Ecology has a major responsibility in solving environmental problems. In Mexico, scientific
institutions need to contribute more to the practical use of their research findings, especially with
regard to the rural management of ecosystems. Based on the framework of the Ecological Infor-
mation System, two surveys were conducted among ecologists and nongovernmental organiza-
tions in Mexico. It was found that ecology has a great deal to contribute to environmental prob-
lem solving and that nongovernmental organizations function as links between science and rural
producers, such as agriculturists, cattle ranchers, forest extractors, hunters, gatherers, and fish-
ermen, although these interactions should be strengthened. Suggestions are made for the design
of new forms of communicating science within scientific institutions that contribute to the utiliza-
tion of scientific results.
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Ecology is the study of the relationships between living organisms and their
physical environment (Begon, Harper, and Townsend 1986). Its principal aim
is to explain how nature works. However, ecological science has acquired an
increasing social relevance because of its role in providing information for
the management of ecosystems and their resources by human groups. Eco-
logical science is now recognized to be an important basis on which decisions
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should be made with regard to Earth’s resources and life support systems
(Ehrlich 1989). This has given ecology arole in social politics, since it is rec-
ognized that nature cannot be studied separately from society and from
human beings, and that ecological problems predominantly constitute social
problems.

Within the international community of ecological scientists, there exists a
concern about the extent of applicability of ecological science—that is, its
utilization in solving practical problems related to the management of eco-
systems and their resources. Questions have been raised about the real impact
of ecological science on management practice or policy (Ecological Applica-
tions 1993; Ludwig, Hilborn, and Walters 1993; Pienkowsky and Watkinson
1996). On the other hand, all around the world environmental problems such
as deforestation, loss of biodiversity, and pollution continue to increase at
alarming rates regardless of the number of investigations reflected in the
also-increasing number of journals and publications on ecological matters.
This accumulation of scientific knowledge and its poor utilization in the solu-
tion of problems suggest that ecological science has not been successful in
accomplishing its social role.

Some authors have suggested that science needs to be integrated with
other sources of information (Costanza 1993; Holling 1993). It is proposed
that for a more fruitful participation of ecological science in environmental
problem solving, new forms of ecological inquiry should be developed that
analyze issues from a systems perspective, including the interactions of
social systems with natural systems (Holling, Berkes, and Folke 1998). In the
particular context of developing countries also, traditional or indigenous
knowledge with regard to the environment generated by rural societies is
known to play a relevant role in the formulation of appropriate strategies for
managing and conserving ecosystems and their resources (DeWalt 1994;
Gadgil, Berkes, and Folke 1993; Maundu 1995; Toledo 1992). Ecology,
therefore, needs to become an interdisciplinary science capable of collabo-
rating with the social sciences and other knowledge systems (Daily and
Ehrlich 1999).

Ecology in Mexico

The roots of Mexican ecological research can be found in the works of nat-
ural historians of the last century, which described Mexico’s diverse habitats.
However, the rise of modern ecological science began only during the
decades of the 1940s and 1950s (Soberén 1995). This contrasts with the sci-
entific societies of ecologists in Europe and the United States, which were
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established in 1913 (the British Ecological Society) and 1915 (the Ecological
Society of America), respectively. Currently, only five institutions and no
more than fifteen other small research groups can be identified that are dedi-
cated to ecological research in Mexico. Estimates of the total number of ecol-
ogists is about 350, which represents 0.37 ecologists per 100,000 inhabitants
(Instituto Nacional de Estadistica, Geografia e Informdtica 2000), and there
is no scientific society congregating them (Castillo and Toledo 2000). In con-
trast, the Ecological Society of America registers 7,600 members, approxi-
mately 2 to 3 ecologists per 100,000 inhabitants in the United States (Ecolog-
ical Society of America 2000; Population Reference Bureau 2000).

Despite the small size of the community, ecologists in Mexico have been
centrally involved in the formulation of the current environmental policy and
have contributed significantly to the understanding of the diverse ecosystems
of the country. This is of great importance, since Mexico is considered tobe a
“megadiverse” country along with Brazil, Colombia, the Democratic Repub-
lic of Congo (former Zaire), Madagascar, Indonesia, and Australia. More
than half of the world’s biological diversity is concentrated in these countries
(Mittermeier, Robles-Gil, and Mittermeier 1997).

Mexico confronts serious processes of environmental deterioration,
including high rates of deforestation and soil erosion, water depletion,
overexploitation of plant and animal species, and loss of genetic resources, to
mention some of the most important. The current ecological crisis demands,
therefore, the wider participation of the science of ecology and related disci-
plines in the search for alternative ways to manage the country’s natural heri-
tage. Ecologists, and particularly their institutions, should strive to promote
more productive interactions between their activities and those of the social
sectors responsible for the ways in which the environment is used. In this
way, it is important to recognize that in countries such as Mexico and in most
of the developing world, natural resources are used, managed, and conserved
by rural producers: a complex array of agriculturists, cattle ranchers, forest
extractors, hunters, gatherers, and fishermen (Toledo 1997). A main charac-
teristic of these groups is that their livelihoods depend directly on the appro-
priation of ecosystems, and in most developing countries these rural produc-
ers are poor. '

Communication of Ecological Information
Communication can be used as an instrument for inducing change (Réling

1990), especially in the ways in which societies interact with their environ-
ments. Through the use of communication, it is possible to mobilize people in
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order to make demands or to change their behavior, to help them to acquire
skills, or to create and strengthen organizations. Long and Long (1992) even
suggest that through communication interventions, knowledge can be negoti-
ated and created by groups of actors who have different social (and knowl-
edge) systems.

