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INTRODUCTION

STANLEY R. Ross

Preparing this introduction for the volume based on the Symposium
of Mexican and United States Universities on Border Studies at the very
time that planning is going forward for the third such gathering to be
held in Mexico in the fall of 1983 gives one a sense of continuity and
of development. From the broad ranging topics of the first gathering at
La Paz, Baja California Sur, in 1980, came a recognition of the need
to focus on environmental problems arising from human population
growth and economic development in the border region. That is the task
which was undertaken by the Second Symposium held in Austin, Texas
in February 1982.

This series of symposia has enjoyed the endorsement of the Joint
Commission on Cultural Cooperation, and both national groups on that
body have gone on record as considering these symposia as outstanding
achievements in the cultural affairs area. The third conference will
examine both the juridical and the non-legal frameworks within which
border affairs function. Once again a selected group of scholars from
a wide range of universities on both sides of the border will discuss the
principal themes which will be commented on and discussed. It is anti-
cipated that the results will include the third volume in this series.

It is true that matters related to the Mexico-United States border
for a long time were considered of secondary importance and those who
devoted their time, energy, and talent to the region were looked upon
with disdain. As Dr. Jorge Bustamante said at the closing gathering of
the Austin meeting, the border region “always has been considered the
backwash of academia”. Border issues, he went on to say, have been
relegated to a secondary position and, consequently, there remains much
to learn about the region. He spoke of the ignorance which is pervasive
in regard to the border region and of the “risks” of such ignorance.!

The symposia have the virtue of encouraging good scholars to focus
on border problems, of devoting maximum attention to the problems,

I UT News, University of Texas News and Information Service, February 19,
1982.
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and of bringing dependable data and informed analysis to the attention
of the responsible governmental officials in both nations and the general
public. At the Austin meeting there was an impressive array of officials
from both Mexico and the United States, including in the latter instance
both federal and state officials. Also noteworthy was the preponderance
of serious, responsible contributions, Examples of blind advocacy or
polemical outbursts were at a minimum. Very much in evidence was
a sense of seriousness of purpose and a willingness to listen to other
points of view and to accept criticism of one’s own work.

At the initial session, moderator Jorge Bustamante observed sadly
that almost all Mexican talent in this area was participating in this
conference. This not surprising since Mexico, like other developing
countries, had for years placed the emphasis on economic development.
The Mexicans regarded concern for environmental matters a fad or a
luxury in the developed countries which could afford them. In Mexico’s
case, economic development was viewed as a matter of survival. More
recently, beginning in the mid-seventies, Mexico began to pay attention
to the environmental consequences of that development and became
particularly sensitive of transboundary development which affected the
environment on the Mexican side without any economic benefits.

‘While it is true that the United States is better endowed in terms of
quantity in this important area, the purely quantitative approach is
deceptive because of the relatively high proportion of “advocates” who
are dedicated to cause, but are not interested in seriously studying the
problems and possible alternative ways of dealing with those problems.
The participants in this symposium have done much to contribute to
both an awareness and understanding of the ecological problems in the
border region. They have carried out the declared purpose to study and
anticipate borderlands ecological problems. Through their essays, com-
mentaries, and discussion, they have called attention to the reality and
future development of these ecological questions in the border region.

Perhaps the most upbeat part of the symposium was the session on
natural resources. The very selectivity of the presentations was the first
suggestion of how multifaceted and complex was the topic of “Ecology
and Development” in the frontier regions of the Mexico-United States
border. Professor Johnson and his colleagues focus on new possibilities
in the field of agriculture through the use of wild plants in arid and
semi-arid reaches of the region. In his essay, Professor Servin-Massieu
describes the actual resource situation in terms of ecological systems
and fauna in five principal zones defined geologically and ecologically.

Very much aware of the impact of development in terms of population
and economic growth, Professor Servin-Massieu nevertheless explicitly
eschews the “rhetoric of catastrophe” and rejects the extremist views
of both the conservationists and the consumers of the environment.
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Like so many other participants in the symposium, he calls for additional
study, particularly systematic interdisciplinary studies of the possible
consequences of environmental deterioration.

In the section on “AIR”, the two essays and commentaries are very
well synthesized by the moderator, Professor Richard Bath, who observed
that “...we do have very grave problems of air pollution along the
United States-Mexico border”. And, he added, “those problems are severe
in the San Diego-Tijuana and El Paso-Ciudad Judrez metropolitan areas.
However, the air pollution problem is not limited to the larger metro-
politan areas. Smaller communities, like “ambos” Nogales, have problems
as well”. This is not a new concern, Professor Bath noted, since there
has been almost a decade of activities related to air pollution which has
become an “on-going focus of interest of the academic community”.

Some feeling for the complicated juridical problems involved emerged
from the discussion at this session. A member of the audience focused
on the responsibility that results from contamination which in inter-
national law is called objective responsibility for risk created. While for
other types of responsibility custom is recognized, this type of respon-
sibility needs to be explicitly expressed in a treaty or convention. In the
absence of such a treaty between Mexico and the United States, it is
difficult to fix responsibility under public international law. What hap-
pens is recourse to private international law and here the problem of
conflict of laws arises.

The individual raising this issue spoke critically of the “exorbitant
competence” claimed by the United States. The United States considers
its laws applicable and its courts competent for whatever problems arise
anywhere. For example, in the case of contamination attributed to ASARCO
and claimed to have caused health problems in Ciudad Judrez, the case is
pending before a United States court in El Paso. In the case of the Ixtoc
spill, damage occurred, the contrary process prevailed with the suit filed
where the in responding, Professor Bath agreed that there was a question of
liability across transnational boundaries. He referred to arbitration regard-
ing a Canadian smelter and damage to cattle in the state of Washington.
He added that under 1970 clean air legislation, Mexican citizens have
the right of access to United States courts in cases related to air conta-
mination. He added that while now recognizing that inmediate results
cannot be expected in this area, progress is being made. Specifically he
cited: a pending court case that could well be precedent setting; that
some economists are beginning to include degradation and pollution of
the environment in the concept of economic growth and the political
awakening along the border has produced opposition to the continuation
of the variance for AsArRco on the emission of sulphur oxide.

If economists in the developed countries have been slow to include
environmental problems in the concept of economic growth, the economists
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of developing countries have tended to focus on economic development
downplaying the environmental consequences. However, Dr. Bath viewed
as real progress that amnouncement by a group of top Latin American
economists of ECLA in 1980 that they had had their heads in the sand
with respect to development economics, developmental patterns and the
environment. They had reversed their view of the role of the environ-
ment in development and they are now concerned about it.

During the past several years, transboundary water resources —so
vital to both human and economic development— has been recognized
as a matter of binational concern affecting the quality of life in a variety
of ways and posing significant juridical and social issues that have a
potential for international confrontation. Water was a major focus of
meetings at South Padre Island and Querétaro held under the auspices
of the Institute for Juridical Research (Instituto de Investigaciones
Juridicas) of the National Autonomous University of Mexico, the Institute
of Natural Resources at the University of New Mexico, and the Mexico-
United States Border Research Program at the University of Texas at
Austin?

Water was defined as one of the major preoccupations of the academics
gathered at La Paz for the first symposium. Impressed by the depth and
dimensions of the issue and its potential for increased difficulties in the
future, the organizers of the second symposium gave the topic high
priority. Water looms large as an essential ingredient and as a potential
limiting factor. Dean Earnest Gloyna of the College of Engineering at
the University of Texas at Austin declared, “the success of the Texas
economy depends on water”’. However, he warned that “long-range devel-
opment of water resources have not kept up with the state’s needs”.?

In a New York Times article discussing the slowing of the Texas
economy, Professor Joe B. Frantz, historian of the University of Texas
at Austin, is quoted as saying, “My own theory is that [the Texas eco-
nomy] will come back —if we don’t run out of water.”* In fact, West
Texas is running out of water, and the High Plains Study Council, chaired
by former Governor William Clements of Texas, reported in December
to the Secretary of Commerce to the effect that agriculture in Texas

2 The results of those conferences have been published in a double issue of
the Journal of Natural Resources, Vol. 22: N9 4 (Oct. 1982), 729-1179. The
material later will appear in book form as a joint undertaking of the Institute
for Juridical Studies (UNAM), the Mexico-United States Border Research Program
(University of Texas at Austin) and the Natural Resources Center (University
of New Mexico School of Law).

3 UT News, University of Texas News and Information Service, February 25,
1982.

4 RoBerT REINHOLD, “Recession is Managing to Cut Texas Down to Size”,
New York Times, December 26, 1982,
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and other High Plains states will not survive without the importation
of water into the region.’

Professor Utton, in his essay, focuses attention on three major factors:
population growth, increased economic activity, and a finite supply of
water resources all occurring within the context of an international
frontier zone. He called for arrangements for equitable distribution of
ground water as has been done with the surface waters. Professor Vargas
complained that environmental problems do not have high priority with
either government and that this changes only when the damage affects
a significant area over an extended period of time.

In the discussion that followed the commentaries by Professor Gerard
Rohlich and Ing. Joaquin Bustamante, a member of the audience ap-
plauded the concept of equity between Mexico and the United States
regarding water resources, and raised the question of equity between
Texas and New Mexico. The question underscored the reality of having
four state jurisdictions, each with its own legal water arrangements.
Pending in a United States District Court in Albuquerque, New Mexico,
is a case in which El Paso is challenging a New Mexico law banning
the export of ground water to other states. Since the water involved
also lies under Mexico, that country and particularly those in Ciudad
Judrez are very interested observers to the Texas-New Mexico legal
battle.

New Mexico is fighting the suit in what its ranchers and farmers
have labeled “the great Texas water grab”.® The individual who raised
this matter added that there is a saying in New Mexico and proceeded
to give an adaptation of an oft-quoted Mexican saying from the nineteenth
century: “Pobrecito Nuevo México, tan lejos de Dios, tan cerca de uste-
des (los texanos).” Translated the phrase says, “Alas, poor little New
Mexico, so far from God, so close to the Texans”.*

There can be no question that transboundary environmental issues
Joom large in the borderlands of Mexico and the United States. It is
one more evidence of the interrelationship and the interdependency of
the border regions in the two countries. Population growth, urbanization,
and economic development have characterized the region and demon-

5 High Plains Study Council, Economic Development Administration, “A
Summary of Results of the Ogallala Aquifer Regional Study, with Recommendations
to the Secretary of Commerce and Congress”, Dec. 13, 1982, 60 pp.

6 “Thirsty Judrez Awaits U.S. Verdict”, Austin American-Statesman, Novem-
ber 29, 1982, p. B8.

* On January 17, 1983, the United States District Court in El Paso nullified
the New Mexico state law banning the transporting of groundwater to Texas,
ruling that El Paso may import up to 296,000 acre-feet (or approximately 300
billion gallons) of water a year from neighboring New Mexico. Austin American-
Statesman, January 20, 1983, p. B6. [Editor’s Note].
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strated conflicts implicit “between the objectives of economic develop-
ment and environmental protection”” The pollution levels of both air
and water have increased sharply on both sides of the border underscoring
the need for continuing measures to rectify the situation and prevent
its worsening.

While the social consequences of all of this were touched upon
directly or indirectly in all the sessions, it was the final one which
focused directly on this important aspect of the topic “Ecology and
Development in the Border Region”. Professor Rolando Hinojosa Smith,
in his moderator’s synthesis, does a superb job of summarizing and
highlighting the presentation by Professors Restrepo and Downing on
the one hand and that by Professor Weaver on the other. Similarly,
he gives an excellent analysis of the commentaries by Professors Garcia
Moreno and McGarity. .

Before the general discussion began, Professor Downing blasted those
who continue to raise “this damn population question”. He argued that
the rate of growth on the Mexican side has stabilized and that global
projections looking ahead twenty and forty years are “absolute nonsense”.
It is an open question whether this point of view was persuasive for the
majority of the scholars present. For example, Joseph Nalven observed
that growth still is higher in Tijuana than it is in San Diego, even though
it might be stabilizing. The same might be said comparing Ciudad Judrez
and El Paso.

Professor Servin-Massieu made what he described as “a small com-
ment in defense of ecology with a biologist’s optics”. He expressed his
concern about the repeated tendency to extrapolate from ecology to
environmental contamination. “Ecology... includes not only conta-
mination, but also the dynamic of populations, the specific relations
among living organisms, and —of course— evolution.” He hoped that
there would not be acceptance of the image that ecology is nothing
more than contamination.

Expressing concern that theorizing about the border was somewhat
introspective, Professor Hans Baade of the University of Texas Law
School noted that the eminent English economic historian, Sydney Pollard,
had concluded that political boundaries in Europe have not really had
much influence on economic development one way or the other. Most
notably tariff boundaries have led to twin cities. However, Professor
Baade does not believe that the boundary between Mexico and the
United States can be looked at in the same way. In explanation, he men-
tions only three of the elements which should be kept in mind.

7 NriLes HANSEN, “Transboundary Environmental Issues in the United States-
Mexico Borderlands”, The Southwestern Review, Vol. 2: No 1 (Winter 1982), p. 61.
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The first of these is the historical ingredient represented by the
slogan in Mexico during the seventies of the 19th Century that between
strength and weakness there must be a desert. This greatly influenced
the development and location of Mexican industries and most specifically
the construction of the railroads. Secondly, there is the 100-kilometer
rule in the Constitution of 1917 which restricts foreign ownership of
property within the cited distance from the border or the coast. This
has led to certain developments along the border which would have
been quite different if that rule did not exist. Thirdly, Professor Baade
noted the development of the second tier of Mexican states or of the
second zone of the first tier of Mexican states.

Before this session concluded, a member of the audience took up the
restrictions of Article 27 of the Constitution prohibiting foreigners to
hold immovable property within a certain distance of the frontier or the
coast. Recognizing that there are many subjects which had not and could
not be covered in this symposium, he refers specifically to the matter
of the trust (fideicomiso) in the frontier zone. This has meant that
there has been found a legal mechanism to make it possible for foreigners
to have immovable property in the restricted zone. He concluded that
it is no accident that the border zone is full of the assembly plants
(maquiladoras), 80% of which are in the hands of subsidiaries of
transnational United States enterprises.

To add a cultural dimension to a conference which was heavily
weighted on the physical and social sciences side, it was decided to
invite the distinguished folklorist, Professor Américo Paredes, to give
a dinner address which appears in this volume as the Essay of Honor.
The outstanding Mexican-American scholar discussed “The Corrido:
Yesterday and Today” with musical illustrations by the Mariachi Américo
Paredes de Tejastitldin. However, there was a hidden agenda. The
University of Texas at Austin wished to use the occasion to honor
Professor Paredes for his long (twenty-six years) and outstanding service
to the institution. When our Mexican colleagues learned of this, they
insisted that they, too, have an opportunity to honor Américo.

Teacher, writer, poet and folklorist, Américo Paredes is considered
the ““dean of Mexican-American scholars”. He is, as I said when I
introduced him, truly a man —and a colleague— for all seasons. A
former student and colleague described ‘““his scholarship is learned and
prolific, his teaching humanistic and caring”.! He has fought to correct
stereotypes of Mexican Americans. He once said of himself, “I have
not lost my sense of identity as a Mexicano. Obviously, I am accul-
turated, but I wouldn’t say I am assimilated; when you assimilate, you

8 ReEy GUEVARA-VAzZaUEZ, “Maverick scholar fighting to correct history’s
prejudice”, Austin American-Statesman, February 7, 1982, p. Cl.
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lose total identity. That is a tough problem that is faced by young
Chicanos.” ®* He encourages young Mexican Americans to drop the gun,
pick up a pen and work within the system. A precursor of the Chicano
movement, he is its strong ally.

Dr. Gerhard J. Fonken, Vice President for Academic Affairs and
Research, presented Professor Paredes with a plaque with a wood backing
shaped like a book. It bears a likeness of the honoree with the following
citation: The University of Texas at Austin Honors Américo Paredes,
Ashbel Smith Professor, For a Quarter of a Century of Contributions
to Mexican and Mexican-American Culture. The plaque is dated February,
1982 and is signed by President Peter T. Flawn and bears the University
seal. Mrs. Paredes was presented with the artist’s drawing based on a
photograph from which the etching on the plaque was made by Vice
President and Dean of Graduate Studies, William S. Livingston.

On behalf of the Mexicans, Dr. Rafael Velasco Ferndndez, Executive
Secretary General of ANUIES, presented a handsome plaque bearing
the seal of ANUIES on top. Below is the following citation: The National
Association of Universities and Institutes of Higher Education of the
Mexican Republic Presents this Diploma to Professor Américo Paredes
in Recognition of His Efforts On Behalf of the Diffusion of Mexican
Culture in the United States of America, Realized During a Long and
Brilliant Professional Life. Dated 18 February 1982 in México, D. F.
and signed by Dr. Rafael Velasco Fernandez, Executive Secretary General.

In the text that follows, the essays and commentaries appear in the
language in which each was presented. Following each moderator’s
synthesis, there is a brief summary in the opposite language. Similarly,
this introduction will be followed by a summary in Spanish.

I want to take this opportunity to express my appreciation to the two
sponsoring organizations, ANUIES and PROFMEX, and to the United
States International Communications Agency for a grant which facilitated
participation by United States’ scholars and the hosting of the symposium
by the University of Texas at Austin.

Austin, Texas

February 1, 1983

9 Ibid., p. Cl4.
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Preparar la introduccién para este volumen, que corresponde al se-
gundo simposio de las universidades de México y Estados Unidos sobre
estudios fronterizos, al mismo tiempo que se estd planeando el tercero,
que se realizard en el otofio de 1983, le da a uno la idea de continuidad
y desarrollo. Asi, después de la amplia gama de temas tratados en la
reunién de La Paz, Baja California Sur, en 1980, se pasé a la atencién
de problemas mds especificos como los del medio ambiente en Austin,
Texas, en 1982. Para seguir en la linea de atender un tema esencial
en cada ocasién, el tercer encuentro se dedicard a estudiar los marcos
tanto de derecho como de hecho en que se dan ciertos asuntos fron-
terizos.

La reunién efectuada en la Universidad de Texas, en Austin, se
distinguié por la asistencia de importantes funcionarios piblicos de Méxi-
co y Estados Unidos, asi como de participantes calificados y responsables.
No obstante las muy valiosas aportaciones que los especialistas hicieron
al conocimiento de los problemas del medio ambiente en la frontera, casi
todos ellos coincidieron en demandar estudios adicionales, especialmente
los que atiendan de manera sistemaética e interdisciplinaria las posibles
consecuencias del deterioro del ambiente.

La informacidn, los anélisis y la discusién de los temas no se restrin-
gieron a lo presentado por los ponentes y conferencistas del programa:
la audiencia participé también con entusiasmo, rigor y seriedad. Preci-
samente una intervencién del pdblico hizo destacar lo necesario que es
un tratado o una convencién entre México y Estados Unidos, que fije
explicitamente las responsabilidades en materia de contaminacién en la
frontera,

Un comentario hecho por el Dr. Servin-Massieu podria sintetizar el
espiritu de la reunién en Austin, desde la seleccién de los temas hasta
el dltimo anélisis: “La ecologia se ocupa de muchas cosas ademds de la
contaminacién del ambiente e incluye en sus estudios a la dindmica
de las poblaciones, las relaciones especificas entre los organismos vi-
vientes y, por supuesto, la evolucién.” Por ello, pese a que se trabajé
con temas tan especificos como “agua” y “aire”, siempre estuvo presente
la preocupacién por las consecuencias sociales de los problemas de la
ecologia y el desarrollo de la poblacién en la frontera.
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El programa cientifico de la reunién en Austin se enriquecié con un
colofén, durante la cena de clausura, de cardcter humanista y que con-
sistid en una conferencia, “El corrido: ayer y hoy”, a cargo del Dr. Améri-
co Paredes. Este ensayo aparece en la memoria con el caricter de
“ponencia de honor”, como un homenaje a la tarea realizada durante
mds de 25 afios por el académico mexicano-estadounidense en la Uni-
versidad de Texas.

STANLEY R. Ross.
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THE BI-NATIONAL SYMPOSIA IN HISTORICAL
PERSPECTIVE

MicHAEL C. MEYER

Cultural relations between the United States and Mexico are as old
as are the two countries, but prior to the late 1930’s, they were con-
ducted almost entirely under private auspices. Cultural relations fostered
by the respective governments are of more recent vintage. In 1937, the
United States and Mexico, along with fifteen other American nations,
signed the Convention for the Promotion of Inter-American Cultural
Relations. Of the seventeen signatories to that Convention, Mexico and
the United States unquestionably have been the most responsive in imple-
menting both its design and its spirit.

In 1948, the two couniries established a Joint Commission on Cul-
tural Co-operation which has met periodically since that time. Under its
auspices, scholars, artists, creative writers, and musicians visited each
other’s country, lectured, performed, arranged exhibits, concerts, drama-
tical productions and exchanged publications. Not only were new personal
and professional relationships forged, but the cultural accomplishments
of each country were brought to the public consciousness of the other.

During the last few years, the activities fostered at the initiative
of the Joint Commission have been especially extensive. Drawing upon
the combined resources of the National Endowment for the Humanities, the
National Endowment for the Arts, and the International Communication
Agency in the United States, and the Instituto Nacional de Bellas Artes,
FONAPAS, ANUIES, the Secretarfa de Educacién Pidblica and the Secre-
taria de Relaciones Exteriores in Mexico, a wide variety of bi-national
cultural activities have been carried out in both countries. The Mexico
Today Program, the Eugene O°Neill festival in Mexico City and the
Fulbright Border Lecture Program are simply a few recent examples
of representative programs.

Another of these activities was the First Conference of Mexican and
United States Universities on Border Studies, a meeting held in La Paz,
Baja California on February 28 and 29, 1980. That conference coordinated
by the University of Arizona and ANUIES, was a general one treating
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such themes as the Idea of the Border in National Consciousness, Natural
Resources and Border Development, Production and Border Industry, Eco-
nomic Inter-Change, Migration and Border Culture. The social scientists.
natural scientists and humanists who participated in that conference
were enthusiastic with its results, including the publication of the
proceedings by ANUIES under the title, Estudios Fronterizos.! The Joint
Commission also judged that meeting to be a success as both the United
States and Mexican delegations reported favorably on it. That positive
endorsement paved the way for the funding of this Second Binational
Symposium on Border Studies, this one on a much more restricted theme:
“Ecology and Development of the Border Region.”

Because of cultural differences and different approaches to problem
solving, bi-national planning requires a special commitment and a special
set of sensitivities; but those of us on the organizing committee of the
bi-national symposia agree that the extra effort expended on both parts
vields a unique kind of dividend.

Our Mexican colleagues at ANUIES and the academic representatives
who they have designated to represent Mexican higher education have
been splendid in their cooperation. The type of working relationship that
has been established has contributed in a major way to the early successes
the symposia have enjoyed.

Having served as coordinator of the United States delegation to the
First Conference, I am pleased to have been relieved of all onerous
responsibilities at this one. I am here simply to derive pleasure and
profit from it, to renew my friendships with my United States and
Mexican colleagues, to thank Professor Stanley Ross and his associates
at the University of Texas for the superb job of organization and to
join Dr. Rafael Velasco, of ANUIES, in wishing you success as you
embark upon your endeavors.

1 Estudios Fronterizos: Reunién de Universidades de México y Estados Unidos
(Ponencias y Comentarios), México, ANUIES, 1981. The volume may be purchased
from the Departamento Editorial, Asociacién Nacional de Universidades e Institutos
de Ensefianza Superior, Insurgentes Sur 2133, 3er. piso, México 20, D. F., or from
the Latin American Area Center, University of Arizona, Tucson, Arizona, 85721.



EL SIMPOSIO BINACIONAL EN PERSPECTIVA
HISTORICA

RAFAEL VELASCO FERNANDEZ

En el afio de 1979, la Asociacién Nacional de Universidades e Insti-
tutos de Ensefianza Superior propuso a la Comisién Mixta Cultural de
México y los Estados Unidos de América la realizacién de una reunién
académica de nivel universitario para conocer, analizar y difundir los
trabajos més recientes de profesores e investigadores mexicanos y norte-
americanos en materia de asuntos fronterizos que atafien a nuestros
paises.

Al hacer la proposicidn, la asociacién consideré que era necesatrio
impulsar en los medios universitarios y tecnolGgicos de las dos naciones
la identificacién y definicién de los problemas de la regién fronteriza,
con la finalidad de analizarlos y descubrir la naturaleza de los fend-
menos que implican, sus relaciones y sus consecuencias en las sociedades
de cada pafs.

La Comisién Mixta Cultural aceptd la idea de la asociacién, inicidn-
dose los trabajos que culminaron con la realizacién de la “Reunién de
Universidades de México y Estados Unidos de América” en la ciudad
de La Paz, B. C. S. en febrero de 1980. En esa ocasién, la sede fue la
Universidad Auténoma de Baja California Sur.

Considerando las partes el éxito académico de la reunién de La Paz,
inmediatamente se procedié a iniciar la organizacién de la segunda
reunién, ahora teniendo como sede una universidad norteamericana,
escogiéndose la Universidad de Texas en Austin. Entretanto y como
resultado del encuentro en la peninsula de California, la asociacién
publicé las memorias en la obra Estudios Fronterizos en junio de 1981.

El enfoque dual y la confrontacién natural de los puntos de vista
sobre los temas del temario recogidos en dicha publicacién, constituyen
una valiosa aportacién al conocimiento actual de la situacién para los
interesados en la politica y la cultura, asi como también para los estu-
diosos de los temas econdmicos, cientificos y tecnolégicos de nuestros
paises.
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En este contexto, se inicia la segunda reunién para tratar otros plan-
teamientos, surgidos recientemente o ya ancestrales, en una btsqueda
continua de caminos de expresién para una poblacién que en ambos
lados de la frontera emerge con sus anhelos, necesidades y carencias.

Deseamos expresar nuestro agradecimiento a la Universidad de Texas
en Austin, a su presidente, el Dr. Peter Flawn, y al doctor Stanley Ross,
por su hospitalidad y acogida para esta importante reunién. Particular-
mente aprecio el entusiasmo, el profesionalismo, el espiritu incansable
y el interés por nuestro pais del doctor Stanley Ross, coordinador aca-
démico del evento por las universidades norteamericanas, quien sobre-
poniéndose a un delicado estado de salud, desarrollé un gran esfuerzo
en la organizacidén de esta reunidn.

Igualmente quiero destacar la presencia del Lic. Eliseo Mendoza
Berrueto, Subsecretario de Educacién Superior e Investigacién Cientifica
de México, quien ha hecho un esfuerzo que mucho le agradecemos para
acompaflarnos. Sabemos del exceso de trabajo que en estos dias le asedia,
relacionados con las responsabilidades inherentes a su alto cargo y por
ello nos satisface mucho su buena voluntad de estar con nosotros en esta
ceremonia inaugural.

Dado que sin duda campeardn en nuestro encuentro este espiritu de
trabajo y la buena voluntad, respaldados por el alto nivel académico
de los participantes, estoy convencido de que se alcanzaran los objetivos
que nos hemos fijado.
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NATURAL RESOURCES: THE POTENTIAL FOR
DEVELOPMENT IN BORDER REGIONS OF
MEXICO AND THE UNITED STATES

Jack D. JouNsoN, CHARLES F. HUTCHINSON,
AND BARBARA S. HUTCHINSON

INTRODUCTION

In this paper we have identified possible opportunities for new
agricultural development in the United States-Mexico border region. The
focus will be on: a) the exploitation of new or traditional, arid-adapted
crops; and b) the identification of potentially exploitable lands that have
been heretofore, little or under used or that have recently declined in
economic productivity.

Since the intent of this symposium is to identify problems, issues
and areas for research, this discussion will be broad. We begin by
arbitrarily defining the border region and identifying areas within the
region that may offer opportunities for new agricultural development.
This is followed by a discussion of some potential new crops that may
prove to be economically important within the region in the coming
years and we offer some ideas on how those plants might be cultivated.
The types of problems that must be overcome to bring new crops into
production is then outlined. Appendix A lists the United States and
Mexican institutions that are involved in new crop research. Appendix B
lists promising plants and references recent research.

We discuss what may be physically and economically possible. There
is no attempt to address the equally broad and important social topics
that will ultimately determine the success of any development project.

CHARACTERISTICS OF THE BORDER REGION

The border region of the United States and Mexico is topographically
complex. It is traversed by the three major mountain ranges that dominate
northern Mexico. In the west, the Peninsular Range, which comprises
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the spine of the Baja California Peninsula, extends almost 200 km. into
California and reaches an elevation of more than 1,500 m. The Colorado
River has built a delta in a large structural trough below the steep
eastern escarpment of that range. The delta extends across the depression
and separates the Gulf of California and the Salton Sea. The agricultural
region of the Imperial and Mexicali valleys is located on this delta.

To the east of the Colorado River is the southern part of the basin
and range province of western North America, a region generally called
the Sonoran Desert. It is marked by isolated northwest-southeast trending
fault block mountains separated by wide valleys. The elevation increases
to the east; it culminates in the complex of high mountain ranges in
southeastern Arizona, northeastern Sonora, and northwestern Chihuahua
that mark the northern extent of the Sierra Madre Occidental.

Below this highland, stretching to the Big Bend region of Texas, is
the relatively high basin of the Chihuahuan Desert. It is broken by
scattered ranges, similar in form to the basin and range province but
more complex. Along the eastern boundary of this area, the Rio Grande
flows in a general northwest-southeast direction. Midway in its traverse
natural scientists and humanists who participated in that conference
of the region, the Rio Grande turns to the northeast to pass between the
Sierra Madre Oriental of Coahuila and the Santiago Mountains of Texas.
East of the mountains the Rio Grande turns to the southeast, joins the
Pecos River, and crosses the coastal plain to the Gulf of Mexico.

Almost the entire border region can be classified as dry according
to the Koeppen climatic classification system. Exceptions occur in the
mountain ranges of the Californias, the ranges associated with the Sierra
Madre Occidental, and along the coast of the Gulf of Mexico. Annual
precipitation exceeds 500 mm. only near the Gulf of Mexico. The average
annual precipitation for the region is less than 300 mm. Within the
region are some of the driest areas in North America, including the Co-
lorado Desert in the Californias and the Gran Desierto of Sonora.

Vegetation of the region is arranged in elevational zones that reflect
the general increase in precipitation with elevation. In the lowest and
driest parts of the region, the dominant vegetation is desert scrub. Both
the Sonoran and Chihuahuan deserts are dominated by creosote bush
(Larrea spp.). In low-lying parts that are affected by salt accumulations,
large areas may be dominated by salt bush (Atriplex spp.). Increases
in elevation are accompanied by increases in plant diversity. In the
western part of the region, leguminous trees (e.g. Prosopis spp. and
Cercidium spp.) and columnar cacti (e.g. Cereus spp.) are typical of
the diverse desert scrub vegetation that is found above the 500 m.
contour. In the eastern part of the region, mesquite (Prosopis spp.) and
juniper (Junmiperus spp.) also are represented but on limestone soils
they are often joined by yuccas and a variety of agaves.
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Intermingled with and extending above this diverse desert scrub is
semidesert grassland. Much of this vegetation zone has been invaded
recently by shrub species from adjacent zones. At still higher elevations
(generally greater than 1,200 m.), the grassland grades into an oak or
pinyon-juniper woodland. Coniferous forests occur in the highest reaches
of the Peninsular and Sierra Madre Occidental ranges.

