Roundiable «

Applying Ecology in the Third
World: The Case of Mexico

BY ALICIA CASTILLO AND VICTOR M. TOLEDO

cologists and policymakers alike generally agree

that ecological knowledge should be considered in

setting environmental policy and that ecologists
should be more involved in decisions related to the man-
agement and conservation of natural resources {e.g.,
Ehrlich 1989, Lubchenco et al. 1991). The essence of
applied ecology is that it is “solution oriented,” in contrast
to pure ecology, which is “problem oriented” (Newman
1993). Applied ecology seeks solutions to practical prob-
lems and is guided, at present, by the paradigm of sustain-
ability. Applying ecology would mean using original
research in the management and conservation of natural
resources. That is, it implies that scientific methods can be
usced to solve problems in agriculture, forestry, fisheries,
wildlifc management, resource extraction, and biodiversi-
ty conservation.

Despite the potential of applied ecology, there is still
disagreement about the extent to which ecological science
is applicable to real-world problems. This concern is
intensified by the fact that, although the numbers of ecol-
ogists and journals specifically dedicated to ecological top-
ics are growing, the main global environmental problems,
such as deforestation, soil erosion, loss of biodiversity,
water depletion, and species exploitation, are continuing
to increase at alarming rates. For example, an analysis of
the influence on management practice or policy of 50 rep-
resentative articles published over the last 30 years in one
prominent ecology journal, the Journal of Applied Ecology,
showed that most of these articles lacked an indication of
the practical applications of the work or of management
recommendations derived from the research (Pienkowski
and Watkinson 1996).

Ecology and related disciplines now confront the urgent
challenge of making a relevant contribution to the wise
management and conservation of Earth’s resources and
life support systems. Many ecologists are now taking up
this challenge. For example, the publication of the Sus-
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tainable Biosphere Initiative (Lubchenco et al. 1991),
which was based on an awareness of the need to link sci-
ence with decision-making, constituted an important step.
Another important contribution was an article by Ludwig
et al. (1993), which served as the basis for a forum in Eco-
logical Applications about natural resources exploitation.
Among the conclusions of the forum was the importance
of recognizing the limitations of ecologists’ knowledge of
managed systems and the difficulties involved in gaining
the necessary understanding. .

Based on the recognition that environmental problems
are not entirely or even primarily scientific (Levin 1993),
some authors (e.g., Funtowicz and Ravetz 1991, Costanza
1993) have emphasized the need to integrate science with
other sources of information. These authors relate ecolo-
gy’s low impact on solving problems to its limited capaci-
ty to function in an interdisciplinary context. In particular,
information from the social sciences and the knowledge
generated by rural societies worldwide (which are com-
monly referred to as indigenous or traditional) have an
important role to play in formulating strategies for natur-
al resource management and conservation (Altieri and
Hecht 1990, Toledo 1992, Costanza 1993). Ecological
information is, therefore, only one part of the decision-
making process for environmental management. Conse-
quently, more integrative forms of ecological inquiry that
analyze issues from a systems perspective, including the
interactions of social systems with natural systems, are
needed (Holling et al. 1998).

In this article, we consider applied ecological research in
developing countries, in which natural resources are pre-
dominantly used, managed, and conserved by communi-
ty-based actors. We review the situation in Mexico, using
it to suggest that the perceived limits of applied ecological
research are related to how knowledge is generated, com-
municated, and socialized by scientists and their institu-
tions. Applied ecology, at least in Mexico, seems to better
accomplish its objectives when researchers and institu-
tions conduct research in conjunction with the social
actors involved in the management of natural resources.
Such sectors include government agencies, nongovern-
mental organizations, international agencies, and rural
producers themselves—the complex array of agricultur-
ists, cattle ranchers, forest dwellers and harvesters,
hunters, gatherers, and fishermen whose lives depend
directly on the appropriation of natural resources. We
conclude by proposing a model that can serve as a general
framework for developing more integrative forms of



Table 1. Number of holdings and owned area in 1991 for the
peasant (community-based), private, and mixed® sectors in
rural Mexico (INEGI 1994).

Number of Area (x 10° ha)
Sector holdings (%) (%)
Community-based 3,040,495 (66.3) 103.3 (59.0)
Private 1,410,742 (30.8) 71.7 (40.9)
Mixed 133,912 (2.9) 0.13 (0.1)
Total 4,585,149 (100) 175.13 (100)

an a nﬁikéd-sector, a;iérr;d—;)wner holds both ;c);bes of land tenure syétéms
(private and communal).

applied ecological research and by emphasizing the role of
communication in facilitating the use of scientific findings.