Within the ecological scientific community, communication frequently
has been recognized as a factor that plays an important role in the utilization
of research findings. The Committee on the Applications of Ecological The-
ory to Environmental Problems (1986) stated that the poor applicability of
ecological science is “partly a result of the failure of academic ecologists to
attempt to determine where and how their knowledge might be applied and of
a lack of communication among generators and users of new knowledge”
(p. vi). The Sustainable Biosphere Initiative (Lubchenco et al. 1991, 373),
considered to be a key document among ecologists for the setting of research
priorities in order to conserve Earth’s resources, placed ecological research
within an “acquisition, dissemination, and utilization” context in which com-
munication plays an important role. This report, nevertheless, only acknowl-
edges the need to improve communication but does not develop these ideas
further. More recent reports have recognized that an interactive, reciprocal,
and ongoing communication among ecologists, the public, and decision
makers can enhance effective conservation practices (Christensen et al. 1996;
Mangel et al. 1996). More recently, Norton (1998) has suggested that the
poor capacity of ecologists to communicate with decision makers may be due
to their reluctance to mix value-laden issues with scientific study.

In Mexico, science communication efforts have been predominantly con-
cerned with the diffusion of scientific concepts, findings, and methods, with
the purpose of including science in Mexican culture (Sdnchez 1998). In rela-
tion to ecology, the task has been directed toward raising the awareness of
environmental issues among populations, within an environmental education
perspective (Gonzélez Gaudiano 1999). Less consideration has been given to
communicating science for its practical use. In the context of countries such
as Mexico, ecological science certainly does need to contribute to the diffu-
sion of ecological knowledge and ideas to raise people’s awareness. This
increased awareness can lead to social participation in environmental pro-
jects, or to political actions that influence decisionmaking processes at differ-
ent levels. Nevertheless, it is also necessary to communicate information
through a two-way process of exchange that contributes more directly to the
solution of problems, in particular those with regard to the management of
ecosystems. Through processes of communication, the research carried out
in scientific institutions can be linked to the work of people directly involved
in the appropriation of natural resources through activities such as
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Figure 1: Processes of Diffusion and Communication of Ecological Information in Rela-
tion to the Management of Ecosystems and Their Resources

agriculture, forestry, and fishing. Figure 1 shows the relationships between
these two forms of disseminating scientific knowledge.

The Ecological Information System:
Communication for Ultilization

To examine the relationship between what is produced in ecological sci-
ence and potential users of this knowledge, an information system approach
(Roling 1990) is used. This approach allows one to understand the way in
which people and institutions generate information, use information sources,
process and transform information, and use knowledge in practical situa-
tions. It has been developed mainly within the agricultural disciplines as a
response to a mode of work in which scientists decided research priorities
and generated technologies, which were then transmitted by extension agents
to farmers for their use. The failure of many programs based on such a
one-way model of communication (Wellard 1993) and the study of the inter-
actions between the knowledge systems of scientists and farmers (Chambers,
Pacey, and Thrupp 1993; Okali, Sumberg, and Farrington 1994; Scoones and
Thompson 1994) changed the views with regard to the roles of agricultural
research, extension, and farmers in the promotion of agricultural develop-
ment. As a response, the model of an Agricultural Information System was
developed (Roling 1990; Roling and Engel 1991; Van den Ban and Hawkins
1996). In this model, two-way forms of communication (see Figure 2a) link
research, extension, and farmers. The model is useful for examining the roles
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Figure 2: (a) Agricultural Information System and (b) Ecological Information System.
The Arrows Indicate Flows of Information between the Sectors

of research and extension in order to improve the synergistic functioning of
the system to underpin knowledge utilization by agricultural producers
(Roling 1990).

Based on this approach, a model called the Ecological Information Sys-
tem (EIS) has been proposed as a conceptual framework for ecological sci-
ence in countries such as Mexico (Castillo 2000). The system is composed of
(1) aresearch sector that includes institutions and people engaged in ecologi-
cal research, (2) a change agent sector that considers those groups working in
rural communities that are promoting sustainable forms of managing natural
resources (Beal 1981), and (3) a rural producer sector, mainly composed of
peasants, which corresponds to the main users of the information in the sys-
tem and includes those individuals and organizations that depend directly on
the appropriation of natural resources. Currently, nongovernmental organi-
zations (NGOs) are playing a crucial role as change agents in developing
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countries. In the Latin American region, for instance, NGOs are actively
searching for new kinds of agricultural development and strategies for man-
aging natural resources based on local participation, skills, and resources,
which enhance productivity while conserving the resource base (Altieri and
Masera 1993).

A diagram of the EIS is presented in Figure 2b, where the three sectors are
shown linked by arrows representing the flows of information between the
sectors. The model emphasizes the need for an exchange of information
between the participants and opens up the possibility of social encounters for
the joint creation of new knowledge (Long and Long 1992). Thus, the EIS
can provide ecological science with an integrative framework that allows its
interaction with those social sectors in need of scientific information for the
solution of specific problems. Effective communication among the sectors is
the key factor that would facilitate the interaction between the generation of
scientific information and the rural management of natural resources.