Surface water throughout the region is scarce. Although there are a
number of relatively small perennial or recently perennial streams along
the border, their significance is local; they have permitted the develop-
ment of small oasis agriculture, supported by either perennial streamflow
or the relatively shallow water associated with the stream. The Colorado
River in the west and the Rio Grande in the east contribute the bulk of
available water for agricultural development in the region.

Groundwater is localized and is highly variable in quality. Interior
drainage basins in the Sonoran and Chihuahuan deserts have captured
and stored a considerable amount of water; however, the water may
contain a high percentage of dissolved salts.

Historically, man has exploited these scarce resources in predictable
ways. Grazing is undoubtedly the most important land use, in terms of
area. Being the most effective use of scarce vegetative resources, grazing
is practiced throughout the region. In contrast, commercial timber pro-
duction in the region is so restricted that it is not considered when the
region is viewed as a whole.

In the past, the most dramatic development in the region has been
the large scale development of irrigated agriculture in the Imperial-
Mexicali and Rio Grande valleys. The economic impact on both countries
has been profound and the continued vitality of the region is closely
tied to their persistance.

More recently the border region has been a population magnet in
both countries. The migration to the “Sunbelt” by businesses and retirees
has created rapidly growing urban populations in the United States
Southwest. In Mexico, the perceived opportunities for employment along
the border have led to a similar increase in urban population.

PROBLEM STATEMENT

For the most part, the border region shared by the United States and
Mexico is characterized by relatively low economic productivity. The
notable exceptions are the agricultural oases of the Imperial-Mexicali
and Rio Grande valleys, and a number of small basins that support
groundwater irrigation. Both countries have experienced population mi-
grations to the border region, and all human activities that consume
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water (including urban, agricultural, industrial and mining uses) are
competing for a dwindling supply of water that is decreasing in quality.

As a highly water-consumptive activity, agriculture now must resist
the pressure of the more intensive economic activities. Agriculture, as a
result, has suffered a decline in some parts of the region; most notably
in the Mexicali, Santa Cruz and Pecos valleys. However, there is interest
on both sides of the border to enhance or at least to stabilize agricultural
productivity in the region. Clearly, water will be the principal constraint
on agricultural development. Hence, there are three ways in which
development could proceed: a) use less water to produce a crop; b) grow
more valuable crops; or ¢) exploit water suplies for which there now is
little demand.

The problem that faces the region, which we now address, is to
identify lands in the region that might be used for new crop production.

LAND RESOURCES

We have described water as the primary limiting factor in maintain-
ing agricultural productivity. Several potentially high value crops either
use water more efficiently than present crops or exploit previously
unused water sources. Given these options, there are several types of
land in the region that might be available to produce these new crops,
e.g., active irrigated land, retired or idle irrigated land, land irrigated
with saline waters, marginal lands, and lands that would support harvest
of wild crops.

The boundary of our study area (Figure 1) is defined by the county
and municipio boundaries that lie along the United States-Mexico border.
The boundary may be objectionable to some because it does not conform
to the boundaries of recognized ecological units. However, most data
that describe economic and agricultural conditions are reported by
county or municipio. Thus, if a more coherent regional boundary were
used much detail would be lost. The study area encompasses an area
of more than 43 million ha. (25 million ha. in the United States; 18
million ha. in Mexico).

Estimates of total land areas that might be available for new crop
production are described below. Since there are no consistent information
sources, our estimates are derived from a variety of sources.

A. Irrigated land (active). If crops are developed that are more
water efficient and/or of higher value than those presently grown, and
if we assume that farmers are prudent, these new crops will be planted
on lands that are currently farmed. Within the region, there are now
approximately 3 million ha. of irrigated cropland. (There is an additional
4 million ha. of rainfed agriculture in Texas.) The distribution of
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these lands is shown in Figure 2. This represents a maximum estimate
of area that has been irrigated during the past 15 years; the actual area
that is currently irrigated will be considerably less.

B. Irrigated land (idle/retired). As a result of rising irrigation costs,
decreasing water quality, and increasing soil salinity, the amount of
irrigated land has declined. With the advent of new crops, it is possible
that idle or retired lands might be brought into profitable production.
Since these lands represent a considerable investment of capital in water
delivery and drainage systems, and since they are incorporated into a
larger infrastructure, it would be relatively easy and highly desirable
to bring them back into production.

To the best of our knowledge, there are no comprehensive figures
that describe the amount of land that has been withdrawn from production
during the past 10 years. Thus, it is difficult to develop an estimate
of the land resource that might be available. Rather than attempt to
develop an estimate for the region as a whole, based on highly speculative
data, we will examine the situation only in Arizona, an area we feel
to be representative of the region.

Essentially all agriculture in Arizona is irrigated, drawing both on
ground and surface waters. During the past 25 years the land area
devoted to crops within the state has fluctuated around .5 million ha.
In 1977, the area devoted to crops reached a high of almost .5 million
ha. Since then, however, there has been a steady decline in usage. We
now estimate that nearly 20 percent of all Arizona cropland is idle.
In 1980, more than 50,000 ha. of farmland in Pinal County alone were
out of production (Foster, Rawles and Karpiscak, 1980).

It might be argued that the situation in Arizona is more stable than
other areas because a good portion of the water used comes from re-
newable surface supplies, and that soon Central Arizona Project water
from the Colorado River will be delivered to the state. Thus, a figure
of 20 percent idle cropland in the region (approximately 106,000 ha.)
which is presumably available for production of new crops, may be
conservative.

C. Irrigated land (saline waters). Lands that could be irrigated with
saline waters to raise halophytic or salt-tolerant crops should be considered
for new crop production. The environment that might be envisioned for
production of these crops would be very similar to a conventional
irrigated farm. However, the management of salt within the system
would require somewhat different irrigation techniques.

Obvious candidate areas for saline irrigation would be existing agri-
cultural lands, both active and retired, as discussed above. However,
most halophytic crops are grown for forage and will be of lower value
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than conventional crops. It is unlikely that halophytic crops will displace
conventional ones if any fresh water is available. Thus, if this type of
agriculture develops, the largest areas of change will be where salt has
become a problem and in previously uncultivated areas.

Within the U.S. border region there are about 2 million ha. of land
(or 8 percent total U.S. study area) that could be used for halophyte
production. We believe that the amount of land in the Mexican border
region suitable for halophyte production is probably comparable.

1. Slopes less than 10 percent;

2. Accessible saline water suply (greater than 3,000 ppm);
a) groundwater at less than 100 m.
b) seawater (sites within 15 m. of sea level); and

3. Outside of reserved areas (national parks, monuments, military
facilities) .

The distribution of these lands is shown in Figure 3.

D. Marginal lands (dispersed perennial crop). Marginal lands are
generally defined as lands on which some limiting factor prevents the
establishment of conventional agriculture. The lands considered in this
category are marginal in a conventional sense: they are suitable for
cultivation if water is available. However, an unconventional use is
proposed for them. Rather than establishing an intensive irrigated annual
crop (such as cotton or wheat), it is proposed that these lands be used
in a production system based on widely spaced perennial plants that
would require only minimal supplemental irrigation during establishment.
Additional watering could be supplied during poor rainfall years. The
criteria for selecting these lands are:

1. Slope less than 10 percent;
2. Annual precipitation greater than 250 mm.; and
3. Outside of reserved areas.

The slope requirement is that of conventional limits on the operation
of farm machinery. Although the use of general purpose machinery is
unlikely, selection based on this slope criterion also would mitigate soil
management problems.

The precipitation criterion, like others used in this exercise, is arbi-
trary. However, empirical work done at the University of Arizona using
water-harvesting technology suggests that 250 mm. is a reasonable lower
limit of annual precipitation to establish successful perennial crops. It is
unlikely that any suggested perennial crop would do well on less pre-
cipitation without regular irrigation. The 250 mm. precipitation value
is a minimum; the potential for crop success will increase with increases
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in precipitation and the proportional increase of precipitation concen-
tration in the summer growing season. Thus, it is likely that the potential
for success would increase: 1) with elevation; and 2) to the east of
the region.

Given these criteria, we find that there are about 7.5 million ha. of
land suitable for the production of dispersed perennial crops within the
region. This includes the .4 million ha. of land in Texas that is
currently dry-farmed. The distribution is shown in Figure 3.

E. Wild harvest. The development of wild harvests as an agricul-
tural proposal is difficult to address. While this activity has been conducted
since man arrived on the continent, it has only existed as a viable
economic activity in Mexico. Essentially all the guayule and candelilla
that is produced in Mexico comes from wild harvest. In recent years,
wild. harvest has been proposed in the United States with the increase
in demand for jojoba products; however, outside of frequent discussion
there have been no attempts to manage these resources. Given the direct
role of the marketplace in driving wild harvests, it is unlikely that
much can be done to develop it. If the market for any crop improves
to the point where there is sustained demand at a relatively high price,
the crop will eventually become established as a field or plantation
crop. Because of these problems, and the unique distribution of most
plants with crop potential, no estimates of production area are presented.

POTENTIAL NATURAL RESOURCES

The natural resources of the border region include recreation, grazing,
wildlife, oil and minerals, and land and water used for agricultural
production of both traditional and new crops.

While our assignment was to discuss the natural resources of the
region and the potential for development, we have concentrated our
efforts on the use of wild plants for new arid lands crops. We feel that
the economic potential for agricultural production of new crops through-
out the border region is economically greater than any of the other
natural resource development options, with the possible exceptions of
oil and other minerals. The possibility of converting some of the under-
utilized arid lands of the border region for production of food/feed,
fiber, industrially important chemicals or energy is our general thesis.
In Table 1, we have indicated potential uses of plants including food/feed,
fiber, medicine, chemicals and energy.

The use of arid lands plants for food, fiber and medicine is described
by Felger (1979) in the American Association for the Advancement of
Science publication New Agricultural Crops. Although the potential for
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using some of the arid lands plants for food is established in the
ethnobotanical literature, the acceptance of many of these arid lands
plants is slow and often controversial. Possibly the most controversial
of all is mesquite.

An excellent review of mesquite and its potential is presented by
Felker (1979). The plant is leguminous. It produces pods containing
approximately 13 percent protein and 30 percent sucrose. The wood is
widely used as a fuel in the United States and Mexico. Mesquite often
is considered a pest because of its high water use and its invasion into
grazing lands. Other potential food crops include buffalo gourd, teparies,
amaranth and other arid lands plants.

In the last decade some exciting research has been conducted through-
out the border region, in both Mexico and the United States, regarding
the production of chemicals from arid lands plants. Two plants re-
ceiving the most attention are guayule and the jojoba. Guayule appears
to be an excellent source of rubber as outlined by Vietmeyer (1979)
and Foster, et al. (1979). Jojoba has been well publicized in the print
and electronic media. Its development has taken on an almost circus
atmosphere with claims being made about the virtues of jojoba oil that
are not fully supported by scientific documentation. An excellent review
of jojoba has been presented by Hogan (1979).

Since 1978, the University of Arizona, with support by the Diamond
Shamrock Corporation, has concentrated a research effort in the area
of energy and chemical production from plants. This research has
resulted in the collection and analysis of more than 400 plants from the
border region. All of the plants collected were subjected to extraction
with cyclohexane followed by ethanol. A voucher specimen of each
plant was deposited in the University of Arizona herbarium. Associated
with these specimens are field notes, which include habitat, height and
pertinent environmental and phenological data.

One of the major contributions of this research was a set of selection
criteria developed by McLaughlin and Hoffmann (1982) which utilizes
an estimate of biomass yield combined with the chemical analysis and an
estimate of growing costs. This permits a direct comparison between
plants in terms of their predicted yields and cost to produce per unit
of energy. This criterion was used to reduce the large number of plants
collected to a manageable number. We are now conducting secondary
level evaluation studies on a few candidate species.

The secondary level evaluation includes further chemical analysis
and characterization of the extract as well as agronomic and economic
evaluations based upon greenhouse and field studies. The purpose for
the second level evaluation is to determine which of these candidate
plants should then be taken through the very expensive steps of plant
domestication.



TABLE 1

Potentiai Nonconventional Crops for the Border Region:
Products and Cultivation Schemes

PLANT PRODUCTS CULTIVATION SCHEMES
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Acccia spp. X X X X X
Ljove spp. X X X X X X X
Armcranthus SPP. X X
Amorphe canenscens X X
Amsonia  S$PP. X X X
irtemaesic tridentate X X X
Asciepigs spp. X X X X
Liriplex SPpP. X X X X
Baccharis havesdii X X
Bothriochoae turbincdis X X X
Coctus family X X X X X X
Zenchrus ciliar:s X X
Ceratonic SPp. X X X X
Shrysothamnus nauseosus - X X X X
Thrysothcmnus paniculatus X X X
Cucurbita foetidissimo X X
2unalieliac spp. X X X X
Ephedro  spp. X X X
Euphorbia antisyphiiitice X X X
ESupharbia hirta . X X
Euphorbiv fathryris X X X
Grindeiia camporum X X
Heitanthus annus X X
Kochia scoparia X X
Lzrrec tridentate X X X X X
Leuccero retusa X X
Scortnenium crgentatum X X X X X
Secitanthds macrocarpus X X X
Praseoljus acutifolius X X X X
Pirus eldarice X X
Prosopia spp. X X X X X
Rumex hymenosepaius X X
Salsoia kall X X X X
Simmondsia chinensis X X X X X X
Sorghum spp. X X X X
Sporobolus airaides X X X
Xcn*hocephalum gymnospermoides X X X
Yusca Spp. X X X X X X X X
Zosterophyium X X

o
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The only plant in this research effort that has been subjected to the
extensive research leading toward plant domestication is Euphorbia
lathyris. E. lathyris seeds were collected or purchased from around the
world. Several acres of E. lathyris have been planted in Arizona, Cali-
fornia, Nevada, New Mexico, Colorado, Utah and Texas. The principal
difficulty with E. lathyris is its susceptibility to heat stress and root
pathogens (Young and Alcorn, 1981). As a result of the pathogenicity
and heat stress problem, it was decided that E. lathyris must be grown
as a winter crop to avoid high summer temperatures. The first 1l-acre
plot, planted in 1978, succumbed to pathogens and heat; hence, no
biomass yield. By 1981, however, we were able to obtain a biomass
yield of approximately 14 tons per hectare (McLaughlin, et al. 1982).

The analyses conducted at the University of Arizona have indicated
a rather questionable future for E. lathyris in the border region. We feel
we have proven that a valuable “biocrude” can be produced by E.
lathyris; however, we feel that it is not feasible to consider E. lathyris
for commercialization in the United States-Mexico border region. (Biocrude
is a term coined to indicate the hydrocarbon and hydrocarbon-like
material produced by and chemically extracted from a plant. Biocrude
may be “cracked” into gasoline or refined into valuable petrochemical
feedstocks. The E. lathyris biocrude was submitted for catalytic cracking
and was found to have a value comparable or exceeding that of crude
oil pumped from the ground and delivered to Diamond Shamrock’s
refinery in Texas.)

Our research with new candidate species, particularly Asclepias spp.,
Amsonia spp., Chrysothamnus spp., Xanthocephalum gymmnospermoides
and Grindelia camporum, appear particularly promising because they
are indigenous to arid lands and they are less susceptible to the problems
associated with heat stress and soil fungi. They also appear to have
extractable chemicals that may produce a biocrude with considerably
higher value than Euphorbia lathyris.

RESEARCH NEEDS

We recognize that each class of crops we have discussed will have
a unique set of associated problems that first must be overcome before
the crops will be adopted by farmers. For example, halophytic agriculture
will require the development of new irrigation techniques before it can
become viable. Similarly, the development of an agriculture based on
widely spaced perennial plants will be based on the development of
new plant and land management techniques. However, assuming that
these unique obstacles are overcome, there still is a wide array of more
familiar problems that must be solved before crops can be introduced
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into conventional settings. Thus, in attempting to define research problems
that would be encountered by “domesticating” any new crop, the chan-
nels of research that have been pursued in recent attempts to develop a
new crop should be considered.

At present, considerable attention is being given to jojoba, because
of popular interest in the plant and the consequent variety of invest-
ment “opportunities” that are being promoted. This interest is reflected
in a broad array of research that has been done recently. The problems
that have arisen in bringing this plant into profitable commercial pro-
duction, and the types of research that have been conducted to address
these problems are summarized below.

Culture and reproduction. Commercially desirable characteristics of
the jojoba plant have not been established. Some considerations include
drought and salt tolerance, tolerance of temperature extremes, flowering
and fruiting ability, disease resistance, predictable oil content of seeds,
and seed size (Gentry, 1958). While work proceeds on defining desirable
traits, other research must be directed toward collecting and describing
wild populations of jojoba from which genetic material must be drawn.

Research is in progress on developing reproduction techniques through
tissue culture and cuttings, but no strains have been marketed. Seed is
available, but the characteristics of the plant are not adequately known.
Thus, all research on reproduction depends on establishing desirable
traits for plantation agriculture, and gathering genetic materials to develop
those traits.

Cultivation and management. Questions regarding the establishment
and maintenance of jojoba plants in conventional agricultural settings
have not yet been answered. Problems include time of planting, tem-
perature requirements, plant spacing and irrigation requirements.

The amount and quality of water required to maintain jojoba needs
additional study, as does the suitability of various irrigation techniques
and regimes. Soil requirements, necessary amendments, and pesticides
are all unknown. However, a number of experimental jojoba plantations
have been established already. The experience gathered from these
plantations will supplement formal research and will contribute to the
development of a body of techniques for managing jojoba on a large
scale.

Harvesting techniques. At present, all jojoba is hand harvested.
Research is underway to develop new machinery or to modify existing
nut and berry harvesting equipment. Other research is being conducted
on pruning or training shrubs to accomodate harvesting equipment (Yer-
manos, 1976). .



20 °* Naiural Resources

Processing. Preprocessing and mechanical extraction have been
adapted from standard techniques used with other seed crops. Solvent
extraction techniques have been used, but the technique is not fully
developed. The production of other valuable by-products through hy-
drogenation and sulfurization has been examined in the past but requires
further research.

Economic feasibility. The costs of establishing a plantation are
known in general; however, because no plantation has produced a
crop, production and harvest costs are unknown. In addition, the market
is highly uncertain: prices have been relatively high, for the most part,
because of low and uncertain supply. When plantations do come into
production, the market response is likely to be unfavorable without
new product development (Ragless, 1979; Wright, 1980).

Moreover, successful competition with other better known and more
easily acquired oils and waxes may prove difficult. It has been suggested
that to be successful, jojoba must enter the market at less than $ 1 per
pound. Yet, in 1981, wholesale prices ranged between § 14 and $ 28
per pound (Rawles, 1982).

Product development. Essentially all jojoba is now used in specialty
products such as cosmetics, personal care products, lubricant additive,
and raw oil (for the health food market). The full range of potential
uses of the oil and other byproducts has not yet been explored.

Wild harvest. All jojoba produced now comes from wild harvest
and will continue even when plantations come into production. Thus,
even though we have dismissed wild harvest as a mayor development alter-
native, it must be addressed as an issue in jojoba development. _

There are many difficulties associated with wild harvests. First, the
supply is unpredictable with wide variations in yield from year to year.
Second, the harvest is labor intensive: stands are scattered, access is
difficult, yields are often low, and the work force also may be unreliable.

Environmental impacts of wild harvest are unknown. The natural
replacement pattern of the plant is altered by removing large amounts
of seed. Natural contours may be altered to ensure the delivery of water
to individual jojoba plants in manipulated stands using water-harvesting
techniques. Roads and trails may be cut to provide more convenient
access to isolated stands. The consequences of these disturbances are
unknown (Foster, et al., 1980).

Finally, the impact on local fauna is unknown. Jojoba plants provide
forage for deer and other game. The more specific symbiotic relationships
between jojoba and other animals, such as Bailey’s pocket mouse, are
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not fully understood. Thus, wild harvest of an apparently “free” resource
may not be so benign as originally assumed.

Land evaluation. Aside from the specific problems associated with
developing a new crop, there is a need to identify those areas in
which the plant might be grown. An underlying theme of most research
done on arid lands plants, is that because of their adaptation to harsh
conditions, we may be able to use them on lands that were not previously
productive. As indicated above, there is increasing pressure on these
marginal lands especially in Mexico; thus, it is highly desirable to find
ways in which to profitably exploit them. Even though these plants are
in some ways hardy and capable of surviving rather extreme climates,
many are still best adapted to a relatively narrow range of environmental
conditions. For example, a plant such as jojoba may be adapted to relati-
vely low rainfall, periodic drought, and steep rocky terrain, but it is
highly susceptible to frost. At first glance, much of the border region
would be considered suitable for jojoba production; but in fact, large areas
must be eliminated because of frost hazard.

Historically, the lands of this region have not been highly regarded
for agricultural development because of the difficulty in supporting
conventional agriculture. As a result, there have been no sustained
efforts to characterize the climatic and soil resources of the region. When
confronted with the problem of selecting areas that are best suited for
production of a new crop, having specific climatic and soil requirements,
there is very little in the way of resource information on which to draw.

Moreover, those resources that have been judged of little or no value
in the past, such as saline waters, correspondingly are little known.
Although their occurrence is known or can be predicted with some
confidence, the amount and the precise quality is not known.

The difficulties in estimating the amount of land within the region
potentially available for agriculture are attested to in the maps that we
have presented. A good part of our estimates are based on incomplete data
and guesswork: it is impossible, at this time, to simply compile maps
of any feature of the border region based on published maps. A
considerable amount of work remains to be done in characterizing the
basic resources of the region on both sides of the border.

SUMMARY AND CONCLUSIONS

The picture we have presented, in terms of land availability and
potential agricultural productivity, is bright and promising in spite of
several obstacles. There are large areas of retired agricultural land that
could be brought back into production, and there are areas of under-
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utilized lands that could be made productive. There are a number of
plants and production schemes that may be viable alternatives to con-
ventional agriculture on many of these lands.

We have presented some of the agricultural development opportunities
that have technical and economic promise, and we have outlined some
of the research needs that must be met before these opportunities can be
realized. However, the more complex and telling considerations of
markets, finance, land tenure, social acceptability, technological adap-
tability, and the willingness to adopt new and significantly different
systems of agriculture and products ultimately will determine the future
of agriculture in the region. The physical situation that faces each country
is similar. The common constraints are lack of precipitation or suitable
water supplies, accumulated salts in irrigated areas and erosion. The
social, economic and technological factors that intensify or ameliorate
impacts are substantially different for each country; the technical solutions
to these problems may be identical, but the ways is which they are
achieved are likely to be quite different.

Based on the history of the region, regardless of what we as scientists
or managers decide as reasonable or desirable, increasing population and
decreasing water supply will intensify the pressure on these lands. Re-
gional and local economies, prior investment, demography, individual
incentive, and perhaps common sense, will argue that agricultural pro-
duction in the region should be sustained. However, the agriculture of
the future in this region is likely to be substantially different from what
it is today.

If agriculture is to continue as an economically viable industry in the
region then, short of interbasin water transfers of previously unimagined
scales, the sociology and technology of agriculture must undergo significant
change. We think the long-range future of agriculture in the region will
be determined by new low-water (or poot-water-quality) use crops and
that these crops may be of substantially lower biomass yields than current-
ly realized on irrigated lands. Possibly some of the crops we have men-
tioned will fill the niche, possibly some current crops will be adapted;
or, even more likely, some of the plants that will be researched during
the next few years will provide the new and vigorous agricultural base
for the region. Finally, because of the diversity of problems that must be
solved we feel that it is imperative to increase joint research activities
between United States and Mexican scientists.



APPENDIX A

UNITED STATES-MEXICO BORDER REGION
GOVERNMENT AGENCIES, RESEARCH INSTITUTIONS
AND COMMISSIONS

The following is a selected list of government agencies, research institutions
and commissions in Mexico and the United States that initiate and coordinate
natural resource development programs in the border region. We have
emphasized those organizations directly involved in the research and develop-
ment of new crops for arid lands.

The list is organized into three categories: government agencies, research
institutions, and commissions. Each entry includes: the name and location
of the organization, date the information was obtained, director, research
activities, and publications.

Information was obtained from a variety of sources including telephone
conversations, written correspondence, and from publications and brochures.
The following works and their authors contributed the detailed information
on which this list is based.

JamAIL, M. H. 1980. The United States-Mexico border: A guide to institutions,
organizations and scholars. University of Arizona, Tucson, Latin American
Area Center.

PAYLORE, P. 1977. Arid lands research institutions. A world directory. Tucson,
University of Arizona Press, Tucson.

Both the United States and Mexico are interested in developing the arid
zone they share. The number of organizations involved in this effort is
considerable. This list should encourage contacts and information exchanges
among these groups and individuals. Ultimately, the sharing of experience
gained on both sides of the border will speed the development of the arid
zone and will enhance the future of both countries.
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MEXICAN GOVERNMENT AGENCIES

Centro de Ecodesarrollo

1981
Altadena N¢ 8, Col. Népoles
México, D. F.

Director: Ivan Restrepo

The Centro de Ecodesarrollo is concerned with rural development and has
been involved in guayule research, alternative development strategies for
arid lands, social impacting contamination on the U. S.-Mexican border and
socioeconomic studies of squatter settlements in border communities.

Comisién Coordinadora del Programa de Desarrollo de las Franjas
Fronterizas y Zonas Libres (CODEF)

1980

SECRETARfA DE PROGRAMACION Y PRESUPUESTO
Fray Servando Teresa de Mier

Ne¢ 77-11° piso

México, D. F.

General Coordinator: Edmundo Victoria Mascorro

CODEF was established in 1977 to monitor the actions of federal agencies
dealing with the social and economic development of the border regions
and free zones. Members of the commission are from various federal secretaries
including the Secretaria de Agricultura y Recursos Hidrdulicos (SARH).
CODEF established close ties with the Southwest Border Regional Com-
mission to work on comon border problems with the United States. It is
not clear who will become CODEF’s United States contact now that the
Southwest Border Regional Commission has been dismantled.

Comisién Nacional de las Zonas Aridas (CONAZA)
1980

Tonald N¢ 30, PB
México 7, D. F.
Director: Francisco Giiel Jiménez

CONAZA provides funding for research on jojoba and encourages farmers
to grow it. Additionally, CONAZA performs field studies relating to distri-
bution and potential values of arid lands plants.
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Consejo Nacional de Ciencia y Tecnologia (CONACYT)
1981

Centro Cultural Universitario
México 20, D. F.

Director: Edmundo Flores

CONACYT is the Mexican equivalent of the United States National Science
Foundation. Accordingly, its principal goals are to promote research and
to act as a consultant for the government in solving problems implicit in
the advancement of science and technology. CONACYT funds research
program and other research organizations ,administers scientific agreements
with other countries and is the lead agency for the United States- Mexico
Mixed Commission Working Group on Research Development. CONACYT
is particularly interested in new crops for arid lands, and in increasing
agricultural productivity.

Coordinacién General del Plan Nacional de Zonas Deprimidas
y Grupos Marginados (COPLAMAR)

1981

Director: Ignacio Ovalle Fernandez

COPLAMAR is an umbrella organization, responsible directly to the President,
that channels money into specific projects concerning marginal lands. It is
particularly interested in services for rural areas and is likely to be involved
in the development of guayule and jojoba as new crops.

Secretaria de Agricultura y Recursos Hidrdulicos (SARH)

1979

Insurgentes Sur 476
México 7, D. F.

Director: Francisco Merino Rébago

SARH is a Mexican cabinetlevel department. It oversees such institutes
as the Instituto Nacional de Investigaciones Agricolas and the Instituto
Nacional de Investigaciones Forestales. SARH was named as one of the
responsible institutions to expand research collaboration between Mexico
and the United States particularly in the areas of desertification, forestry
research and crop and livestock production.
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Secretaria de Agricultura y Recursos Hidrdulicos,
Comisién Nacional de Fruticuliura (CONAFRUT)

1979

Km. 14.5 Carretera México-Toluca
México. 18, D. F.

Contact: Mohanlal Motrzaria B.

CONAFRUT was one of the institutions cited by the United States-Mexico
Mixed Commission on Scientific and Technical Cooperation to work on
developing candelilla commercially as a source of natural wax.

Secretaria de Agricultura y Recursos Hidrdulicos,
Instituto Nacional de Investigaciones Agricolas (INIA)

1981
Chapingo

Director General: Jesis Moncada

INIA is funded by the federal government of Mexico. INIA controls five
research stations throughout the arid and semiarid zones of Mexico including
CIANO. Studies include plant breeding investigations on various dryland
crops, plant pathology, weed control, entomology and soil fertily and manage-
ment. INIA specializes in developing new crops and has done extensive
research in jojoba plantations.

Publications: Novedades Horticolas and Agricultura Técnica en México

Secretaria de Agricultura y Recursos Hidrdulicos,
Instituto Nacional de Investigaciones Forestales (INIF)

1978

Avenida Progreso N¢ 5
México 21, D. F.

Director General: Avelino B. Villa Sales

INIF research interests include photogrammetry, silviculture, national forestry
conservations and wildlife management. Its affiliate, Instituto Nacional de
Investigaciones Forestales del Noroeste, has been involved in jojoba research

Publications: Information and technical bulletins
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Secretaria de Agricultura y Recursos Hidraulicos,
Instituto Nacional de Investigaciones Agricolas,
Centro de Investigaciones Agricolas del Noroeste (CIANO)

1979

Apartado Postal N° 515
Ciudad Obregén, Sonora

Director: Ernesto Samayou Armienta

CIANO is the northwestern agricultural research center located near Het-
mosillo, Sonora. CIANO conducts research on jojoba and other arid-land
crops.

MEXICAN RESEARCH INSTITUTIONS

Centro de Investigaciones Biolégicas de Baja California (CIB)
1980

Melchor Ocampo N° 312
La Paz, Baja California Sur

Director: Félix Cérdoba
CiB conducts studies on jojoba and other arid lands plants.

Centro de Investigaciones Cientificas y Tecnolégicas
de la Universidad de Sonora (CICTUS)

1981
Hermosillo, Sonora
Director: Xicoténcatl Murietta

CICTUS is the technological research center at the University of Sonora.
CICTUS studies jojoba, halophytic cultivation with seawater, canaigre,
shrimp and natural resources development.

Publications: Miscellaneous papers

Centro de Investigacién en Quimica Aplicada (CIQA)
1981

Saltillo, Coahuila

General Director: Enrique Campos Lépez

CIQA is involved in arid lands development. Researchers at CIQA have
worked on the development of jojoba, candelilla, guayule, and other natural
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resources of the Chihuahuan Desert. CIQA is particularly interested in
developing new crops for marginal lands.