The management of natural resources

in the Third World

Understanding how scientific institutions and their
researchers perceive the social and economic actors in nat-
ural resource management is crucial for designing strate-
gies for applying ecological research. Labels such as
“users,” “managers,” “exploiters,” “stakeholders,” or “deci-
sion-makers” commonly found in the ecological literature
oversimplify a complex reality. These terms fail to recog-
nize specific actors who can be identified culturally, social-
ly, and economically.

The management of ecosystems is not only an ecologi-
cal event but also a social—and, therefore, an economic,
cultural, and even political—phenomenon. Human
appropriation of nature removes minerals, water, energy,
and living beings (biomass) from ecosystems. A substan-
tial proportion of the world’s biomass is directly appropri-
ated through rural production, including agriculture, cat-
tle raising, fisheries, hunting, gathering, and forestry.
These activities are the main human activities on Earth
and the principal influences on our planet’s ecology
(Vitousek et al. 1986). They constitute the first step in the
process by which societies organize the exchange of matter
and energy with nature.

Table 2. Major ecological research institutions in Mexico.

Although most humans live in cities, and almost no
place on Earth is free of industrial artifacts, products, and
services, the portion of humanity involved in the capture
of biomass is still considerable. By 1950, more than half of
the human population participated in the direct appropri-
ation of the products of nature. In 1990, the total number
of people was twice that of 1950, but 45% of them were
still engaged in some kind of primary production activi-
ties (FAO 1991). Approximately 95% of the agricultural
population occurs in Third World countries, whereas only
5% occurs in developed nations. Consequently, human
appropriation of nature is carried out mainly in nations
characterized by high biological richness (Mittermeier et
al. 1997), a diversity of cultures, and, ironically, high social
and economic poverty and high rates of environmental
depletion (UNEP 1997).

Rural producers of the contemporary world generally
belong to two main contrasting and historically rooted
archetypes: peasants and modern agroindustrialized pro-
ducers. The ecological implications of these two main
modes of appropriating nature have recently been exam-
ined (Gadgil and Guha 1993, Netting 1993, Toledo 1995).
Although it is difficult to determine the exact proportion
of the agricultural population corresponding to these two
main types of rural producers, between 60% and 80% are
still peasants or peasantlike producers. This estimate is
based on the use of a key characteristic: small production
units. The areas of the world in which small-scale produc-
tion units clearly predominate correspond again to the
Third World. In contrast, the countryside of most indus-
trialized nations is dominated by medium and large-scale
agroindustrial units (albeit with some notable exceptions,
such as in Portugal, Spain, and Greece).

Statistical data show that by 1990, approximately 1.2
billion rural people were practicing agricultural activities
on areas of 5 hectares or less (Toledo 1997). This figure is
consistent with the last available world census of agricul-
ture, in which more than 80% of all reported holdings
were smaller than 5 hectares (Wilken 1987). Most of this

of Researchers (SNI).

Number of Main geographical
Institution?® Year founded researchers® influence Teaching programs
IE-AC 1975 106 (38) National, with a focus on the Master's and doctorate in ecology
northeast, central Mexico, and and natural resources management
the Gulf of Mexico
Ecosur 1977 104 (25) Southeast of Mexico Master’s in natural resources and rural
development and doctorate in ecology
and sustainable development
IMECBio 1985 55 (0) Sierra de Manantlan, Jalisco Bachelor’s of Engineering in natural
resources
IE-UNAM 1987 54 (53) Several regions Master's and doctorate in ecology
IEA 1983 20 (1) Tamaulipas State No program is being developed

@Abbreviations are as follows: IE-AC, Instituto de Ecologfa A.C.; Ecosur, Colegio de la Frontera Sur; IMECBio, Instituto Manantlan de Ecologia y Conservacion
de la Biodiversidad; IE-UNAM, Instituto de Ecologia UNAM; IEA, Instituto de Ecologia y Alimentos.
®Information was provided by each institution. The number in parentheses indicates the number of researchers who are members of the National System
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1. Unit Hermosillo, Sonora