As a first approximation to the study of the EIS, and to examine the inter-
actions between the sectors, this research work asks the following questions:
How do ecologists in Mexico see the utility of ecological knowledge? How
do they evaluate the importance of communicating their findings to different
sectors of society? How much do ecologists collaborate with other sectors of
society including rural producers? Do NGOs in Mexico (as change agents
within the EIS) function as links between the research and rural producer sec-
tors? Elucidation of these questions can then be used to construct proposals
for the communication and public utilization of ecology toward the solution
of environmental problems.

Method: Exploration of the EIS

Two surveys were conducted with members of the research and the change
agent sectors as a way to examine their interactions in the context of the EIS.

Survey of Ecologists

The survey was conducted in 1995 with ecologists from the two main
institutions of ecological research in Mexico. These were the Institute of
Ecology of the National Autonomous University of Mexico (IE-UNAM) and
the Institute of Ecology A.C. (IE-AC) of the National Council of Science and
Technology (Pifiero 1994). It is estimated that these two institutions currently
employ nearly 50 percent of the research ecologists of the whole country
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TABLE 1
Two Main Ecological Research Institations in Mexico

Year Aims (as stated in the
Institution Founded institution’s official documents) Areas of Research
Instituto de 1975  Generation of scientific and technological Vegetation and flora;
Ecologia A.C. knowledge in the areas of ecology, ecology and animal

biosystematics, and use and conservation behavior
of natural resources, linking activities to

the environmental problems found at the

national level

Instituto de 1987  To generate ecological information of Applied ecology;
Ecologia high quality; to develop qualified evolutionary ecology;
UNAM personnel in ecology; to provide access to functional ecology

the information generated to individuals
and institutions involved in environmental
management

(Castillo and Toledo 2000). At the time of the study, 100 researchers in the
two institutions were estimated to be working on ecological issues. Table 1
presents some features of these institutions, including their main areas of
expertise. Questionnaires were distributed to all of these ecologists, and
fifty-six were completed and returned. The information collected was related
to the actual and potential use of the information they produce, their percep-
tion of traditional systems of knowledge, their interaction with the rural pro-
ducers and NGOs (as change agents) sectors, and their participation in inter-
disciplinary work. Another subject was related to the communication of
scientific findings. The questionnaire included eleven closed-ended and two
open-ended questions (presented in Table 2 and Appendix A).

Survey of NGOs

This survey was carried out as a mail survey with a self-completion ques-
tionnaire (Cohen and Mannion 1993). In 1995, a total of 387 questionnaires
were sent to NGOs throughout the country that were self-described as being
involved in activities that promote alternative forms of managing natural
resources through environmental education and related activities that involve
the communication of scientific information. These NGOs were identified
from two directories of environmental organizations in Mexico (Ordoiiez,
Miramontes, and Garcia-Barrios 1993; Secretaria de Desarrollo Social
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TABLE 2
Ecologists’ Responses to the Survey Questions (N = 56) (percentages)

Question A Lot Little None Varies No Answer

1. To what extent do you consider that the

knowledge generated in ecology is useful in the

solution of environmental problems? 70 27 0 3
2. To what extent do you consider that the

knowledge generated in ecology in Mexico has

been used to solve environmental problems? 2 86 9 3
3. To what extent does your research group consider

the possibility of finding solutions to problems

when projects are planned and specific objectives

are decided? 36 39 5 18 2
4. To what extent would you be willing to participate

in projects that seek applications for the

knowledge that is generated within your research

group? 77 21 0 2
5. To what extent do you collaborate with the

following disciplines in research projects?

Natural scientists 91 7 0
Social scientists 9 37 52
Communicators and educators 9 30 57

6. To what extent do you receive requests for
information from nongovernmental organizations

(NGOs)? 13 41 4 5
7. To what extent do you collaborate with NGOs in
research projects? 13 23 57 7

8. To what extent do you consider that traditional
knowledge can be used in the formulation of
proposals for the management of natural resources? 79 14 0 7
9. To what extent do you interact with local people in
the locations where you carry out your fieldwork? 46 38 11 5
10. To what extent do you use information given by
local people in your research? 36 48 12 4

1993). Throughout a period of nine months, a total of fifty-seven organiza-
tions returned the questionnaires. The information collected was related to
such things as the context in which the groups work and the professions and
occupations represented by the personnel within the organizations. The main
body of the questionnaire was related to the interactions between these orga-
nizations and the research sector. The questionnaire included six
closed-ended and three open-ended questions (see Appendix B).
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Results: A First Approximation to the EIS

Ecologists’ Perceptions and Interactions

In relation to the uses of ecological information for the solution of envi-
ronmental problems (see question 1 in Table 2), most scientists agreed that
ecology has a great deal to contribute to the solution of problems. None of the
scientists thought that ecology had no useful purpose. However, with regard
to Mexican ecology (question 2), the great majority of ecologists said that lit-
tle of the information produced in the country had been used in the solution of
environmental problems. In two open-ended questions (a and b in Appendix
A), ecologists were asked to identify three areas in which the knowledge they
generate could be used and also to give an example of how the knowledge
generated within their work group had been used to solve a practical problem.
Of the fifty-six scientists surveyed, fifty-five provided examples of potential
uses. The complete list of examples they suggested (see Table 3) includes
specific practices ranging from those that could be used at the level of a rural
community to those more broadly related to the management of natural
resources.