Publications: Desierto y Ciencia

Instituto de Investigacién de las Zonas Desériicas

1977

Plaza de Fundadores
San Luis Potosi, San Luis Potosi

Director: Fernando Medellin-Leal

The Instituto de Investigacion de las Zonas Desérticas is affiliated with
the Universidad Auténoma de San Luis Potosi. The institute’s main interest
is renewable natural resources in the arid zones of Mexico. Studies have
included the flora, geohydrology and fauna of the arid zone of San Luis
Potosi.

Universidad Auténoma Agraria Antonio Narro (UAAAN)

1979
Saltillo, Coahuila
Research Director: Aristeo Acosta Carreén

UAAAN was named by the United States-Mexico Mixed Commission on
Scientific and Technical Cooperation as one of the responsible institutions
for developing guayule, jojoba and candelilla as commercially viable new
crops.

Universidad Auténoma Chapingo

1978

Domicilio Conocido,
Chapingo

Rector: Rogelio Posadas del R.

Research interests of the Universidad Auténoma Chapingo include agricul-
tural economics agricultural industries, irrigation, rural sociology and soil
science.

Publications: Agrociencia
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Escuela Superior de Agricultura Hermanos Escobar

1981

Carretera Panamericana Km. 12 1/2
Ciudad Juédrez, Chihuahua

Director: Fernando Rincén Valdez

The Escuela Superior de Agricultura is working on a study of the ecology
of the arid and semiarid zone of the state of Chihuahua. The University of
Texas, El Paso, also is involved in this work.

Instituto de Ecologia, A. C.
1978

Apartado 18-845
México 18, D. F.

Director: Gonzalo Haffter

Instituto de Ecologia researches biotic resources conservation, the dynamics
of ecosystems, animal ecology and biogeography.

Instituto de Investigaciones de Estudios Superiores Noroeste (IIESNO)
1981

Hermosillo, Sonora

Director: Carlos E. Pefia

IIESNO was established in 1978 to perform social science research. Areas
of concern include nutrition and food science with future plans for work in
integrated regional development. A name change to Centro de Investigaciones
de Agricultura y Desarrollo Econémico (CIADE) is planned.

UNITED STATES GOVERNMENT AGENCIES

National Science Foundation {NSF)

1981

1800 G. Street N. W.
Washington, D. C. 20550

Director: John B. Slaughter

NSF promotes international cooperation through science. Activities include
cooperative scientific research activities, and the execution of jointly designed
research projects.
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United States Department of Agriculture (USDA)
1981

Washington, D. C. 20250

Secretary of Agriculture: John R. Block

The USDA was named by the United States-Mexico Mixed Commission on
Scientific and Technical Cooperation as the United States lead agency in
developing new crops for marginal lands. Particular emphasis was placed
on the crops guayule, jojoba and candelilla. The USDA also is involved
in monitoring desertification.

United States Deparment of Agriculture, Office of International
Cooperation and Development (OCID)

1981

United States Department of Agriculture
Washington, D. C. 20250

Director: Quentin M. West

OCID directs USDA efforts in international development, technical cooper-
ation, and food and agriculture research. OCID also provides scientific and
institutional resources from United States agriculture to United States
and international organizations that carry out development assistance pro-
grams.

United States Deparment of Agriculture, United States Salinity
Laboratory ’

1981

P.O. Box 672
4500 Glenwood Dr.
Riverside, California 92501

Director: Jan van Schelfgaarde

Current research programs of the United States Salinity Laboratory include
breeding crops for enhanced tolerance and using saline waste water for
irrigation and salinity monitoring. Field projects are located in the Imperial
and San Joaquin valleys.
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United States Deparment of Agriculture, Science
and Education Administration (SEA}

1981

United States Department of Agriculture
Washington, D. C. 20250

Associate Director: Clare 1. Harris

SEA participated in the United States-Mexico Mixed Commission Preparatory
Meeting Working Group on Research Development of New Crops, Arid
Lands, and Agricultural Productivity. SEA was designated as one of the
institutions to be involved in the research and development of new crops
such as guayule, jojoba and candelilla. SEA has four regional offices for
agricultural research in the United States. The regional offices cooperatively
manage research artivities in field locations with state agricultural experi-
ment stations.

United States Department of Agriculture, Water Conservation Laboratory,
Agricultural Research Service (ARS)
1981

4331 E. Broadway
Phoenix, Arizona 85040

Director: H. Bouwer

The United States Water Conservation Laboratory is primarily involved in
research on the development and efficient use of water supplies for agricul-
ture in arid regions.

United States Depariment of Energy (DOE)

1980

Forrestal Building
Room 7F089
Washington, D. C.

Contact: Kay McKouoh or Bill Carter

The DOE has a bilateral agreement with Mexico for exchanging information
on solar and geothermal energy. The DOE has been particularly interested in
developing alternate energy sources, emphasizing solar energy in the United
State Southwest.
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United States Department of the Interior, Bureau of Reclamation,
Engineering and Research Center

1980

P. O. Box 25007
Denver Federal Center
Denver, Colorado 80225

The Bureau of Reclamation, Engineering and Research Center assists state
and local governments and other federal agencies in protecting the environ-
ment and quality of life through the development of water resource projects
in the 17 western states and Hawaii.

Publications: Miscellaneous reports and papers

United States Department of the Interior, Office of Territorial
and International Affairs

1981

United States Department of the Interior
Washington, D. C. 20240

Assistant Secretary: Vacant

This Office of Territorial and International Affairs is responsible for coor-
dinating the international affairs of the United States Department of the
Interior. The office analyzes, develops and reviews department policy

programs and explores the opportunities for supporting United States foreign
policy through its natural resource and environmental expertise.

United States Depariment of State (USDS)
1980

2001 C. Street
Washington, D. C. 20520

Contac: Bill L. Long, Director of the Office of Food and Natural Resources
The USDS promotes cooperative activities through the United States-Mexico

Mixed Commission on Scientific and Technical Cooperation. The USDS
also supervises the International Boundary and Water Commission.
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United States Department of State, International Boundary and Water
Commission, United States and Mexico (Comisién Internacional de Limites
de Aguas, México y los Estados Unidos) (IBWC)

1980

4110 Rio Bravo

El Paso, Texas 79902
Commissioner: Joseph Friedkin

Terrenos de Chamizal
Ciudad Judrez, Chihuahua

Commissioner: Joaquin Bustamante Redondo

The IBWC works under the director of the United States Department of State
and the Mexican Secretariat of Foreign Relations. Its responsibilities include
implementing existing treaty provisions, improving water quality, preserving
the international boundary and other water related issues concerning the two
countries.

Statutory State Commission, New Mexico-Mexico Border Commission

1981

Chairman: Lewis R. Sadler
Box 3JBR
New Mexico State University
Las Cruces, New Mexico 88003

Sonora-Arizona Commission (Counterpart to Arizona-Mexico
Commission)

1980

Palacio de Gobierno
Hermosillo, Sonora

Chairman: Governor Samuel Ocafia Garcia
Executive Director: Enrique Arturo Corella

United States Department of State, United States-Mexico Mixed
Commission on Scientific and Technical Cooperation

The United States-Mexico Mixed Commission on Scientific and Technical
Cooperation held its first meeting about agriculture in 1979. The Com-

3
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mission plans to develop jojoba, guayule, and other agricultural products
and to promote cooperation in desertification and forestry. Studies suggested
by the Commission include evaluations of different systems of establishing
grasslands, the influence of diverse management practices and the produc-
tivity of forages, the development of improved varieties of native pastures
of the arid areas, evaluation of introduced grasses and other related activities.
The Commission includes representatives from CONAZA, CONACYT, CIQA,
the United States Department of Agriculture, and the United States Depart-
ment of Commerce. Bilateral working groups are established as needed for
joint program planning and coordination.

United States Geological Survey, Water Resources Division,
Western Division

1981

345 Middlefield Road
Menlo Park, California 94025

The Water Resources Division of the United States Geological Survey
conducts field studies in the arid and semiarid western United States with
special emphasis on water resources.

United States Man and the Biosphere (MAB)
1981

United States Department of State
Washington, D. C. 20520

Director: Don King

MAB is an ongoing activity of the United Nations Educational, Scientific
and Cultural Organization (UNESCO) studying biosphere reserves. One
joint United States-Mexico project involves the Michilia, Durango, and
Beaver Creek/Flagstaff, Arizona, areas, which have similar vegetation.

UNITED STATES RESEARCH INSTITUTIONS

Arizona Agricultural Experiment Station
1981

University of Arizona
Tucson, Arizona 85721

Director: L. W. Dewhirst

Research activities of the Arizona Experiment Station emphasize problems
unique to arid regions, including water conservation techniques on tradi-
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tional crops, the development of new crops such as jojoba and guayule, the
improvement of water harvesting techniques and the development of alter-
native energy sources.

Arizona-Sonora Desert Museum

1381

P. O. Box 5607
Tucson, Arizona 85703

Director: Dan Davis

The Arizona-Sonora Desert Museum’s research program includes a formal
agreement with Mexico to breed the endangered Mexican wolf. Other
breeding programs for endangered species from the Sonoran Desert region
are in progress. Research on new arid lands crops is being pursued.

Publications: Annual report, quarterly newsletter, docent notes

Arizona State University

1981
Tempe, Arizona 85281

Director Engineering Research Center: Charles Bockus

The Arizona State University was named as one of the responsible institutions
to develop guayule, jojoba and candelilla as viable new crops for arid
regions. The Engineering Research Center is particularly interested in land
use and arid lands agriculture.

Arizona State University, Division of Agriculiure, Center for New Crop
Applied Science and Technology (NEWCAST)

1981

Tempe, Arizona 85281

Director: Richard Chalquest

NEWCAST was established to develop new commercial crops from arid
and semiarid land plants. Research artivities have included studies of jojoba,

guayule, winged bean and leucaecna. Educational and training programs
leading to the commercialization of these new crops are provided.
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Boyce Thompson Southwestern Arboretum
1981

University of Arizona
P. O. Box AB
Superior, Arizona 85273

Curator of Botany: Frank S. Crosswhite

Research projects of the Boyce Thompson Southwestern Arboretum on
ground covers, arid land legume trees and seed longevity are in progress.

Publications: Desert Plants

Chiﬁuéhudn Desert Research Institute (CDRI}
1980

P. O. Box 1334
Alpine, Texas 79830

Director: Dennis J. Miller

CDRI conducts educational and research programs to promote awareness
of the Chihuahuan Desert. Past projects have included surveys and studies of
Chihuahuan Desert fauna, groundwater geology and fire ecology.

Publications: The Chihuahuan Desert Discovery

Consortium for International Development (CID)
1981

5151 E. Broadway Blvd.
Tucson, Arizona

Director: John Fischer

CID is an organization of universities in the western United States. CID
provides an interdisciplinary staff to work on problems involving arid
land resources and the people who use them. Competencies include: research,
information dissemination, technology transfer and technical assistance.

Desert Botanical Garden

1981

P. O. Box 5415
Phoenix, Arizona 85010

Director: Charles A. Hucking'

Interests of the Desert Botanical Garden include desert trees and shrubs,
and arid land horticulture and taxonomy.
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Desert Research Institute {DRI)

University of Nevada System
Reno, Nevada 78507

President: Floyd P. Smith

DRI’s Atmospheric Sciences, Water Resources, Energy Systems, Bioresources
and Social Sciences centers conduct research related to the problems of
arid zones. ‘ '

Publications: Anual reports, technical reports, reprint series and newsletter

International Center for Arid and Semi-Arid Land Studies (ICASALS)
1981

P. O. Box 4620
Texas Tech University
Lubbock, Texas 79409

Director: Harold Dregne

ICASALS was created to identify, interpret and seek solutions to the
problems of the world’s arid and semiarid regions. Current research includes
a program to increase production of sorghum and millet in Niger.

Publications: Arid Lands Plant Resources

Native Plants Inc.
1981

360 Wakara Way
Salt Lake City, Utah 84108

President: G. Michael Alder

Present activities of the Native Plants Inc. include extensive research on
tissue culture, production of plants for reclamation and resource assessments.

New Mexico State University (NMSU)
1981
Las Cruces, New Mexico 88003

NMSU’s agricultural economics and agricultural business departments and
Agricultural Experiment Station are studying the economic feasibility of
developing crambe and other potential arid-land crops. : . .
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Texas A & M University, Center for Strategic Technology,
Texas Engineering Experiment Station .

1981
College Station, Texas 77843
Contact: Dan Bragg

Recent projects of the Center for Strategic Technology have included a
study of the market potential of guayule.

University of Arizona, Environmental Research I.uborqtqry (E_Rl.) :
1981

Tucson International Airport
Tucson, Arizona 85706

Director: Carl N. Hodges

The ERL develops systems for increasing food supplies and conserving
energy in the desert regions of the world. Projects have included research
on the potential of halophytes as food and forage crops and use of the
controlled environment greeenhouse to farm shrimp. ' '

University of Arizona, Plant Sciences Department
1981

College of Agriculture, Room 201
Tucson, Arizona 85721

Head: LeMoyne Hogan

Plant Sciences Department activities have included research ‘on buffalo
gourd, jojoba, tepary beans and cotton.

University of Arizona, Laboratory of Tree-Ring Research
1980 '

College of Earth Sciences
Tucson, Arizona 85721

Director: Bryant Bannister

Curtently, the Laboratory of Tree-Ring Research is reconstructing past
environmental conditions through precisely dated tree-ring -chronologiés.
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Through this study it is hoped that future climatic variations and the
resulting impact on water supplies in the United States West may be
anticipated.

Publications: Papers of the Laboratory of Tree-Ring Research and the
Tree-Ring Bulletin

University of Arizona, Office of Arid Lands Studies (OALS)

1981

845 North Park Avenue
Tucson, Arizona 85719

Director: Jack D. Johnson

OALS is a research information center that addresses problems related
to understanding, regenerating and developing the world’s arid lands.
Research topics include: economic botany, remote sensing, natural resources
development and management, desertification, energy, technology transfer
and land-use planning. As a clearinghouse for arid lands information, OALS
provides specialized bibliographic searching and compilation, document
translation and research support.

Publications: Arid Lands Abstracts, Arid Lands Newsletter, Arid Lands
Resource Information Papers, annual reports and monographs

University of Arizona, Water Resources Research Center

1981

A. E. Douglass Building, Room 102
Tucson, Arizona 85721

Director: Sol D. Resnick

The Water Resources Research Center is an interdisciplinary organization
concerned with water-related research investigations within the three state
universities of Arizona. Investigations include water harvesting, evaporation
suppression, seepage control and urban hydrology.

Publications: Published papers, annual reports and project completion reports

University of Texas, El Paso, Department of Geological Sciences
1981

El Paso, Texas 79968

Contact: Robert H. Schmidt, Jr.

Climatological studies of the state of Chihuahua are being conducted in
cooperation with the Escuela Superior de Agricultura, Hermanos Escobar.
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University of Utah, Geography Department

1400 East 2nd South
Salt Lake City, Utah 84112

Contact: Merrill Ridd

The University of Utah Geography Department worked with CIQA on an
inventory of wild stands of guayule in Mexico.

COMMISSIONS

Commissions were established to further good relations between the United
States and Mexico and, in particular, the border states. Areas of interest
include: tourism, agriculture and livestock, commerce and industry, banking
and finance, education, public health, art and culture, and law.

Arizona-Mexico Commission (Counterpart to Sonora-Arizona
Commission)

1981

Office of the Governor
P. O. Box 13564
Phoenix, Arizona 85002

Chairman: Governor Bruce Babbitt
Executive Director: Antonio Certiosimo

Commission of the Californias, State of California
1981

107 South Broadway, Suite 4007
Los Angeles, CA 90012

Chairman: Lieutenant Governor Mike Carb
Executive Director: Leonard P. Breijo

Good Neighbor Commission of Texas
1980

Box 12007
Austin, Texas 78711

Chairman: Manuel Jara
Executive Director: Bob Watson



APPENDIX B

POTENTIAL CROPS

A brief discussion of some potential new crops is presented in the body
of the text. This appendix lists some of the more promising arid-land plants
that appear in the literature or that are currently being researched. This list
indicates the wide variety of plants that are worthy of investigation and the
number of products that might be derived from them. Included with the des-
cription of each species are references to more detailed discussions of the
plant characteristics or the research that is being conducted.

Acacia spp.
[Duisberg and Hay, 1971]

Tannins are produced commercially from Acacia decurrens. Plantations
of A. decurrens are maintained in its native Australia and in South Africa.
The adult plant yields 20 to 25 kg. of bark. The bark is about 35 percent
tannin. Acacia bark is one of the best and most important tanning agents.

Gums have been produced commercially from A. senegal in the Sudan
and from A. astragalus in Iran. To date, gum production from arid-lands
plants has depended greatly upon raw material harvested from wild stands.

Agave spp.
[Duisberg and Hay, 1971]

The Agave is the source of tequila and mescal. Its seeds are made into
flour, and the blossom exudes a sweet nectar considered a rare treat by
American Indians. The Agave probably has experienced the greatest economic
and industrial development of any arid-land plant. The Agave may be the
most utilized arid-land plant family. Species such as A. sisalana are cultivated
extensively in Mexico, Haiti, Israel, Kenya, Mozambique, Cuba, Brazil,
Indonesia, and Tanzania. The following excepts from Duisberg and Hay
(pp. 252, 248-249) indicate the extent of Agave use:
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“_ . Henequen from Agave fourcroydes is primarily produced in the
Yucatan, Mexico. More than 100,000 hectares are in production in
the Yucatan...

»The average fiber production in the Yucatan plantations is about
1000 kilograms per hectare annually, or about 7 percent of the leaf
weight. The juice and the bagasse remaining are used only for
fertilizer. Considerable work has been done to try to develop products
from other constituents, including the 0.2 percent of wax. In the
case of Agave sisalana in Tanzania, the asponin hecogenin, a precursor
of cortisone, is produced as a byproduct, even though the concentration
in that species is low for the Agaves.

”Sisal is from Agave sisalana, also indigenous to Mexico, but
interestingly enough, the plant is not grown there to any extent. It is,
however, the principal hard-fiber desert plant grown in most other
countries.

”The henequen and sisal industries are the largest and most
advanced desert-plant industries. The United States, for instance,
imports a total of 175,000 to 300,000 tons of fiber per year.

»The Agave lechuguilla is common in northern Mexico and western
Texas of the United States in areas averaging 150 to 200 mm. of
rainfall; it is the source of the hard fiber ixtle. The last attempt at
industrialization of this resource failed in the United States about
1950. Mexican production has shown a downward trend.

»...In Mexico the alcohol tequila is made from Agave tequilana
and the related species, and the alcohol mescal from Agave atrovirens.
In both cases the central portions, or heads, are cooked in ovens to
convert the glucosides into sugars. The juices are then extracted,
fermented, and distilled. The distilling equipment is generally rudi-
mentary and fiber is produced as a byproduct.”

Amaranthus spp. :
[Felger, 1975 and 1979; Feine, et al., 1979}

Desert Indians have used the seeds and leaves of amaranth extensively.
All amaranth seeds are edible and contain about 17 percent protein and
7 percent oil.

Amorpha canescens (lead plant)
[Newton, et al.,, 1981; Foster and Brooks, 1981]

Under sponsorship from Exxon Enterprises, Texas A & M University has
screened more than 2,000 plant species in a search for high biomass-producing
arid ‘land plants. Amorpha canescens is considered one of several potential
species for energy crops on semiarid lands (see Table 2, from Foster and
Brooks, 1981). .
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Amsonia spp.
[McLaughlin and Hoffmann, 1982]

The University of Arizona has identified eleven plants (including Amsonia
spp.) with the potential to produce biocrude for $ 15 per million Btu. or less.
See Table 3 (from McLaughlin and Hoffmann, 1982) for an analysis of
these potential arid land crops based on morphology, extractables, yields
and costs.

Artemisia tridentata (big sagebrush)
[Foster and Brooks, 1981]

Big sagebrush is the most widespread and common shrub of western
North America. It is especially common in the Great Basin. This species
covers approximately 226,000 square miles in the 11 western United States.
It grows in a variety of soils on arid plains, valleys and foothills and on
slopes from 1,600 feet to 11,200 feet.

Although it is tolerant of alkaline as well as acid soils, its optimum
growth is in deep, fertile, alluvial loams. No biomass yields have been
reported.

Asclepias spp. (milkweed)
[Foster and Brooks, 1981; McLaughlin and Hoffmann, 1982]

Desert milkweed grows on dry slopes and coarse soil where water is
available infrequently or on depressions where soil moisture is more enduring.
The desert milkweed is a perennial herb with a deep root system penetrating
6 feet to 7 feet. Milkweed is estimated to yield 20 percent liquid hydro-
carbons (dry weight) having heating values up to 15,000 Btu. per pound.
Yields have been projected to approximately 18 tons per hectare annually.
Species of interest include Asclepias speciosa, A. subulata, A. erosa, A.
latifolia, A. mexicana, A. eriocarpa, and A. albicans. (See also Table 3.)

Atriplex spp. (saltbush)
[Foster and Brooks, 1981]
The saltbush is one of many halophytes being studied for the possibility

of growing food or forage crops with salt water or on salty lands. Some of
these plants may have the ability to remove salts from the soil, thus they
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may serve the dual purpose of reclamation as well as production of food
or fodder.

Baccharis havasdii (careless weed)

See Table 2.

Bothriochloa turbinodis (cane bluestem)

See Table 2.

Cactus Family
[Coyle and Roberts, 1975; Duisberg and Hay, 1971]

The cactus family includes several thousand species. Coyle and Roberts
prepared a guide to plants of the Baja California region that offers brief
explanations regarding uses of arid-zone plants. Por example, the fruits of
the Ferocactus genus (barrel cactus) can be fried or stewed and eaten. The
pulp of the stem can be chewed for its water content. Indians used the barrel
cactus as cooking pots by cutting off the tops, scooping out the pulp, and
placing hot stones into the cavity to heat food.

Peasant peoples in Mexico and many areas of North Africa and the
European Mediterranean depend on the “tunas”, or fruit of Opuntias as a
major source of carbohydrates and vitamins. In the 1960s a comprehensive
scientific study of Opuntias was initiated in Mexico to produce high-quality
edible fruit and tender pads for vegetables, and forage. Results indicate
that 8 tons per hectare * of fruit are possible with about 700 mm. of
precipitation annually.

The large columnar cactus category includes Carnegiea gigantea (seguaro),
Lemaireocereus thurberi (organ pipe cactus), and Pachycereus pringlei
(cardon), the largest cactus in the world, growing to heights greater than
15 m. While these giant species are very interesting and their fruits and
seeds often are consumed by humans, slow growth and large size may
prevent domestication.

Machaerocereus gummosus (pitahaya agria), a cactus of Mexico’s Baja
California and coastal Sonora, bears fruit along its stems. The fruit is about
the size of a small apple and covered with spines that tend to fall off when
the fruit is fully ripe. The pulp is usually bright crimson-red, very juicy and
both sweet and tart. Pitahaya agria is considered to be among the more
delicious fruits of the world. The pulp formerly was used for making wine.

Cenchrus ciliaris (buffalo grass)

See Table 2.
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Ceratonia (carob tree)
[CONAZA, 1976]

The Comisién Nacional de las Zonas Aridas (CONAZA) reported plant-
ing 4,000 Certonia siliqua (carob tree) near Ensenada, Baja California,
about 12 years ago. Although yield data were not given, carob pods from
these stands are being marketed as a chocolate substitute and as an ingredient
in flour formulations.

Chrysothamnus nauseosus (rabbit bush)
See Table 3.

Chrysothamnus paniculatus
See Table 3.

Cucurbita foetidissima (buffalo gourd)
[Bemis, et al., 1978 and 1979; Waymack, et al., 19761

Potential uses of Cucurbita species include the production of edible oil
and protein by-products from the seed, industrial starch from the roots, and
forage from the vines. The species most often discussed are C. foetidissima
(buffalo gourd), C. digitata, C. palmata (coyote melon) and C. pepo, all of
which may provide good economic returns. A major effort to domesticate
C. foetidissima and to industrialize its production is being undertaken at the
University of Arizona. We report some of this work here.

The plant is perennial, reproduces asexually, grows as a weed in regions
where rainfall is limited, and produces a large crop of seeds rich in oil and
protein. The roots may weigh up to 50 kg. after three or four seasons of
growth. They are mostly starch that can be hydrolyzed chemically or enzy-
matically to glucose (dextrose) for use as a sweetener in foods and beverages.
The vines grow along the ground and because of their protein content
(10 percent to 13 percent) and digestibility, they may have value as forage.

The oil of the seed has a high ratio of unsaturated to saturated fatty
acids that makes it attractive for possible use in foods prepared for human
consumption. Linoleic acid, an essential fatty acid in the diet of humans
and animals, is present in amounts ranging from 50 percent to 60 percent.
Incorporation of the crude oil into the diet of weanling mice in amounts
up to 11 percent of the total diet produced excellent growth with no evidence
of deleterious effects.

A crude oil can be extracted from the seed by a solvent process or by
mechanical pressing. The remaining seed meal, which contains about 45
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percent protein and 45 percent fiber, may be used in raw form as a com-
ponent of animal feeds. Studies with rodents show that the protein quality
of seed meal from C. foetidissima is similar to that of soybean and cottonseed
meal. .

Results of analysis of whole seeds show the presence of 32.9 percent
crude protein and 33.0 percent crude fat. With seed yields of up to 3,000 kg.
per hectare, C. foetidissima produces 1 ton of vegetable oil and 0.5 tons
of protein. Also, an estimated 13.5 tons of crude starch per hectare could be
produced every three years.

Dunaliella spp.
[Kessler, et al., 1981; Ben-Amotz, 1980]

Dunaliella is an algal genus that is cultivated for the production of
chemicals, and has potential to yield other substances including fuel and
petroleum-replacement products. The primary product yielded by Dunaliella
is glycerol. It can constitute up to 85 percent of the alga’s dry weight and
is useful in further bioconversions to produce a variety of product mixes
including thermoplastic resins. The algal biomass also may be converted
directly into high quality liquid fuel by means of a simple extraction process.
Specialty products for which Dunaliella is being cultivated commercially
include —carotene, thiamine, vitamin By, and high-quality protein that
can be used for animal feed.

A major motivation for our involvement in this research is the suitability
of Dunaliella for commercial culture in arid regions. The genus is highly
tolerant of heat, and its salinity tolerance has been demonstrated to be
between the values of 0.2 M and saturated NaCl. It does not require vitamins
or soil extract for growth as do many other algae. Dunaliella is thus ideally
suited for land-based culture in arid regions where saline water is available
from mining, geothermal wells, and as a byproduct of conventional irrigation
agriculture. Many of these waste-water sources are being investigated as
Dunaliella culture media. Integration of algae culture into a water reuse
scheme will augment further the positive environmental impact, and will
improve the economics and energy balance of the system.

Ephedra spp.
[Caldwell, 1965]

Several arid-land plant species have been used to produce medicines,
including ephedrine made from the genus Ephedra for commercial sale.
In China and Pakistan, E. sinica and E. gerardiana, respectively, have been
used to produce ephedrine in large volumes.



Ecology and Development of the Border Region * 49

Euphorbia antisyphilitica (candelilla)
[CONAZA, 1976}

About 2 percent of the Euphorbia antisyphilitica plant is candelilla wax.
Demand for this hard wax (melting point 67.5 C.) has ranked second to
that for wax from carnauba palms, principally for use in floor polishes.

Euphorbia hirta
[Caldwell, 1965]

Euphorbia hirta is a plant used in the manufacture of drugs to treat
asthma and bronchitis.

Euphorbia lathyris (gopher plant)
[McLaughlin and Hoffmann, 1982; Johnson and Hinman, 1980]

Euphorbia lathyris, the gopher plant, is one of several plants being
studied to determine and to maximize its “biocrude” yield. Biocrude is the
term coined at the University of Arizona to define the hydrocarbon and
hydrocarbon-like substance extracted from plants. The biocrude may be
cracked into gasoline or its constituents may be used as higher value
petrochemical feedstock.

A research program to explore further these possibilities began July 1978
at the University of Arizona. Seeds of E. lathyris have been collected from
around the world and are being propagated to select the most productive
strains. Experiments have been initiated to determine nutritional require-
ments and optimal growing conditions for E. lathyris and to identify those
factors responsible for hydrocarbon production in the plant. Various agro-
nomic aspects are being evaluated.

Early growth data, developed through field-plot studies, are inconclusive
with respect to potential biocrude yield. Nonetheless, we estimate that under
proper cultivating conditions including irrigation, existing strains of E.
lathyris annually will produce more than 14 barrels of biocrude per hectare
each year.

Grindelia camporum
See Table 3.

Helianthus annus (sunflower)
See Table 2.
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Kochia scoparia (Kochia fireweed)

See Table 2.

Larrea tridentata (creosot bush)

[Duisberg and Hay, 1971; Timmerman, 1977; Foster and Brooks, 1981]

Creosote bush is one of the most abundant and widespread shrubs of
the Sonoran, Chihuaghuan, and Mojave deserts. It persists in regions with
annual rainfall ranging from 4 inches to 20 inches. It grows on deep, alluvial
soil, on the edges of alkaline flats, on sandy plains, and on the rocky slopes
of volcanic hills. In general, total shrub biomass increases with rainfall.
Annual biomass yields range from 1 dry ton per acre with 6 inches of
natural rainfall to 5.7 dry tons per acre with 16 inches of natural rainfall.
Creosote bush is well adapted to droght conditions.

The practical uses of creosote bush have been reviewed by Timmerman.
Creosote bush is used as a whole plant as a livestock feed, as a medicinal
plant, as firewood and as a roofing material. Creosote bush has many
phenolics, volatile oils, waxes, saponins and free steroids. Creosote leaves
and twigs possess approximately 16 percent resin.

Leucaena retusa (lead tree)

See Table 2.

Parthenium argentatum (guayule)

[Foster and Brooks, 1981; Foster, et al., 1979; CONACYT, 1978;
McGinnies, 1979]

Guayule is an arid-adapted plant with a substantial history of commercial
production. It is native to the Chihuahuan Desert of northern Mexico and
southwestern Texas in areas that have annual precipitation of 16 inches
or less. Guayule is a bushy, perennial shrub that grows to about 2 feet in
height. The plant has an extensive root system that may spread 10 feet
laterally and that may penetrate depths of more than 20 feet.

The primary product derived from guayule is rubber. By-products include
resins that may prove to have substantial economic value as a petrochemical
feedstock. Guayule, under irrigated conditions, has yielded as much as 23
percent (dry weight) resins, waxes, oils, etc. (acetone-benzene extracts).
The bagasse, or plant residue from processing, may be used as a solid fuel
for direct sale or cogeneration.
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United States Forest Service Emergency Rubber Project (ERP) person-
nel planted 32,000 acres of guayule during World War 1I to offset wartime
loss of Hevea brasiliensis (rubber tree) rubber imports. The ERP survey
of the United States Southwest indicated that 37 million acres in California,
Arizona, New Mexico and Texas were technically suitable for guayule
production.

