
9837

RACE TO SAVE THE

~~~~~~~~~*... ov* .... . .......... .. **. ..........
~~~~~~~~~....** ...--**- * ................---* ................ {

*J* ......... .. ~~~~~........... ......... V ... ....... *. e 
... . ......................... .. 

.. ... ... .. . .. *.v...

Ecology & Economics
for a

Sustainable Future-

Edited by

Robert Goodland
Foreword by

Daniel H. Janzen

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed







About Island Press

Island Press, a nonprofit organization, publishes, markets, and distributes the
most advanced thinking on the conservation of our natural resources-books
about soil, land, water, forests, wildlife, and hazardous and toxic wastes. These
books are practical tools used by public officials, business and industry leaders,
natural resource managers, and concerned citizens working to solve both local
and global resource problems.

Founded in 1978, Island Press reorganized in 1984 to meet the increasing
demand for substantive books on all resource-related issues. Island Press pub-
lishes and distributes under its own imprint and offers these services to other
nonprofit organizations.

Support for Island Press is provided by Apple Computers, Inc., Mary Rey-
nolds Babcock Foundation, Geraldine R. Dodge Foundation, The Educational
Foundation of America, The Charles Engelhard Foundation, The Ford Foun-
dation, Glen Eagles Foundation, The George Gund Foundation, William and
Flora Hewlett Foundation, The Joyce Foundation, The J. M. Kaplan Fund,
The John D. and Catherine T. MacArthur Foundation, The Andrew W. Mel-
lon Foundation, The Joyce Mertz-Gilmore Foundation, The New-Land Foun-
dation, The Jessie Smith Noyes Foundation, The J. N. Pew, Jr., Charitable
Trust, Alida Rockefeller, The Rockefeller Brothers Fund, The Florence and
John Schumann Foundation, The Tides Foundation, and individual donors.



RACE
TO SAVE

THE TROPICS



I



RACE
TO SAVE

THE TROPICS
Ecology and Economics

for a Sustainable Future

Edited bg
Robert Goodland

W h LA o, CREni
Washrin,yton, D.C. F- Covelo, California



© 1990 Island Press

All rights reserved. No part of this book may be reproduced in any
form or by any means without permission in writing from the
publisher: Island Press, Suite 300, 1718 Connecticut Avenue NW,
Washington, DC 20009.

Library of Congress Cataloging-in-Publication Data

Race to save the tropics : ecology and economics for a sustainable future /
edited by Robert Goodland.

p. cm.
Includes bibliographical references (p.

ISBN 1-55963-039-6. - ISBN 1-55963-040-X (alk. paper)
1. Environmental policy-Economic aspects-Developing countries.

2. Tropics-Economic conditions. 3. Rain forest ecology-Economic
aspects-Developing countries. I. Goodland, Robert J. A., 1939- .

HC59.72.E5R33 1990
333.7'0913-dc2O 89-71677

CIP

Printed on recycled, acid-free paper

Manufactured in the United States of America

10 9 8 7 6 5 4 3 2



IN MEMORIAM

Francisco Mendes Filbo
"Chico Mendes"

Brazilian rubber-tapper leader, assassinated
on December 22, 1988. He gave his life

uniting indigenous peoples,
the landless poor, and conservationists

against the destruction of the Amazon rainforest.
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Foreword

SUSTAINABLE SOCIETY
THROUGH APPLIED ECOLOGY:

THE REINVENTION OF THE
VILLAGE

For millennia humans existed as collections of more or less related
individuals, living by traditions generated by their surroundings and
previous traditions. Life was a relatively sustainable management recipe
for the manageable resources, and disaster plans for the unmanageable.
Each new human, largely a stack of blank diskettes, was programmed by
his or her surviving neighbors, and by some collective memory of those
who did not survive. Sustainable agroecosystems were the dominant
nonwild vegetation type.