2. Unit Aldama, Chihuahua

3. Field Station in Mapimi, Biosphere Reserve

4. Main premises Cd. Victoria, Tamautipas

5. Unit in Durango, Durango

6. Field Station in Michilia, Biosphere Reserve

7. Main premises Autlén, Jalisco

8. Field station “Las Joyas” Sierra de Manantlén
Biosphere Reserve

9. Field Station “Chamela”, Jalisco*

10. Unit Morelia, Michoacin

11. Unit Patzeuaro, Michoacan

12. Main premises Mexico City

13. Main premises Xalapa, Veracruz

14. Field Station “La Mancha”, Veracruz
135. Field Station “Los Tuxtlas”, Veracruz*
16. Unit Villahermosa, Tabasco

17. Unit Campeche, Campeche

18. Unit Chetumal, Quintana Roo

19. Main premises San Cristobal, Chiapas
20. Unit Tapachula, Chiapas

21. Field Station “Chajul”, Chiapas

IE-AC
Ecosur

18 IE-UNAM
IMECBIO
IEA

' d KN J

Figure 1. Location of the main campuses (premises) and facilities of the five main institutions of ecological research in
Mexico: IE-AC, Instituto de Ecologia A.C. (part of the National Council of Science and Technology); Ecosur, Colegio de la
Frontera Sur (part of the National Council of Science and Technology); IMECBio, Instituto Manantldn de Ecologia y
Conservacion de la Biodiversidad (part of the University of Guadalajara); IE-UNAM, Instituto de Ecologia UNAM (part of
the National Autonomous University of Mexico); and IEA, Instituto de Ecologia y Alimentos (part of the Autonomous
University of Tamaulipas). The Chamela (9) and Los Tuxtlas (15) field stations are actually part of the Institute of Biology of
UNAM, but many researchers at IE-UNAM have carried out investigations in these sites.

peasant population carries out its production activities
not as socially isolated households but as family units
belonging to specific village communities. These family
units represent community-based resource management
systems; such management systems are the norm in Egypt,
Tanzania, Vietnam, Indonesia, Pert, Bolivia, Colombia,
and, especially, Mexico, India, and China.

Given this context, applied ecologists and their institu-
tions in the Third World must recognize the importance of
small-scale, community-based producers as target audi-
ences to promote the effective, practical use of new scien-
tific knowledge. These producers generally belong to some
of the approximately 6000 indigenous cultures (Toledo in
press) that, through long periods of time, have construct-
ed complex systems of knowledge about their environ-
ments. Consequently, ecological research must be planned
according to the information demands, cultural character-
istics, and productive bottlenecks of these rural producers,
not only at the country scale but also, and especially, on
regional, micro-regional, and local scales.

The case of Mexico

Mexico is one of the main centers of biodiversity of the
world. It is the fifth-most biologically rich nation, after
Brazil, Colombia, Australia, and Indonesia (Mittermeier et
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al. 1997). The biological diversity of Mexico results from
its topographic and climatic variation, which creates a rich
mosaic of habitats. Six well-defined terrestrial ecological
regions can be distinguished: humid and sub-humid trop-
ical lowlands, humid and sub-humid temperate moun-
tains, deserts, and wetlands (Toledo and Ordofiez 1993).
This diversity of environments and a wealth of natural
resources were undoubtedly decisive factors in making
Mexico the birthplace of major early civilizations of
Mesoamerica. Contemporary rural Mexico is still, after
many centuries of social change, an agrarian nation that is
dominated by indigenous, or Indian-derived, peasants. In
addition to the mestizos, or Spanish-speaking producers,
there are 54 main indigenous groups speaking 240 lan-
guages and dialects (Grimes 1988). These indigenous
groups live in nearly all of the main natural habitats of the
country.

Community-based systems of resource management
are of great importance in Mexico. Approximately 30,000
peasant communities manage more than 100 million
hectares, corresponding to 60% of the country’s produc-
tive land area. In addition, 7000-9000 communities man-
age approximately 70% of Mexican forests (Bray 1995).
These peasant units are embodied in two forms of com-
munity-based corporate ownership that are currently rec-
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Table 3. Main ecological problems of natural resource use in Mexico and the solutions needed.