Commercial production of guayule rubber will result in significant quan-
tities of plant matter available for a fuel. Each ton of extracted guayule
rubber produces about 2 dry tons of wood fiber, 0.5 dry tons of resin, and
about 1 dry ton of leaves.

In 1973 the Comisién Nacional de las Zonas Aridas (CONAZA) began
a guayule research and development project. A rubber research production
program was established in 1976. An extraction plant in Saltillo, Coahuila,
México, has begun small-scale processing of material harvested from wild
stands of guayule. CONAZA estimates that a full-scale extraction plant can
produce 30,000 tons of rubber annually from wild guayule plants growing
in the Mexican desert regions.

An increasing number of organizations and individuals throughout the
world, especially in Mexico and the United States, are studying the technology
of growing and processing guayule. However, little attention has been paid
to the social, economic, and political consequences of further developing the
technology. A comprehensive technology assessment (TA) of the effect of
guayule commercialization in Mexico is underway as a joint project between
OALS and the Centro de Investigaciones en Quimica Aplicada (CIQA).
This TA examines the technical, economic, social, and political forces that
might stimulate or inhibit the development of a guayule rubber industry,
the impacts or consequences that this commercialization might bring, the
alternative approaches that are open to government and the private sector,
and the consequences that might be expected from following various policy
options. Funding is provided by National Science Foundation and Consejo
Nacional de Ciencia y Tecnologia (CONACYT).

Pedilanthus macrocarpus

See Table 3.

Phaseolus acutifolius (tepary bean)

[Nabhan and Felger, 1978; Felger, 1978]

Teparies are leguminous annual plants of the Phaseolus genus. Many
species produce edible beans containing about 30 percent protein. Tepary
beans have been harvested from both cultivated and wild populations.
Because teparies grow quickly and require little supplemental water, they
should be considered a potential arid-land field crop.
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Pinus eldarica (Mondale or Afghanistan pine)

[Weber, 1981]

Many plants growing in arid lands are or have been used for cooking
or as heating fuel, but often their use has led to environmental problems.
Destruction of tree stands disturbs the habitat and hydrological regime.
Soil stripped of plant cover becomes eroded, and desertification occurs.
While there is great potential for use of trees such as Acacia, mesquite, and
desert ironwood for fuels, their use can be successful only when cropping
is accompanied by an appropriate reforestation program. Pinus eldarica is
receiving considerable research attention because of its tolerance to high
temperature as well as its rapid growth rate.

Prosopis (mesquite)
[Foster and Brooks, 1981; Felker, 1979]

Mesquite is a thorny, deciduous, large-crowned and deep-rooted shrub or
tree growing up to 30 feet in height, depending on the variety and site.
1t is a native of the United States Southwest, Mexico, Africa, Venezuela and
Colombia. Mesquite grows on a variety of soils and does well on sandy
soils. Required annual rainfall is from 6 inches to 24 inches. Mesquite’s
woody habit and long tap root contribute to the plant’s ability to withstand
drought. Mesquite stands have been reported thriving in a chloride-plus-
sulfate groundwater concentration of 6,600 ppm. Felker suggests this kind
of tolerance makes mesquite a good candidate for the use of spent power
plant cooling water in portions of the United States Southwest.

Mesquite has been used historically for fuel in all four continents in
which it is presently found. Some mesquite species have annual timber
yields of 1.3 to 3.5 dry tons per acre. If mesquite’s annual above-ground
timber volume yields 1.8 dry tons per acre in regions of 10 inches annual
rainfall as reported, then total annual potential wood production of about
5.2 dry tons per acre is implied from mature trees under the same rainfall.

Prosopis (mesquite) beans were and in some areas still are the staple
in the diet of many North and South American Indians; however, mesquite
is considered a pest in many parts of the southwestern United States. Its
control has been the object of much research in this country, even though
a related species is cultivated in South America for cattle food.

Rumex hymenosepalus (canaigre)
[CONAZA, 1976]

Tannins are produced commercially from Rumex hymenosepalus (canaigre).
Mexico hopes to provide all of its leather tanning needs by planting 2,000
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hectares of canaigre. Preliminary research in Mexico indicates a yield of about
40 tons per hectare.

Salsola kali (tumbleweed or Russian thistle)
[Foster, et al., 1980; Karpiscak, et al., 1981; Hageman and Fowler, 1977]

One particularly innovative approach to the production of solid fuels in arid
lands is the use of Russian thistle (Salsola kali), a weed accidentaly introduced
into the United States late in the 19th Century. Russian thistle germinates
quickly on disturbed soils, has a high water-use efficiency, and is relatively
free from diseases and parasites.

Research conducted at the University of Arizona Bioenergy Research
Facility (BRF) has demonstrated that Russian thistle can be harvested with
commercially available equipment. Yields of natural stands growing on
retired farmland near the City of Tucson have averaged 1.0 to 1.5 tons per
acre per year. In New Mexico, fertilized and irrigated stands harvested
twice annually yielded 4.5 tons per acre per year.

BREF staff have harvested approximately 50 tons of biomass and converted
it into modules, cubes or bales. Preliminary tests in residential fireplaces
and woodburning stoves have indicated excellent burning time and heat
production from manufactured Russian thistle logs (Tumblelogs). About
10,000 Tumblelogs are being distributed to the public for evaluation.

Simmondsia chinensis (jojoba)

[Sherbrooke, 1979; Sherbrooke and Haase, 1974; Yermanos, 1978;
Hogan, 1979]

The jojoba shrub grows naturally in the Sonoran Desert of the United
States and Mexico. Jojoba seeds contain about 50 percent oil by weight.
Jojoba has appeared in the botanical literature since 1821. The earliest
records of its uses are in correspondence from Eusebio F. Kino to King
Phillip V dated 1701. Kino referred to the medicinal value of the fruit of
jojoba, as did the Italian Jesuit Clavijero in 1789, who described a medicinal
use of jojoba “berries”. The oil expressed from jojoba seeds is similar to
sperm whale oil. Jojoba seeds are harvested entirely from natural stands.
Qil expressed from these harvested seeds is being sold in limited quantities
for an average price of § 14 per kg. The oil content of the seeds does not
decrease with long-term storage. Jojoba oil is remarkably resistant to bacterial
degradation, probably because bacteria cannot cleave and metabolize the
long-chain esters it contains, mostly hydrocarbons containing 38 to 44 carbon
atoms.

Jojoba oil has potential uses as a fuel, as a chemical feedstock and,
because it does not become rancid, as a replacement for vegetable oils in
foods, cosmetics, and hair oil. The oil also can be a source of long-chain
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alcohols, anti-foaming agents, and lubricants. The hydrogenated oil is a
hard, white crystalline wax. It has potential uses in making floor and auto-
mobile waxes, waxing fruit, impregnating paper containers, manufacturing
carbon paper, and in making candles that have slow-burning and wilt-
resistant qualities.

Approximately 1,500 hectares of commercially planted jojoba exist in
California, 700 in Mexico, 400 in Arizona, and lesser amounts in Florida,
New Mexico, and Texas. Jojoba also is grown commercially in Australia,
Israel, Saudi Arabia, Iran, Egypt, Jordan, and Ghana. To our knowledge,
no one affiliated with these plantations has reported yields of jojoba seeds,
although we anticipate that yield data will be presented at the Fifth Inter.

national Conference on Jojoba and Its Uses held in Tucson, October 11-15,
1982.

Sorghum spp.
See Table 2.

Sporobulus airoides (alkali sacaton)
See Table 2,

Xanthocephalum gymnospermoides
See Table 3.

Yucca spp.
[CONAZA, 1976]

CONAZA is conducting research on Yucca. A large Yucca industry is
anticipated in Mexico based on uses of plant products such as chemicals,
medicines, food, and alcohol. CONAZA has forecast an annual production
capability in Mexico of 400,000 liters of candelilla, which can be used as a
fruit-preserving emulsion. In 1975 to 1976, 10,000 liters of a candelilla deriva-
tive emulsion were produced and sold to preserve limes.

Zostera marina (eelgrass)
[Felger and Moser, 1973]

The sea grasses, of which there are about 50 species, thrive in the saline
habitats of coastal deserts and in near-shore ocean waters and estuaries. The
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seed of Zostera marina (eelgrass) was one of the most important traditional
foods of the Seri Indians in northwestern Mexico and is still harvested
occasionally by them. Its seed has about 13 percent protein and 50 percent
protein starch.

Other Species

The ethnobotany of many other plants has been reported in the literature.
Arid land plants have been used for construction, arrows, fishhooks, drills,
flutes, dyes, medicines and hallucinogens. We have not attempted to list all
plants with known uses, rather we have prepared a representative list to
indicate the direction of some research and the obvious need to do more.
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LOS RECURSOS NATURALES BIOTICOS EN EL MARCO
DE LA ECOLOGIA TRANSFRONTERIZA
DE MEXICO Y EE.UU.

MANUEL SERVIN-MASSIEU

PrOLOGO

La intencién de estas notas es esencialmente invitar al lector a una
reflexién sobre algunos de los interrogantes que plantea esa faceta emer-
gente de la ecologia que se refiere a los problemas de recursos naturales
entre paises. Para ello centramos el andlisis en algunos recursos bibticos
comunes. Pretendemos también llamar la atencién sobre la necesidad de
elaborar una Teoria Ecoldgica Transfronteriza que propotcione el marco
adecuado a los convenios, programas y acciones que para el caso se
emprendan bilateralmente. Nuestra intenciébn no es usar la retérica
catastrofista usual que busca horrorizar con las consecuencia de los
pecados contra el equilibrio de la naturaleza para conmover al intere-
sado; este tipo de mensaje a estas alturas hace tan poco efecto contra
el pecado como los sermones de domingo. No sorprende dicha ineficacia
pues en gran medida los problemas del medio ambiente tienen implica-
ciones profundas de indole politica, social e histéricamente predetermi-
nadas. No son exclusivamente problemas técnicos.

La ecologia es una ciencia o conjunto de ciencias que apuntan a la
comprensién de las interrelaciones entre los seres vivos y el mundo
que los rodea, lo cual subsume el rol del hombre.! La ecologia entonces
es una ciencia totalizadora, o interdisciplinaria como se dirfa hoy en
dia, no siendo recomendable abordar los problemas en forma aislada,
ya que, aunque se haga de manera correcta, se corre el riesgo de perder
la visién de conjunto. Es mds, a 123 afios de Darwin no es justificable
facilmente que el hombre se sitde frente a la naturaleza como algo
distinto a ella, debe incluirse como uno de los tantos hilos en la com-
pleja trama de la vida en la tierra. Revisando uno de los textos més

1 R. J. BENNET y R. J. CHORLEY, Environmental Systems: philosophy, analysis
and control, London, Methuen and Co. Ltd., 1978.
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populares en este campo? entresacamos componentes de por lo menos
las siguientes édreas: biologia, demografia, quimica, matemética, fisica,
termodindmica, oceanologia, minerfa, climatologia, genética, fisiologia,
bioquimica, epidemologia, agronomia, geofisica y varias mds. Por esto
dificilmente se puede dar a la ecologia una sola visién. Pese a los bi-
logos que reclaman el derecho a la paternidad, esa visién integral que
es la ecologia puede obtenerse bajo distintas Opticas.

Si bien nuestro andlisis se refiere a la situacién de los recursos
naturales bi6ticos, hemos procurado no hacer un anélisis muy reduccio-
nista de manera que se pueda, en la medida de lo posible, integrar al
conjunto de los andlisis que presentardn otros investigadores en esta
reunién y que cubrirdn aspectos importantes como son los atmosféricos,
los hidroldgicos, los sociales y demas.

Vegetacion y Fauna: Esbozo de Inventario

La zona fronteriza del norte de México con los Estados Unidos estd
representada por 6 de las 32 entidades federativas que integran la Re-
ptblica Mexicana. Dichos 6 estados ocupan el 40% del total de la
superficie de nuestro pafs. La colindancia fronteriza en los E.U.A.
se da a lo largo de 3,326 km. del &rea continental terrestre. Dicha
franja de terrenos en el hemisferio norte del continente redne caracteris-
ticas tales que permiten una gran diversidad ecolbgica. Esta diversidad
se da por la ubicacién geografica de la franja en los limites del Trépico
de Céncer, por lo accidentado de la fisiografia producto de una historia
geotecténica activa, por la situacién entre las dos mayores masas ocea-
nicas del planeta que ejercen una influencia climética acentuada, y por
el caricter de transicién entre las dos grandes regiones biogeogréficas, la
Neértica y la Neotropical.

Los climas dominantes son los desérticos y esteparios caracterizados
por la escasez e irregularidad en la distribucién de las lluvias y periodos
de sequia que se pueden alargar por 7 a 11 meses. Reyes * ha dividido la
zona fronteriza en cinco provincias bidticas principales que analiza con
detalle en un trabajo reciente:

1. Provincia bidtica californiana, situada en la parte noroeste del
Estado de Baja California Norte, sobre las sierras de Judrez y
de San Pedro Martir.

2 P. H. EruicH, A. H. EriicH y J. P. HoLbREN, Ecoscience: population,
resources, environment, San Francisco, Freeman and Company, 1977.

3 P. REYES, El escenario ecoldgico del norte de México, trabajo no publi-
cado, 1980.
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2. Provincia bidtica sonorense, que ocupa gran parte de la penin-
sula de Baja California y las partes bajas de Sonora. Coexisten
en ella especies boreales y tropicales aunque dominan las se-
gundas, adaptadas a las condiciones de sequedad.

3. Provincia bidtica chihuahuense, en la parte septentrional del
Altiplano mexicano entre las sierras Madre Occidental y Orien-
tal de los Estados de Chihuahua, Coahuila, Nuevo Leén y Ta-
maulipas. Se extiende hacia los E.U.A. y el norcentro de México.
Tiene abundancia de plantas y de animales. Flora y fauna de
afinidades tropicales y boreales templadas.

4. Provincia bidtica tamaulipeca, se localiza en las partes bajas al
sur del Rio Bravo de los estados de Coahuila, Nuevo Lebn y
Tamaulipas. Es menos 4rida que las anteriores y un activo corre-
dor de fauna y flora con el sur y sureste de E.U.A. Es 4rea de
sustento para migraciones de aves.

5. Provincia bidtica de la Sierra Madre, que ocupa los sistemas
montafiosos, la Sierra Madre Occidental en los estados de Chi-
huahua y Sonora y la Sierra Madre Oriental en los de Coahuila,
Nuevo Leén y Tamaulipas. Se caracteriza por su variacién en
humedad y diversidad de altitudes. Flora y fauna relacionadas
con la boreal o templada del norte; muchas variaciones y adap-
taciones.

Para dar idea general de la riqueza botdnica de México, puede
sefialarse que con mds de 20,000 especies probables de plantas vascu-
lares, México tiene una flora mds vasta que la de la Unidén Soviética
y del mismo orden que la de EU.A. y Canadd juntos. Sin embargo,
en lo general, son més las semejanzas que vinculan a la vegetacién de
México con la del Oeste, que con la del Este de E.U.A. por causas
evidentes de 1) Colindancia directa, 2) Semejanzas fisiograficas y
3) Semejanzas climdticas.!

Los ecosistemas més abundantes para cada provincia bibtica pueden
resumirse asf:

1. Provincia californiana

a) Chaparral perennifolio, formacién tGnica en México representada
por diversos arbustos, matorrales, chamisos, encinos diversos y ma-
drofios.

4 J. Rzepowskl, La Vegetacién de México, México, Limusa, 1980.
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b) Bosques de encino, en las laderas de las sierras con predominio
de especies arbéreas de encinos, enebros y madrofios.

¢) Bosque de pino-encino, en las partes altas y laderas més hiime-
das, diversas clases de pinos, cedros y encinos.

La fauna propia de la provincia es escasa en vertebrados siendo los
més caracteristicos la codorniz de montafia y la ardilla aunque se encuen-
tran también codorniz, huilota, torcaza, liebre, conejo, tlalcoyote, zorri-
llo, puma, gato montés y, todavia, venado bura. El céndor de california
estd en vias de extincién y el oso plateado se ha extinguido por com-
pleto. Existe también una diversidad de aves migratorias que invernan
en esta drea como el ganso de collar, el pato boludo, el pato chillén y la
negreta.

2. Provincia sonorense

a) Matorral desértico, muy extendido y con gran ntimero de varian-
tes. Se encuentran gobernadora, ocotillo, magueyes, nopales, varias cac-
ticeas, palma, jojoba y otras.

b) Mezquital, en amplias extensiones dominan el mezquite, hua-
muchil y otras leguminosas, pastos y herbdceas anuales.

¢) Manglar, ocupa é4reas muy localizadas, con mangle rojo y bo-
toncillo.

d) Selva baja caducifolia, formacién -caracteristicamente tropical
que alcanza su limite norte en Sonora y Baja California; encuéntrase
en lugares mds himedos y cafiadas, la ceiba y las burseras.

La fauna incluye liebre, ardillas, rata almizclera, codornices, tor-
tuga, nutria y zorra. También algunas especies tropicales como tlacuache,
armadillo, tején, jabali, chachalaca, tigrillo y jaguar. Los grandes ma-
miferos como el venado cola blanca, el bura, el borrego cimarrén y el
berrendo atin existen, pero estdn sujetos a fuerte presién antropogénica
y amenazados de extincién. Otras especies presentes en esta provincia
son el coyote, la zorra, el cacomixtle, el mapache, los zorrillos y el puma.

-En esta provincia todavia se encuentran animales con afinidad bo-
real, que alcanzan su limite sur en ella, como los gansos, patos, grulla,
y castor. Son muy numerosos los pequefios vertebrados como las ser-
pientes de cascabel, lagartijas y roedores de los que existen una diversi-
dad de especies.



Ecologia y Desarrollo de la Regién Fronteriza * 63

3. Provincia chihuahuense

a) Matorral desértico, que ocupa grandes extensiones, con algunas
variaciones locales. Es caracteristica la gobernadora, el guayule, la can-
delilla, la lechuguilla, el ocotillo, hojasen, nopales, garambullo, magueyes
y numerosas cactdceas y herbiceas anuales.

b) Pastizal, es el drea continua mds extensa de México cubierta con
esta formacién natural. Dominado por gramineas. Los zacates mds
caracteristicos incluyen la navajita y cinco géneros més.

¢) Bosques de encino y/o pino, existen en ciertas partes de la sierra
de Chihuahua y Coahuila. Dominan los encinos con diversas especies
asi como enebros y pinos.

La fauna de esta provincia es semejante a la de la provincia sono-
rense, aunque tiene algunas caracteristicas propias como la existencia
de tortuga gigante y ausencia de animales més tropicales como el arma-
dillo y el tlacuache. Como en otras provincias, se encuentran en ésta al
limite de su extincién, el borrego cimarrén, el berrendo, el oso negro,
y el lobo. Es notable también la regresién de aves migratorias acudticas
como los gansos, patos, gallaretas, grullas, como consecuencia de la
desecacién y desaparicién de cuerpos de agua dulce.

Son caracteristicos del area, la codorniz escamosa, la zorra nortefia,
tlacoyote, zorrillo, gato montés, los venados bura y cola blanca. Tam-
bién son de amplia distribucién el coyote, puma, conejo, cacomixtle y
liebre. Los pequefios vertebrados abundan, tales como serpientes, lagar-
tijas y roedores.

4. Provincia tamaulipeca

a) Matorral espinoso, dominado por mezquite, huizache, nopal, cac-
taceas, garambullo, yuca y palma. También huamdchil y en algunos lu-
gares encinos.

b) Selva tropical caducifolia, formada por édrboles que pierden sus
hojas en la estacién de secas y exuberante en la de Iluvias. Dominan
palo mulato, huamdchil y palo blanco.

¢) Manglar, localizase al sur de Tamaulipas con el mangle rojo en
su limite norte ademés de otros mangles.

Destaca en cuanto a la fauna, la penetracién de especies tipicas del
trépico que alcanzan su limite norte. Se encuentra el hocofaisdn, cojo-
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lite, venado temazate, venado cola blanca, jaguar, jabali y en las costas,
las 4reas de ovoposicién de tortugas. Los numerosos cuerpos de agua
dulce y salobres albergan una rica fauna de aves migratorias y residentes.
Hacia el sur es notable la anidacién de gran cantidad de pericos y
cotorras. i

5. Provincia de la Sierra Madre

a) Bosque de encino, caracteristico de las montafias mexicanas que
junto con los pinos dominan la Sierra Madre Oriental y abundan en la
Occidental. Ocupan 4reas tradicionalmente modificadas por el hombre
dando lugar a formaciones secundarias como ciertos zacatales o mato-
rrales y en casos extremos a terrenos agricolas. Son dominantes los
encinos de los cuales existen en México cerca de 200 especies.

b) Bosque de coniferas, son caracteristicos de la Sierra Madre Occi-
dental con notable diversidad. Existen abetos, enebros y pinos, de los
que existen en México 35 especies. Dase mayor abundancia en los lugares
més hdmedos.

¢) Bosque meséfilo de montafia, formacién tnica en México con
distribucién discontinua a lo largo de la Sierra Madre Oriental y en
éreas reducidas de la Occidental. Dominan 4rboles de hoja ancha que
las pierden en la época fria como liquiddmbar, dlamos, encinos, nogales
y otros. Con afinidades al bosque templado caducifolio del Este de
E.U.A. y con abundancia de epifitas como orquideas, musgos, helechos
y bromelias. Ocupan la parte alta de la montafia donde las neblinas son
comunes. El drea que ocupan en Tamaulipas se extiende hacia Nuevo
Leén.

La fauna de esta provincia biltica estd representada por guajolote,
codornices, ardillas, venado cola blanca, puma y gato montés. En aves,
especialmente en la Sierra Madre Oriental, existe una gran riqueza que
incluye pédjaros carpinteros, guacamayas y palomas. El lobo y los osos
negro y gris atin se conservan en algunos sitios de Chihuahua y Sonora,
aunque sus poblaciones son escasas en extremo.

Obviamente no se ha podido cubrir en el inventario todos los re-
cursos bidticos de interés para el norte del pafs; hemos dejado de lado
en este breve trabajo a la fauna marina, que en los litorales del noroeste
y del Golfo de México presentan caracteristicas de excepcional diver-
sidad; ®* como por ejemplo, en aguas aledafias a B. C. Tampoco nos

5 T. Castro, Distribucién Geogrdfica e Importancia de A. Salina en México,
reportes de Investigacién, N° 6, México, Universidad Auténoma Metropolitana-
Xochimilco, 1980. :



Ecologia y Desarrollo de Ia Regién Fronferiza * 65

referimos a la flora algal del mar, atin poco estudiada y aprovechada.*
No nos referimos tampoco a microorganismos marinos de potencial tec-
nolégico previsiblemente rentable.’

Vegetacién y Fauna: Esbozo de Diagnéstico

Sefiala Rzedowski en su excelente obra que la flora de México atin
no estd bien estudiada y que el conocimiento de muchos grupos de
plantas que la componen presenta deficiencias, sobre todo para ciertas
partes del territorio de la Reptblica Mexicana; pero aunque el conoci-
miento de nuestros recursos vegetales es todavia incompleto, su impor-
tancia es esencial, junto con otras 10 zonas en el mundo, para explicar
el origen y la domesticacién de muchas plantas de uso humano y donde
aln se encuentran los progenitores.’

La vegetacién mexicana nativa de las zonas dridas y semidridas es la
que menos ha sufrido por efecto humano, excepto en las restringidas
dreas de riego, las destinadas a la ganaderia que en ocasiones estin
expuestas al sobrepastoreo propiciador de invasién de plantas lefiosas y
herbdceas que los animales no comen, que a su vez pueden traducirse
en debilitamiento de la cubierta del suelo, facilitAndose la erosién. El
aprovechamiento de las plantas silvestres en algunas dreas ha causado
ya modificaciones en la vegetacidn, como es el caso de la candelilla
cuya abundancia ha disminuido notablemente en partes de Coahuila,
por la explotacién desmesurada; sin embargo, grandes extensiones del nor-
te 4rido del pals permanecen ain escasamente pobladas y sin uso alguno.*

Reyes considera que también la creciente colonizacién urbana e
industrial, la expansién agricola y ganadera sofisticada, la explotacién
forestal y las actividades mineras han contribuido a una mayor degra-
dacién y perturbacidén de los ecosistemas naturales. Siendo asi que los
problemas méds serios derivados de Ia accién humana incluyen la erosidn,
modificaciones al suelo, al régimen hidrico y consecuentemente al clima,
hay evidencia de contaminacién atmosférica y de corrientes de agua por
efecto de pesticidas y otras substancias quimicas que afectan diversos
habitats.

Mucho més grave, se ha seflalado, es la situacién de la fauna sil-
vestre, que en términos generales se ha visto altamente afectada, ya

* Ver nota 4.

6 Interntl. Symp. on the Brine Shrimp, Artemia salina, Corpus Christi, E.U.A.,
1979.

7 Q. FrRaNKEL, “Nuestra responsabilidad en la Evolucién”, El Correo de la
UNESCO (Paris), Ano XXXIII, mayo, 1980, pag. 25.

* Sin embargo son los bosques tropicales los que mayores cambios han su-
frido y que peligrosamente se agotan para dar paso a desmontes masivos, base
para una hipotética avanzada agro-industrial.

5
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que siendo la caza una actividad significativa en gran parte de los
estados fronterizos, no se ha llegado todavia a una organizacién adecuada;
esta actividad, al permitirse s6lo a una élite econémicamente fuerte®
como caza deportiva, ha provocado una desvalorizacién total de la
fauna silvestre, cuyo resultado se ha traducido en la desaparicién de las
especies més valiosas desde el punto de vista cinegético.

Pese a lo sefialado en el sentido de que el norte del pais atn pre-
senta grandes extensiones sin desarrollo alguno, la realidad muestra que
la dindmica de crecimiento de la regidn, por lo menos en lo urbano, es
notoriamente espectacular,’ donde las necesidades propias del desarrollo
que tal crecimiento implica, no han sido obstdculo para que algunos
estados del norte de México se planteen la conveniencia de un plan
ecolGgico estatal.’®

Nos atrevemos a decir que nunca se obra con demasiada cautela en
materia de equilibrio ecoldgico, y cuando se plantea la conveniencia
de intensificar esfuerzos para la explotacién de la flora interfronteriza
nativa,'> > ¥ uno se pregunta si esos planteamientos cuentan con el
suficiente respaldo de estudios ecolgicos.

Solamente el 0.6% de la superficie total de los estados fronterizos
del norte de México estdn protegidos ecoldgicamente, lo cual estd muy
por debajo del 5% recomendado por organismos internacionales. En
este contexto es relevante recordar el avance que los procesos de deser-
tificacién tienen en el mundo y en el pafs, precisamente en su porcién
norte. En efecto, al inicio de la colonizacién espafiola los cronistas esti-
maban que el 50% del territorio mexicano eran bosques, selvas o
florestas y en la actualidad lo es solamente el 10% y con caracteristicas
edafoldgicas generales de gran vulnerabilidad."* Como se sabe, el peligro
de desertificacién es més evidente y mayor el riesgo, en las franjas

8 Nota del 7 de noviembre de 1981 en el peridédico Excelsior, “Costardn
80,000 pesos a los cazadores nacionales y 10,000 ddlares a los extranjeros los
permisos para cazar borrego cimarrén adulto.”

% Banco Nacional de Comercio Exterior, S. A., México 1976: hechos, cifras,
tendencias, 72 edic., México, 1976.

10 V. SuArez, Asesoria de Asuntos Ecoldgicos del Gobierno del Estado de
Sonora.

11 Centro de Investigacién en Quimica Aplicada, CIQA, Reunién Interna-
cional de Zonas Aridas, Saltillo, México, 1980.

12 Underexploited Tropical Plants with Promising Economic Value: Report
of ad hoc panel of the Advisory Committee on Technology Innovation, National
Acad. of Sciences, Washington, D. C., 1975; ver también: Guayule, an Alternative
Source of Natural Rubber: Report of an ad hoc panel of the Board of Agriculture
and Renewable Resources, National Acad. of Sciences, Washington, D. C., 1977.

13 A. R. WiLLiams, “Yucca: unappreciated, versatile tree”, R. and D., México,
1, N° 10 (1981), p. 27.

14 7, LaHoup, “Special Report: The Price of Development”, Ford Foundation
Letter, 12, N° 5 (1981), p. 3.
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semidridas y semihimedas que rodean a los verdaderos desiertos del
planeta,” y aunque las causas de la desertificacién son mdltiples, y
algunas debatibles, destaca el rol que juega el abatimiento de la vege-
tacién y el uso indebido del suelo o del cultivo. Por ello, frente al posible
énfasis en proyectos de obtencién de materias primas para los sectores
modernos.”® 7 (No serfa interesante y prudente investigar con detalle
otros aspectos que en México son prioritarios, como la alimentacién?
Toledo * recientemente refirié la experiencia local de seris, pimas y pa-
pagos como una opcién para las zonas dridas, en la cual se pueden
explorar nuevas fuentes de alimento. Multitud de especies conocidas
por grupos locales pueden ser la base para una agricultura integrada
a la ecologia de la zona; se mencionan el mezquite, el frijol tépari y
numerosas frutas, raices, semillas y tallos de la flora local. Solamente
en el desierto sonorense se han registrado 375 especies, de las que des-
taca el uso seri de pastos marinos haldfilos del Golfo de California,
con un elevado valor nutritivo.”

Frente a las posiciones encontradas que suelen darse en ecologia
entre conservacionistas y consumidores del medio, es interesante refe-
rirse a la alternativa integral que ofrece el concepto de Reserva de la
Bi6sfera. Promovido por el programa MAB de la UNESCO, dicho con-
cepto ofrece una opcidn racional entre las posiciones todavia frecuentes
del aprovechamiento ecolgicamente irreflexivo para beneficio solamen-
te del capital o la supervivencia y la conservacién del medio totalmente al
margen de la produccién y del hombre mismo.?

15 F. MepELLIN, La Desertificacién en México, Instituto de Investigacién de
Zonas Desérticas, Univ. A. de San Luis Potosi, San Luis Potosi, México, 1978.

16 J. D. JounsoN y C. W. HiNMAN, “Oils and Rubber from Arid Land
Plants”, Science, 208 (1980), 460.

7 M. CALviN y G. E. CaLvIN, “Hidrocarburos de Plantas: Substitutos del
Petréleo”, Ciclo de Conferencias en el Centro de Desarrollo de Productos Bibticos
y Escuela Nacional de Ciencias Biolégicas del Instituto Politécnico Nacional,
México, nov., 1981.