Those social units that did not live in this way suffered the conse-
quences until traditions evolved or they were displaced. The natural
world was enemy and friend, storehouse and earthquake. I am not
describing a noble savage so much as the observant, scarred, and scared
rural human. Berbers, Incas, Dyaks, Yanomamo, Masai, and Toltecs
were not created by god(s) but by the equilibrium created by hunan-
ity's dominant trait-replacement of wildlands with human domesti-
cates, including humans-checked by the realities of overextension.

xi
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And then we added wire and microscopes and airplanes and univer-
sities and big boats and doctors and diesel and pesticides and radios and
passports and electricity and computers and guns and libraries and chain
saws and banks and commercial debt and penicillin and credit cards and
bulldozers and nylon and stock exchanges and ... to the human tool-
box. But it's the same individual humans, not changed one whit; it is
their collective face and fate that has changed. Short-term sacrifice for
the long-term collective good has gone out of style. Humanity has
shrugged off its immediate feedback loops, tropical nature has lost the
battle, and now we are left with a choice. Do we salvage the vanquished?
And we are left with a task-get ourselves to where we can perceive the
negative feedback before the momentum crushes the objective.

The single largest specific task facing tropical humanity today is
reinventing the traditions that adjust population size and demands to
the size and nature of the resource base. What makes this reinvention so
excruciatingly difficult is that, today, the consequence of trashing the
natural resource base is either ameliorated or surfaces much later (and
thus is not experienced by the trasher). Humanity is living on a credit
card. Every time the going gets rough, we just change address. Those
that have the ability to invent new traditions can leave the scene and
those that cannot, die. Not the best of circumstances for evolution.

What are the basic ingredients of evolution? Selective processes that
favor one tradition over another, a variety of traditions among which
the selective process chooses, and a mechanism by which the favored
traditions are transmitted. We have had nearly two decades of global
public exposition of the burgeoning and every day more indiscriminate
selective processes. As this book emphasizes, it is time to move on past
advertising the presence of selection. Let's move on to increasing the
variety of traditions among which the selective process can select, and
get to thinking about the transmission and institutionalization of this
information into traditions once again. Far more than just local
agroecological traditions must appear and replicate; the quickest way to
get many pesticides out of tropical rivers may be to cause the acceptance
of blemished bananas on the New York market.

Each of the component parts of the natural resource base-water,
soil, biodiversity, wood, air, heat, rain, and so on-has gone through
and is going through the above process, often at different rates and
perceptions. Focus on biodiversity for a moment. For millennia, it is
just there-the huge gene pool from which the occasional Indian
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grandmother selects a new crop plant, the rope-maker selects a new
fiber, the shaman selects a new heart-stopper. It is omnipresent, exuber-
ant, hardly used by a local culture, mostly unknown. It almost always
reseeds itselfwhen trashed (except for the megafauna swept off the New
World continents by early humans, the 100-plus species of birds eaten
off the Hawaiian Islands by the early canoeing colonists, the hundreds
of species of plants barbecued off the Australian dry topics by 50,000
years of burning, etc.). Agricultural inviability, diseases, and the cer-
tainty that all foreigners are thieves and killers maintained the balance.

Then humanity escapes from its village, and the tropical world is
converted to a global village unshackled by feedback for half a millen-
nium. The global neighborhood is converted to Lebanon, El Salvador,
and the Oklahoma dust bowl. The most conspicuous casualty is the
multitude of traditions, and the selection for them, that once put crops
in the ground in the right season, left trees standing on village edges,
put 46 varieties of rice in one backbreaking field, and kept the local
population at a size that matched the resource base. Lying in the open
grave with tradition is biodiversity. As crushed as were European wheat
fields, playgrounds for Allied and Axis tanks. We suffer, and live with,
the consequences of our actions.

Traditions will rise again. The process that generates them-memory
perceived by the next generation-is not dead. But biodiversity must be
lifted from the grave, planted back out, nursed a bit, and explicitly left in
peace. Humanity is not about to give the earth back for another 4
billion years of evolution, and biodiversity has lost the greatest friend it
ever had-agricultural and social inviability for most of the tropics.
Perhaps one of the most delicate of all traditions-the incorporation of
biodiversity's intellectual stimulation in the village social and mental
fabric-is about to be taken from the three-quarters of humanity that
live in, and always will live in, the tropics. A million square kilometers of
intensive agriculture can be highly sustainable agroecology, and the
most deadly boring green cocoon in the universe. The mental health of
the tractor driver, mayor, and mother is as much an ingredient in a
sustainable agroecosystem as are integrated pest management, polycul-
ture, and reforestation. The destiny of humanity is not glorious fields
fiill of human draft animals picking beetles off bushes. Biodiversity
conserved in wildlands has far more function than its very great value as
a global gene bank and phytochemical cornucopia.

