Chapter 20
Ethnobotany and Ex situ Conservation
of Plant Genetic Resources in México
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and Andrei Lecona-Rodriguez

Abstract In this chapter, the importance of ex situ conservation is discussed to
safeguard plant genetic resources on relationship to its ethnobotanical relevance. It also
highlights the importance of preserving the germplasm of species that are closely asso-
ciated to human being. The diverse forms and intensities of human—plant relationship
lead to the accumulation of traditional knowledge and the modification of the charac-
teristics of plant populations as a result of human manipulation. When the germplasm
of plant populations that are important to human being is protected, the information
associated to this relationship is also protected, so that the conservation of biological
diversity of useful plant species favors the protection of cultural diversity associated to
its plant use. The urgency to conserve and protect the Mexican germplasm is associated
to the fast and dramatic change of habitats that the country is facing.

In megadiverse countries with serious institutions, such as the Seed Bank FESI-
UNAM, has undertaken efforts to conserve seeds from species of wild plants and
particularly useful wild species, so that it is possible to have the raw material to
carry out taxonomical, ethnobotanical, genetics, ecological and phytochemical
studies and sustainable projects.

Biodiversity in Mexico

Out of the nearly 30 million species that the least conservative estimates suggest that
we currently know between 10 % [1] and 12 % of the natural capital [2]. In other
words, we barely know between 180,000 and 216,000 species. In Mexico, over
100,200 species have been described from the 200,000 species that are estimated [3].
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Mexico is a spectacular country. It has a highly heterogeneous territory in terms
of environment and culture, which makes it one of the 17 so called “megadiverse”
countries, which altogether bear around 65-70 % of the world’s natural capital [3].
In its nearly two million square kilometers, the country bears diverse ecosystems
ranging from humid and deciduous tropical forests to desert scrub-like vegetation to
pine forests in the highlands.

According to the information provided by the IUCN [4], in the world there are
13,025 fern species, 980 gymnosperms species, 199,350 dicotyledonous species
and 59,300 monocotyledonous species. Particularly, in Mexico the plant biodiver-
sity recorded includes 21,841 Magnoliophyta species, occupying the third place
worldwide, only surpassed by Brazil and Colombia [5]. The ten states of the country
with the highest diversity on vascular plants are Veracruz, Chiapas, Oaxaca, Jalisco,
Guerrero, Puebla, México, Michoacan, Hidalgo, and Morelos [2, 5].

In addition, Mexico shows a high endemism rate of its vascular flora, reaching
up to 50.4 % with almost 11,001 species endemic to the country [5]. The richest
biomes in terms of endemism are the temperate forest followed by the tropical rain-
forest. In particular, the highest floristic richness in Mexico is found in the temper-
ate forest followed by the desert scrub-like vegetation and the tropical rainforest.

Unfortunately Mexico is facing a systematic deforestation and change in the land
use, mainly caused by extensive cattle rising and the cultivation of a few crop spe-
cies. Other factors, such as the construction of industrial complexes and highways,
illegal extraction and traffic of exotic species, among other things, have also contrib-
uted to the current alarming vulnerability of many plant species of major commer-
cial importance [6], also the vegetation has suffered extensive anthropic alterations.
Very few areas of the national territory still hold unaltered ecologic communities.

Such vulnerability becomes even more critical considering the climate change,
by which species are facing a number of environmental changes and their success
will depend on their capacity to maintain their populations, to inhabit new zones
and to generate strategies that allow them to resist different temperatures and pre-
cipitation rates [7].

Under these conditions, the alternative that brings elements to face such grave
consequences over the rural productivity and the conservation of biodiversity,
emerges as an urgent priority and includes the development of procedures to revert
this terrible deterioration in an intelligent way [8].

Accordingly it is urgent to conserve and protect the plant germplasm of Mexico
because potentially most of the species can be used for different purposes that can
be identified by means of the ethnobotanical studies.