8 V. M. Torepo, “Critica de la Ecologia Politica”, Nexos, 4:47 (1981),
México, p. 17.

19 A. A. L6pEz, Cuerpo Humano e Ideologia, Las Concepciones de los An-
tiguos Nahuas, Tomo I, México, Universidad Nacional Auténoma de México,
1981, pp. 81 y 318. “Cuando los espafioles arribaron al altiplano central quedaron
admirados por la densidad de poblacién en los valles. M4s admirable es esta
densidad si se toma en cuenta la falta de la rueda y de bestias de carga y tiro en
el transporte. La explicacién debe buscarse principalmente en dos factores: las par-
ticulares formas de organizacién de la fuerza de trabajo y el grado de aprovecha-
miento del medio ecolégico que permitian obtener de él un rendimiento tan
considerable... El ser humano concebfa su propia naturaleza como una compo-
sicién inestable cuyo ideal era el perfecto equilibrio... el esfuerzo del individuo
lo conducia a la armonia con el cosmos.”

® E. BELTRAN, La Deterioracién del Ambiente: enfoque ecoldgico, Instituto
Mexicano de Recursos Naturales Renovables, México, 1971.
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Dicho concepto estd siendo desarrollado y adaptado a las necesidades
de México por el Instituto de Ecologia en cooperacién con diversas
instituciones y organismos y en estrecha relacién con los gobiernos de
dos estados del norte del pafs como son Durango y Sonora. El concepto
se utiliza con base en los siguientes postulados, a) proteccién del germo-
plasma, b) vinculacién sin contraposicién, de las necesidades humanas
con los principios de la conservacién, ¢) la conservacién de comuni-
dades vegetales y animales en el contexto ecoldgico, y d) el mejoramiento
de la calidad de vida del hombre, adicionalmente, el concepto de Re-
serva de la Bidsfera se basa en el marco integrado de la cooperacién
voluntaria de los habitantes y productores de la regién, de la investi-
gacién y la docencia de nivel terciario con los programas de desarrollo
a niveles nacional e internacional? %

Sin suscribir una posicién de conservadurismo ecoldgico a ultranza,
enfatizamos que la prudencia en materia de ecologia se requiere no
s6lo por las consecuencias posibles a nivel local, sino por las conse-
cuencias globales que pueden presentarse. Consecuencias que pueden
darse a distancia. Basta recordar el ya célebre y lamentable caso relativo
a la salinidad del Rio Colorado, que en su hontanar corre con agua
cristalina de la montafia y llega a depositar, en su desembocadura, a
muchos kilémetros de ahi y en otro pais, no sélo agua inservible para
la agricultura sino parte de los problemas ecoldgicos de las pesquerias
de Ila zona norte del Golfo de California.® En palabras del autor de un
articulo reciente sobre este problema especifico, se nos indica que fue
el aprovechamiento del agua para riego en el Valle Welilton-Mohawk y
para “llenar albercas en California” lo que “quebrdé Ia espina dorsal
del Rio Colorado”* El problema adicional que representan la contami-
nacidén por pesticidas y desechos radiactivos es también muy preocupante,
y debe ser investigado a fondo.” Evidentemente los problemas ecoldgicos
viajan grandes distancias y son insensibles a la existencia de fronteras
politicas.

2 M. MALpAGUE, “Le Concept de Reserve de la Biosphere, son implantation
et sa vocation entant q’instrument pour le developpement integré”, UNESCO,
Progr. sur 'homme et la Biosphere (MAB), Quebec, 30-VI-81; ver: G. HALFFTER,
“Reservas de la Bidsfera y Parques Nacionales: dos sistemas complementarios de
proteccién de la Naturaleza”, en Impacto-UNESCO, 30:4 (1980), p. 39. Los pro-
gramas MAB-UNESCO de México y E.U.A. estdn en colaboracién para el abordaje
de varios problemas ecoldgicos de interés mutuo.

22 “Man and the Biosphere”, AMBIO, Special Issue, X, No 23, Royal Swedish
Academy of Sciences, Stocolm, 1981.

2 J. J. MoraLes, “El Ocaso de la Totoaba”, Técnica Pesquera, Afio XIII,
Neo 150 (1980), México, p. 16.

2 J. BosrouGH, “The Tortuous Course of the Colorado”, Science, 81, 2:5
(1981), 30.

% Nota del 9 de enero de 1982 en el diario UNOMASUNO, “La radioactivi-
dad del Colorado ;jun peligro para México?”
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Es necesario enfatizar en este punto la conveniencia de llevar a cabo
estudios sistemdticos interdisciplinarios sobre posibles efectos del dete-
rioro ambiental localizado y sus alcances regionales y mundiales para
las comunidades bidticas. Ejemplo en este sentido es el caso del dafio a
ecosistemas lacustres y boscosos de los paises escandinavos, por el de-
terioro generado a muchos kilémetros de ahi, precisamente en los paises
del norte de Europa, desde Gran Bretafia hasta Polonia.® Otro caso se-
mejante, que puede ser objeto de estudio es el de la lluvia 4cida en el
noreste de E.U.A. y sureste del Canadd.” En ambos casos los vientos
dominantes superficiales arrastran los contaminantes, producto de la
intensa actividad fabril y urbana, de un lugar hacia otro. Aunque con
cardcter de accidente y no de un flujo continuado sistemdticamente por
afios, serfa en este tipo de problemas interpaises y a distancia, en que
habria que inscribir casos como el del Ixtoc,” # en ocasiones considerado
bajo una 6ptica peligrosamente ingenua y totalmente fuera de contexto.*
Otro caso semejante, objeto posible de andlisis, podria ser el efecto de la
intensa actividad industrial y urbana en el corredor Los Angeles, E.U.A.-
Tijuana, Méx. y sus efecto posibles no sélo en la flora y fauna circun-
vecina sino quiz4 para la misma salud humana? A la luz de la fragilidad
de algunos suelos de la franja fronteriza, este tipo de estudios podria
extenderse hasta el sureste de Texas y noreste de México, zona intensa-
mente productora de gas y petrdleo,” ® y significativo corredor para la
migracién de numerosas especies de plantas y animales* * que pueden
verse afectados por la creciente actividad industrial de esa zona.

2 Air pollution across national boundaries: The impact on the environment
of sulphur in air and precipitation. Royal Ministry of Foreign Affairs, Stockholm,
1971.

27 A. LaABasTILLE, “How Menacing is Acid Rain?,”, Natl. Geographic, 160:
Ne 5 (1981), 652; ver también nota 50.

28 L. GARMON, “Autopsy of an oil spill”, Science News, 118: N¢ 17 (1980), 267.

29 Varios autores, “Pesca y Petréleo”, en Técnica Pesquera, Afio XII, N¢ 139,
1979.

30 “Ixtoc’s Intox”, en Calypso Log, 1: N 7 (1979). Organo de la Cousteau
Society, N. Y.

31 §/N MusseL, “Bound Monitors”, Science News, 118: N¢ 17 (1980), 270;
ver también A. VALADES TORRES y S. P. VALDERRAMA, “Programa Nacional de
Certificacién Sanitaria de Moluscos Bivalvos”, en Restmenes del VI Congreso
Nacional de Oceanografia, U.A.B.C., Ensenada, 1978.

32 Cémo es México, Serie Manuales de Informacién Bésica de la Secretaria de
Programacién y Presupuesto, México, 1979, p. 87.

33 “Energy, Special Report”, National Geographic, febrero, 1981. )

34 P, REYES, “Aves Migratorias de la Regién de Laguna Verde”, trabajo iné-
dito; ver también, “Bird Migration”, Natl. Geographic, 156:2 (1979).

33 H. D. THEOREAU, Walden o la Vida en los Bosques, México, Novaro, 1959,
p. 257. Por muchos afios Thoreau ha sido marginado del circulo de escritores de
habla inglesa de gran trascendencia; sin embargo, en palabras del Concise Dic-
tionary of English Literature, Oxford U. Press, 1970, se dice que fue un “mystic,
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Antes de comentar algunos puntos relativos a la situacién en el
noreste del pafs, quisiéramos referirnos a los efectos antropogénicos
directos que pueden estar ejerciendo presiones negativas sobre las comu-
nidades vegetales o animales. Es evidente que la expansién y dindmica
de los asentamientos humanos estd teniendo efectos espectaculares, por
cjemplo en cuanto a una demanda acentuada de algunos recursos como
es el agua potable; sin embargo, desconocemos la disponibilidad de estu-
dios globales sobre los efectos derivados en recursos bidticos. Evidencia
preliminar nos indica que por lo menos en algunas comunidades de la
peninsula de Baja California y el noroeste de Sonora el turismo docu-
mentado o subrepticio estd afectando directamente a ciertos habitats.? ¥
Sin embargo, en este contexto de efectos antropogénicos, el caso mds
preocupante por su focalizacidén es el que se refiere a las intromisiones
de turistas, observadores, periodistas e investigadores en los santuarios
de ballenas adyacentes a Laguna Ojo de Liebre en la peninsula de Baja
California. Se ha calculado que cada afio hay cerca de un millén de
personas en observacién a todo lo largo del llamado ‘“‘express de las
ballenas”, mamifero marino que afio con afio desciende en el invierno,
del pacifico norte hacia los lugares calidos del sur. En reciente articulo de
una revista de la AAAS pudimos contar hasta diez direcciones de orga-
nizaciones diferentes que ofrecen a los observadores servicios de ‘“whale
watching” en las apartadas aguas de esa parte de México; procede
transcribir parte de la nota, .. .este invierno en las tibias aguas de las
lagunas de Baja California rodeadas por desiertos, cargamentos de turis-
tas ligeramente nerviosos y muy ansiosos, partirdn de su barco nodriza
en busca de un animal salvaje. Su presa ha llegado en ocasiones ha
embestir y hacer afiicos algunas lanchas. El objetivo de los turistas serd
entrometerse en las mismisimas aguas donde el animal se aparea y
pare...” % Sorprende en verdad en el contexto de los recursos del mar,
el que haya quejosos por los retrasos o negativas a la autorizacién indis-

transcendentalist and mnatural philosopher to boot”, que se rebeld contra el
puritanismo de Nueva Inglaterra, los valores materialistas de las sociedades de su
época, la injusta guerra contra México, la esclavitud y la depredacién humana
de los bosques. Ardiente y agudo observador de la naturaleza, vivié aislado por dos
afios, en una cabafia que él mismo construyé cerca de Concord, New Hampshire;
refiérese en su obra repetidas veces a la migracién de aves rumbo a México;
ver también “Following the tracks of a different man, Thoreau”, en Natl. Geo-
graphic 159: N° 3 (1981), p. 349, y sobre todo, para comprender a este fascinante
precursor de la ecologia humanistica, valga la expresién, ver Works of Henry
David Thoreau, con 30 fotografias, Nueva York, Avenel Books, 1981.

36 E. EZCURRA, Instituto de Ecologia, comunicacién personal.

37 M. DE AciUEro, Fideicomiso Instituido en Relacién con Agricultura, México,
comunicacién personal.

3 D. MEREDITH, “Whales’ Tales”, Science, 81, 2: N° 102 (1981); ver tam-
bién J. S. KILLINGSLEY, “Migrations of California Grey Whales Tracked by
Oxigen-18 Variations in Their Epizoic Barnacles”, Science, 207 = (1980), 759;
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criminada de las diversas investigaciones planeadas® Y es que el mar
ya no es mundo separado y misterioso que esconda sus recursos, los
muestra claramente en forma de rentables especies pesquetas,” de nédu-
los polimetélicos valiosos #* y durea historia rescatable por millones.”

Otro caso interesante de efecto antropogénico es el que ha sido su-
gerido para explicar el descenso en el nimero de las poblaciones de
murciélagos nectariferos que pasan parte del afio en Texas y Arizona,
EU.A. y otra parte en Coahuila, México, donde estd su alimento, el
néctar de las inflorescencias del maguey. Hasta hace poco se habian
identificado grandes poblaciones de ese tipo de murciélago, llegdndose
a comunicar hasta 20,000 individuos en una sola caverna y en la actua-
lidad la poblacién total sélo alcanza unos cuantos miles. El descenso se
atribuye al uso del maguey, para hacer bebidas, en la parte mexicana
y la consecuente eliminacién de la inflorescencia.”

Al hablar de murciélagos transfronterizos es relevante recordar los
casos de especies hematdfagas que transmiten enfermedades econémica-
mente importantes del ganado, como el derriengue o rabia bovina y la
encefalitis equina de Venezuela que hace pocos afios produjo una costo-
sisima epizootia transponiendo fronteras; # en ocasiones la infeccién se
puede extender a los humanos.

Con relacién a la fauna del norte del pais son muchas de las 350
especies de mamiferos las que estdn en franco peligro de extincién o
extinguidas ya, como se dijo al presentar un breve inventario. Sin em-
bargo en este problema se presentan variaciones seglin la provincia
bidtica y la localidad. En Nuevo Ledn por ejemplo, se han identificado
122 especies de mamiferos de las cuales 39 son de interés cinegético,
lo que incluye 4 especies en peligro de desaparicién, 2 en proceso y 4 ex-
tinguidas totalmente que son venado bura, berrendo, ocelote, lobo y
bisonte.”

Varios, La ballena gris, México, Centro de Estudios Econémicos y Sociales del
Tercer Mundo, mayo, 1981.

3 W. S. WoosTER, “Ocean Research Under Foreign Jurisdiction”, Science,
212 (1981), 754.

40 7. J. MoraLEs, “La Lucha por el Atan”, Técnica Pesquera, Afio XIII, 24
(1980); ver también nota 32, pp. 127-128.

4 V. E. McKELVEY, “Seabed Minerals and the Law of the Sea”, Science,
209 (1980), 464; ver también H. DRECHSLER, “Los Ndédulos Oceanicos”, Mineria,
Vol. III: No 17 (1980), 19. Organo de la Camara de la Industria Minera, México.

42 N. Wapg, “Galleon Yields Gold, Silver and Archaeology”, Science, 212
(1981), 1486.

4 J. GorMAN, “Beauty and the Bats”, Discover, 2: 9 (1981), 30.

# R. GILLETTE, “V. E. E. Vaccine: Fortuitous Spin-off from B. W. Research”,
Science, 173 (1971), 405; ver también Instituto Nacional de Investigaciones Pe-
cuarias, Informe 1969, México, 1969 y D. BaTALLA, Encefalitis Equina Venezolana,
Epizootiologfa, prevencién y control. Notas mimeogrificas.

% M. A. JimENEZ GUzMAN, “Especies en Peligro y Proceso de Desaparicién
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El problema de la extincién de las especies desde luego no es nuevo
y aunque presenta una fuerte relacién con las actividades cinegéticas,
por lo menos en el norte del pafs, es parte de la ciencia integradora y

dindmica como es la ecologia, que presenta también un significativo

componente cultural e histérico.* " % *

Aunque la ecologia de la fauna fronteriza ain espera un estudio in-
tegral, hay ya instituciones interesadas en el problema y diversos proyec-
tos en desarrollo, algunos de indole cooperativa entre instituciones de
ambos paifses.”

Por la ubicacién de la provincia bidtica tamaulipeca y el contexto
general de la geografia de México en el hemisferio, el caso de las aves
migratorias ofrece caracteristicas de gran singularidad y con muy diversas
implicaciones.

Tan solo en la regién de Laguna Verde, Veracruz, las aves migra-
torias identificadas pertenecen a 137 especies, riqueza determinada por
la localizacién de la regién en la via migratoria de las zonas de anida-

en Nuevo Leén”, Boletin, Centro de Investigaciones Biolégicas de la Universidad
A. de Nuevo Ledn, Ano III, Ne 11 (1981), 5.

% T, C. McLuHAN, Touch the Earth, a Self-Portrait of Indian Existence,
London, Abacus, 1980. Este bello libro es una compilacién de antiguos relatos
de informantes indigenas que no alcanzaron a entender cémo el hombre blanco se
sustrafa, ensefioreaba y expoliaba a la naturaleza, como alguien distinto a ella:
por ejemplo, el Jefe Tatanga-Mani (Bifalo Caminante) sefialaba en 1871, “¢Sabian
Uds. que los 4rboles hablan? Pues bien, si lo hacen, hablan entre ellos y a Uds.
les hablardn si les prestan atencién. El problema consiste en que el hombre
blanco no escucha. Nunca escucha. Nunca ha aprendido a escuchar al Indio, asi
que supongo que tampoco escuchardn a las otras voces de la naturaleza. Yo he
aprendido mucho de los &4rboles, en ocasiones acerca del clima, a veces acerca
de los animales, otras acerca del Gran Espiritu.”

47 F. ToRRES AMAT, Sagrada Biblia, Libreria Mexicanos Unidos, 1958. Gé-
nesis 1.26 (Dios) “por fin dijo: hagamos al hombre a imagen y semejanza
nuestra y domine a los peces del mar y a las aves del cielo y a las bestias v a
toda la tierra y a todo reptil que se mueve sobre la tierra”; ver también Géne-
sis 1.28 y 29.

48 Aun la cultura romana pagana guardaba un solemne respeto a la natura-
leza y al desmontar o irrumpir en florestas y bosques hacia una ofrenda expiatoria
y oraba: “Cualesquiera dios o diosa a quien esté consagrado este bosque, sea
propicio a mi, mi familia y mi hijos.” Ver nota 35.

* Vale la pena recordar en este punto el extrafiamiento del gran Jefe Seattlo
al rechazar una negociacién con el hombre blanco en 1854... “he visto miles de
bisontes pudriéndose en las praderas muertos a tiros por el hombre blanco desde
un tren en marcha. Soy un salvaje y no comprendo cémo una méiquina humeante
pueda importar méis que el bifalo al que nosotros matamos en forma limitada
s6lo para comer”.

49 G, HALFFTER y R. BARBAULT, Ecology of the Chihuahuan Desert (Vertebrate
Communities), México, Instituto de Ecologia, 1981.
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cién en Canadd™® y E.U.A* con sus territorios invernales en México,
Centro América y més al sur. Este estrechamiento que se va produciendo
entre la costa y la Sierra Madre Oriental hace que la migracidén por esta
ruta sea una de las mds espectaculares del mundo, y corresponde a la
ruta que en los E.U.A. es conocida como la ruta central; las otras dos
son la ruta del Pacifico y la de Mississippi. La migracién tiene lugar
desde agosto a noviembre con la migracién inversa de marzo a mayo.
Muchas aves vuelan interespecificamente y otras segregadas, y para
mencionar un caso citaremos que de las golondrinas migran aproxima-
damente 200,000 por dia hasta completar 10 millones.

El interés econdmico que puede tener esta migracién aérea y trans-
fronteriza de aves se debe a la capacidad que conlleva para transportar
infecciones y plagas de un lugar a otro. Las aves como se ha dicho
“son” un conjunto de pardsitos y microorganismos que pueden ser alo-
jados sin dafio aparente al huésped, que de hecho es un portador, un
vector sano. En el caso de la industria avicola parte de la tecnologia
de produccién y engorda se enfoca a evitar y controlar infecciones trans-
mitidas por aves y que representan pérdidas anuales por muchos millones.
En algunas ocasiones dichas plagas o enfermedades han sido transpor-
tadas hacia E.U.A. y en otras hacia México. Se ha estimado que a lo
largo de los afios se han introducido a los E.U.A., de diversas partes
del mundo, 1,115 especies de insectos y 4caros de los cuales 209% cons-
tituyen real o potencialmente plagas agricolas habiéndose calculado que,
en promedio, se filtran de contrabando a los E.U.A. 8 plagas de insectos,
causantes de pérdidas por valores de 1 a 4,000 millones de ddlares por
afio. A la luz del problema, es evidente que el mismo es suficientemente
importante como para ser estudiado con detenimiento por ambos paises.*

En ocasiones los problemas derivados de la transmigracién de aves
son de indole no-infecciosa, como es el caso de absorcién de pesticidas
en altas dosis, por ejemplo en patos, mismos que se desplazan a otras
regiones donde los cazadores deben ser alertados para tomar determi-
nadas precauciones antes de su consumo ya que la grasa del pato

50 Canada and the Human Environment, Ottawa, Minister of the Environment
for Canada, 1972. En este documento se sefialaba que “la extincién de especies que
alguna vez sumaron millones dio impetu a la Convencidén de Aves Migratorias
de 1916 en la que reconoce el valor cultural y econdémico de ese recurso inter-
nacional”. Los santuarios para aves migratorias abarcan 30 millones de acres
(ca. 74 millones de hectdreas) que protejen, entre otras especies, a 100 millones de
gansos que pasan el verano en Canadé.

* Ver notas 34 y 35.

51 J. K. Torres, “Diseases of Birds: How and Why Some Birds Die”, American
Birds, 35: N° 255 (1981).

52 R. GiBBs y E. ErDE, “Biological Control of the Medfly”, R. and D. Mexico,
1:11 (1981), 16; e informacién proporcionada por el Instituto de Ecologia,
México.
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concentra al pesticida.® También durante la década de los cincuenta
y sesenta, en que la explosién experimental de armas nucleares por
diversos pafses del hemisferio norte alcanzé niveles significativos, se
llegé a la identificacién de algunos casos de patos invernantes en la regién
de los Tuxtlas, Veracruz, posiblemente contaminados por particulas
radiactivas.

Este dltimo punto me acerca a otro aspecto que considero impor-
tante para dar final a nuestros andlisis sobre los recursos naturales
bibticos transfronterizos en un marco ecoldgico. Me refiero a todo aquello
que implica el uso pacifico o no-pacifico de las tecnologias nucleares.

México recién estd llegando al terreno de la tecnologia nuclear y
podemos aprender de los problemas de otros pafses que llegaron antes
a este campo de los energéticos; como se ha sefialado acertadamente, las
naciones emergentes no deben repetir los errores de las naciones indus-
trialmente més desarrolladas.® El campo de la energia nuclear requiere
como muchos otros o quizd con mayor profundidad, de estudios sélidos
de base ecoldgica, antes y durante la operacién de actividades nucleares
con aplicacién en la paz. Dicha tecnologia, como tantas otras, no es a
prueba de error, aunque sus consecuencias son en si de indole més seria.
Al bidlogo esencialmente le preocupan los aspectos de control para el
uso seguro de las técnicas nucleares. Me pregunto si las instituciones
y organismos responsables de proyectos de uso pacifico de la energia
nuclear en México, digamos, como el Proyecto de Laguna Verde, Ver.,
han estudiado, desarrollado y utilizado las condiciones ecoldgicas inte-
grales e idoneas, dada la singularidad del caso. Evidencia preliminar nos
sugiere una respuesta afirmativa.®® En este orden de cosas la frontera
norte de México es vecina de una parte de E.U.A., donde hay numerosas
instalaciones, centros de prueba y lugares experimentales para el uso y
desarrollo de la energfa nuclear, pacifica y bélica® Considero que es
indispensable estudiar permanentemente los posibles efectos de la conta-
minacién, si es el caso, en rios, cuerpos de agua, mantos fredticos y
corrientes marinas a lo largo de las zonas de desechos en tierra firme
y en las plataformas continentales.”

53 Outdoor News Bulletin (Wildlife Management Institute), 35: N° 20 (Oct.
1981), 1.

5 H. Bravo, “The Ecology of the Border”, en Stanley R. Ross, ed., Views
Across the Border, Albuquerque, University of New Mexico Press, 1978, pagi-
nas 412-413.

55 Proyecto Laguna Verde del Instituto de Ecologia; también, Informes a la
Comisién Nacional de Seguridad Radioldégica y Salvaguarda.

% Nuclear Proliferation Factbook, Joint Committee, Washington, United States
Government Printing Office. “Nuclear weapons, accidents and incidents”, p. 355;
“Safeguards”, p. 385.

57 M. SuN, “White Sands, Warm Winds and Toxic Wastes?”, Science, 211
(1981), 367; ver también “Nevada Closes Low Level Radioactive Waste Dump”,
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Para el suscrito, la frontera norte de México no sélo tiene un in-
terés académico-cientifico, representa parte de la vida misma de sus
antepasados, poseedores de tierras al noreste de Austin otrora San Fe-
lipe de Austin, del Estado Libre e Independiente de Coahuila y Texas ¥
y sede precisamente de esta reunin; también por haber vivido el mismo
autor durante varios afios en Nuevo Laredo, Tamps., en la década de
los cuarenta. En esos afios una guerra total en el mundo hacia sentir una
diversidad de efectos directos e indirectos en ambos lados de la frontera
norte de México, y aunque corra el riesgo de ser tildado de exageracién
por mis compatriotas, me permito seflalar que si hay alguna parte del
pafs expuesta a las percepciones, efectos, angustia y peligros directos
derivados de una conflagracién mundial o sus previsiones, es precisa-
mente la frontera del Norte de México. En la coyuntura actual de ten-
siones internacionales de alguna manera vienen a la memoria mis percep-
ciones fronterizas al respecto, reforzadas en los afios siguientes precisa-
mente por la frecuencia de experiencias nucleares en el hemisferio norte
y en las cercanias de la frontera norte de México.®” & Yendo atn més
lejos y sabiendo que en caso de una guerra total poco quedard del gé-
nero humano,” no dejan de impresionarme las previsiones que se hacen
acerca de la seguridad y peligros de la zona transfronteriza.t®® &

Science, 206 (1981), 668; “Radioactive Waste Disposal in Thick Unsaturated
Zones”, Science, 212 (1981), 1457; “Manifest Destiny for Hazardous Wastes”,
Science News, 118: No 22 (1980), 345.

58 L. MARDEN, “Man’s New Frontier, The Continental Shelf”, Natl. Geo-
graphic, 153: N° 4 (1978), 495.

% Indica el Titulo de Posesién, Macogodoches, 21 de enero de 1834. Vicente
Aldrete, Comisionado por el Supremo Gobierno del Estado de Coahuila y Texas
para dar posesién a varios mexicanos de los terrenos que por venta les hayan sido
concedidos por el mismo Supremo Gobierno en este Departamento de Texas...
En nombre del Estado otorgo, concedo y pongo en posesién efectiva y personal de
once leguas de terreno a las margenes derecha e izquierda del Rio Trinidad, los
lindes de los cuales constan en los mapas y notas hechas por el agrimensor. De
esta concesion, tres leguas pertenecen a tierras de temporal y las otras ocho leguas
restantes a la clase de agostadero conforme a lo cual debe pagar al Estado la
suma de mil doscientos pesos, de conformidad con el articulo 24 de la Ley de
Colonizacién del 24 de marzo de 1825...

8 G. M. WoopwkeLL, “Toxic Substances and Ecological Cycles”, Scientific
American, 216: N° 3 (1967), 24.

81 Nuclear Proliferation Factbook, Joint Committee, Washington, United States
Government Printing Office, “Nuclear Explosions, 1944-1979”, p. 375.

62 A. HERRERA, La Larga Jornada: la Crisis Nuclear y el Destino Bioldgico del
Hombre, México, Siglo XXI, 1981.

68 G. W. RataHJENS, “Dynamics of the Arms Race”, Scientific American,
220: No 4, 1969.

6 The Effects of Nuclear War, Washington, D. C., Office of Technology
Assesment, Congress of the United States, 1979.
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EPILOGO

REFLEXIONES PARA UNA TEORIA ECOLOGICA
TRANSFRONTERIZA

Inicialmente sefialamos que la totalidad de la vida guarda una re-
lacién holistica y dindmica con la tierra en el seno de la bidsfera. En
este punto es correcto el cliché de la “nave tierra”. Vamos todos los
seres vivos en el mismo barco. Ese vasto conjunto de interrelaciones
entre naturaleza y organismos se manifiesta bajo una concatenacién mds
o menos larga entre los diferentes espacios o territorios biogeograficos
del planeta que permiten la aparicién, abundancia, escasez o desapari-
cién de determinados grupos de organismos a lo largo del tiempo. Di-
versidad de habitats implica diversidad de organismos, a lo largo de
la historia de la naturaleza, esto es, la evolucién. Zambullirse en ecologia
significa nadar en evolucién.

La emergencia del hombre en la tierra y su horizonte histérico tienen
una dimensién mucho més reducida que la de la historia natural *; sin
embargo, la capacidad humana para transformar el medio ambiente
le dio desde el principio medios para llegar a utilizar los recursos na-
turales a su alrededor. El hombre lenta pero seguramente, ha actuado
sobre su habitat hasta producir cambios que ya afectan al clima terres-
tre de manera importante.®

Nosotros pensamos, sin embargo, que las modalidades con que el
hombre recurre a la naturaleza presentan una fuerte diferencia cultural,
diferencia que hace a ciertas culturas mds depredadoras de la naturaleza
que otras. Si tomamos como ejemplo la historia de la desforestacidn, es
evidente que la cultura europea caracteristicamente arrasé con la casi
totalidad de los bosques en ese continente a tal grado que Inglaterra,
en un momento dado, agoté la madera y tuvo que cambiar al carbén
mineral como fuente de energia. Pese a los esfuerzos de conservacién
de la vegetacién que se hacian en la Espafia cldsica, en lo general su
actitud era acorde con la actitud europea.

Evidentemente, la actitud espafiola frente a la naturaleza pasé a las
nuevas tierras descubiertas y el desmonte se dio a veces con pretextos
sorprendentes.® El choque cultural entre los conquistadores del Nuevo

* Ver nota 20.

65 C. SacaN, O. B. Roon y J. B. PorLrAck, “Anthropogenic Albedo Changes
and the Earth’s Climate”, Science, 206: (1979) 1363.

¢ F, CALDERON DE LA Barca, Life in Mexico, N. Y., Anchor Books, 1970;
sefiala la autora, visitante de México en 1840, el afecto indigena por la vegetacién
frente a la herencia espafiola: “...los espafioles como todo nuevo colono, echaron
abajo los preciosos 4rboles de este hermoso valle... Me inclino a pensar que el
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Mundo y sus antiguos habitantes no encontré mejor foro que el de las
actitudes opuestas frente al aprovechamiento de los recursos bidticos,*
sea vegetacion o fauna como se apunté anteriormente.

Es por ello que un andlisis estrictamente bioldgico del problema
estarfa incompleto. Al referirnos a la evolucién bioldgica mediante la
seleccidn artificial debemos incorporar la evolucidn cultural, y al referir-
nos a las culturas eurocéntricas es notorio que la herencia judeo-cristiana
a través del “poseerds la tierra” ha dejado una honda huella... y una
secuela de problemas ecolégicos. Tanto para la ética protestante como
para los valores del catolicismo, la naturaleza “estd ahi abajo” para ser
poseida y domefiada.**

En el plano econdémico y al nivel de los paises centrales también ha
sucedido que la explotacién derrochadora y acelerada en beneficio del
capital, la industria y el bienestar material, se ha visto acoplada a una
peligrosa interferencia con la naturaleza, de manera que si hasta prin-
cipios del siglo xx el derroche y la destruccién tenian un cardcter limi-
tado localmente, en la actualidad el aumento, capacidad y eficiencia
tecnoldgica amenaza seriamente a las reservas del planeta que acumu-
ladas por miles de afios mantienen un equilibrio vital. El exportar las
tecnologias obsoletas, contaminantes y ecoldgicamente agresivas a los
paises periféricos, sélo manifiesta una ideologia malévola en lo politico
e ignorante en lo ecoldgico.”