This book calls for the application of ecology; the irony is that
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ecology ever got unapplied. This book highlights, pleads for, attention
to the technology of sustainability in natural resource use. The irony is
that human sustainability has always been a combination of planning
and restrictive reality, molded by feedback. Humanity simultaneously
escaped from both the reality and the feedback. All the return to sus-
tainability really requires is voluntary-more fun than involuntary-
submission to traditions of sustained natural resource management
before global selection does it for us at a much lesser steady state value.
No noun is regal; context is. A monoculture rice field may be sustain-
able resource management, or it may be a disaster. Corporation agricul-
ture may be the best management structure on the north side of the
mountain, family farms the best on the south side, and no farm at all to
the east and west. A tropical rain forest may be best restored 200 meters
from a metropolitan area and a remote rain forest best turned to mac-
adamia nut plantations. Cows belong in some national parks.

Which is all to say that humans also have to decide what really is the
resource that they want. Does anyone really want to live in an oil palm
plantation, a sugarcane field? When humans have the option, it is pretty
clear that they take the advantages of modern society and decorate the
margins with biodiversity and unsullied water, air, views, and food.
Someone challenged me on that once-he said that the oil palm planta-
tion worker would rather have a TV set than a national park nearby.
Who said either/or?

I don't argue for a return to the tropical village. But what is crystal
clear is that the site-specific traditions that were once held together by
god, marriage, and pests must now be replaced by a new species of
social glue that once again renders the human occupant responsible for
its actions, be they underfoot or at the end of a 5,000-kilometer fax line.
Our diskettes are receiving an amazing assortment of miscellaneous
programs, but we have slipped out from beneath the editor's thumb and
we are sending our printouts to random addresses. You are bright?
Then put your mind to the generation of programs that will base the
fitness of the individual once again on the fitness of the village and its
habitat. These programs will be applied ecology, by definition.

DANIEL H. JANZEN



PREFACE

"The most important challenge for tropical ecology is for tropical ecolo-
gists to stop intellectualizing and start implementing what needs to be
done." Thus wrote Dan Janzen (1988), arguably the world's foremost
practitioner of applied tropical ecology. This book shows what applied
tropical ecology is and how it already has started to be used in improv-
ing economic development in developing countries.

Applied ecology, the application of ecological principles to solving
real world problems, is discussed in the introduction. The integration of
applied ecology into the process of economic development has already
improved it significantly and will improve it much more when such
integration becomes systematic rather than the exception it is at present.
Even so, applied ecology is an intractable science as Slobodkin (1988)
points out: "One reason is that ecology is called upon to solve all types
of real and conceivable problems about the interaction of organisms and
their environment. ... Both ecology and medicine when confronted
with questions about new symptoms attempt to establish ad hoc re-
search programs to find solutions, and thereby tend to annoy clients
who want quick, direct replies."

This book, written by front-line, muddy-footed practitioners of ap-
plied ecology, shows the enormous benefits to be gained and the stag-
gering and usually irreversible losses to be prevented when ecology
is applied to economic development. Ecology is applied to agricul-
tural development, both agroecology and agroforestry, moist forest
management, pest management, and to large-scale hydro and
irrigation schemes, all of them in tropical developing countries. This
is complemented by chapters on teaching applied ecology to na-

xv
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tionals of tropical countries; ecology applied to conservation; and envi-
ronmental sustainability.