Ethnobotany

Since the origin of humanity, people used the natural resources for surviving and
obtaining all the needed supplies, such as fuel, food, medicines, wood, forage, coal,
oil, construction and ritual materials, among others. Consequently, since the
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beginning of humanity a very close bond between plants and human being was
established.

Since the beginning, human being needed to know the properties and uses of
plants, and on the basis of these knowledge diverse ideas on relationship to the liv-
ing organisms emerged that differentially influenced each ethnical group that inhab-
its the different regions of the world. In other words, the various ethnical groups
have their own way of interpreting their environment or their own world view [9].

The way people from the rural areas live and approach their natural resources is
quite different from those living in the cities. However, both types of communities
have in common that all live and benefit from these resources [9].

The bond formed between human beings and natural resources has caused, in
many regions, an abuse in the way the biodiversity is used. The inadequate use of
biodiversity has affected the vital cycles and the ecological relationships of many
living organisms that depend one from each other [1]. The industrialization that
emerged in the late eighteenth Century caused a deep change, not only in the way in
which the relationship between humans and their natural resources takes place, but
also in the form that natural capital is seen, which since then started to be compa-
rable to the financial capital and infrastructure [10].

Within the industrialization development, people behavior dramatically changed,
because it not only brought benefits and comfort, but also a striking economic
inequality, creating very poor social groups with a profound imbalance in terms of
rights, goods, and services. In addition, it caused different kind of pollution; change
in the land use; and lack of care of the natural habitats, among other things. All of
these problems have caused the global warming, which is modifying and destroying
the world’s biodiversity [1].

The big change regarding the way natural resources are seen by people and
politicians, as well as, the policies for protecting them began in the 90s, when as
aresult of the change in the international markets, the growth of global economy
and the political and social reorganization in some countries (mainly in Europe),
a social growth occurred, not only in terms of the number of individuals, but
also in the way such resources were used and distributed. However, history has
shown us that such a change has not taken place along with the economic devel-
opment. For instance, many human communities that are living in the Natural
Protected Areas (NPA), from which most of the natural resources are obtained,
still live in very limited and deficient conditions, compared to those who live in
the cities, where a high percentage of the environmental services available are
consumed [1].

Over the last decades, politicians have proposed the creation of “green” political
parties and organizations, in order to solve the environmental issues that were being
considered since the 70s. The first global conference regarding the environment,
known as the “Stockholm Conference” in 1972, set the tone for the modification
and redirection of environmental policies worldwide [1]. Nonetheless, the attending
of these issues is a matter of national security and it must have an important place
in each country’s development plan [10].
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In the late 70s, John Harshberger proposed the concept of “Ethnobotany,” as a
discipline that aims to analyze the interrelation between human societies and plant
communities in terms of both environmental and sociocultural aspects [11].

This discipline considers, since its inception, the close relation between human
beings and plants, not only as a simple compilation and description of plant species
uses, but for understanding their changes due to domestication and evolution pro-
cesses, as a result of their interaction with human beings. Also within the frame-
work of Ethnobotany, many studies are carried out, in order to find and propose
diverse strategies for sustainable use of plants in their natural environments.

Since the emerging of Ethnobotany in Mexico, many authors have contributed
to improve and develop this important discipline. In particular, Efrain Herndndez
Xolocotzi concluded that the human—plant interrelation is determined by two fac-
tors: (a) the environment (the ecological conditions) and (b) the culture. By study-
ing such factors in a time range, he was able to recognize that there are qualitative
and quantitative changes in the used plants. Thus, the environment changes
because of modifications in its components and by the action of man, while the
culture changes due to the accumulation, and sometimes the loss, of human knowl-
edge [12].

Likewise, Toledo et al. [13] suggested that Ethnobotanical work attempts to inte-
grate those issues that usually are disintegrated. In other words, it integrates the
botanical science to other disciplines, by a multicultural and multilinguistic
approach, in order to answer the current social crisis with a truly committed
science.