In relation to examples of actual practical use of the information gener-
ated, 60 percent of scientists outlined a specific action they had contributed.
Interventions in the design of protected areas, as well as projects involving
environmental planning, were common. Participation in environmental leg-
islation and work related to the use of particular resources were also men-
tioned. About 30 percent of researchers admitted that until now, no practical
use had been made of the information they had generated. In two cases,
respondents were not sure whether their information had been used. One of
these scientists said that although she did not know whether the information
generated about a palm species was used by palm extractors, results were
published in the journal Ecological Applications and, therefore, made a con-
tribution to the application of information. With regard to the design of
research (question 3 in Table 2), opinions among ecologists seem to be
equally divided between those who said a great deal of thought about the pos-
sibility of finding solutions to problems is taken into account when designing
projects and those who said that little such consideration is taken into account
(see Table 2). Some scientists also admitted that this consideration varies
depending on particular projects. In some cases this was considered to be an
important factor, whereas in others the main objective was far removed from
practical considerations. Finally, in relation to scientists’ disposition to work
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TABLE 3
Areas Suggested by Ecologists in Which
the Knowledge They Generate Could Be Used

Micro Level Macro Level Environmental Conservation
Biological control of pests Environmental planning Detection of areas of high
biodiversity value
Design and management of Environmental impact Site selection and design of
agro-ecosystems assessments protected areas
Control of soil erosion Management of water Management of species in
resources danger
Breeding and artificial Uses of plants using Management of exotic
selection of plants ethnobotanical data species
Production of seeds and fruits Design of criteria for Effects of human activities
sustainability on ecosystems
Management of crop species  Design of genetic resource  Succession and
banks environmental restoration
Sustainable extraction of Management of forest areas
useful plants
Extraction and cultivation of =~ Management of touristic
animal species coastal areas
Restoration of eroded and
degraded areas

NOTE: Micro-level suggestions are for actions that could be implemented at the rural commu-
nity level, macro-level suggestions are for actions that could be implemented at regional levels,
and environmental conservation suggestions are for actions concerning protected areas.

on applied projects (question 4), most said they would be very willing to par-
ticipate in such efforts.

Summarizing the perceptions of ecologists, it appears that they acknowl-
edge the potential contribution of ecology to solve environmental problems.
They accepted, however, that little of the knowledge generated in Mexico had
been used. Most ecologists claimed to be willing to participate in practical
projects and seemed to have clear ideas with regard to the use of the knowl-
edge they generate.

Concerning the participation of ecologists in interdisciplinary work,
results showed that ecologists mainly collaborate with other natural scientists
(question 5 in Table 2). In relation to the interaction between ecologists and
NGOs as change agents (question 6), about 80 percent of ecologists acknowl-
edged that they had received few or no information requests from NGOs.
Also, when asked about the extent of collaboration with this type of organiza-
tion (question 7), more than half of the ecologists stated that this did not
occur. From the point of view of scientists, therefore, it seems that little inter-
action occurs between ecologists and NGOs in Mexico.
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‘When analyzing the interaction between ecologists and members of rural
communities, an important aspect concerns the role of traditional systems of
knowledge on the environment—that is, those bodies of information gener-
ated by rural communities. Ecologists were asked about the value and the
possible use of this knowledge (question & in Table 2). The great majority of
respondents agreed that traditional knowledge could make a valuable contri-
bution when developing recommendations. Another area of interest was the
interactions of ecologists with rural populations, especially in the locations
where the ecologists carry out fieldwork (question 9). Special focus was on
the transmission of information between the two sectors. Almost half the sci-
entists said that they interacted a great deal with local people, and about 40
percent said that this interaction was minimal. With regard to the interactions
with rural organizations, half the scientists claimed to know social organiza-
tions, and the other half admitted that they were not in contact with any such
local groups. Results also showed that almost 40 percent of the scientists
claimed to use a great deal of information given to them by rural people in
their research (question 10). In contrast, almost 50 percent of scientists said
they use this type of information only a little. In summary, it is notable that
most ecologists recognized the importance of traditional systems of knowl-
edge in searching for sustainable ways of managing natural resources. Many
ecologists also claimed to interact with local people in their fieldwork loca-
tions and to use information given by local people in their research.

With regard to the communication of science, ecologists were questioned
about the media used to communicate their research findings to different sec-
tors, including other scientists (see question ¢ in Appendix A). The results
show a notable difference in the emphasis given by scientists to communica-
tion with peers compared with efforts made to address other sectors of society
(Table 4).

NGOs as a Link between Sectors

A primary matter of interest about the organizations surveyed is their loca-
tion. The fifty-seven organizations were from twenty-four states (of a total of
thirty-one) and Mexico City, where eleven of the fifty-seven organizations
were based. There was only one international environmental NGO in the
sample (the Mexican representative of the U.S. World Wildlife Fund). With
regard to whether the organizations mainly work in rural or urban settings
(question 1 in Appendix B), the results show that 30 percent work exclusively
in rural areas, 23 percent solely in urban localities, and 47 percent in both
rural and urban contexts. This shows that nearly 80 percent of the NGOs sur-
veyed work in rural settings. When asked about the professions and
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occupations represented within these organizations (question 2), the results
showed a high proportion of biologists working in 65 percent of the organiza-
tions. Social scientists were less well represented, working in less than 40
percent of the total number of organizations. More significantly, perhaps, is
the presence of educators and communicators, who were employed in more
than 40 percent of the total number of organizations. In relation to the rural
producers, there is a notable representation of peasants in 40 percent of all
organizations, and this was almost 60 percent for the organizations that work
only at the rural level.