Para el bidlogo el problema tedrico se sigue complicando, pues es
claro que las comunidades bibticas concatenadas en forma natural con
el medio ambiente, son independientes de conceptos abstractos como
los de frontera politica o de teoria del estado. Bajo una Optica biold-
gica las tnicas barreras que distinguen los seres vivos son las barreras
evolutivas. Sin embargo el estudio de esta nueva rama de la ecologia,
Jecopolitica?, sobre los problemas de los recursos naturales y el medio
ambiente transfronterizo, implica ineludiblemente para el hombre la

panorama es menos hermoso que en tiempos de Cortés; se ha cortado demasiada
madera pues se tiene la absurda idea de que los édrboles son malsanos; en una
gran hacienda fui informada que se derribaron los arboles para impedir que los
indios se reclinaran a reposar bajo su sombra.”

* Ver nota 46.

** La mentalidad de otras religiones difiere algo, p. ej.: Los antiguos hindds
oraban al abrir la tierra:

“Oh, Diosa tierra, ch espacios anchos y perdurables
Yo te saludo,

Ahora comenzaré el cultivo

Sé complacida o virtuosa.”

en C. B., HEisEr, Seed to Civilization, The Story of Man’s Food, San Francisco
Freeman, 1973.

67 S. R. OLIVER, Ecologia y Subdesarrollo en América Latina, México, Siglo
XXI, 1981.
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consideracién de lo abstracto. La naturaleza no distingue las barreras
politicas pero el bidlogo si. Es mds, dicho concepto, de caricter abstracto,
el de “Frontera”, es un concepto surgido en la mente del hombre y que,
cuando es necesario, conveniente o posible lo lleva a marcar artificial-
mente la superficie misma de la tierra o sus representaciones. Eviden-
temente la marca conlleva un acto de soberania, dominio o posesién
sobre los recursos de ese territorio por un determinado grupo humano.

Aparece aqui un nuevo tipo de problema. Es un problema de tipo
semdntico, que en el caso que nos ocupa es de importancia también
histdrica y se refiere a la concepcién de lo que significa frontera. Frontera
estatal o linea fronteriza entre estados, es un término internacional
cuyo trazado se establece formalmente por delimitacién y eventualmente
por desmarcacién en la tierra y en sus entrafias, en las aguas y en sus
honduras y fondo, en el aire; objeto de convenciones bi y multilaterales.®
Sin embargo en el plano de la semadntica, la cultura aglosajona da al
término frontera otras connotaciones, relevantes precisamente a la “dis-
ponibilidad” de territorios no desarrollados, es decir con recursos atin
no tocados por el hombre.®

¢{Qué hacer entonces ante la contradiccién que implica la posesidn,
usufructo, conservacién o depredacién soberana y unilateral por parte
de un estado de derecho, de una naturaleza planetaria e interrelacionada,
que ademds no conoce de barreras politicas?

(Es acertado sefialar que ese usufructo de recursos naturales estd
social y culturalmente predeterminado?

,Cémo valorar aquellos casos en que el conocimiento, uso y conser-
vacién de los recursos naturales conlleva asimetrias de diversas clases
entre paises vecinos o cercanos, por ejemplo en cuanto a politicas de
proteccién ecoldgica o planes?

.Se inscribe este tipo de problemas de ecologia transfronteriza en el
marco de la polaridad sur-norte?, (este-oeste? ¢Se inscribe en el marco
de la dialéctica de la dependencia?, /de las ideas neocolonialistas?,
Jracistas?

¢C6émo hacer frente al problema que representa la dindmica de los
recursos naturales, por ejemplo el caso de las especies animales que
transponen fronteras?, ;o el de la atmdsfera o algunos rios y cuerpos
de agua que pueden transportar substancias téxicas o nocivas para los
ecosistemas de paises vecinos o cercanos?

8 J. OsmaNczYK, Enciclopedia Mundial de Relaciones Internacionales y Na-
ciones Unidas, México, Fondo de Cultura Econémica, 1976.

8 W. PAUL-ApAMS, Los Estados Unidos de América, 42 ed., México, Siglo XXI,
1980, p. 128. “Para los americanos, frontier no significa dnicamente la linea de
desplazamiento extremo de los asentamientos blancos.” Segtin el Webster’s 3rd. New
International Dictionary, 1969, frontera tiene varias acepciones, una es “a zone or
region that forms the margin of settled or developed territory”.
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(Cémo responder a los retos futuros al Derecho Internacional, en
cuanto al manejo, uso y conservacién de los recursos del mar, en supet-
ficie, honduras y fondo? ™

Responder a estas y otras interrogantes implica en primer lugar y
por lo pronto, comunicacién. Implica el encuentro de los discursos y la
concertacién mutua entre paises. El didlogo se anticipa altamente com-
plejo. Hemos podido identificar en una primera aproximacién, no menos
de medio centenar de instancias bilaterales de pertinencia sean Gobiernos
Estatales, Comisiones, Convenios, Acuerdos, Organismos Federales, Ins-
tituciones de Ensefianza Superior, de Investigacién y Desarrollo, Pro-
gramas e Instituciones diversas que entre México y E.U.A. participan
de alguna manera en los diferentes aspectos del problema de los recursos
naturales bidticos transfronterizos. Sin embargo y no obstante lo com-
plejo no hay otro camino, la base es el didlogo, para llegar eventualmente
a la cooperacién mediante la investigacién cientifica y la educacién en
condiciones bilaterales.

Intencionalmente hemos dejado de lado algunas de las alternativas
tradicionalmente sugeridas para enfocar posibles soluciones a los pro-
blemas ecoldgicos transfronterizos. Consideramos que por encima de un
posible recetario, mds o menos terapéutico, estd el problema de la men-
talidad humana hacia la naturaleza. Si las fronteras politicas son un
invento de la mente del hombre, es en la mente del hombre donde se debe
internalizar o recuperar el respeto y austeridad hacia los recursos naturales
integrados al respeto y reconocimiento a las aspiraciones de bienestar
social y econdmico entre los paises, sean vecinos o no.

1 J. NeAry, “Pickleweed, Palmer’s Grass and Saltwort; Tomorrow’s food
with Today’s Saltwater”, Science, 81: 2 (1981), 38.
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COMMENTARY

JErRRY R. LADMAN

The papers on natural resources aptly deal with two important and
interelated aspects of United States-Mexican border region’s economic
development. Dr. Servin describes the ecological concerns of the border
region in the context of both border development as well as the meeting
ground where ecological problems in the interior of the two nations
come together and require bi-national solutions. Drs. Johnson and the
two Hutchinsons analyze the very exciting and much publicized prospects
for the commercial cultivation of traditional, arid-adapted crops, especially
jojoba, as part of potential natural resource development in the border
region. In my comments I would like to broaden the scope of their
presentations from the perspective of a regional economist. By so doing
I believe that we can better assess the role of natural resources in the
development of the United States-Mexican border region and illustrate
how this development may impact on the region’s ecological balance.
To begin it is useful to briefly review the role of natural resources in
the historical development of the border region.

NATURAL RESOURCES, ECOLOGY AND ECONOMIC GROWTH
OF THE BORDER REGION

In the last half century the United States-Mexican border region
experienced rapid population growth and economic development.! There
are four fundamental and interdependent reasons.

First, although the region is basically arid, its rich natural resource
base has lent itself to the production of goods for export. Especially
important are agricultural products grown on the irrigated lands near
the Colorado and Rio Grande Rivers as well as mineral products, such
as copper, mined in Arizona, Chihuahua and Sonora. The favorable

! For purposes of this paper I consider the border region to be roughly
comprised of those counties contiguous to both sides of the international boundary.
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climate of the United States sunbelt contiguous with the border is
another natural resource that has led to settlement and economic activity
on the United States side. During the World Wars the reliable weather
of the region was a factor in the United States government’s decision to
establish or expand military bases near the border. Most of the facilities
remain and provide considerable employment and income at their sites.
More recently some footloose United States industries have chosen to
locate their production facilities or administrative headquarters in the
border region, an important reason is the amenities offered by the sunbelt
lifestyle.

Second, the existence of the border proper, has created a need on
both sides for a host of governmental and private sector activities to deal
with imports, expotts, immigration and other transnational matters.

For both of these reasons the driving forces behind the development
of the border were exogenous to the region. The demand for export
products came from elsewhere in the two nations or the rest of the
world. The need for military bases was the result of national defense
and international relations. The footloose industries were providing
products or services used elsewhere. Moreover, most of the transnational
flows of goods and resources at border crossing points were in response
to trade in products between the interiors of two countries.

Third, are the labor markets in the two countries. Real wages in
the Mexican border region were higher than those in the interior of the
country and attracted many persons. Moreover, real wages in the United
States were higher than those of Mexico, inducing many Mexicans to
come to the border in hopes of obtaining work in the United States.
Note that these are also phenomena that are not specific to the border.
Rather they derive from the external forces of labor market conditions
elsewhere in the two countries, which caused a shift of the Mexican
work force to the border region.

Fourth, government expenditure and policy, mostly those of the
federal governments and not local authorities, has had an important
impact on border development of both nations. On the United States
side there has been considerable expenditure for infrastructure, land
management and military installations. Likewise, Mexico has undertaken
considerable expenditure, especially in the development of irrigation
districts. It also undertook important policies to promote employment
at the border; the most noteworthy are the Free Zone and the Border
Industrialization Program.

The combination of these four factors, mostly emanating from factors
external to the border, led to economic development and rapid population
growth in the border region. As economic activity was initiated in response
to the natural resource-based production, the activities of international
border crossings and public policies demands were spawned for com-
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mercial establishments to provide goods and services for the local popul-
ations. Local demand for some products was strong enough to create
backward linkages to regional agriculture and manufacturing to provide
products for local consumption. Later some of these industries became
competitive in markets outside the border region and further contributed
to its export base. Similar natural resources bases on both sides of the
border as well as border transactions led to economic development on
both sides, resulting in an interdependent bi-national border economy
centered around twin border cities.

As natural resource based-growth occurred it had an important
impact on the ecological balance of the region. As examples, when the
desert was turned under the plow and agricultural chemicals were
introduced, when saline waters were used to irrigate or were dumped
as waste into the Sea of Cortez, when mines were opened and mineral
tailings were spread about the existing ecological balance was surely
disrupted. Usually the changing balance was not confined to the nation
of origin but rather spread to both sides of the border, a factor that
led to international disputes.

The ecological balance was disrupted also by the side effects of the
urban growth attendent with border economic development. Air and
water pollution near these centers have impacted not only on the ecological
balance but also on urban inhabitants. Although these effects may
originate on one side of the border, they often spill over to the other.

NATURAL RESOURCES AS THE BASIS FOR FUTURE DEVELOPMENT
OF THE BORDER REGION

Although the production of primary goods based upon natural re-
sources has been an important factor in causing economic growth in
many areas of the border region it should not be expected to be a major
source of new stimuli in the future unless natural resources that are not
presently used are brought into production. Rather the principal factors
that will lead to increases in future growth are most likely to come
from secondary production, such as manufacturing, and the provision
of tertiary goods and services such as commerce and tourism. This view
of future growth is based upon the fact that the readily accessible
natural resources of the border region as we know them today, with
the exception of climate, have already been tapped. As examples, the
limited supplies of river and subterranean waters restrict expansion of

) 2 See my “The Economic Interdependence of Contiguous Border Cities: The
Twin City Multiplier”, The Annals of Regional Science. Vol. XIII: Ne 1 (March,
1979).
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irrigated agriculture. Mining of the most accessible non-renewable re-
sources has taken place, and production in the long-run will depend
upon extracting of lower grade ores, barring new discoveries. Indeed,
it is possible that the natural resource base of the border region may
shrink; the availability of quality water may become more restricted
and there are limits to the supply of the non-renewable mineral resources.

In contrast, the growing infrastructure, available work force and
favorable climate of the border’s urban centers provide a base for
manufacturing of footloose type products, as exemplified by those of
the Border Industrialization Program and electronics industries. As this
type of activity expands and the border’s population increases there will
be increasing needs for commerce, services and industries to satisfy local
demands. The well-established symbiotic relationship of contiguous bi-
national border regions will assure that growth originating on either
side of the border will to some degree spill over to the other, depending
upon the strength of the bi-national linkages.

The intrinsic growth of the border region will have an impact on
how the natural resource base is used. It is likely that some irrigated
land formerly utilized "to cultivate export crops may be converted to
producing crops to satisfy local demands. Thermal energy sources in Baja
California Norte will be increasingly developed as the bi-national demand
for energy rises in that region.

It is important to recognize, however, that demand, external to the
border region, is a precondition for the production of most natural
resource-based goods near the border. In the future, as in the past, these
products will be exported elsewhere in the world. Consequently, factors
affecting external markets will play a predominant role in determining
how the natural resources of the border region will be utilized. Given
the above-mentioned limitations for irrigated agriculture, it is unlikely
that irrigated land devoted to the production of the current crops can be
expanded. It is possible, however, that the products grown on that land
may be changed if world market conditions warrant.

The Johnson-Hutchinson paper explores the possibilities of opening
new and unirrigated lands for arid-adapted crops, especially as sources
of energy, oils and rubber. As they indicate, there is considerable current
research by both nations to try to domesticate these native plants in
order to adapt them to commercial production. However, as the authors
state, production costs are high. Taken in a global context, this suggests
barring significant breakthroughs to lower these costs and/or sharp rises
in the prices of the alternate sources of similar or substitute products,
that the large-scale commercial production of these products in the
border region is not likely to come about in the foreseeable future because
they will not be competitive on world markets. Again, it is clear that
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factors external to the border will play an important role in determining
what will be produced from the region’s natural resource base.

ECOLOGICAL ASPECTS OF FUTURE DEVELOPMENT
OF THE BORDER REGION

The previous two sections have briefly described how economic
development in the border region impacts on the ecology of the area.
They need not be repeated here. However, as Dr. Servin clearly de-
monstrates it is important to recognize in ecological matters that nature
does not recognize an international boundary, and factors that influence
ecological disturbances easily pass from one country to another. Such
disturbances have been commonplace in the history of the border region.
When they have occurred and have inflicted serious economic demage
on one or both sides of the border formal mechanisms have been estab-
lished to resolve the problem. A prominent example is the work of the
bi-national Boundary and Waters Commission in their resolution of
the salinity problem of the Colorado River.

It is important to recognize that the bi-national efforts have largely
come into being to react to problems rather than to anticipate and
prevent them. It is unlikely that this sequence will change in the future.
Fortunately, successful prior collaboration bodes well for future cooper-
ation. Moreover, for some types of problems, institutions, such as the
Boundary and Waters Commission, are already in place and will facilitate
their resolution.

As the border economy expands and rapid population growth con-
tinues more ecological problems can be expected to arise. However, the
nature of future problems will be considerably different from those of
the past, which have been mostly related to natural resources and livestock
disease. In years ahead the larger problems will be due to the presence
of large population centers and industry. The problems of water and air
pollution and sewage disposal have already become important in twin
border cities.

CONCLUDING COMMENTS

The two papers provide considerable information on their respective
topics, but lack an overall border perspective. It has been my intent in
these brief comments to try to place the papers in the broader context
of economic analysis; specifically I have provided an overview of the
role of the natural resources in the economic development of the border
region and the likely impact of such development on ecology. In sum-
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mary, in my view although natural resource-based production has been
very important in the past it will become relatively less important in the
future economic development of the border region; indeed it is likely
to decline in an absolute sense. The driving forces of the future will be
manufacturing, commerce and services. The future production of natural
resource-based goods will depend upon their demand in markets external
to the region, the production costs in the border and the availability of
the resource base. Although major changes are not expected in the near
future there may well be changes in the longer run. The possibilities of
developing a commercially viable arid-adapted crop industry will depend
on the external markets for these and substitute products as well as the
success of research in lowering production costs. What is clear, however,
is that as the economic activity and population of the border region grows,
especially near the twin city complexes, there will be a host of new
ecological problems emerging.



COMENTARIO

VICENTE SANCHEZ

Para hacer mis comentarios, he partido de la base que la conferencia
tiene por objeto: a) identificar los problemas y dilemas referentes a la
frontera México-Estados Unidos, b) identificar y proponer lineas de
investigacién que sea necesario emprender, y c¢) sugerir estrategias,
politicas y planes que puedan ser utilizados por aquellos a quienes
corresponda tomar decisiones en torno al tema (incluyendo, por supues-
to, a las poblaciones afectadas de ambos pafses). Si bien mis comen-
tarios surgen de la lectura de los dos trabajos presentados sobre recursos
naturales, hay algunos que trascienden el contenido de ellos y posible-
mente las intenciones de sus autores al escribirlos.

Los dos trabajos presentados son de gran interés, pero muy diferentes
en sus objetivos y planteamientos: el de Servin-Massieu es fundamen-
talmente una revisién general de la vegetacién y fauna en la zona
fronteriza (clasificada de acuerdo a criterios geogréficos y ecoldgicos),
una revisién también de algunos problemas ambientales, comunes a
ambos lados de la frontera o que se trasladan de un lado a otro por
mecanismos naturales o de responsabilidad humana, y una serie de
interesantes reflexiones sobre el tipo de problemética ecolégica y am-
biental que se produce al existir una frontera administrativo-politica, con
todo lo que esto implica. El trabajo de Johnson y colaboradores tiene
objetivos limitados; pero se refiere en forma creativa y estimulante
a un problema de extraordinaria importancia: cémo aumentar la pro-
ductividad agricola en la regién, identificando tierras no utilizadas o
subutilizadas y/o la explotacién de cultivos nuevos o tradicionales de
zonas aridas. En resumen, el primero tiene més bien la intencién de ofre-
cer un diagndstico descriptivo general de los recursos naturales y de los
problemas ambientales relacionados con ellos; el segundo, intenta ofrecer
soluciones pata problemas especificos identificados.

El tipo de problemas que estamos considerando (ambientales y de
recursos naturales), es de aquellos en que confluyen para su produccién
factores, variables y pardmetros de distintos origenes. Consecuentemente,
para estudiarlos y comprenderlos, se necesitan los conocimientos y los
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datos que aportan muchas disciplinas (estudio multidisciplinario), los
cuales es necesario luego integrar a través de ese dificil proceso que
denominamos interdisciplinario. Es fundamental alcanzar algin grado
de concepcibn interdisciplinaria si deseamos entender la gestién y dina-
mica de estos problemas, y estar en condiciones de hacer algo para
influir su curso. En ese sentido, y considerando los objetivos de la
conferencia, me parece desafortunado que hoy se traten los recursos
naturales desde el punto de vista casi exclusivamente de las ciencias
naturales, y mafiana los problemas sociales que se relacionan intima-
mente con el tema de hoy. En estas materias, si dividimos y subdividi-
mos, lograremos encontrar datos precisos y exactos, pero no podremos
entender y explicar satisfactoriamente la realidad que es global y mucho
menos organizar una accién eficaz que logre las modificaciones que desea-
mos. Por lo demds, también se corre el riesgo de caer en reduccionismos
y explicar estos problemas sélo desde el 4ngulo de las ciencias sociales,
por ejemplo, ignorando las leyes naturales que son absolutamente fun-
damentales en este caso, o viceversa. Espero que la discusién entre
todos los participantes colabore a solucionar el problema planteado asu-
miendo un caricter interdisciplinario.

Es de alguna importancia discutir y llegar a acuerdo sobre el signi-
ficado de los términos que se utilizan al tratar los problemas ambien-
tales. No se trata de una cuestién meramente formal, sino que por el
contrario, se trata de los conceptos bésicos que nos permitan entender
claramente la gestacién y caracteristicas de estos problemas y comuni-
carnos sobre ellos en forma inequivoca para realizar acciones eficientes
y eficaces.

Consideremos en primer lugar el término recursos naturales. Para
los cientistas naturales éstos son todos los bienes de la naturaleza, pero
el significado que se ha impuesto, aun en el lenguaje diario, estd maés
relacionado con el significado que el término tiene para la economia
y la politica, es decir, que los recursos deben reunir ciertas condiciones
para serlo, bdsicamente ser utilizables en el ciclo econdmico y tener un
valor de uso. Es asi entonces, que consideramos recurso natural a un
elemento de la naturaleza que, dependiendo de la tecnologia, de los
mercados, de la cultura y del conocimiento humano sobre él, pueda
ser util para satisfacer necesidades humanas, directa o indirectamente.
Hablar de recursos naturales —como es caracteristico de los problemas
ambientales que nos preocupan— no significa sélo referirse a la natura-
leza, sino que implica la organizacién y conducta del hombre en sociedad.
Por ello hacer una enumeracién de las especies que existen en una
regién determinada, no es suficiente. Necesitamos saber cuél es el papel
de cada elemento natural en el mantenimiento del equilibrio del ecosis-
tema, y cudl o cudles son sus funciones de utilidad para el hombre en
sociedad. El trabajo de Johnson y colaboradores se concentra justamente
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en un aspecto relacionado con lo que menciono: el cémo convertir en
“recursos” elementos naturales existentes, pero hasta ahora no clara-
mente utilizables.

Otra cuestién terminolégica que me parece fundamental aclarar es la
que se refiere a lo que es ecoldgico versus lo que es ambiental. La eco-
logia estudia los seres vivos, sus relaciones entre s y con su entorno.
Se refiere por lo tanto a la naturaleza. Por otra parte, medio ambiente
incluye no sélo a las relaciones naturales, sino a las relaciones del hom-
bre en sociedad con la naturaleza. Medio ambiente comprende a lo
ecolégico, pero este dltimo no incluye a todo lo ambiental. Los proble-
mas que estamos tratando, al hablar de la regién fronteriza entre dos
paises, son, en el sentido expuesto, ambientales. Decir que son ecolé-
gicos no incluiria a una serie de facetas que, por lo demds, se mencionan
en los trabajos, tales como las diferencias sociales y culturales y de
nivel de desarrollo econdmico a ambos lados de la frontera; las diferen-
cias tecnolbgicas, politicas y otras. Justamente las caracteristicas ecol6-
gicas de la regién no incluyen ni se ven en primera instancia afectadas
por el hecho de que exista la frontera —un limite de tipo politico-admi-
nistrativo que surge de la organizacién social. Sin duda este limite
determina diferentes realidades sociales a ambos lados, 1o que significa
formas distintas de relacionarse con la naturaleza y por lo tanto de
manejar la realidad ecolbgica y el medio ambiente. Este hecho y los
efectos que tiene sobre el ambiente puede ser un problema y es tema
muy central de nuestras preocupaciones. Para resolverlo necesitamos es-
tudios coordinados y acuerdos en la accién entre ambos lados de la
frontera, lo que también es un problema social y politico, pero no ecolé-
gico. En este sentido me parece poco afortunado hablar de ecologia
transfronteriza, y pienso que serfa més util referirnos a problemas am-
bientales transfronterizos.

También en el dmbito de las aclaraciones terminoldgico-conceptuales,
creo importante establecer que cuando hablamos de efecto o impacto
de las actividades humanas sobre los ecosistemas, no debemos sélo con-
centrarnos en los de cardcter negativo, destructivo. Los hay positivos
de gran importancia y es evidente que es necesario encontrar las mejores
opciones . (trade offs) para llevar a cabo las actividades de desarrollo
con el menor dafio posible. La historia ecolégica del mundo estd llena
de ejemplos que muestran cémo una especie se da mejor en un ambiente
que no es el originario y en donde ha sido trasplantada; de casos en que
ecosistemas enteros han cambiado su funcionamiento encontrando otro
equilibrio funcional adecuado para si y para el hombre que ha pasado
a integrarlo; de casos también en que actividades humanas que normal-
mente significan interferencias importantes con el ambiente (industriales
por ejemplo) son realizadas de diferentes modalidades y su impacto es
notoriamente distinto. En suma, el problema no es interferir a la natura-
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leza sino cémo se realiza dicha interferencia. Impacto no quiere decir
solamente lo negativo, sino que hay muchos casos que son positivos. En
este sentido es de primera importancia considerar que existen potenciali-
dades inexploradas y no utilizadas de los ecosistemas, y que urge obtener
la informacién cientifica (natural y social) necesaria para, por ejemplo,
transformar en recursos elementos que no lo son en la actualidad (ej. el
trabajo de Johnson y colaboradores).

Aclarados algunos de los conceptos bésicos que nos pueden permitir
entendernos mejor, desearia plantear lo que seria necesario hacer para
aproximarnos a los problemas ambientales fronterizos y en dltimo tér-
mino resolverlos. Me parece conveniente organizar la accién en las
siguientes etapas/procesos:

— Diagnéstico o evaluacién ambiental.

— Planificacién ambiental (o formulacién de algunas politicas y es-
trategias). R

— Manejo o gestién ambiental (coordinada y de comiin acuerdo).

Estas tres etapas/procesos deberian realizarse secuencialmente. Sin
embargo, existe bastante conocimiento e informacién acumulados sobre
el tema, los que sometidos a un minimo ordenamiento y jerarquizacién
pueden permitir proceder, aunque sélo sea parcialmente, a trabajar en
todas las etapas/procesos desde muy pronto. No tendria sentido esperar
tener todo el conocimiento y la informacién para actuar. Se correrfa el
riesgo de quedarse estancados en la etapa de estudios e investigaciones
sin llegar nunca a la accién necesaria: la gestién ambiental adecuada
a la situacién. En lo que sigue comento brevemente cada una de las
etapas/procesos mencionados.

Diagndstico o evaluacién ambiental. Entiendo por ello un diagnés-
tico descriptivo y funcional, que no sélo nos ofrezca una enumeracién
de especies de flora y fauna existentes, sino el estado funcional de los
ecosistemas, su resistencia, las potencialidades atin no expresadas, las po-
sibles reacciones frente a diferentes tipos de interferencia humana y
los problemas ambientales existentes en la actualidad. Se -necesitan
diversos estudios e investigaciones que tendrdn forzosamente caricter
multidisciplinario, pero que deben llegar a evaluaciones y juicios inte-
grados (interdisciplinarios). Estos pueden tener caricter provisorio en
un primer tiempo, pero las aproximaciones sucesivas en la accién con-
sistente en el manejo de los ecosistemas pueden ir fundamentando los
mejores. Por lo demis, el diagndstico debe, por fuerza, incluir elementos
de la estructura social, el nivel de desarrollo, las posibilidades tecnolé-
gicas y otros factores similares, para que sea un diagnéstico global
referido a la realidad ambiental, Gnica manera de que nos preste un
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servicio eficaz para orientar nuestras acciones. El diagndstico del que
hablamos puede tomar en la préctica varias formas distintas: ser un
estudio integrado del “estado del medio ambiente en la regién fronteri-
za”, o puede consistir en estudios especificos referidos a una localidad
y/o a una actividad humana determinada (industria, explotacién agricola,
asentamientos humanos, etc.). La verdad es que no hay contradiccién
entre ambos procedimientos y mds bien ambos son necesarios y comple-
mentarios.

Planificacién ambiental. Se trata de establecer, sobre la base de los
datos de diagnéstico existentes, grandes lineas de desarrollo, politicas y
estrategias. En efecto, de acuerdo a las caracteristicas conocidas, tanto
naturales como sociales y culturales, serfa necesario establecer qué estu-
dios ¢ investigaciones son prioritarios; cudles proyectos y acciones de
desarrollo serian mds adecuados, logrando la mayor productividad posi-
ble con la menor destruccién ambiental; cuales serian las mejores formas
de asentar a la poblacién, y cdmo puede organizarse el empleo y en
qué y cdmo podrian éstas colaborar mutuamente en el estudio y manejo
de la regidn.

Gestion ambiental. Consiste en la accién para conservar, proteger,
regenerar y desarrollar al medio ambiente, e incluye a todas las acciones
y maniobras que se realicen sobre el ambiente con fines de desarrollo
econémico y social. El conocimiento sobre las caracteristicas del medio
ambiente debiera ser un insumo importante en el proceso de toma de
decisiones con respecto al desarrollo de la regién fronteriza. Y esto
debiera ser asi en todos los niveles, en la formulacién de planes y poli-
ticas de desarrollo y en cada uno de los proyectos especificos. El pro-
blema surge, como he dicho, en el caso de una regién fronteriza, porque
los ecosistemas naturales tienen continuidad a través de la frontera;
sin embargo, las politicas y estrategias de gestién del medio ambiente pue-
den ser muy diferentes por razones econdmicas, culturales, sociales, politi-
cas, bélicas, y otras. De ahi la importancia de acuerdos y convenios, y posi-
blemente de comisiones conjuntas para establecer los criterios de gestién
ambiental y, aun mds, realizar la gestién conjuntamente. Esto debe con-
siderar algunos instrumentos coadyuvantes de la gestion ambiental tales
como legislacién ambiental, educacion ambiental, formacién y capaci-
tacién de profesionales y técnicos, actividades susceptibles de acuerdos y
coordinacién transfronteriza.

Algunos breves comentarios adicionales. Ninguno de los trabajos ha
tocado el problema de los recursos marinos, que son de enorme impor-
tancia. Es posible que la experiencia reiterada de conflictos transfron-
terizos en relacién con los recursos del mar, comenzando por la dificul-
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tad en aceptar criterios comunes para fijar los limites fronterizos en el
mar y los derechos que de ellos derivan para cada una de las partes,
convierta a ése en un problema dificil de tratar. Estd por lo demés la
larguisima experiencia de la Conferencia del Mar, que lleva més de cinco
afios en las Naciones Unidas sin Ilegar a acuerdos. Desafortunadamen-
te, Estados Unidos ha sido el pafs que maés dificultades ha puesto para
llegar a acuerdos que tengan algin sentido prictico y sean viables.
Estdn también los problemas derivados del uso de la energia nuclear,
mencionados por Servin-Massieu, que requeririan un andlisis concien-
zudo y cuidadoso, también conjunto. El ejemplo del WIPP (tiradero de
desechos nucleares en el estado de Nuevo México) es uno que a mi
juicio sigue planteando problemas eventuales para México. Es evidente
que debieran existir mecanismos de consulta entre ambos paises para
resolver satisfactoriamente tales dilemas. Sin embargo no parece que se
pusieran en préactica. Por todo ello, la existencia de la tantas veces men-
cionada “voluntad politica” por parte de los gobiernos, es uno de los
elementos que hace falta en grandes dosis para realizar una gestién
ambiental adecuada en forma conjunta. Las poblaciones locales, a ambos
lados de la frontera y sus gobiernos, municipales y estatales, posible-
mente podrian jugar un papel importante en la realizacién de estudios,
en la formulacién de politicas y en la realizacidén concreta de la gestidn
ambiental. El interés de estas comunidades tiene que ser alto, puesto
que sufren directamente los problemas. Por ello debieran cooperar mas
para resolverlos, mds que los gobiernos centrales, que estdn maés lejos
y deben encarar problemas macro-politicos en sus relaciones.