More recently, within the framework of Ethnobotany, many studies have con-
tributed to the understanding of the man—plant relationship [14], which have shown
that the traditional knowledge of the native people that inhabit the NPA, or any
other relevant regions, is essential to detect the important species from the eco-
nomic point of view and to define the minimum surface needed for their
conservation.

It is not casuistic that, as Harmon [15] pointed out, at a planetary scale, human
being diversity is closely associated to the main existing biodiversity concentra-
tions. Indeed, this fact is the main reason for the overlapping between the areas with
greater biological richness and those with high linguistic diversity. This overlap-
ping is the best indicator for distinguishing a culture. Therefore, if biodiversity is
endangered, cultural diversity is also so; this is precisely what Nietschmann [13]
named “symbiotic conservation”, concept that accounts for the mutual dependence
of both types of diversity [13].

Domestication is not an instantaneous event by which wild plant populations are
suddenly transformed in domesticated populations. It is an evolutionary process
involving gradual changes in the relationship “plant—-human being” by which a cer-
tain degree of interdependency occurs, in parallel to the effects caused by the
artificial selection undertaken by human beings [16-18]. As a result of this selec-
tion, when domesticated plants are compared to their wild representatives, the for-
mer ones show morphological modifications in their useful parts, life cycle and
genetic diversity and structure [19]. Some of these changes are not unidirectional or
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do not follow the same direction, because they are influenced by the biology of each
species and the culture of the human beings involved in the domestication [18].

The diverse ethnobotanical studies undertaken have enabled to estimate that in
Mexico there are between 5000 and 7000 useful plant species [20-22]. In particular,
in the Tehuacan-Cuicatldn Valley, there are 1608 useful plant species recorded,
from which 610 have at least one management type other than simple gathering [23,
24]. Among these managed plant species there are some annual weeds that grow
spontaneously in cultivated fields, roads, or in home gardens [25-28]. Some others
are perennials, particularly columnar Cactaceae in which it is possible to differenti-
ate wild populations from those that are either morphological or genetically differ-
ent due to their management [14, 29-39, 41].

It is worthy to mention the project entitled “Strategies for ex-situ conservation
and propagation of useful plant species in the Tehuacidn Cuicatlin Biosphere
Reserve”, which was carried out in the community of San Rafael Coxcatlan, Puebla,
Mexico (Fig. 20.1), as part of the collaboration between FES Iztacala UNAM and
Millennium Seed Bank of the Royal Botanical Gardens of Kew [14, 23-27,
29-45].

In San Rafael Coxcatldn, a total of 368 useful species have been recorded [46]
and the community has made efforts to conserve all of them by propagating them in
a greenhouse and in some specific locations. For doing so, 29 workshops were per-
formed in which kids, adults, and young people from the communities (957 people
in total) participated. In these workshops, 11,688 plants of 19 plant species (11,007
by seed and 681 by vegetative means) were propagated. A total of 2602 plant indi-
viduals (2462 derived from seeds and 147 from vegetative propagation) were suc-
cessfully established and now are growing in the greenhouse of San Rafael
Coxcatlan.

In relationship to the active components of the useful species, a research on plant
physiology and phytochemistry was also carried out. A series of studies have been
done regarding the content of secondary chemical compounds found in
Gymnosperma glutinosum (Asteraceae), Lippia graveolens (Verbenaceae), and
Castela tortuosa (Simaroubaceae), as well as about the seed aging deterioration of
several species of Cactaceae. In addition, phytochemical studies have been done to
evaluate therapeutic properties attributed to diverse plant species. The results
obtained from these studies show that some of these species have antibacterial,
antifungal, and antioxidant properties (Fig. 20.2).