One of the most important aspects that the survey addressed was the
sources of information used by NGOs. Organizations were asked to indicate
whether the organization carries out its own research, uses information from
research institutions, and uses information from publications (question 3 in
Appendix B). The results show that 49 percent of the organizations carry out
their own research, 47 percent use scientific institutions as sources of infor-
mation, and 51 percent use publications. In general terms, 80 percent of the
organizations used scientific sources of information for their work. The fol-
lowing results relate to the types of sources of information the organizations
reportedly used.

Research Carried Out by NGOs

Table 4 shows the results related to the different areas in which NGOs car-
ried out research (question 4 in Appendix B). The differences in the amount
of research NGOs conduct between those areas of the natural sciences (the
first seven areas in Table 5) and the social sciences are apparent. When asked
in an open-ended question about the constraints in carrying out their own
research (question 5), most organizations reported that obtaining funding
was the main problem.

Research Institutions as Sources of Information

In an open-ended question, NGOs were asked for examples of up to three
research institutions that had given them information (question 6 in Appen-
dix B). Of the twenty-seven organizations that claimed to use these institu-
tions as sources of information, twenty-five gave examples of research cen-
ters, universities, international research organizations, or NGOs that carry
out research. When asked how an organization perceived its relationship with
the scientists working for the research institutions from which they were
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TABLE 4
Different Types of Communication Used by Ecologists
to Transmit the Information They Generate

% Scientists Publishing in Each Class

% Classes of Scientific Public
Publications Communications Reports Communications
0 0 32 7

1-25 4 55 64

26-50 16 5 25

51-75 30 2 0
76-100 46 2 0

NOTE: Scientific communications included refereed publications, attendance at conferences,
and contributions to scientific books. Reports were considered those communications prepared
in response to requests for particular sectors of society (e.g., government). Articles in maga-
zines, public lectures, and contributions in newspapers or television and radio programs were
considered as communications for the public understanding of science. It is important to note
that nearly 80 percent of the ecologists surveyed said that more than half of their various com-
munications were of a scientific type. In contrast, reports accounted for less than 25 percent of
scientists’ communications for more than 80 percent of the researchers. In the case of public
communications, about 90 percent of the ecologists estimated that these constituted less than 50
percent of all their communications.

TABLE §
Areas of Research Carried Out by Nongovernmental Organizations

Area %
Ecology S0
Flora and fauna 61
Environmental planning 57
Environmental assessment 50
Agronomy 36
Forestry 46
Fisheries 18
Sociology and anthropology 29
Economy 21

NOTE: N = 28. An organization may carry out more than one type of research.

receiving information (question 7), most organizations (63 percent) evalu-
ated that relationship as good, since the institutions gave them the informa-
tion needed. Only two organizations reported that research institutions par-
ticipated with them in the generation of the information needed.
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TABLE 6
Scientific Publications Used by Nongovernmental Organizations

National Publications % International Publications %
Acta Botdnica 31 Biological Conservation 21
Acta Zoologica 34 Conservation Biology 21
Antropoldgicas 21  Ecological Applications 7
Biotecnologia 17  Ecological Economics 14
Boletin de la Sociedad Botdnica 21  Ecology 28
Ciencia 17  Environmental Science and Technology 17
Ciencia y Desarrollo 76  Forest Ecology and Management 10
Etmoecoldgica 17 Human Ecology 14

Journal of Applied Ecology 10

Journal of Ecology 17

Natural Resources Journal 10

NOTE: N=29. An organization may use more than one publication as a source of information.

Publications as Sources of Information

With the purpose of evaluating the extent to which NGOs were in contact
with and used the kinds of publications in which ecologists communicate
their findings, NGOs were asked to select from a list of publications those
that they used in their work (question 8 in Appendix B). The list was obtained
through areview of articles published between 1991 and 1993 by scientists of
the IE-UNAM. The objective of the question was to explore the extent to
which NGOs had access to the main channels of communication used by
ecologists in Mexico. The list of publications was divided into national and
international journals, and results are given in Table 6.

The importance of the publication Ciencia y Desarrollo (Science and
Development) is notable, since nearly 80 percent of the total number of orga-
nizations surveyed used this publication. Although it is a refereed journal,
published by the Mexican National Council of Science and Technology,
Ciencia y Desarrollo also functions as a publication for the public under-
standing of science. It is widely distributed throughout the country, where itis
available in bookshops and supermarkets. The use by NGOs of international
scientific journals, however, appears to be insignificant. When organizations
were asked in an open-ended question which scientific journals they used
most often (question 9 in Appendix B), Ciencia y Desarrollo again appeared
to be especially important. Organizations also referred to publications of
international organizations such as the World Resources Institute.
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Discussion: Toward the Public
Utilization of Ecological Science

Generalization of Findings

In relation to a maximum estimation of 300 Mexican ecologists in 1995
(based on unpublished reports), the survey sample of researchers represents
the opinions of nearly 19 percent of these Mexican ecologists. On the other
hand, the NGOs surveyed represent approximately 15 percent of the Mexican
NGOs that worked in environmental education activities at the time of the
study. It should be noted, however, that in Mexico people develop NGOs as a
way of creating self-employment, especially professionals who find it diffi-
cult to obtain a post within government or academic institutions. As a result,
new NGOs are frequently created, and although some do not function
actively, they remain in existence on paper. It could also be the case that orga-
nizations claim to be carrying out environmental education activities,
through which funds can be obtained. Taking all this into consideration, the
figure of 387 organizations reporting that environmental education is part of
their work should be viewed with some caution. It should also be mentioned
that more than half of the organizations responding to the survey in 1995
appear in the 1999 Mexican directory of environmental organizations (Fondo
Mexicano para la Conservacién de la Naturaleza 1999). Thus, although the
results given here should be considered as tentative, these findings offer some
insights about how NGOs view their work and about their role as links
between science and such sectors as rural producers.