Applied tropical ecology is a young science-this is the first book to
be published on the subject. This book is not a research tome. Rather, it
records the attempts, many empirical and ad hoc, to apply what little is
already known to real life development issues in tropical countries.
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INTRODUCTION
ROBERT GOODLAND AND MARYLA WEBB

Economic development has been vigorously pursued as the means for
achieving the goal of fulfilling human potential and improving stan-
dards of living. Economic development is a complex process, usually

* accompanied by major cultural changes involving systems of governing,
social relationships, attitudes toward nature, and technological artifacts.
Development is usually characterized by a gradual transformation from
a subsistence economy-in which families or villages are essentially self-
sufficient, and any trade of goods and services is largely through
barter-to a market economy-in which production of goods and
services are specialized and trade in goods and services involves a na-
tional currency-or by growth in a market economy. Market economies
are frequently measured as growth in gross national product (GNP).
GNP is a national account statistic that measures aggregate national
generation of income or the monetary value of resource flows. Only
recorded economic transactions involving a national currency are in-
cluded in the statistic. Its environmental deficiencies are recognized but
not amplified here.

After World War II, attention began to focus on economic develop-
ment for more-traditional societies in largely tropical countries not yet
so affected by the world market economy and modern technological
conveniences. This led to international cooperation for economic devel-
opment on an unprecedented scale. International lending agencies and
programs of bilateral aid were established to transfer resources and

3
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provide technical assistance to developing countries. The governments
of developing countries also set about fostering the market economy-
setting macroeconomic policies, investing to build infrastructure and
expand basic services, fostering and sometimes engaging directly in
productive activities. Although these efforts have been successful in
transforming millions of lives and increasing per capita GNP-per
capita GNP has risen an average of 3 percent annually since 1965 in
developing countries-it can be argued that overall quality of life and
human well-being has not risen commensurately.

This chapter suggests how and why economic development has not
always been successful in increasing quality of life. It focuses the impact
of economic development on the natural environment-although the
impact of economic development on the social environment also is a
critical issue and lack of attention to it has caused social malaise and
failure in specific development projects. Also, it is suggested that applied
ecology can enhance economic development so that it preserves rather
than damages quality of life and of the environment; the influence of
multilateral development banks (the World Bank, founded in 1945; the
Inter-American Development Bank, founded in 1959; the African De-
velopment Bank, founded in 1964; and the Asian Development Bank,
founded in 1966) on the economic development process is discussed.
How applied ecology can enhance these multilateral development banks
is described, and critical areas for future research are suggested.

ECONOMIC DEVELOPMENT AND QUALITY OF LIFE

The acute environrnental stresses many developing countries experience
are intensifying rapidly. Overall many of today's activities are degrading
the world environment at an accelerating rate.

More environmental degradation and destruction has probably oc-
curred in the last twenty years-while GNP was rising 3 percent a year
in developing countries-than the previous fifty. The greatest environ-
mental destruction in the history of humanity has occurred in the last
one hundred years, as technologies have become more powerful, agri-
culture has become more mechanized, and the market economy has
spread globally. Despite laborious attempts to solve environmental
problems, implemented solutions to deforestation, desertification,
overfishing, pollution, the greenhouse effect, acid rain, depletion of the
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ozone layer, and extinction of species evade us. Daly and Cobb (1989)
offer the most encouraging ways out of current planetary impasse.

One of the reasons for this state of affairs is that the very process of
economic development leads to environmental degradation; whereas
traditional systems of resource use (social and technical) often set up
circumstances whereby environmental quality is preserved. For exam-
ple, traditional systems usually develop through long periods of trial
and error in an area. They build detailed familiarity and sensitivity to a
local environment. The ones that preserve environmental quality are
often essentially subsistence systems (including storing modest surplus
for lean times). The people have little incentive to overexploit the
environment, since most traditional societies-even migratory ones-
are tied to a certain territory and therefore have a stake in its preserva-
tion and protection so that it continues to provide for societal needs. In
many traditional societies, preserving nature or respecting the land is a
universal human obligation.