In situ Conservation

Such an important place as the Tehuacan-Cuicatldn Valley, where their diversity
and endemism rates are high, and so is the number of useful plants, deserves a well-
planned conservation program including in situ and ex situ conservation actions.
The former are those related to the “conservation activities that are undertaken in
the natural habitat of organisms.” It includes the protection of endangered species
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Fig. 20.1 Community of San Rafael Coxcatldn, Puebla, Mexico

and their habitats, as well as the biotic and abiotic interactions that take place
between them [47].

In Mexico, the way to optimize the in situ conservation activities has been
through the decree of NPA leaded by the National Commission for Natural Protected
Areas of the Mexican Environmental Ministry (SEMARNAT, Secretaria de Medio
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Species / Activities
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Fig. 20.2 Species considered by local people as being of high conservation priority

Ambiente y Recursos Naturales). Despite the fact that the NPAs represent the best
current option for conserving and protecting the natural capital and the services it
provides, the current coverture on the national territory for such areas is still insuf-
ficient, for they barely represent 9.85 % of the whole territory [48]. Once the NPAs
are decreed, it is necessary to develop a conservation and management program that
integrates and sets actions to be carried out in short, medium, and long terms [47].

Even when in situ conservation is an excellent strategy, the main problems asso-
ciated to the NPA decree indicate that after being appointed as such, they must be
well protected against intrusions or anthropic destruction, which is difficult and
expensive. Besides, the size of the NPA must be determined for each protected spe-
cies, examining the population density in natural situations, for they must be large
enough to maintain an adequate number of individuals of the species under protec-
tion. This situation is important, due to the fact that the population size of the spe-
cies protected in these areas must gather the minimal genetic variability needed to
survive. By doing so, these populations may be able to continue evolving in time.
The ANPs decree brings serious social, political and even economic problems,
because they limit the economic activities that were formerly done.
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Accordingly, in Mexico, there is still much to be done regarding in situ conserva-
tion; the State has a big task in terms of promoting and generating strategies whose
main and final objective is the conservation of the natural capital.

A particular case that deserves a special attention in this matter is the decree of
the Tehuacan-Cuicatlin NPA, which is considered a very important reserve in
Mexico. With approximately, 10,000 Km?, the region bears almost 3000 species of
vascular plants, from which 365 are endemic and 1608 are useful species.

Ex situ Conservation

Given the problems and challenges of in situ conservation and complementing its
efforts, the ex situ conservation actions are also important for conserving and pro-
tecting our natural capital. They include those actions undertaken outside the natu-
ral habitat of the organisms. All these actions are mentioned in the ninth article of
the Biological Diversity Convention and in the eighth objective of the Global
Strategy for Plant Conservation [49].

The last 50 years have witnessed an unprecedented evolution of our knowledge
on conservation and its interrelations with the goal of achieving sustainable devel-
opment. Given the fact that world biodiversity is quickly diminishing; immediate
conservation actions are required in order to safeguard many of the species that are
currently disappearing [50].

Ex situ conservation consists in the maintenance of some biodiversity compo-
nents outside its natural habitats, which includes, storing genetic resources in gene-
banks, as well as establishing field collections and managing species in captivity.
The main objective of the ex situ conservation is to ensure the survival of the spe-
cies and it must be considered complementary to in situ conservation, especially
when working with critically endangered species [51].

Accordingly, Ex situ conservation aims to preserve taxa outside of their natural
habitat, through different methods:

* Gene and seed banks, including germplasm, sperm, and egg cells banks.

* Collections of In vitro, including plant tissues and microbial cultures.

* Reproduction of animals in captivity and artificial propagation of plants, includ-
ing the possibility, at least in some cases, of their reintroduction to their natural
habitats.

* Recollection of confined living organisms, including zoos, aquariums and botani-
cal gardens for research, education, and public awareness.

A key factor for biodiversity conservation is the genetic resources, defined as a
material consisting of genes, proteins and metabolites or crude fragments of plants,
animals or microorganisms of intrinsic or utilitarian value (actual or potential),
which represent a fundamental characteristic of biocomplexity and therefore are
part of the cultural and technological heritage of mankind [52]. Particularly, the
plant genetic resources that have or might have any anthropocentric value are a
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product of its evolution, but also are useful for the improvement of genetic engi-
neering [53].