Un dltimo comentario que deseo hacer es sobre el papel que corres-
ponde a los universitarios y cientificos en la solucién de los problemas
ambientales transfronterizos. He mencionado las dificultades que surgen
en el terreno politico y cdmo ahi estarian, en tGltimo término, las posi-
bilidades de tomar decisiones que tengan un peso definitorio. Sin em-
bargo, a los cientificos y estudiosos universitarios nos queda un espacio
muy importante que debemos llenar y que es adicional al que cada uno
puede ocupar en su calidad de ciudadano y miembro de la comunidad
que le corresponda. En efecto los académicos pueden y deben, a mi
juicio:

— ofrecer claridad conceptual en torno al tema

— determinar prioridades de estudio y recolectar datos pertinentes

— interpretar los datos para aclarar la dindmica de la problematica
y asi permitir que se establezcan criterios reales de solucién

— ofrecer sugerencias técnicas de politicas y estrategias viables y
recomendables para resolver los problemas ambientales a ambos
lados de la frontera.
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Estos elementos podrian ser valiosos aportes para aquellos a quienes
corresponda tomar las decisiones.

En suma, estoy haciendo un llamado para estudiar y enfocar estos
problemas en forma integrada y transdisciplinaria —tnica forma eficaz
a mi juicio— y con un alto nivel de descentralizacién que entregue res-
ponsabilidades crecientes a las poblaciones locales en la solucién de sus
problemas.






SINTESIS DEL MODERADOR

JORGE BUSTAMANTE

La sesidén inicial de esta reunidén y la seccidn resultante del libro se
dedica a los recursos naturales en la zona fronteriza de México y los
Estados Unidos. Ciertamente, los temas de este simposio representan
un paso muy importante en la concientizacién de problemas de natura-
leza ecoldgica, misma que consideramos absolutamente indispensable.
Por lo menos en México —podemos afirmarlo con autocritica— hemos
dado en el pasado muy poca importancia al estudio cientifico de estos
problemas que relacionan el medio ambiente fisico con el medio am-
biente social.

La delegacién mexicana quedé muy complacida por la actitud de la
delegacién de los Estados Unidos, al aceptar generosamente nuestra
sugerencia para que dedicdramos este segundo simposio de la serie al
tipo de problemas de caricter ecolégico en la regién fronteriza. Asf,
visualizamos escenarios sumamente draméticos, relacionados con la falta
de informacién, de entendimiento y de conciencia respecto del desarrollo
inevitable de muchos de estos problemas que encapsulamos en el con-
cepto de problemas ecolégicos. No se trata, desafortunadamente, de
aquellos que pudieran referirse a un régimen juridico ya desarrollado o
unitario, o bien a un mismo marco de soberania, sino precisamente de
una serie de problemas ecoldgicos que, aparte de las limitaciones para
resolverlos, compartimos con otro pafs, nada menos los Estados Unidos.
En estas condiciones, los problemas ecolégicos de la regién fronteriza
adquieren ain méds importancia.

Es preciso que antes de que estos problemas nos Ileven a la realidad
dramética de movilizaciones de gente y de gobiernos en relacién con
su desarrollo, quienes nos hemos dedicado al estudio de los mismos y
hemos declarado nuestra pretensién de tener capacidad para estudiarlos
y anticiparlos, no seamos condenados por nuestra propia historia, en el
sentido de no haber llamado la atencién sobre la realidad v sobre
el futuro del desarrollo de estas cuestiones de ecologia en la zona fron-
teriza. Estd pricticamente todo por hacer. Hemos, desde luego, contado
con pioneros sobre algunos de los problemas que vamos a tratar aqui.

7
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Es triste que por el lado mexicano contamos casi con el 100% de nuestros
expertos en el drea en esta reunidén, lo que da una indicacién del bajo
nivel que nuestras universidades conceden al financiamiento para la
investigacién en estas dreas. Pero el financiamiento, como todos sabemos,
es un elemento de la investigacién que tiene que ser preparado de ma-
nera no cientifica. Y es muy importante que una reunién como ésta pueda
aportar los elementos de concientizacién que necesitamos los investiga-
dores para obtener el apoyo, con objeto de hacer la investigacién que se
requiere y asi entender de una manera cientifica los problemas a resolver.

Los dos ensayos sobre ‘‘recursos naturales” tratan aspectos selec-
tivos de los recursos, actuales o potenciales, de desarrollo de la regidn.
Los profesores Johnson y Hutchinson, con un enfoque muy positivo,
identifican oportunidades posibles para nuevo desarrollo en agricultura.
Después de definir la region fronteriza, los ensayistas especifican &reas
dentro de esa regién con posibilidades para tal desarrollo.

El enfoque, muy original y selectivo, se concentra en el uso de plantas
silvestres como nuevos cultivos en tierra drida. Los autores dan énfasis
a las posibilidades fisicas y econdmicas, dejando los aspectos sociales
para consideracién posterior. El ensayo tiene dos anexos dtiles. En el
primero se identifican las instituciones mexicanas y las estadounidenses
que se ocupan en la investigacién de nuevos cultivos. En el segundo
anexo se enlistan plantas prometedoras y los resultados de investigaciones
recientes relativas a ellas.

En su ensayo el profesor Servin-Massieu también es selectivo, sugi-
riendo que la categoria de “recursos naturales” tiene tan numerosas
facetas que justificarfan una conferencia dedicada exclusivamente a este
tema. Concede particular relevancia a los recursos naturales bidticos en
el marco de la ecologia transfronteriza. Sostiene que la ecologia es una
ciencia totalizadora e interdisciplinaria que busca el entendimiento de
las relaciones entre los seres vivos, el hombre incluido, y el mundo
que los rodea. Al considerar los problemas en forma aislada, aunque se
haga de manera correcta, se corre el riesgo de perder la visién de
conjunto.

Es dificil dar a la ecologia una sola visién. Aunque los biblogos
reclaman el derecho de paternidad, la visidn integral puede lograrse
desde muy distintas perspectivas. El profesor Servin-Massieu, en su
andlisis de los recursos naturales bidticos, ha procurado realizar su estu-
dio de manera que pueda integrarse al resto de los trabajos que se pre-
sentan en esta publicacién. El investigador presenta un inventario de la
flora y la fauna de cinco zonas bidticas principales en la regién fronteri-
za, definidas geoldgica y ecoldgicamente, y ademads detalla los sistemas
mds frecuentes.

El profesor Servin-Massieu, como todo investigador serio, rechaza
utilizar “la retérica catastrofista usual que busca horrorizar con las
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consecuencias de los pecados contra el equilibrio de la naturaleza para
conmover al interesado”. No es sorprendente la ineficacia de este tipo
de mensaje, pues “en gran medida los problemas del medio ambiente tie-
nen implicaciones profundas de indole politica, social e histéricamente
predeterminadas”. También rechaza las posiciones que suelen asumir
tanto los conservadores en asuntos ecoldgicos como los consumidores
del medio; los primeros, abogando por la supervivencia y la conserva-
cién del medio totalmente al margen de la produccién y del hombre
mismo y, los tltimos, favoreciendo el aprovechamiento ecoldgico irre-
flexivo para beneficio exclusivo del capital. El ensayista prefiere una
opinién integral y racional como la que ofrece el concepto de “reserva
de la bidsfera” promovida por la UNESCO.

El profesor Servin-Massieu es consciente de la profunda repercusion
que ha tenido en la regién el desarrollo econdémico (en los aspectos de
la agricultura, la ganaderfa y la industria) y el de la poblacidn, lo
cual ha contribuido “a una mayor degradacién y perturbacién de los eco-
sistemas naturales”. Recomienda “‘el estudio interdisciplinario sistemético
sobre los posibles efectos del deterioro ambiental localizado y sus alcances
regionales y mundiales para las comunidades bibticas”. En un anexo
cita la flora y la fauna con ambos nombres, el cientifico y el comtn.

Los dos comentaristas, por su parte, tomando como base los ensayos
presentados, amplian el alcance de la discusién y ademds plantean cues-
tiones importantes. Asi, el profesor Vicente Sdnchez enfatiza la necesidad
de realizar estudios multi e interdisciplinarios para comprender la ges-
tién y la dindmica de estos problemas, y estar en posicién de influir
su curso.

El profesor Sénchez contintia sus reflexiones al observar que ambos
ensayos abordan el tema casi exclusivamente desde la perspectiva de las
ciencias naturales, en tanto los aspectos sociales se tratan en otra seccion.
Es desafortunado que asi sea pues los dos enfoques son necesatios.
Ademids sefiala la ausencia de referencias a los recursos marinos, pero
reconoce las dificultades para abordar el tema en todos sus aspectos.
También formula algunas observaciones y preguntas que se consideran
muy valiosas y a las cuales nos referimos enseguida.

En primer lugar, identifica la necesidad de definir lo que es recursos
naturales y diferenciar entre lo ecolégico y lo ambiental. Asimismo,
conviene reflexionar sobre las relaciones del hombre asociado a la na-
turaleza. Observa también que al haber efectos y repercusiones tanto
positivas como negativas, no debemos concentrarnos en estos tltimos
y especialmente en los destructivos. De ahi que deban buscarse las
mejores opciones (“trade offs”) para realizar las actividades de des-
arrollo causando el menor dafio.

En segundo lugar, la sola existencia de la frontera politica requiere
estudio y accién coordinados. En tercer lugar, estima que se requiere es-
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tablecer un mecanismo consultivo para resolver el dilema de los desechos
nucleares. Finalmente, exhorta a estudiar los problemas que nos vienen
ocupando con un enfoque integral y transdisciplinario “...con alto
nivel de descentralizacién que entregue responsabilidades crecientes a
las poblaciones locales en la solucién de sus problemas”.

Nuestro segundo comentarista, el profesor Ladman, habla como un
economista regional. Cree que asi se puede evaluar mejor el papel de los
recursos naturales en el desarrollo de la regién fronteriza y demostrar
cémo este desarrollo podria tener repercusién en el balance ecol6gico
de la regién. Hace notar que la fuerza impulsora para el desarrollo en la
region fronteriza ha sido atribuido “a causas externas a la regién: la de-
manda para productos de exportacién, mercados de trabajo, gastos y
politica del gobierno. Este conjunto de factores, en gran parte ajeno
a la frontera, condujo al desarrollo econémico en la regién”.

El desarrollo basado en los recursos naturales ocurrié y tuvo un
efecto importante en el balance ecoldgico de la regién. Por otra parte,
ese balance ecolbgico también fue desorganizado por efectos laterales
del crecimiento urbano que acompaiié al desarrollo econémico fronterizo.
El profesor Ladman concluye su comentario con una consideracién breve
sobre los recursos naturales y los aspectos ecoldgicos implicados en el
desarrollo futuro de la regién fronteriza. Vaticina que la produccién
basada en los recursos naturales jugard un papel menos importante si
se le compara con la industria, el comercio y los servicios; estos tiltimos
constituiran la fuerza impulsora del desarrollo.

Es muy interesante que cada participante haya recomendado esfuer-
zos binacionales, tanto multidisciplinarios como interdisciplinarios, para
estimular nuestra conciencia y entendimiento de aquellos problemas que
rebasan las fronteras internacionales. Y esto, por supuesto, es lo que he-
mos realizado en este simposio.



ENGLISH SUMMARY

Environmental problems in the border region between Mexico and
the United States are complicated by the fact that they are shared by
two national jurisdictions. Against the neglect of the past, there is need
to contribute to the awareness and understanding of such problems.
That is the very process in which this symposium is engaged. The
moderator lamented the shortage of skilled and dedicated manpower,
particularly in Mexico, for the task of studying and anticipating these
problems.

The two essays deal with selective aspects of present or potential
natural resources in the border regions. The essays had to be selective
because of the multifaceted nature not only of natural resources in the
region, but also generally of the symposium theme of “Ecology and
Development in the Border Region”. Professors Johnson and Hutchinson
concentrate on the use of wild plants as new crops in arid lands. Professor
Servin-Massieu places his emphasis on the biotical communities within
the context of transboundary ecology. ,

The moderator noted that the essaylsts and commentators, Professors
Sanchez and Ladman, all called for binational multidisciplinary and
interdisciplinary studies to increase our awareness and understanding
of ecological problems which are not confined by the international
boundary.
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ASPECTOS METEOROLOGICOS
DE LA CONTAMINACION DEL AIRE A LO LARGO
DE LA FRONTERA NORTE DE MEXICO

ERNESTO JAUREGUI

INDRODUCCION

La frontera norte de México se extiende a lo largo de 2,597 km. de
longitud, desde la planicie costera del Golfo de México en Tamaulipas,
hasta la costa del Océano Pacifico en Baja California.

Fisiograficamente la faja fronteriza estd constituida principalmente
por los sistemas montafiosos de las sierras madres que la cruzan de sur
a norte en su porcién central en un trecho de 1,200 km. entre Ciudad
Acufia, Coah. y Sonoita, Son. Flanqueando las sierras se encuentran las
llanuras de los valles del Rio Bravo hacia el este y el Rio Colorado
hacia el oeste. Finalmente, separando el valle del Colorado de la costa
del Pacifico, la zona fronteriza es cruzada de norte a sur por la Sierra
de la Rumorosa.

Dos grandes rios se encuentran en la faja fronteriza: el Bravo, que la
recorre en méas de la mitad de la linea internacional, hacia el SE de Ciu-
dad Juédrez y el Colorado que cruza la regién al norte del Golfo de
California en cuyas aguas desemboca.

En un trabajo anterior ! se describieron los diversos factores generales
del clima de la regién fronteriza. En el presente trabajo se enfocard la
atencién a los aspectos meteoroldgicos de la contaminacién del aire
a lo largo de la faja fronteriza ya que, como se sabe, tanto el crecimiento
acelerado de los ndcleos urbanos fronterizos como las actividades agro-
industriales implican el riesgo del deterioro potencial de la calidad del
aire en esa regién del pais. Este riesgo es ya un hecho real en algunos
puntos de la frontera, como se tratard de demostrar mas adelante.

1 ErnEesTO JAUREGUI, “Recursos Naturales y Medio Ambiente en la Frontera
Norte de América”, en Estudios Fronterizos, México, ANUIES, 1981, pp. 51-68.
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EL FLUJO GENERAL DEL AIRE EN LA FRONTERA NORTE

El clima general de la regién fronteriza se caracteriza principalmente
por un déficit casi permanente de las precipitaciones cuyo origen es la
influencia de los anticiclones semipermanentes tanto del Atlantico como
del Pacifico Norte (Fig. 1). El flujo general del aire en la faja fronteriza
es de ocste a este en el invierno y primavera (Fig. 2a) a unos 1,500 m.
de altura. En esta época cruzan la regién fronteriza masas de aire polar
que abaten considerablemente la temperatura y acarrean nublados con
algunas lluvias o nevadas. En el verano, la porcién centro-oriente de la
frontera se encuentra bajo la influencia de la corriente himeda de los
vientos del este (alisios) que traen consigo las escasas lluvias entre
agosto-octubre (Fig. 2b). Sé6lo excepcionalmente afectan a la regién
lluvias extraordinarias asociadas a las tormentas o ciclones tropicales,
en particular a la cuenca del Rio Bravo. Resumiendo puede decirse
que en el semestre centrado en el invierno las corrientes de aire domi-
nantes cruzan la regién fronteriza de norte a sur o de NW a SE,
mientras que en el verano el flujo medio del aire, ademds de ser menos
intenso que en el invierno y primavera, se lleva a cabo de SE a NW
cruzando la mitad oriente de la frontera en direccién opuesta en esta
época calurosa del afio. En la mitad poniente de la faja fronteriza (al W
de Ciudad Judrez) contintia dominando la circulacién de norte a sur o de
NW a SE caracteristica de la estacién fria.

Esto dltimo se debe a la presencia de la celda de baja presién ubicada
en el norte de Sonora y sur de Arizona (Fig. 1). Dicha celda se origina
por el intenso caldeamiento en esa regién drida. Localmente, la circula-
cién general del aire anteriormente descrita se modifica por factores
topogréficos o por la influencia del mar en los extremos de la frontera,
como se verd mdas adelante.

LAS PROPIEDADES DE DIFUSION DEL AIRE EN LA FRONTERA
La estabilidad atmosférica

Las propiedades de difusién de una capa de aire dependen de su
capacidad para diluir y transportar los contaminantes s6lidos (particulas
o polvos) y gaseosos que se arrojen en su seno. Asi, si la velocidad del
viento es enérgica y ademds el aire se encuentra en gran agitacién por
las corrientes turbulentas verticales convectivas en un mediodia soleado,
las impurezas se diluirdn rdpidamente. En este caso se dice que la
atmosfera es inestable. Por otra parte, si el flujo del aire es débil y, ade-
més, en vez de calentarse desde abajo como ocurre durante el dia, el
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aire se enfria por contacto con el suelo durante la noche (inversién
térmica) entonces los contaminantes que se arrojen en este aire se
mantendrdn por largo tiempo sin diluirse ni transladarse.

En este caso se dice que la capa de aire es estable y sus propiedades
de difusién son malas. Entre estos extremos de la capacidad de dilucién
que tiene la atmdsfera se encuentra una diversidad de condiciones
intermedias.

En general, la estabilidad de la capa superficial de aire (donde se
arrojan los contaminantes) muestra casi siempre un ciclo diurno: el aire
es estable durante la noche y al amanecer por el balance negativo de
radiacién, mientras que después del mediodia y al atardecer el aire es
inestable debido al asoleamiento. En un lugar dado prevalecerd més
tiempo una condicién que la otra.

Una manera de valuar las propiedades de difusién del aire es mi-
diendo la frecuencia en que se presentan las condiciones de aire estable
o de inversién superficial? Esto se hace utilizando los datos del sondeo
vertical de temperatura. En el 4rea en estudio se realizan sondeos de
este tipo (dos veces al dia) en las ciudades fronterizas estadouniden-
ses de:

Brownsville, Tex. El Paso, Tex. Tucson, Ariz.
Yuma, Ariz. San Diego, Cal.

Las estaciones mexicanas de radiosonda més cercanas a la frontera se
localizan a cierta distancia de la linea en:

Monterrey, N. L. Chihuahua, Chih.
Guaymas, Son.

Frecuencia de las condiciones de aire estable

En la Fig. 3, construida con datos de Hosler (1961), se puede apre-
ciar que la mayor frecuencia de aire estable en la superficie, y por lo
tanto de malas condiciones de difusién de contaminantes, ocurre en
la estacién invernal, cuando en la mitad poniente de la frontera (entre
Tijuana y Ciudad Juarez) se presenta la mitad del tiempo una inversién
de temperatura. '

Hacia el oriente, en la cuenca media y baja del Rio Bravo, la fre-
cuencia del aire estable decrece hacia la costa reduciéndose ahi a un 35%.

En la estacidén calurosa (Fig. 3) se reduce la frecuencia de las
inversiones o de aire estable a lo largo de la frontera, manteniéndose

2 CH. HosLEr, “Low-level Inversion Frequency in the U. S.”, Monthly Weather
Review, Vol. 89 (1961), 319-339.
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una frecuencia méxima de 30 a 35% hacia el poniente de ésta, entre el
valle del Rio Colorado y la poblacién de Agua Prieta en Sonora.

Variacion diurna de la estabilidad del aire superficial
en la regidn fronteriza

Ya se ha mencionado que la estabilidad del aire (el primer kilé-
metro) exhibe usualmente un ciclo diurno alcanzando su méxima ines-
tabilidad (o mayor turbulencia) en las horas después del mediodia.
En la Fig. 4, construida con datos de Hosler (1961), se muestra la
variacién diurna de la frecuencia de las inversiones superficiales de tem-
peratura para cuatro horas del dia (local) y en cuatro puntos de la
frontera: dos en los extremos de ésta; Brownsville, Tex. y San Diego, Cal.,
y dos intermedios: El Paso, Tex. y Tucson, Ariz.

Conviene advertir que lo que se observa en las estaciones estadouni-
denses es vélido en general para las poblaciones gemelas del lado
mexicano. Se aprecia, en la Fig. 4a, que durante las noches y en las
primeras horas de la mafiana el aire es estable en el invierno entre
un 60 y un 90% del tiempo, mientras que después del mediodia y por la
tarde, la frecuencia de las inversiones decrece a un minimo a lo largo
de la frontera. Comparativamente, los extremos costeros de la frontera
muestran una menor frecuencia de aire estable que la frontera-centro.

Durante el verano el aire es en general mds inestable y turbulento en la
faja fronteriza. Esto se puede ver en la Fig. 4b que muestra la variacién
diurna de la frecuencia de inversiones térmicas superficiales. Sélo en
las mafianas de verano la frecuencia de inversiones es mayor de 60%
(excepto en la costa del Pacifico, donde aun a esa hora el aire es rara
vez estable). En el resto del dia, la frecuencia de inversiones es minima,
indicando el caricter turbulento de la capa de aire superficial. En resu-
men puede concluirse que las condiciones de dilucién atmosférica en la
frontera muestran una gran variacién diurna que va de “malas” condi-
ciones en la noche y al amanecer a “buenas” después del mediodia.

Variacion estacional de la frecuencia de inversiones superficiales

En la Fig. 5 se muestra la variacidn, a través del afio, de la frecuencia
del aire estable y, consecuentemente, de las condiciones adversas para la
dilucién de contaminantes atmosféricos, a lo largo del corredor fronterizo
durante la salida del sol. En el tercio central de la frontera, el aire estable
o las inversiones térmicas tienen una frecuencia mayor de 60% a través
del afio, siendo la regién méds continental, en Nogales-Tucson, donde el aire
es mdés estable (entre 75 y 90% del tiempo). Este resultado era de espe-



FRECUENCIA e a), INVIERNO
%
80 T
i ——— BRO- N. LAREDO
o ~--~ ELP.~C.JUAREZ
A —.— S.DGO0.-TIJUANA
404 =-—= TUCSON-NOGALES
20+
T T T 3 —
6 9 15 is 2! HORAS
FRECUENCIA
%
80T b). VERANO
b
60- —— BRO-N.LAREDO
] —-——- EL P.C. JUAREZ
404 —~.— S.DGO.-TIJUANA
»
i / ~..—= TUCSON-NOGALES
7
, .
ZO‘J /II »
II,/'
- \ e
\.{l/'
=2 J
T L
i8 21 HORAS

FIG. 4. VARIACION DIURNA DE LA FRECUENCIA DE INVERSIONES SUPER-
FICIALES EN LA FRONTERA NORTE. a).INVIERNO Y b). VERA-
NO (con datos de Hosler, 1961).



o/ ——BRO. - N.LAREDO
100 -
~~-— 5. DIEGO - TIJUANA

P -, _»
o \"-\___ P ——- EL P.~ C. JUAREZ
80 — \ . ~ -~
NN ~. -~ .
AN ~- —-— TUCSON-NOGALES
60 —
40 -

T I T 1
INVIERNO PRIMAVERA VERANO OTONO

FIG. 5. VARIACION ESTACIONAL DE LA FRECUENCIA DE INVERSIONES TER -
MICAS SUPERFICIALES EN CUATRO PUNTOS DE LA FRONTERA
{con datos de Hosler, 1961) A LAS 5-6 AM.

50
6O0LFO

DE
MEXICO

FIG. 6. FRECUENCIA ANUAL DE CICLOS DESPEJADOS (=3/I10) EN LA
FRONTERA (HOSLER, 1961).



Ecologia y Desarrollo de la Regién Fronteriza * 115

rarse ya que dicha regién fronteriza entre Arizona y Sonora--Oeste de
Chihuahua, se caracteriza por una elevada frecuencia de noches casi des-
pejadas que acentdan el enfriamiento del aire superficial por radiacién
nocturna, como puede verse en la Fig. 6.

La profundidad de la capa de mezcla en la frontera

Cuando los voltiimenes de contaminantes atmosféricos son considera-
bles es importante saber cual es la extensién vertical de la capa donde
se pueden mezclar durante el dia. Mientras més profunda sea esta capa,
mayor dilucién se alcanzard y, consecuentemente, menor serd el riesgo
de que ocurran altas concentraciones de contaminantes. La mayor pro-
fundidad de la capa de mezclado se alcanza a la hora de mayor turbu-
lencia convectiva, cuando la temperatura supetficial es la més alta al
mediodia. Esta profundidad méxima de la capa de mezcla (PMCM)
es caracteristica de cada lugar y se puede estimar utilizando los datos de
los radiosondeos conjuntamente con la temperatura méxima. Los va-
lores de la PMCM han sido estimados por Holtzworth (1964) * para los
Estados Unidos y por Jduregui (1979) * para México.

Con estos datos se han construido los mapas para enero y julio de la
PMCM para la regién fronteriza (Fig. 7).

Verano

Se advierte de la Fig. 7 que la PMCM en la frontera es mayor en la
porcién central de ésta, entre Nogales y Piedras Negras. Ahi, en el vera-
no, la PMCM alcanza una altura de méds de dos km. decreciendo hacia
ambos extremos de la frontera. En la cuenca baja del Rio Bravo la PMCM
se reduce a unos 1,200 metros, mientras que en Sonora y Baja Califor-
nia la PMCM es la més baja de la frontera, particularmente en la regién
costera de Baja California.

Invierno

En la estacién fria la PMCM se reduce considerablemente (Fig. 7a),
lo que significa que son menos buenas que en verano las condiciones de
dispersién de contaminantes atmosféricos en la vertical en la frontera.

3 C. HortzworTH, “Estimates of Mean Maximum Mixing Depths in the
U. S.”, Monthly Weather Review, Vol. 92: 5 (1964), 235-242.

4 E. JAureGul, “La Contaminacién atmosférica potencial en los valles del
ceniro de México”, Comunicaciones (Proy. Puebla-Tlaxcala, N? 16) Puebla, 1979.
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Durante esta época la PMCM varia de 800 a mil metros siendo maxima
en la regién de Agua Prieta a Sonoita, Son. En la Fig. 8 se puede apreciar
que en la porcién central de la zona fronteriza (en El Paso-Ciudad Judrez)
la variacién estacional de la PMCM es méds acentuada (sefialando el
cardcter continental del clima) que hacia la costa (en Brownsville-
Matamoros), donde la influencia maritima se refleja en una menor
variacién estacional de la PMCM.

EL TRANSPORTE HORIZONTAL DE LOS CONTAMINANTES AEREOS
EN LA FRONTERA

En la seccién anterior se ha visto cudles son las caracteristicas de
difusidn del aire de la frontera en la vertical de la llamada capa de mez-
clado. También se examiné la frecuencia de condiciones de aire estable
o de inversiones superficiales de temperatura que restringen la dilucién
vertical de contaminantes atmosféricos.
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(datos de Holtzworth, 1964).
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En esta seccién se describen las condiciones menos propicias para el
transporte horizontal de las impurezas del aire en la faja fronteriza.

Como ya se vio en la seccidn anterior, la situacién més desfavorable
para la dispersiéon de los polvos y humos en la frontera es durante la
noche y al amanecer, ya que es entonces cuando se presentan las llama-
das inversiones de temperatura.

Si ademas de presentarse la condicién anterior ocurren vientos muy
débiles o aire en calma, entonces la situacién se vuelve critica, ya que
los niveles de polucidn se pueden elevar peligrosamente, pues los conta-
minantes emitidos al aire ni se dispersan verticalmente (debido a la
inversién) ni son transportados horizontalmente lejos de la fuente de
emisién. En estas condiciones meteoroldgicas se han presentado los acci-
dentes mdés graves de envenenamiento o deterioro del aire urbano.

Por esta razén es de interés determinar las dreas geogréficas donde se
presentan estas condiciones de aire débil o estancado.

En la Fig. 9, construida con datos de Hosler (1961}, se muestra la
distribucién de la frecuencia de vientos débiles nocturnos (menos de
3 metros por segundo) para la regidn fronteriza. También se puede apre-
ciar que la mayor incidencia de aire casi estancado en la noche, ocurre
en la mitad poniente de la faja fronteriza, siendo ahi mayor la frecuencia
de calmas en el verano (Fig. 9b). Esta 4rea comprende el norte de
Baja California y de Sonora, asi como el oeste de Chihuahua.

En la porcién oriental de la frontera disminuye marcadamente la
frecuencia de aire estancado nocturno, sobre todo en el invierno (Fig. 9a),
ya que es entonces cuando las masas de aire polar provenientes del
norte, las cuales vienen acompafiadas de- fuertes vientos turbulentos,
cruzan las llanuras de la cuenca media y baja del Rio Bravo o Rio Grande.
Como contraste, la parte centro y poniente de la frontera, cruzada por el
terreno abrupto de las sierras, ofrece mayor abrigo contra estos vientos
del norte, debilitdndose ahi el flujo del aire. El resultado es una mayor
frecuencia de vientos débiles en dicha regién durante el invierno (Fig. 9a).

En resumen puede decirse que el transporte horizontal de contami-
nantes aéreos es menos lento en la mitad oriente de la frontera; es
decir, del SE de Ciudad }Juérez-El Paso, hasta la desembocadura del Rio
Bravo o Rio Grande.

UN PROGRAMA PARA EL ESTUDIO DE LAS CONDICIONES LOCALES
DE DIFUSION Y TRANSPORTE DE CONTAMINANTES EN LAS
POBLACIONES DE LA FRONTERA NORTE

En las secciones anteriores se ha descrito el flujo general del aire y
las propiedades de difusion de éste en el ambiente de toda la region
fronteriza en general, desde ¢l Océano Pacifico hasta ¢l Golfo de México.
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Se ha visto cémo estas caracteristicas de dispersién de los contaminantes
aéreos varfan de una porcién de la frontera a otra, segin se trate de la
regién montafiosa central o de las dreas mds oceénicas. El siguiente paso
en el estudio de las propiedades atmosféricas para dispersar impurezas
seria abordar con mayor detalle la descripcidén de casos particulares de
algunas de las localidades urbanas fronterizas.

Lo primero que se ocurre es comenzar por las grandes ciudades de la
frontera tales como Ciudad Judrez y Tijuana cuya poblacién, sumada
a la de la ciudad gemela estadounidense correspondiente (El Paso y
San Diego), sobrepasa el millén de habitantes. Es en estos dos grandes
nuicleos urbanos (seguidos de Mexicali-Caléxico) donde son evidentes,
en mayor o menor grado, los problemas del deterioro de la calidad del
aire. Seguirdn en este estudio, de las condiciones locales de difusién
atmosférica, las ciudades fronterizas de tamafio mediano como San Luis
Rio Colorado, Matamoros, Reynosa, Nuevo Laredo y Nogales, donde
las fuentes urbanas de contaminacién aérea no son actualmente muy
numerosas.

Finalmente se abordard el estudio de difusién del aire en las loca-
lidades fronterizas pequeflas, donde el riesgo de deterioro de la calidad
del aire es actualmente insignificante.

Los datos meteorolégicos bdsicos

Los factores del clima que mds interesan para este tipo de estudios
son: el viento (direccién y velocidad), la nubosidad, la temperatura
y la humedad.