Science for Sustainable Development

There was general agreement among Mexican ecologists that ecology has
a great deal to contribute to the solution of problems, although little ecologi-
cal information has been used to date. Ecologists expect that strategies and
specific technologies for the management of natural resources can be devel-
oped from the background explanations they provide about the structure and
functioning of ecosystems.

Some factors could explain the scant use of ecological information for the
solution of problems in Mexico. One is the recent origin of ecological sci-
ence, since only during the past three decades has an important body of eco-
logical researchers been formed. Although the number of scientists and insti-
tutions continues to increase, the community of ecologists is still small for the
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number of tasks they are expected to fulfill. These tasks include research,
undergraduate to postgraduate teaching, participation in environmental
problem solving, and promotion of public awareness and understanding of
environmental problems. The way in which the science is developing, how-
ever, does not facilitate the accomplishment of all these relevant activities.

Science in peripheral countries such as Mexico (where science was intro-
duced from Europe during the colonization process) follows the patterns
established in central countries (mainly in Europe and the United States), and
ecology is not an exception. Through the control of the main channels of sci-
entific communication, central countries establish research topics, methodol-
ogies, and approaches for the different disciplines (Lépez 1997). Many ecol-
ogists in Mexico were trained in Europe and the United States, and when they
return to the country, they frequently continue to work along the lines of their
supervisors. They also reproduce their ethos or “scientific ideology”
(Lomnitz and Fortes 1981), which is the set of beliefs and values with regard
to the nature and purpose of science. This makes difficult the establishment of
scientific institutions linked with local contexts, needs, and cultures. It is nec-
essary, therefore, that Mexican ecologists recognize the importance of inves-
tigating issues that are relevant to the society in which they live rather than
pursue topics set by central scientific trends. This would mean the establish-
ment of ecological science in such a way that the development of Mexican
ecology would emanate from and be directed toward the solution of the coun-
try’s specific problems (Sarmiento 1990).

Another related factor in the minimal use of ecological information is that
ecologists communicate almost exclusively with their peer colleagues. The
major cause of this is the system of academic rewards. Scientists in Mexico
are constrained by the process of evaluation, either at their home institutions
or by the National System of Researchers. This is a system that awards fel-
lowships administered by the Ministry of Education to productive scientists.
Awards are periodically reviewed and currently constitute an important pro-
portion of the salary of scientists. The main products expected from scientists
are scientific articles published in international refereed journals. At the insti-
tutional level, the same scheme is followed. Therefore, scientists understand
the application of ecology to be merely the publication of results in applied
journals, as was the case with an ecologist in this study. Thus, “applied” ecol-
ogy is what journals such as Ecological Application and the Journal of
Applied Ecology publish, regardless of the final real-world consequence of an
investigation (as demonstrated also by Pienkowsky and Watkinson 1996).
What is needed in applied science is reward systems to be developed that rec-
ognize other indicators of scientific performance apart from production of
peer-reviewed papers. As has been shown in Castillo and Toledo (2000),
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applied ecologists in Mexico are receiving fewer economic incentives than
scientists involved in basic science, although their work addresses some of
the country’s most important problems.

Ecologists’ Interactions with Other Sectors

Ecologists have little contact with members of NGOs. This is a result, per-
haps, of the way in which scientists work—that is, being interested primarily
in publishing scientific articles. Institutions do not value the collaboration of
scientists with nonacademic sectors such as NGOs, which constitute a barrier
to possible interactions. It remains up to the individual interest of a researcher
to establish relationships with the different types of organizations that are
involved in environmental problem solving. NGOs, nevertheless, are a rele-
vant part of these relationships. Their role as a link between science and other
social sectors is discussed in the following section.

With regard to the relationship with the rural producer sector, ecologists
admitted that traditional systems of knowledge could be useful in the design
of sustainable strategies for managing natural resources. Results from the
survey of ecologists also suggest that interactions between ecologists and
local people are not uncommon. Researchers claimed to be using information
provided by local people in their projects. Although the precise nature of the
information they are using remains unknown, it might be the case that this
information is related more to such matters as specific queries by scientists
about the location of research sites, or about the presence of particular plants
or animals in a given area. Although this information is used in research pro-
Jects, it does not modify the direction of a project. The project itself remains
under the control of each particular scientist. When also considering the way
in which science works, the most probable situation is that although rural
people do provide information to ecologists, they do not influence in any sig-
nificant way the work of scientists. Within the framework of the EIS, how-
ever, the research sector would require a two-way communication with rural
producers that allows the feedback of information from them. As the litera-
ture on knowledge dissemination and utilization has suggested, there is a
need to involve user audiences in the research process, from the setting of
agendas to the final stages of writing up findings and recommendations.
Structuring activities around issues identified as important by users them-
selves, and helping users to reflect on their own preconceived ideas and con-
cerns, is also recognized as relevant (National Center for the Dissemination
of Disability Research 1998). With regard to the EIS, it is through the perma-
nent exchange of information between the sectors, and the acknowledgment
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of the role of users of information, that the system may function synergisti-
cally and an effective utilization of science be promoted.