The importance of plant genetic resources in Mexico can be seen, when it is real-
ized that there are 50 native and 179 introduced taxa in the country that produces
about 73-119 millions of pesos every year [53]. Nevertheless, all the species that
are used and are sold locally, are not included and there is no way that we can have
a real estimation of their economic input.

The expression “genetic resources” often replaces the concept of germplasm by
referring to a group of species or genera (plant genetic resources, microbial genetic
resources, etc.) that offer an economic or environmental utility. However, strictly
speaking, the term germplasm is formed by the etymological root germ (beginning
or inception) and plasm (formation). Thus, the term germplasm can be used for
naming any genetic material that can regenerate a life form that is equal or similar
to the original [53]. The centers responsible for the conservation of biodiversity
contained in the germplasm are often called germplasm banks or Seed banks.

From the moment that human societies developed agriculture, the conservation
of seeds became a necessary activity to maintain the cycles of recollection and sow,
as well as to preserve contemporary plant diversity [5S0]. Consequently, the idea of
preserving seeds of different plant species from all around the world in special
places for guaranteeing their long-term viability, emerged at the beginning of the
twentieth century. This idea highlights the proposal of the Russian scientist Nicolai
Ivanovitch Vavilov [54], who aimed to increase the germplasm supplies of those
species recognized for food or industrial uses, but also to improve the genetic mate-
rial, at the time Russia was a very poor country. In order to achieve this goal, in
almost 30 years Russians created and ordered huge biological collections which
enabled them to preserve ex situ plant germplasm in a systematic way and defining
some of the basic procedures for seed preservation [50].

The techniques to manipulate genes are developing and improving all the time.
However, we are still unable to create them. Consequently, if a plant species with a
unique genetic character disappears, there is no way of recovering it. This is the
reason why millions of dollars are invested on seed banks, which represent one of
the most important strategies of ex situ conservation. In fact, in some countries,
germplasm banks specialized in the conservation of wild plants have a key role in
the biodiversity conservation policies. In fact, each time it is more frequent that the
technicians and researchers of the ex situ conservation centers actively participate
in the design, development, and execution of in situ conservation programs [8, 50].

The presence of botanical gardens and seed banks stimulates and strengthens the
implementation of strategies on those zones where conservation species concern
occur. This task and the generation of original scientific knowledge by the academic
research institutions are helping to protect the ecosystems [52].

Although it is true that ex situ conservation is a very useful approach, it is impor-
tant to point out that its main “inconvenience” lies on the amount of economic
resources needed. Nevertheless, in Mexico thanks to the efforts of the UNAM, the
Millenium Seed Bank of the Royal Botanical Gardens of Kew and the CONABIO,
the seed bank for wild species of Mexico exists formally since 12 years FESI-
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UNAM Seedbank (BSFESI-UNAM), Registration: MEX-FLO-150-0903. This
seed bank is a reservoir for the long-term conservation of wild plant species of the
arid and semiarid regions of Mexico. Currently, the BSFESI-UNAM stores over
3500 seed accessions that represent close to 1700 species belonging to 137 botani-
cal families, including Asteraceae, Mimosaceae, Cactaceae, and Fabaceae, among
many others.

The BSFESI-UNAM has an active collecting program for obtaining plant mate-
rials from new regions and, in some cases in previously visited locations, given the
fact that although collections with a larger number of seeds are needed. The
BSFESI-UNAM also continues to carry out efforts to collect seeds from endemic,
restricted distribution, endangered or useful species. In addition, researchers are
also interested in tree species, as well as those related to domesticated plants. The
work done in the Seedbank is also related to the development of diverse research
activities that aim to identify, conserve and adequately use our flora.