Conversely, in modem developed societies, most people lose sensi-
tivity to, understanding of, and appreciation for their natural environ-
ments. In the world market economy, the incentive is to produce as
much surplus as one can sell, because stockpiling wealth increases mate-
rials power and options. Nothing in the structure of the market induces
conservation. On the contrary, if the demand is there, all incentives are
to overexploit in modern societies. The profits from sustainable harvest-
ing are less per unit time than unsustainable "mining" of a potentially
renewable resource. If one resource becomes depleted, all that is neces-
sary is to have stockpiled enough capital to allow substitution of an-
other resource. Fiscal policies, such as tax (dis)incentives, can soften this
fundamental market characteristic, but cannot remove it. Treatment of
the land that provides for all one's material needs (except for one's
immediate living space) becomes no longer a particular concern. Mod-
em societies usually take a usability approach to nature-that is, they do
not adhere to a belief in a moral obligation to nature.

ROLE OF APPLIED ECOLOGY

The systematic application of ecology (page 6) to development plan-
ning, although not a panacea, can go a long way toward alleviating the
problem outlined. Although much remains to be discovered, ecology
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has uncovered many principles of natural ecosystem functioning critical
to successful development planning. Most failed economic develop-
ment projects have ignored critical ecological attributes of an area. At
the very least, they are not likely to achieve as many sustainable benefits
as economically as would be achieved if ecological principles were used.

Applied Ecology Defined

Applied ecology is the application of ecological principles to solving real world
problems. Theoretical (pure) ecology uncovers the ecological principles that
explain the structure and functioning of the natural world. Both branches of
ecology are essentially positive, rather than normative, activities. They focus on
what is or will be, rather than on what ought to be.

Even so, applied ecology is closely associated with normative activities. A
broad political goal, or the solution to a local problem-how things ought to
be-is usually decided in the political or socioeconomic arena. Applied ecolo-
gists use basic ecological knowledge to aid reaching socioeconomic or political
goals. These goals include the conservation of biological diversity or sustain-
able natural resource management such as the optimization of products from
forests. Applied ecologists also conduct research at a local level to solve a
particular problem, such as the alleviation of an algal bloom in a lake, or the
establishment of the boundaries of a nature reserve.

Whereas theoretical (pure) ecologists are concerned with the natural world
for the sake of knowledge, applied ecologists are concerned with applying that
knowledge in order to achieve human goals or solve human problems. Pure and
applied boundaries overlap. An ecologist who normally works on theoretical or
empirical problems may address a more immediate, pressing problem. Con-
versely, an ecologist working on a more applied problem may uncover informa-
tion that advances the science. Moreover, much theoretical or empirical work
helps solve real world problems, or has as its general aim the eventual better-
ment of humanity.

SOURCE: Walker and Norton, in press.

The systematic use of ecological principles in development planning
is beneficial (it increases the quality of life) in four main ways: by
fostering the productivity of the natural resources upon which all devel-
opment depends; by favoring the maintenance of environmental qual-
ity; by promoting efficient and sustainable natural resource use; and
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by avoiding unexpected negative consequences of actions. These are
arbitrary categories. A healthy and productive ecosystem will have
high environmental quality. Efficient and sustainable natural resource
use tends to preserve both productive ecosystems and environmental
quality.

The use of ecological principles in development planning fosters
environmental health and productivity. This is true in any type of
development project that manipulates or affects the natural world in
order to achieve human goals. This principle is illustrated in the im-
poundment of rivers (page 8). Through ecological research and plan-
ning before a dam is constructed, the health and productivity of these
ecosystems can be preserved while other energy or agricultural goals are
simultaneously achieved.

The use of ecological principles in economic development also favors
the maintenance of environmental quality in forest resource use. For
example, ecologists have developed ecologically based, forest-
management systems that preserve the structure and functioning of
tropical forests. These are usually long-term, sustained-yield sil-
vicultural schemes based on encouraging the natural regeneration of
commercially valuable tree species. Many of these systems are taken
from the knowledge of native foresters and indigenous or tribal peoples,
and include selective logging, pre-felling vine-cutting, directional fell-
ing, and care in extraction-largely by using balloon-tire vehicles,
blimps, and carefully located and engineered roads.