En la actualidad se cuenta con observaciones horarias de los ele-
mentos climdticos mencionados en cinco localidades fronterizas que
tienen aeropuerto como son:

Tijuana Mexicali Ciudad Judrez
Reynosa Nuevo Laredo

Una mirada a la ubicacién de estas poblaciones permite apreciar
que todavia quedan grandes extensiones de la frontera que no cuen-
tan con estaciones climatoldgicas necesarias para este tipo de estudio,
como son los trechos de Nuevo Laredo a Ciudad Judrez (mil km.) y de
Ciudad Judrez a Mexicali (unos 800 km.). Es cierto que parte de esta
escasez de informacibn climatolégica se puede suplir con los datos que
se generan en algunos puntos del lado estadounidense, tal como se ha
hecho en este trabajo para elaborar las secciones anteriores. En todo
caso, seria deseable que los datos climatolégicos que se producen en
ambos lados de la divisoria fueran de facil acceso para los investiga-
dores de estudios de la frontera de ambos paises.
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Datos climatoldgicos complementarios

Ademiés de la informacién climatolégica horaria de los aeropuertos
(que es sin duda la mds completa para estos fines) funcionan en la
frontera estaciones climatolégicas de segundo orden donde se registran
una vez al dia algunos datos meteorolégicos complementarios para
este tipo de estudios tales como la temperatura (maxima y minima),
la lluvia, etc. El viento, que es un dato importante para nuestros pro-
pésitos, se reporta en forma muy imprecisa en este tipo de estaciones:
a la hora de la observacién (las 8 a.m.) se anota la direccién del viento
por medio de una veleta y se estima su intensidad segin la escala de
Beaufort. Ademds, se anota la direccién del viento que prevalecié en las
dltimas 24 horas, dato que generalmente es de poca precisién. Aun
con las limitaciones mencionadas, la informacién de estas estaciones
(manejadas por el Servicio Meteoroldgico Nacional de la SARH) vecinas
a la frontera puede ser de utilidad (Tabla 1).

Tabla 1

RELACION DE ESTACIONES CLIMATOLOGICAS
EN LA FRONTERA NORTE

Afios de
BAJA CALIFORNIA , observacion
Col. Judrez (Mexicali) 13
Rosarito (Tijuana) 8
Bataques (Mexicali) 27
Presa Morelos (Mexicali) 14
El Compadre (Mexicali) 17
La Puerta (Mexicali) 14
La Rumorosa (Mexicali) 27
Mexicali (Mexicali) 30
Presa Rodriguez (Tijuana) 27
Tecate (Tecate) 12
Tijuana (Tijuana) 27
Valle de las Palmas (Tecate) 27
Valle Redondo (Tijuana) 5
SONORA
El Riito (Sonora) 26

Nogales (Nogales) 4
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Tabla 1 (continuacion)

Arfios de

observacion
Naco (Sonora) 11
Cananea (Sonora) 14
Caborca (Sonora) 4
San Luis Rio Colorado (Sonora) 26
Sonoita (Sonora) 26
CHIHUAHUA
Banderas (Chihuahua) 12
Ciudad Judrez (Chihuahua) 3
San Agustin (Chihuahua) 3
Vaso Sauzal, Juarez 3
Ojinaga (Ojinaga) 7
Presa Tarahumara 2
Santa Elena (Chihuahua) 8
COAHUILA
Acuiia
Palestina - 31
TAMAULIPAS
Camargo 22
Miguel Aleman (San Pedro) 22
Diaz Ordaz 22
Reynosa 22

Rio Bravo 24

Se advierte de la tabla que las estaciones climatoldgicas estdn des-
igualmente -distribuidas a lo largo de la linea fronteriza. Del total de
34 estaciones termo-pluviométricas, la mayoria (el 38%) se localizan en
Baja California, es decir, en el estado con el trecho més corto de fron-
tera. Sonora y Chihuahua tienen un nimero igual de estaciones (7)
en la divisoria, mientras que Tamaulipas y Coahuila se encuentran al
final de la lista.

Es muy probable que del lado estadounidense funcione cuando me-
nos un nimero igual de este tipo de estaciones climatolégicas de segundo
orden. De ser asi, seria deseable contar con dicha informacidén para la
elaboracién de estos estudios ambientales.
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Los datos de muestreo del aire

Lo que se ha dicho en relacién con los datos climatolégicos en la
frontera es también vélido para la informacién sobre mediciones de
la calidad del aire en esta regién. Del lado mexicano sélo se cuenta
con mediciones esporddicas de algunos de los contaminantes atmos-
féricos, principalmente polvos.

Sélo recientemente, a partir del afio 1979, en la ciudad de Tijuana
se ha comenzado a muestrear en forma sistemadtica el aire para particulas
totales en suspensidn.

En Ciudad Judrez, que junto con El Paso forma el 4rea metropoli-
tana mds importante de la frontera, el monitoreo del aire data de 1972
(Davila, 1972) 5 La red de muestreo del aire en Ciudad Judrez consta
de 4 estaciones que toman muestras de polvo total y después los filtros
son analizados para determinar el benceno soluble. Otros contaminan-
tes muestreados en Ciudad Juédrez, con una red mayor (20) de puntos
de muestreo, han sido los compuestos de azufre cuya medicién data del
afio 1972.

Esta informacién ha sido tomada del informe del Consejo Bi-Nacio-
nal de Salud El Paso-Ciudad Judrez (1975) ¢ donde se publican por
primera vez los resultados del muestreo del aire en Ciudad Juérez-El
Paso. Esta publicacién representa un primero y bello esfuerzo manco-
munado de las autoridades sanitarias de ambas ciudades fronterizas para
obtener informacién bésica sobre la calidad del aire en el drea Ciudad
Juérez-El Paso.

En el momento actual carecemos de informacién sobre la existencia
de otras redes de monitoreo en ciudades gemelas fronterizas menores.

LOS ESTUDIOS DE CONTAMINACION DEL AIRE EN LA FRONTERA

Aun cuando los datos ambientales son todavia insuficientes, con:
viene mencionar que han aparecido ya algunos estudios de polucién
atmosférica realizados en Ciudad Judrez-El Paso por cientificos de

5 G. DAvira, “Joint Air Pollution Monitoring Program Developed in Ciudad
Juédrez-El Paso”, en Applegate y Bath, editores, Air Pollution Along the United
States-Mexico Border (The First Bi-National Symposium on Air Pollution, Uni-
versity of Texas at El Paso, Sept. 1973), El Paso, Texas Western Press, 1974.

6 El Paso-Ciudad Juarez Binational Health Council, Environmental Health
Subcommittee, “Progress Report on Air Pollution Survey in El Paso-Ciudad Judrez,
1972-1974”, Preliminary Draft, 1975. Mimedgrafo.
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ambos paises (Ordéfiez et al., 1976; 7 Hubert et al.,, 1981;® Quevedo,
1977) ° en relacién con el problema de la contaminacién aérea que
produce una planta metalirgica de El Paso, en ambos lados de la
divisoria.

Si bien estos estudios se han limitado al problema de la contamina-
cién del aire por plomo en Judrez-Ei Paso, problema que, entre parén-
tesis, parece ser que después de ocho afios no ha podido resolverse hasta
el presente (ver Applegate, 1981), dichos estudios constituyen un buen
inicio para ampliar la investigacién a otros contaminantes de esa area
fronteriza.

Existe ademds un trabajo preliminar de los aspectos meteoroldgicos
de la contaminacién del aire de la cuenca aérea Tijuana-San Diego (Jau-
regui, 1979; % 1981) " y, en la actualidad, se colectan y procesan los
datos climatoldgicos y de contaminacién para aquellas poblaciones fron-
terizas mexicanas que cuentan con informacién.

COMENTARIOS FINALES

Seria deseable que reuniones como la presente ayuden a crear un
campo propicio para la realizacién de estudios ambientales relativos
al aire en la frontera, mediante:

a) Creacién de un banco de datos climatoldgicos de la frontera
formado con:

estaciones de radiosondeo

observatorios meteoroldgicos

estaciones meteorolbgicas de aeropuertos
estaciones termo-pluviométricas secundarias

b) Establecimiento (o ampliacién) de redes minimas de monitoreo
(tres o cuatro estaciones) de los principales contaminantes (polvos, Os,
metales pesados, SO:) en édreas urbanas de ambos lados de la frontera.

7 B. Orp6REz, L. R. RoMERO y R. Mora, “Investigacién epidemiolégica por
contaminacién de plomo en Ciudad Judrez en relacién con una fundicién de
El Paso”, Bol. Ofna. Sanitaria Panamericana, 80: 303 (1976).

8 J. Husert, R. CANDELARIA, B. ROSENBLUM y H. APPLEGATE, “A Survey of
Ambient Air Levels of Lead in El Paso, Tex.”, J. Air Pollution Control Association,
Vol. 33: 3 (1981), 259-262.

9 H. QuEevepo, “Concentration and Distribution of Lead in the Air of Ciudad
Juirez”, Phd. Dissertation, University of Oklahoma.

10 E, JAurecul, “Climatologia de difusién de la ciudad de Tijuana, B. C.:
Informe Técnico”, Dir. Gral. de Saneamiento Atmosférico; Sub-Sria. Mejora-
miento del Ambiente, 1981.

11 E, JAurecul, “Air Pollutant Transport in the Tijuana-San Diego Basin”,
AAG Abstracts, Annual Meeting Association of American Geographers, Los An-
geles, Calif., April, 19-22, 1981.
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Conviene hacer notar que en los dos pares de ciudades fronterizas
gemelas mas grandes (Tijuana-San Diego y Ciudad Juérez-El Paso) la si-
tuacién a este respecto deja todavia mucho que desear ya que existe un
volumen mucho mayor de datos climatolGgicos y de muestreo de conta-
minantes del lado estadounidense, mientras que del lado mexicano dicha
informacién, tan necesaria para este tipo de estudios ambientales, es
minima y esporddica.

c) Experimentos de difusién atmosférica por medio de gases traza-
dores en cuencas aéreas fronterizas, con objeto de definir las trayectorias
més probables o frecuentes de los contaminantes dentro de las &reas
urbanas de la frontera.

CONCLUSIONES
El problema del deterioro de la calidad del aire tiene dos aspectos:

a) la intensidad y distribucién de las fuentes (fijas y méviles) de
emisién de contaminantes.

b) las condiciones meteorolégicas que facilitan o restringen la dis-
persién de las impurezas.

En el presente trabajo se examinan los aspectos meteoroldgicos de la
contaminacién del aire a lo largo de la frontera norte de México. Las
propiedades de difusién del aire muestran variaciones (como en otros
lugares) diurnas y estacionales. Las situaciones desfavorables para la
dispersién de contaminantes aéreos en la frontera ocurren particular-
mente en la estacién fria y, sobre todo, en el trecho montafioso de la
divisoria donde la frecuencia de inversiones superficiales es elevada.

Se describen también las variaciones que en la frontera sufre la
profundidad maxima de la capa de mezcla (PMCM) que guardan una
relacién estrecha con la capacidad de dilucién del aire en la vertical.
Asimismo, se examina la frecuencia de vientos débiles nocturnos a lo
largo de la frontera para estimar las variaciones de la capacidad de trans-
porte de contaminantes en la horizontal a lo largo de la frontera.

Finalmente se sefialan los principales puntos para abordar el estudio,
a escala local, de las caracteristicas de difusién y transporte del aire
urbano y su relacién con los niveles de contaminacién en las principales
ciudades de la frontera.






TRANSNATIONAL AIR POLLUTION

HowaARrRD G. APPLEGATE

INTRODUCTION

Air pollution along the United States-Mexico border neither is due
exclusively to the activities of man nor a recent phenomenon. Some
years ago, a chemical industry in the Lower Rio Grande Valley asked
me to investigate damage to vegetation. Local residents were blaming
the damage on emissions from the company. In fact, the damage was
due to an onshore breeze carrying droplets of sea water several miles
inland and depositing sodium chloride on the vegetation. This meteoro-
logical condition occurred many times in the past and will occur many
times in the future. To plant lovers, it is a form of pollution.

The central area of the border —FEl Paso/Ciudad Judrez— and the
far western portion —San Diego/Tijuana— are characterized by tem-
perature inversions. Anything put into the air during these inversions
cannot disperse. The pollutants, whether from modern industry or camp-
fires of prehistoric Indians, obey the laws of physics and remain around
until the inversion breaks.

The activities of modern man —in procreation, occupation and recre-
ation —have accentuated the age-old problem. It is truly a transnational
problem. Heavy metals and carbon monoxide move freely within the El
Paso-Ciudad Juédrez airshed (Applegate, 1981a, b). A single particle
or molecule may criss-cross the border several times constrained only by
topography and the laws of fluid mechanics. Until recently, the aerial
degradation was conceived of as a ‘“‘social disutility” —a vague term
denoting a dimensionless cost somehow borne by the public-at-large.
Lately, public demands north of the border that aerial degradation be
halted, changed the social disutility to an “economic disutility”, i. e.,
pollution represents a cost which must be first quantified and then
charged to someone. South of the border, aerial pollution is still viewed
as a social disutility to a large degree. Herein lies the transnational
problem: social disutility vs. economic disutility. Complicating this trans-
national problem is that neither nation, within their own boundaries,
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has come to grips with their own national problem of the social and
economic costs of utilizing their atmospheric resources.

The atmosphere has been cited, for many years, as the classic example
of a common property resource (CPR). It belongs to no one, so therefore
belongs to everyone. To early economists, air was more than a CPR; it
was a free good, i. e., enough for everyone and no one would pay for
a bigger share. Common law, however, put yet a third interpretation
on air —real property held under title of fee simple absolute. This gives
one exclusive right to use the air over one’s property for whatever
purpose. Simply put, if the air you own and have polluted moves over
my property, it is now my air and my property for my use. As receptor
and owner of your former air, I have the legal right to demand you take
from your air any pollution you put into it before the air crossed your
property line and became my air.

A problem arises in that I can fence off my land from your land and
my water from your water but I cannot separate my air from your air.
The indivisibility of air ~—be air regarded as a free good, a CPR, or as
real property— makes the resolution of aerial pollution most difficult.

Ignoring the indivisibility of air for the moment, the property line
between “your air’” and “my air” can be between private parties or
international states. In both situations, to resolve disputes, there are
common and well-recognized steps that must must be taken. First,
legislative bodies must assume jurisdiction over the dispute; secondly,
judicial systems must agree the legislative jurisdiction is within permis-
sible limits; thirdly, an administrative infrastructure with regulatory
powers must be created; lastly, monitoring of individual effluents and
ambient air quality must be done.

Both the United States and Mexico have taken the above steps in
dealing with national air pollution problems. Both countries have estab-
lished ambient and effluent standards. [An ambient air standard is a
legal specification of minimum conditions which must be met for some
pollutant at a specified site. An affluent air standard specifies a permis-
sible discharge of a pollutant from a point source.] What has not been
done is to reach mutual agreement on social vs. economic disutilities,
utilization of a CPR, and the right to use real property which is difficult
to demarcate. This paper will explore these three areas.

THE PUBLIC AND AIR POLLUTION

Long (1971) states “that a major problem [air pollution] appears
only when a certain critical level of pollution is attained. Below that
threshold, nature (often referred to as the ‘environment’ or the ‘ecological
system’) can assimilate, i. e., chemically convert most of the noxious
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wastes emitted by the industrial process”. This statement is true in a
technical sense only. Air pollution does become a health problem only
when the assimilative powers of the atmosphere become overwhelmed;
however, before the problem can be addressed, it first must be formally
recognized as a problem.

Orddfiez (1978), former Jefe, Area Salud del Programa de Mejora-
miento Ambiental de México, declared that there was no correlation be-
tween air pullution and respiratory disease in Mexico. The entire rest of the
world has found a close relationship between air pollution and respiratory
disease (Shey, et al., 1978).

In the city of Cubatao, Brazil, 40 of every 1,000 babies are still
births; another 40 perish within the first week of birth (EI Paso Times,
1980). A majority of the victims are deformed. The 1,295 square kilo-
meter area is bombarded daily by 429,096 kilograms of carbon monoxide,
165,106 kilograms of sulfur dioxide, 134,262 kilograms of particulate
matter, 37,194 kilograms of nitrogen oxide and 28,122 kilograms of
hydrocarbons. The managing director of the foundry located there made
the following statement:

Foundry work is unavoidably polluting work, and is no longer
accepted by highly unionized workers of the so-called developed
countries. As is well known, in the developed countries an ex-
tremely strong emphasis —I don’t say if correctly or not— is
placed on the pollution problem. In view of these considerations,
the iron foundry is a activity more suitable to third world
countries.

The foundry is owned by Fiat of Italy. Cubatao has one of the highest
number of still-births in the world. It also has the highest per capita
income of any city in Brazil. Obviously, exceeding the assimilative
capacity of the atmosphere does not in itself constitute a recognizable
problem.

1t is the middle economic class that recognizes the problem and thus
constitutes the most vociferous force in battling pollution. The lower
economic class is too busy trying to secure the basic necessities of life
to worry about pollution; the upper economic class simply moves away
from the pollution. All economic classes have an ordered hierarchy of
wants; food, clothing, and shelter rank highest in this hierarchy and
primary economic activities are devoted to satisfying these wants. Once
these wants are substantially fullfilled (not necessarily satiated), lower
ranking wants will increase in relative value.

The fact that a certain level of income must be reached before air
pollution is recognized as a primary problem, suggests it is a superior
economic good, i. e., varies directly with real income (Crocker, 1968).

9
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This gives rise to a seeming paradox: the higher the real income, the
more consumption; the more the consumption, the greater the air pollution
to produce the goods; the greater the air pollution, the higher the real
income. The tragedy or perverseness of this association is that neither
the health effects, nor the income are distributed equally: the poor get the
pollution and the rich get the income.

We must differentiate between actual air poliution and potential
air pollution. Actual air pollution is what is emitted now; potential air
pollution is what could be emitted sometime in the future if x number
of units of something were to be produced.

Actual air pollution and real per capita income increase together
to a point. With the increase in real per capita income comes increasing
satisfaction of the basic necessities of life and increasing dissatisfaction
with air pollution. As personal priorities are adjusted, air pollution
will assume even more importance. When enough people reach this point,
they will demand that air pollution be curtailed. Thus actual air pollution
must increase along with increasing affluence before the public will
demand less potential air pollution and thus have cleaner air in the
future.

The differences in real per capita income between the two sides of
the border are well documented. As per capital income increases south
of the border, the concept of air pollution as a social disutility will give
way to the concept of pollution as an economic disutility. The best way
to speed up the change is to speed up the increase in per capita income.

ECONOMICS AND AIR POLLUTION

The concept south of the border of air pollution as a social disutility
makes it difficult to discuss economic values. The preliminary portion
of this section will be devoted, therefore, to conditions north of the
Rio Grande; the later portion will deal with the prospects of the southern
portion of the borderland changing their economic viewpoint — or rather,
how quickly the will change their viewpoint.

In the United States, air can no longer be considered a free good
if indeed, it ever was a free good. As long as the value of retention
costs is greater than the value of retention benefits for present or
potential pollutant emissions, there is no economic incentive to use
anything but the air’s waste disposal abilities. Under fee simple rights,
this can be done. The law recognizes this right by measuring ambient
concentrations of pollutants outside an industry’s property line and not
on the property itself. [Effluent emissions are usually measured in stacks.
Industrial areas between the stack and the property line do not exist for
the EPA.] Obviously, we must make the value of retention costs less
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than the value of retention benefits to eliminate using the air’s waste
disposal abilities.

One established strategy has been to increase the cost of the pol-
luter, i. e., non-retention becomes a disutility or disbenefit by being
subjected to fines. Needless to say, the method has many drawbacks.
There are technical ones: proving the pollutant comes from plant A and
not plant B; proving plant A has indeed installed the best available control
equipment and not the cheapest control equipment. Within a single plant,
there is no incentive to minimize control costs for the plant as a whole
by modifying input vs. controlling effluent since each point is considered
separately from all other point sources.

Legal problems also plague standards-based regulatory programs. The
setting of the standards themselves is a long and difficult process in-
volving both legislative and judicial processes — often overlayed with
a pseudo-medical facade. Once the standards are established, an individual
industry has many economic disincentives to delay meeting the standards
as long as possible. The chief disincentive is the annualized cost of
installing and operating abatement equipment. This cost is passed on
to the consumer and could place the individual firm in an unfavorable
position vis-3-vis competitors. Implicit in the regulatory process in the
concept that the regulatory agency has perfect knowledge of the industrial
process-an obvious impossibility. Anderson, et al. (1977), discuss the
problems of standard-based regulatory program in detail.

Costle (1980) announced a new concept in “New Ways to Regulate:
The Bubble Policy” -— an effort to give companies economic incentives
to clean their aerial effluents. Originally, the concept applied only to
single plants. A bubble with a single stack was conceived as covering
the plant. Effluent standards applied only to the single stack and not
to the several, individual emission sources within the bubble. The plant
manager would make decisions as to which source would be controlled
and what mix of control measures would be used in order to meet emission
standards. Plant managers would find it economically advantageous to
control most completely those sources having the least costly control
technologies and thus have fewer costs to pass on to the consumer.

From this single plant control, the concept has been expanded to
place the bubble over an entire air-quality-control region (airshed). In
place of individual sources within a single plant, there are now individual
plants within a single airshed. A plant manager can make decisions within
his own plant; between plants, however, there must be some way to
decide which plant pollutes and which plant cleans up and how much
of each is done. This introduces the concept of pollution permits.

The use of pollution permits is gaining wide acceptance (Tietemberg,
1974: White, 1976; Anderson, et al., 1977; Russell, 1981); however, for
a negative point of view, consult Liroff (1980). Simply stated, plant A



132 * Air

must reduce pollutant B. This can be done in several ways: reduce its
own emission of B; if it is more cost effective, pay for equipment to
reduce emissions of B from plant C and utilize the “clean” air for its own
emissions; buy up all the pollution permits of plant C (and close it) and
utilize all the “clean” air for its own use. Obviously, there are many
problems in the implementation of this policy. Most economists agree, if
implemented, it would be a movement toward least-cost distribution
of meeting ambient, effluent, or airshed standards. Most importantly,
for the purpose of those interested in air poltution along the border, we
have, for the first time, a concept that ignores political boundaries.

SOLVING THE PROBLEM

The Subsecretaria de Mejoramiento del Ambiente was formed in 1971
and first met with the Environmental Protection Agency in 1972. Ap-
plegate (1981c) details the meetings, agreements, and accomplishments.
The accomplishments were best summed up by Dr. Manuel Lépez
Portillo, SMA, and Mr. Douglas M. Costle, EPA, on November 20, 1980
when they stated there was “little to show in terms of meaningful
accomplishments” in improving the border environment. Later, in another
paper, Applegate (1981d) argued that since neither federal government
could resolve the issue, local authorities with their more pragmatic
approaches should play a major role in resolving transnational environ-
mental problems. Methods to be outlined below could be the first steps
in that direction.

Mexico law recognized the atmosphere as a CPR as does the United
States law. The law of Mexico goes one step further: the atmosphere
belongs to the state — res publicae. In the United States, the atmosphere
is held in common — res communes. In Mexico, the state has claimed
outright ownership; here, the state has appointed itself as trustee of
something owned by everyone.

In both countries, the state claims the authority to lay down terms
upon which the CPR can be used. Both countries have been diligent in
seeing the CPR was used to return a profit to the users and a revenue
to the states. Neither state, until recently, was interested in placing restric-
tions upon entities individuated in the CPR. Thus, the entities could
establish private rights or they could use the CPR without bothering
with the expense of a private appropriation. A government will only
resist such usage when social policy sees a value in so doing. Once such
a value has been determined, the government can establish an entitle-
ment to the CPR.

The entitlement in Mexico is the government; in the United States,
the entitlement belongs to an undefined “public”. In economic theory, the
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Mexican state can set a value on the use of their atmosphere since it is
owned by an entity. Being owned (entitled) it has a potential value.
In the United States, the atmosphere is owned by everyone and hence
by no one. It is difficult to set a value, actual or potential, on something
owned by no one. The first step, therefore, should be for the federal
government of the United States to establish an entitlement to the
atmosphere.

There is precedent for this action. Movement of planes and propagation
of radio and television waves through the atmosphere are all controlled
by the federal government. If the federal government does not want to
obtain entitlement to the atmosphere of the entire nation, there is
precedent for a law giving them entitlement to the border air. Laws
applying only to the border region govern the border patrol, customs,
immigration, right-of-search, etc.

If both governments have entitlement to the atmosphere then air
on both sides of the border are no longer CPR’s but PPR’s — public
property resources. They have values like any other PPR — national
forests, grazing lands, public buildings, etc. Now the two governments
can use the market place to provide incentives for clean air along the
border — after Mexico recognizes the bubble concept over an airshed.

The bubble concept in the United States applies to an air-quality-
control region, i. e., an aerodynamic area. City, county, and state boun-
daries can be ignored. In theory, international boundaries can be ignored
— if both nations agree. To treat an airshed as a single entity is scien-
tifically correct, technologically feasible, and politically acceptable. The
scientific correctness and technical feasibility of such an action should
be self-evident. If the two governments are seriously interested in dealing
with aerial pollution along the border, such an action should be politically
acceptable since it will help the economy of both countries. Let us
consider a concrete example.

Maquiladoras have contributed greatly to Mexico’s economy (Hansen,
1981). Their importance was demonstrated recently when a medium-
sized firm shut down in Cd. Juirez. The governor of Chihuahua, in an
effort to retain the jobs, “loaned” the workers money to purchase the
plant. The “loan” is to be repaid from profits the firm earns in the
future. This is but one of many examples that could be cited of official
Mexican efforts both to obtain and to retain the magquiladoras that are
of such great economic importance to them. (It is not relevant to this
discussion that the plants are owned by interests north of the border.
Mexican officialdom zealously protects them as though they were Mexican
owned.)

Electronic assembly plants play an important role in Cd. Judrez and
Nogales. North of these cities, in an area stretching from El Paso to Ajo,
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about 18 percent of all the sulfur dioxide in the United States is emitted
(Shoults, 1974). This has caused corrosion problems at the assembly
plants. Some have installed elaborate and expensive filters to remove
the compound from the air. Folklore says that at least one such firm put
a plant elsewhere than on the Mexican border due to the problem. Let us
draw up a scenario that could happen if the United States government
has entitlement to the atmosphere north of the border and the Mexican
government accepted the bubble concept south of the border.

The sulfur dioxide emitters (chiefly smelters) would face policing
by both governments, since the electronic plants would have access to
both governments. Obviously, a cost-effective study would be done on
what combination of methods would reduce sulfur dioxide levels in the
bubble to a level acceptable to all. The emitters and receptors are bound
together under a bubble of air and not separated by an international
boundary. Thus they have an incentive to find, by their mutual efforts,
the cost-effective solution. We have internalized costs previously ex-
ternalized, provided economic incentives that replace altruistic impulses
and replaced unilateral decision-making with a system of viable inter-
national give and take.

It is axiomatic that the cost of cleaning air is exponential, i. e., the
cost of cleaning up 90 percent is about equal to the cost of cleaning
up the remaining 10 percent. The emitters may find it cost effective to
clean up less than 90 percent and pay to install, in the receptors, equip-
ment that will filter their incoming air. Similarly, the receptors may
find it cost effective to filter their air less and spend money helping the
emitters reduce their emissions.

Both governments, since they own the air, would be encouraged to
have input into the negotiations. They will be concerned with tax revenues,
contributions to the local economies, and GNP’s. Money criss-crosses
the border as frequently as do emissions.

Obviously, there are many variables to play with in achieving the
least cost-effective methodology of meeting the air standard. Thus there
will be great flexibility in methodologies. Of great importance, is that
air south of the border will no longer be a social disutility; it will be an
economic disutility when polluted.

Both governments will also be dealing both legally and economically
with a PPR and not with a CPR. This will greatly simplify not only their
dealings with each other (which would be minimal) but also with industry.
Industries both north and south of the border have dealt with their
respective governments for use of PPR’s such as grazing land, forests,
minerals, and waters. The legal and economic bases for such dealings
have been well established. This will facilitate the establishment of a
fair market price for the use of the atmosphere.
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We have also, by using the bubble, done the “impossible” — divided
the indivisible. The border atmosphere is indivisible; airsheds are dis-
crete areas having singular characteristics within the atmosphere. Airsheds
within the border atmosphere are Lower Rio Grande Valley; El Paso-
Ciudad Judrez; Douglas-Agua Prieta; Nogales-Nogales; Calexico-Mexicali;
San Diego-Tijuana. Within each airshed, individuation, pollution-permit
exchange, and market values can be established independent of any other
airshed.

d’Arge and Kneese (1980) have written what is considered a classic
paper on international environmental degradation and economics. Let
us examine these two proposed actions from the viewpoints expressed in
their paper. They state:

First, environmental externalities have arisen because. .. [they]...
are resources without defined ownership rights or rights of use.
These resources are viewed as being commonly owned or not
owned at all. A nation that agrees to a particular pattern of
ownership could potentially lose some of its implicity controlled
resources and thereby decrease its national wealth.

First, we propose that the border air no longer be a CPR but a PPR.
It is owned by the states. The states can isolate their own PPR as they
choose. This is already the case in Mexico; the United States needs to
take action to assume ownership of the air. Once this is done, both
national governments can identify selected portions of the individual
airsheds, for aerial degradation purposes only, and assign them as a
responsibility of a binational agency. Neither government loses any
of its aerial resource; quite the opposite, both governments increase a
national resource by gaining shared control over a previously foreign-
owned resource. Thus both governments increase their potential wealth.

d’Arge and Kneese discuss the polluter-pays (PP) principle (the
emitted pays for amelioration measures but not for residual damage);
the full-cost (FC) principle (emitter pays for control costs plus residual
damages) ; victim-pays (VP) principle (receptor pays emitter for control
costs and absorbs all residual damages) and the common-property-resource
institution (CPRI) principle (states give powers to an autonomous agency
to regulate the use of a CPR). They point out that given certain simplified
conditions, in bilateral cases, PP, FC, and VP are theoretically symmetrical
and produce Pareto efficiency in the short and long runs if consumers and
production factors are immobile internationally. These conditions would
be met in the bubble, certainly for maquiladoras, and probably for most
emitter-receptor border industries.

Throughout their discussion, d’Arge and Kneese use an adversarial
confrontation scenario. They quite correctly point out that this could
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lead to exaggeration of claims and thus to economic inefficiencies. Under
the bubble concept, exaggeration of claims only harms the exaggerator.
It is to everyone’s economic advantage to state a fair case in seeking
cooperative measures with other industries within the bubble rather than
smploy adversarial confrontations.

Finally, they discuss the problem of information and transactions
costs. Once again, their point is that if nations do this, there are many
imponderables and difficulties. Virtually all are due to CPR “ownership”
and a standards-based regulatory program. Most of the cited difficulties
would disappear if border air was a PPR under a bubble-based regulatory
program.

Some type of a binational administrative structure would have to
be established for this program. It could be an entirely new one or the
program could be placed in a present administrative structure. Bath
(1977) has discussed various options that might be employed. Whatever
the administrative structure, industry on both sides of the border would
find it economically feasible to work together to solve common problems.
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