NGOs as a Link between
Science and Rural Communities

Environmental NGOs are widely acknowledged to promote changes with
regard to the ways in which human societies relate to the natural systems sur-
rounding them (Edwards and Hulme 1992). A relevant role played by NGOs
is that of functioning as a link between the rural sectors (for whom many
NGOs implement projects) and other sectors of society, such as with govern-
mental institutions that remain largely responsible for providing crucial ser-
vices like health and education. Due to their involvement at the grassroots
level, NGOs also have been able to link the systems of knowledge of local
communities with those of outside agencies, most significantly research
institutions. In the area of agricultural development, for example, NGOs have
facilitated the integration of community knowledge into research as a way of
encouraging the development of technologies based on local resources and
knowledge (Wellard 1993). This function, however, is not free of obstacles
and limitations. Studies carried out in Africa have shown the importance of
establishing cooperation between NGOs and research institutions, although
they reveal the existence of psychological, institutional, and organizational
factors that prevent the existence of effective interactions (Bara Gueye 1992;
Lindskog and Mando 1992).

With regard to current findings, a first conspicuous aspect is the large pro-
portion of NGOs that claimed to be carrying out their own research. This
research was related particularly to the natural sciences in areas associated
with ecological science. This finding is perhaps explained to a large extent by
the strong representation of biologists within these organizations. This factor
may have important implications, since NGOs might perceive the nature of
environmental problems as primarily biological. Related also to the presence
of people with scientific backgrounds on the staff of NGOs is the important
use of scientific sources of information. With regard to the use of publica-
tions, the importance of the journal Ciencia y Desarrollo should be empha-
sized. This journal certainly provides an important forum for the dissemina-
tion of the research carried out in the country. However, when six annual
unpublished reports of the IE-UNAM were reviewed as part of this study, the
average number of articles published by this institution in Ciencia y
Desarrollo was between one and two per year. This may be an indicator of the
poor communication between what is produced in ecological research in the
country and the NGO sector.
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The limited use of international scientific journals by NGOs may be due to
the high cost of subscriptions, but perhaps more important it is because these
publications do not address the needs of NGOs. Although this type of source
provides important scientific information, research results cannot easily be
used to solve the practical problems with which NGOs have to contend. It
should also be mentioned that most of these publications are in a foreign lan-
guage, usually English, which can act as an obstacle in the communication
process.

In relation to the interactions with research institutions, results indicate
that NGOs make use of these institutions and that they value them. However,
the fact that only two organizations reported that research institutions had
participated with them in generating information suggests the link is weak;
hence, cooperative partnerships occur rarely.

It is evident that in the work carried out by NGOs, science—through its
institutions, actors, and outcomes—has a part to play. Not only do NGOs
have personnel with scientific backgrounds, they also use scientific sources
of information. On the other hand, it can be interpreted from the results of this
study that the link with the Mexican scientific community (in particular in the
area of ecological science) is not strong. NGOs do not usually consider
research findings produced by Mexican ecologists, and neither institutions
nor scientists consider the requirements of NGOs when designing their
research. There is a need to strengthen the links between NGOs and the scien-
tific institutions involved in ecological research in the country. NGOs have a
potential role to play in the communication between Mexican ecological sci-
ence and rural producers, and both types of organizations should be more
open to interaction and collaboration.

The EIS as a Conceptual Framework

The model of the EIS has proven useful in the identification of actors
within each sector and as a framework for the examination of communication
interactions between them. In this study, it is suggested that ecologists and
their institutions acknowledge the relevance of collaborating with sectors
such as rural producers and NGOs. The EIS model can guide the direction of
applied ecological research in developing countries where rural production
plays a relevant part in ecological management. In Mexico, for example,
about 30,000 peasant communities manage an area of 100 million hectares,
corresponding to 60 percent of the country’s productive lands. Also, 7,000 to
9,000 rural communities manage 70 percent of Mexican forests (Bray 1995).
Itis through rural activities such as agriculture, forestry, and fishing that soci-
eties in developing countries obtain much of the resources they need, which
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can then be used to obtain products and services for human consumption.
Rural management of ecosystems is the first step in the exchange between
society and nature (Toledo 1998).

The proposed EIS allows the integration of ecological science with the
realities of the rural producers, who constitute the main managers of terres-
trial, marine, and freshwater ecosystems in developing countries (Toledo
1997). In addition, the EIS can function as a framework for enhancing the use
of both traditional knowledge and scientific information for the solution of
problems. Within the context of the EIS, two experiences have been analyzed
in Mexico of scientific research groups whose work is aimed at finding sus-
tainable ways of managing ecosystems and their resources. The analysis
included an examination of communication interactions between the three
sectors forming the EIS. Results revealed the importance of promoting the
feedback of information from rural producers and change agents to the
research sector and the incorporation of this information into the research
process. The creation of linkage systems that facilitate the connection
between the generation and utilization of scientific information was also sup-
ported (Castillo 2000). It is important to mention the need for further studies
of the EIS from the perspective of rural producers to address questions such
as how peasants perceive the role of ecology and what are the best ways for
them to come in contact with scientific knowledge.