Lack of efficient and sustainable economic development often stems
from failure to address ecological information in project design. Billions
of dollars can be lost. Two, among many, vivid examples concern failure
to appreciate the intricacies of pollination ecology. The first example
concerns the Brazil nut (Bertholletia excelsa) industry. Before ecological
investigations, we did not understand that this commercially important
tree depends upon Euglossine bees as a major pollinator, as well as
agoutis-large forest-dwelling rodents-for seed dispersal. Euglossine
bees, in turn, depend upon pheromones from specific epiphytic orchids
for mating signals; and the orchids, in turn, depend upon certain forest
conditions for growth. This helps explain why Brazil-nut plantations
have commonly failed and investors have lost millions of dollars; one or
more links in this interdependent web were omitted. Use of this ecolog-
ical knowledge in planning would have ensured that all parts of the
system were present, preventing major losses of scarce capital. Similarly,
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lack of ecological knowledge led to the loss of billions of dollars on
foregone yields and the enormously expensive six decades of hand
pollination when the oil palm was introduced from West Africa to
Malaysia in 1917 without knowing that it is insect pollinated. The West
African pollinator, the weevil Elacidobius kamerunicus, was introduced
into Malaysia 64 years later, in 1981. This boosted the next year's yield
alone by 130,000 tons or 57 million U.S. dollars in foreign exchange.

Ecological Effects ofDams

The main effects of dams on downstream riverine ecosystems commonly in-
clude (1) reduction in species diversity of the whole spectrum of plants, insects,
and fish including microflora and fauna; (2) explosive population increases of
pest species including disease-carrying insects and river-choking aquatic weeds;
(3) degradation of the river channel including decreased stream-bank stability;
(4) increased fish mortality, particularly ofjuveniles; and (5) decreased recruit-
ment of juveniles into the adult breeding population resulting in declining fish
numbers. The main floodplain effects can include: (1) an increase or decrease in
salinization of floodplain pans; (2) invasion of the riparian zone by nonriparian
plants that have littie tolerance to flooding (this increases the devastating
impact of a severe flood); (3) alteration of floodplain reptile, bird, and mammal
species as some species are eliminated or decrease in population size. Estuaries,
especially in arid regions, are sensitive to impoundment flooding to scour the
mouth and open it to the sea again. Effects on estuaries can include the following:
(1) permanent closure ofthe estuary; (2) build-up ofsand- and/or mud-flats; (3)
decreased interactions between the estuary and its associated lagoons and salt
marshes; (4) changes in species composition ofestuary and associated land areas,
including reductions in the number of angling fish and bait organisms and dra-
matic increases in nuisance organisms such as mosquitoes.

SOURCE: Ward et al., 1984.

The improvement of agricultural practices through applied ecology is
probably the most critical task facing humankind today. As the cost of
agricultural input has soared, problems with biocide poisoning and
groundwater contamination have become epidemic, loss of topsoil has
intensified, and destruction of natural ecosystems and wildlands con-
tinues, the efficiency and sustainability of current capital-intensive farm-
ing methods have been brought into serious question. Agroecologists
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and others have been designing alternative agricultural schemes that
require fewer inputs and are less destructive of the natural world. Many
agroecologists are investigating the agricultural practices of traditional
peoples and are finding that traditional farming methods often make
ecological sense. Others have created research farms that test innovative
practices based on knowledge of the natural world (see below). Rodale
(1981) found that yields using regenerative agricultural practices, al-
though initially lower, burgeoned as the land recovered from previous
abuses. Although yields have not yet quite reached the levels of the
more capital-intensive methods, overall profits are greater because of
decreased expenditures on inputs. More output per input equals in-
creased efficiency. Since input usually depends on limited fossil energy,
this translates into increased sustainability.

Finally, the use of ecological principles reduces unexpected environ-
mental costs. An example of unnecessary damage to environmental
quality that occurred through avoidable lack of attention to ecological
principles is a 1949 midge-control program. Clear Lake, California, is a
beautiful resort, well-known for fishing and water-skiing, but vaca-
tioners were annoyed by midges. Midges are closely related to mosqui-
toes. Though they are neither bloodsucking nor dangerous to human
health, midges were bothersome because of their large numbers. Ten
years of spraying DDT resulted in: a DDT-resistant strain of midge,
which is still a nuisance; elimination of the western grebe from the lake;
reduction in the population of other water birds; and poisoning of the
fish, the lake's most important asset. It is ironic that the midge problem
was caused by human activities in the first place. Nutrients draining into
the lake in the runoff from farmlands and in raw sewage dumped
directly into the lake had changed the bottom sediments to favor the
growth of the midge larvae. The midges were also attracted to the
increasing numbers of lighted houses near the edge of the lake. By using
this information about the ecology of the system, the midge could have
been controlled without the ecological backlashes.