Since our point of view, ex situ conservation is an excellent choice to protect
many species without the need of large areas of land. In this sense, the seed banks
allow the possibility of storing a great number of species for very specific purposes.
For instance, in the case of the conservation of wild useful plant species, not only
the plant germplasm is protected but also the ethnobotanical information associated
to the collections, which is the starting point for carrying out studies about very
specific subjects regarding the close man—plant relationship.

In the different research laboratories associated to BSFESI-UNAM, several
research efforts have been implemented, in order to understand the interactions
between people and plants, ethnofloristic richness, the relative importance of useful
plant species richness in relation to general plant species richness, and plant man-
agement in the Tehuacdn—Cuicatldn Valley of central Mexico (VTC). These studies
recorded a total of 1605 useful vascular plant species (61.2 % of the total species
richness of the regional vascular flora), this being the region with the highest abso-
lute richness of useful plant species in Mexico recorded [24].

Also there have been studies, in order to document the floristic composition,
richness, diversity, and traditional knowledge of the weeds growing in the corn-
fields of San Rafael, Municipality of Coxcatldn, Puebla. For that purpose, twelve
cornfields were sampled using Canfield’s lines, and 20 farmers were interviewed,
whom ages fluctuate between 32 and 80 years. A total of 43 species of 12 families
of vascular plants were recorded. From them, farmers were able to recognize
between 20 and 31 plant species and there was not a significant correlation between
farmer’s age and the number of identified species. Only 11 species were recognized
as useful, and there were not evidences of manipulation in any of them [25].

In San Rafael Coxcatlén, a total of 368 useful species have been recorded [46],
from which the seeds of 134 were stored in the FESI Seed Bank, including 17 that
are considered by local people as being of high conservation priority (Fig. 20.2).

The stored seeds from the 134 species belong mainly to the following plant
families: Asteraceae, Mimosaceae, Euphorbiaceae, Solanaceae, among others
(Fig. 20.3).
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Fig. 20.3 Dominant plant B Asteraceae
families among the useful
plants conserved in the
seed bank

B Mimosaceae

B Euphorbiaceae

M Solanaceae
Burseraceae
Caesalpiniaceae

Fabaceae

Agavaceae

Malvaceae

Fig. 20.4 Dominant M Acacia
genera among the useful
plants conserved in the
seed bank

W Bursera

W Agave

M Senna

® Hechtia
Jatropha

Lantana

Solanum

The most common genera in the seed bank are Acacia, Bursera, Agave, Senna,
among others (Fig. 20.4).

In addition, from the seed collections of useful plant species stored in BSFESI-
UNAM, various studies regarding the therapeutic properties of some useful wild
plant species from Mexico have been done. Once the uses of plants are identified in
any area, then it is possible to select some plants species, in order to recognize and
correlate their phytochemical features and their therapeutic consequences.
Accordingly, such studies have been implemented on the basis of the ethnobotani-
cal knowledge of the VTC and by using the germplasm stored in the seed bank. The
species that have been so far studied are Lippia graveolens [55], Cordia curassavica
[56], Gymnosperma glutinosum [57], Acalypha monostachya [58), Bursera morel-
ensis [59], Buddleja perfoliata and B. scordioides, and Yucca [45].

In summary, the biodiversity inventory, the generation of information regarding
its distribution, uses, ecological and environmental requirements, and phytochemi-
cal features are the basic platform that we need to have, in order to be able to
propose their sustainable management for ensuring their protection and conserva-
tion. Accordingly, all the germplasm stored in the seed banks represents the raw
material for doing so. In particular, the bond between the ethnobotanical studies and
the seed banks should always be strong, in order to generate the information of our
useful plants.
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The educational and ex situ conservation activities undertaken in San Rafael
Coxcatldn located in the Tehacdn-Cuicatldn NPA, is an example of a sustainable
management project that enables the protection of the natural capital and the benefit
of the people, within the framework of the activities leaded by a seed bank.
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