Recommendations: The Social
Responsibility of Scientific Institutions

For the more efficient interaction between the sectors forming the EIS,
institutions of ecological research should start improving access to the infor-
mation they generate by creating mechanisms that put this information into
more usable forms and communicating it to different social sectors. As stated
in the Sustainable Biosphere Initiative, it is necessary to develop “new insti-
tutional structures” that help to link ecological information with
decisionmaking (Lubchenco et al. 1991). It is recommended that special
units be created as an integral part of institutions, with the principal aim of
promoting and establishing connections between science (its institutions,
actors, and products) and different sectors of society. Teams forming these
units would play the role of change agents working in collaboration with
change agents in rural and nongovernmental organizations.

These new units within scientific institutions could rely on the work of sci-
ence communicators. In Mexico, although there has been a growing move-
ment promoting the public understanding of science, professionals dedicated
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to this field have not yet been widely accepted, or even recognized, by the sci-
entific community. Their work is still regarded as having less value than
research, and within the evaluation systems their curricula simply do not
measure up. These communicators, however, have an enormous potential
role to play not only in the promotion of public understanding of science but
also in its public utilization. Apart from working on the dissemination of
research findings and scientific basic principles, another relevant task for the
science communicators would be that of transforming scientific information
to suit the needs of different social sectors. As has been mentioned through-
out this article, a relevant sector to target is rural producers.

Communicators should assist rural people and other sectors involved in
environmental management to request information from researchers and to
influence the type of research carried out. In this way, users of information
could be incorporated into the research process, setting the basis for a “partic-
ipatory ecology” that has been strongly advocated (Holling, Berkes, and
Folke 1998). The accomplishment of these functions would place scientific
activity within a “knowledge perspective” that integrates the processes of
knowledge generation, communication, and utilization within the same
framework (Beal, Dissanayake, and Konoshima 1986). There are examples
of experiences in Mexico following these initiatives. At the Colegio de la
Frontera Sur, based in the southern border of Mexico, there is a Linkage with
Social Sectors program in which a team of twelve “linkage technicians” plan,
design, and implement projects related to agriculture, health, women’s par-
ticipation in rural development, and biodiversity conservation (Ecofronteras
1999). In these projects, the communication of researchers with rural com-
munities and the utilization of scientific findings are promoted in order to
develop better technologies for the sustainable management of natural
resources and more suitable rural development strategies.

Finally, another important task is that of increasing and improving the
existence of publications for the public understanding and utilization of sci-
ence in Mexico. There is a considerable need for publications written in
Spanish that disseminate what Mexican scientists are finding in relation to
the national environment. This should be an important aspect of the work to
be developed by research institutions and governmental agencies responsible
for research and development. The scientific reward systems must begin to
acknowledge the relevance of this task and place value on these types of pub-
lications. Mexican researchers and communicators could devote time to the
production of scientific publications. Academic institutions involved in eco-
logical research could then better contribute to the search for strategies that
allow for the maintenance of Mexico’s natural systems and the sustainable
livelihood of its society.
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¥

Appendix A
Questions Used in the Survey of Ecologists

a. Could you suggest three areas in which the knowledge generated by your re-
search group could be applied?
i
ii.
iii.

b. Could you give an example of how the knowledge generated by your research
group has been used to solve a practical problem?

¢. Could you estimate the proportion of use (giving percentages) of the different
types of media that you use to communicate the knowledge you generate to other
sectors (including other scientists)?

___ % refereed journals (international and national)

___ % scientific meetings (conferences)

_ % reports

____ % scientific books (or chapters)

___ % books (or chapters) for public understanding of science

____ % articles for public understanding of science

____ % newspapers

% television and radio

___ % others (specify)

Appendix B
Questionnaire Used in the Survey of Nongovernmental Organizations

1. In what type of location does your organization carry out its work?
Rural Urban

2. What professions and/or occupations are represented in your organization?

Biologists Sociologists Agricultural peasants
Chemists Anthropologists Cattle raisers
Physicists Psychologists Forestry workers
Geographers Educators Fishermen
Agronomists Communicators Miners

3. From where does your organization obtain the scientific information that it
needs to support its projects?
The organization carries out its own research
From research institutions
From publications
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Section A

4. What kind of research is carried out by your organization?
Ecology Forestry

Flora and fauna Fisheries

Environmental planning Sociology and anthropology
Environmental impact assessment Economy

Agronomy

5. Are there any barriers in carrying out these activities?

Section B

6. Please mention up to three research institutions that have provided information
to your organization:

7. How does your organization perceive its relationship with scientists of the above
institutions?
Very good, since they participate with you in the generation of the
information that is needed
Good, since they give you the information you need
Regular, since they simply give you references related to the information
you need
Poor, since you simply have access to their libraries

Section C
8. Of the following publications, please indicate those that your organization uses:
National International
Acta Botdnica Biological Conservation
Acta Zoolégica Conservation Biology
Antropolégicas Ecological Applications
Biotecnologia Ecological Economics
Boletin de la Sociedad Botdnica  Ecology
Ciencia Environmental Science and Technology
Ciencia y Desarrollo Forest Ecology and Management
Etnoecolégica Human Ecology
Journal of Applied Ecology
Journal of Ecology

Natural Resources Journal

9. Please mention up to three scientific journals or magazines used constantly by
your organization:
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