Another example of long-lasting damage to environmental produc-
tivity brought about by avoidable lack of attention to ecological princi-
ples is Amazonian cattle pasture development. During the last decade,
large tracts of Amazonian rain forest have been felled and burned to
establish cattle pasture. Most of these enterprises have failed because
most nutrients are depleted after the first few years of cattle production,
and weeds impair the pasture. Maintaining production proved impossi-
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One Example-Biological Pest Control

An example of wise use of ecological knowledge in development problem-
solving is the biological control program of the cassava mealybug (Phenacoccus
manihoti) and green spider mite (Mononychellus spp.) being conducted by the
International Institute of Tropical Agriculture (IITA) based at Ibadan, Nigeria.
This mealybug-spider-mite complex has severely decreased cassava yield in
recent years and has spread to 30 African countries, causing an estirnated
annual $2 billion in darnages. The goal was to control these pests and to restore
potential production levels of this formerly important source of food. The
ecological knowledge that cassava and its pests were balanced in Latin America,
where these species evolved with the introduced pests, failed because pests had
become too numerous or the timing prevented effective control agents. Test
releases of carefully chosen natural enemies of both the mealybug and the mite
have been very successful. One predator of the mealybug, the parasitoid Epi-
dinocarsis lopezi, maintained itself in the experimental field throughout the
following rainy season and kept the mealybug under control in the dry seasons
of 1982-1984, while spreading over 5 kilometers into neighboring farms. The
same predator, released at a second test site, successfully colonized a 3,000-
hectare mealybug-infested cassava farm, and beyond, has been one of the most
efficient for achieving the objectives for several reasons: once achieved, it has
been self-sustaining, i.e., it is maintained naturally without any recurrent costs
to the farmer; and it is specific, i.e., it appears to achieve only the objective,
without any side effects such as damage to the health of the farmer, nontarget
wildlife species, or the ecosystem. Moreover, it will prove to be extremely cost
effective-most costs will be up front in the research and testing. There are no
apparent health or environmental costs. And subsistence farmers will not have
to continuously buy large supplies of biocides that would have been required as
the only alternative. Hence, the pest will not build up resistance to the biocide,
as is usually the case, and there will be no need to continuously develop and use
new biocides.

SouRcE: IITA, 1984.

ble without fertilizers. Abandoned pastures are still essentially barren
and likely to remain so. Tropical forests recover after moderate distur-
bance, such as slash-and-bum agriculture, if certain physical and biolog-
ical elements are present. Bulldozing or high-intensity cattle ranching
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destroys those elements, however, and precludes the natural recupera-
tive power of the forest.

The Fukuoka Farm

An example of high farm output for minimal input, as promoted by Rodale and
other low-input farmers, was worked out by Mr. Masanobou Fukuoka, a
microbiologist turned farmer in Japan. Mr. Fukuoka has perfected a system of
farming that requires no plowing, little weeding, and no agricultural chemicals,
yet produced yields comparable to modem capital-intensive methods. With
essentially no ecological training, but astute powers of observation and im-
mense patience, he used trial and error to eliminate, one by one, any unneces-
sary agricultural practices. Once he managed to tilt conditions in his fields and
orchard slightly in favor of his crops, he interfered as little as possible with the
plant and animal communities. As he explains, "My way of farming now is little
more than sowing seed and spreading straw, but it has taken me 40 years to
reach this simplicity." Although Mr. Fukuoka may not be consciously applying
textbook ecological principles, his method makes sense to any agroecologist.
Moreover, although this is only one temperate country exarnple of the effi-
ciency that can be achieved using "ecological" principles, it may represent one
of the best.

SOURCE: Fukuoka, 1978, 1985.