Area of concern

Environmental constraints

Improvements needed

Agriculture

Livestock production

Forestry and agroforestry

Fishing and aquaculture

Wildlife management

Conservation of habitats, species,
and genes

Landscape modeling

Rainfed areas: droughts, frosts, low soil
fertility, steep slopes, weed interference;
irrigated areas; soil depletion, overuse of
water and agrochemicals, salinization,
genetic erosion, chemical pollution
Conversion of temperate and tropical
forests to pasture fand for extensive cattie
ranching: inefficient use of space, forages,
and water; biodiversity and soil depletion;
very low productivity

Unsustainable use of forest species

in arboreal and shrub ecosystems; fires;
biodiversity depletion

Overfishing; depletion of fish stocks by
inappropriate techniques; degradation of
coastal ecosystems (mangroves, coral
reefs); pollution of inland and sea waters

Habitat loss; overexploitation of species

Endangered habitats and species; genetic
erosion; ineffective management of
protected areas

Inefficient use of natural resources due to
absence of landscape evaluation

Ecologically oriented intensification of agriculture in
rainfed areas and reconversion of irrigated ones;
development of agroecological techniques such as
terracing, green manure, and efficient management
of energy, soil, and water

Intensification of cattie raising by integrated manage-
ment of animals, soil, and plants; diversification of
forages; efficient use of water; improvement of
animal genetics

Sustainable harvesting of timber and nontimber
products; design of sustainable polyspecific agroforests
(coffee, cocoa, home gardens); management of
secondary forests; valuation of environmental services
Improvement of fishing techniques; design of
ecologically sound aquaculture farms; sustainable use
of marine and freshwater species

Sustainable management of species and preservation
of their habitats

Design of management plans for protected areas;
management of populations of threatened species;

in situ conservation of local germplasm

Design of household and community-scale agrosilvo-
pastoral systems based on land evaluations; application

Use of local knowledge

Ecological restoration

ecaosystems

Inefficient use of focal natural resources
due to ignorance of long-term experience
gained by indigenous peoples

Deforested lands and degraded soils;
depletion of marine and freshwater

of Geographic Information Systems technology to
land-use pianning at regional, microregional, and
community levels

Rescue of indigenous ecological knowledge; inventory
of traditional techniques (green manure, artisan
irrigation, terracing, vegetational manipulation); rescue of
varieties of plants and animals under indigenous
management

Rehabilitation of natural and managed ecosystems;
reintroduction of endangered or rare species;
refarestation with native species

ognized and supported by law: “ejidos” (communal lands)
and indigenous communities. Constitutional recognition
of community-based land tenure has provided a protec-
tive “shell” for the evolution of resource management sys-
tems that are responsive to local ecological and biodiversi-
ty conditions (Alcorn and Toledo 1998). Thus, although
certain agricultural activities, such as cattle ranching, irri-
gated agriculture, and some rainfed agriculture, are domi-
nated by agroindustrial farms, small-scale rural communi-
ties constitute the main economic agents in most forested
areas and rainfed agricultural lands (Table 1). Further-
more, rural communities in Mexico are largely poor and
have been marginalized from the benefits of the country’s
overall social development.

Ecological research in Mexico:' an overall view.
In Mexico, as in the rest of Latin America, ecological
research was not initiated until the mid-1950s (Sarukhén
1981), but it has since undergone a remarkable develop-
ment (Toledo and Castillo 1999). Although isolated small
groups of researchers worked on ecological subjects in
Mexico during the 1950s and 1960s, it was not until the

mid-1970s that the first institutions dedicated explicitly to
ecological research—the Instituto Nacional de Investiga-
ciones sobre Recursos Bioticos (INIREB) and the Institu-
to de Ecologia A.C. (IE-AC)—were founded (INIREB was
inexplicably closed in 1988). Today, five main institutions
exist: IE-AC, Colegio de la Frontera Sur (Ecosur), Institu-
to Manantlan de Ecologia y Conservacion de la Biodiver-
sidad (IMECBio), Instituto de Ecologia UNAM (IE-
UNAM), and Instituto de Ecologia y Alimentos (IEA).
These institutions collectively include approximately 350
investigators and develop nearly 70% of Mexican ecologi-
cal research. Each has different geographical and ecologi-
cal influences, facilities, and academic programs (Figure 1,
Table 2). The rest of Mexico’s ecological research is carried
out by small research groups, within approximately 15
other institutions, that are involved in biological research

10ur overview is restricted to studies of terrestrial ecosystems, both
because most ecological research in Mexico focuses on such systems (we
identified 16 research institutions working on terrestrial environments,
whereas only six were investigating marine and aquatic habitats) and
because our own studies are in this area. There remains a need, neverthe-
less, to investigate the state of aquatic and marine ecological research to
have a more complete panorama of ecology in Mexico.
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Table 4. Number of applied ecological projects® carried out in Mexican research institutions.’

