Valdez-Hernandez M, Gonzélez-Salvatierra C, Reyes-
Garcia C, Jackson PC, Andrade JL. 2015. Physiological
ecology of vascular plants of the Yucatan Penninsula. /n:
Islebe G, Calmé S, Schmook B, Leon J, eds. Biodiversity

Associate Editor: Arturo de Nova Vazquez

Author contributions: Oscar Briones organized the
symposium and wrote the manuscript, Casandra Reyes-
Garcia wrote the manuscript, Edison Diaz-Alvarez wrote the
manuscript, Clara Tinoco-Ojanguren organized the
symposium and wrote the manuscript, Alejandro E.
Castellanos organized the symposium and wrote the
manuscript, Erick de la Barrera wrote and coordinated the
manuscript, and José Luis Andrade organized the
symposium and wrote the manuscript. All authors revised
and approved the final version. The author order follows the
sequence of presentations during the symposium.

and Conservation of the Yucatan Penninsula, Mexico.
New York: Springer Ecology Series, pp. 97-129. DOI:
https://doi.org/10.1007/978-3-319-06529-8_5

Vazquez-Yanes C. 1976. Estudios sobre la ecofisiologia de

la germinacién en una zona célido-humeda de México.
In: Goémez-Poma A, Vasquez-Yanes C, Del Amo S,
Butanda A, eds. Investigaciones sobre la Regeneracion
de Selvas Altas en Veracruz, México. Ciudad de México:
Editorial Continental, pp. 279-387. ISBN: 9684440472

Orozco-Segovia  A. 1984.
Ecophysiology of seed germination in the tropical humid

Vazquez-Yanes C,

forests of the world: A review. In: Medina E, Mooney
HA, Vasquez-Yanes C, eds. Physiological Ecology of
Plants of the Wet Tropics. The Hague: Dr. W. Junk
Publishers, pp. 37-50. DOI:  https://doi.org/
10.1007/978-94-009-7299-5; ISBN: 978-94-009-7301-5

209


https://doi.org/10.1093/jxb/49.Special_Issue.419
https://doi.org/10.1093/jxb/49.Special_Issue.419
https://doi.org/10.1007/978-3-319-90584-6
https://doi.org/10.1007/978-3-319-90584-6
https://doi.org/10.1007/978-3-319-06529-8_5
https://doi.org/10.1007/978-94-009-7299-5
https://doi.org/10.1007/978-94-009-7299-5

	2007-4476-bs-98-01-205a
	2007-4476-bs-98-01-205