Number of applied projects®

—

ecology.
i

IE-AC Ecosur IMECBio IEFUNAM IEA Subtotal Other 11

Area of concern (45) (52) (46) (105) (18) (46) institutions?  Total
Agriculture 0 8 7 5 3 23 9 32
Livestock production 0 1 3 0 0 4 1 5
Forestry and agroforestry O 4 12 8 3 27 13 40
Fishing and aquaculture O 0 0 0 0 0 1 1
Wildlife management 4 9 1 0 0 14 5 19
Conservation 8 10 3 9 5 35 22 57
Landscape modeling 2 2 0 2 1 7 6 13
Ethnoecological rescue O 3 4 1 0 8 4 12
Ecological restoration 0 0 0 2 0 2 2 4
Total applied projects 14 37 30 27 12 120 63 183
Ratio of applied to

total projects 311 711 65.2 25.7 66.6 45.1 — —

3The number of applied projects dealing with different productive and conservation issues was obtained from the list of research projects reported by each
institution in the 1998 Mexican directory of organizations involved in environmental conservation (FMCN 1998).

bJE-AC, Instituto de Ecologia A.C.; Ecosur, Colegio de la Frontera Sur; IMECBIo, instituto Manantldn de Ecologia y Conservacion de la Biodiversidad; IE-
UNAM, Instituto de Ecologia UNAM; IEA, instituto de Ecologia y Alimentos.

“Numbers in parentheses indicate the total number of research projects reported by the institutions.

dNo total number of projects is given for the other 11 institutions carrying out ecological research because many of these projects are in areas other than

or in areas such as agriculture and forestry. The field of
plant ecology has been particularly well developed in Mex-
ico, especially during the last two decades (Martinez-
Ramos 1994).

Information needs. Mexico’s natural resources have
suffered a dramatic depletion as a consequence of the
activities of rural producers (Table 3). This decline in the
quality of the natural resource base is reflected in stagnant
agricultural, livestock, forestry, and fisheries production.
In fact, Mexico is now a net importer of corn, sorghum,
beans, milk, and other foodstuffs. Thus, as Table 3 shows,
numerous environmental problems affect Mexico’s natur-
al resources, to which applied ecological research could
contribute solutions.

The response of Mexican research institutions.
Attempts to close the gap between scientific research and
environmental problems in Mexico have been carried out
by research institutions for several decades. For example,
INIREB aimed to integrate basic and applied research with
resource management and education; although it has been
dissolved, its innovative approach is still influential in the
work of important research groups in Mexico (see
Go6mez-Pompa and Giddings 1986). And in recent times,
applied ecologists have been studying ways to solve some
of the main ecological problems found at the rural com-
munity level (see boxes on pages 71-73 for examples).

To examine the extent to which research institutions in
Mexico have responded to the need to solve environmen-
tal problems, we evaluated the involvement of the five
main ecological research institutions and another 11
research groups in applied ecological projects (Table 4).
The analysis shows that nearly half of the projects carried
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out by the five main institutions can be considered applied
research. The actual proportion may be smaller, however,
because a significant proportion (29%) of the projects are
classified under conservation, which includes basic as well
as applied research. In addition, the analysis showed that
the 11 research groups (especially those at the Natural His-
tory Institute of Chiapas and the Department of Manage-
ment and Conservation of Natural Resources [PRO-
TROPICO] of the Autonomous University of Yucatan)
play a significant role in applied ecology research in Mex-
ico, accounting for approximately one-third of the total
number of applied projects.

This analysis also showed that most applied projects
focused on conservation, forestry, and agriculture. Rela-
tively few dealt with livestock production, even though
this activity is a major cause of deforestation and land-use
change in the tropical lowlands of Mexico (Masera et al.
1997). Only four projects overall were related to restora-
tion ecology, which indicates the poor consideration that
Mexican institutions are still giving to this field. The
almost complete lack of interest in aquatic ecosystems may
be due to the fact that the institutions examined focus
their research on terrestrial habitats.

The comparison of the five institutions reveals a range
of institutional responses to the need to solve practical
problems. Three institutions have an applied orientation
(Ecosur, IMECBio, and IEA), and two have a more basic
orientation (IE-AC and IE-UNAM). It appears that insti-
tutions with a local or regional interest develop more
applied types of projects, whereas those not having a clear
local focus get more involved in basic scientific subjects.

Another factor that appears to play a part in the deci-
sion about institutional research emphasis is the system of
academic rewards. Like most academic scientists, ecolo-