MULTILATERAL DEVELOPMENT BANKS IN
INTERNATIONAL ECONOMIC DEVELOPMENT

Multilateral development banks (MDBs) have a critical role to play in
fostering the use of applied ecology so that the process of economic
development achieves the goal of improving quality of life, i.e., main-
taining environmental quality. One reason the role of these institutions
is so critical is their pervasive influence on economic development in
developing countries due to the enormous amounts of capital that these
banks control. For example, in 1984 the four MDBs together lent $20
billion U.S. currency to developing countries; this was nearly 30 per-
cent of all international development assistance to the public sector in
that year. The World Bank represents the largest share of this lending; it
lent more than $17 billion U.S. currency in fiscal year 1987 alone. As a
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comparison, the total GNP of most developing countries is less than
$10 billion U.S. a year and total government expenditures range from
$100 million U.S. to $3.5 to 4 billion at most.

This ratio of MDB assistance to all international development assis-
tance, large as it is, understates the power of MDBs. The influence of
dollar figures on development policies and priorities is magnified by:
(1) the much larger counterpart sums provided by recipient countries
(commonly 70 percent of total project costs), other development agen-
cies, and private banks; (2) the major flow of technical assistance; (3)
involvement in a country's institution-building; (4) the leverage of loan
conditionality both in specific projects and in structural adjustment
loans; (5) the integral research role in country analysis and planning
that influences lending priorities; and (6) the leverage in conjunction
with the International Monetary Fund in determining a borrower's
creditworthiness to private banks.

MDBs need applied ecologists in two general areas: formulation of
overall national development strategies and policies; and the planning
of environmentally positive development projects. Applied ecology is
beginning to be used in project planning but is not yet systematic in
formulation of national development strategies. In 1987, the World
Bank created seven new environmental divisions, four in the four geo-
graphic regions (Africa, Asia, Latin America, and the rest) and three in a
policy planning and research department. Most of these divisions may
have an applied ecologist.

Applied Ecology in National Planning
The benefits of using ecological principles in country-wide planning are
beginning to be recognized. Besides the more general reasons discussed
earlier for using applied ecology in the economic development process,
whether on a national or project level, there are also unique reasons for
applying ecology to national planning. These reasons all relate to the
utility of addressing environmental concerns comprehensively, rather
than piecemeal. The essentially intersectoral and interdisciplinary na-
ture of environmental concerns makes this approach fundamental. The
benefits of such a strategic approach include the following: improved
integration of environmental quality and economic concerns at a na-
tional level, i.e., ensuring that the planning actions and policies work in
tandem to achieve the goals of economic progress and preservation of
environmental quality; improved intersectoral cooperation, since many
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environmental problems can be traced to poor coordination between
sectors, e.g., agriculture and fisheries, forestry and livestock; improved
recognition of environmental constraints to, or opportunities for, vari-
ous forms of development. All of these will result in improved planning
and quality of specific projects. Five national-level approaches that ad-
dress environmental concerns in a more systematic and comprehensive
way are now outlined. These approaches can only be effective to the ex-
tent to which they are integrated into national planning and backed with
budgets and policy changes. Too often, attempts to use some of these
approaches have not been so integrated and therefore have fallen short of
their goals.

NATIONAL CONSERVATION STRATEGIES. Most attempts by govern-
ments to apply ecological principles in national planning have used a
blueprint called the World Conservation Strategy, prepared in 1980 by
the International Union for the Conservation of Nature and Natural
Resources in cooperation with the United Nations Environment Pro-
gramme and the World Wildlife Fund. It was the collaborative effort of
more than 700 scientists and advisers associated with these organiza-
tions; 450 other government agencies and conservation organizations
commented on the document as well; it was formally endorsed by the
World Bank. These guidelines aid national planners to integrate ecolog-
ical principles into the development process for the reasons just dis-
cussed. Government leaders, usually in conjunction with aid agencies or
nongovernmental organizations, tailor this blueprint to prepare na-
tional or regional conservation strategies suited to their unique environ-
mental, social, political, and economic situation. While approaches and
methods vary considerably, the principal intent in each case is to im-
prove economic development planning through the timely inclusion of
relevant environmental concerns into the planning process. The World
Conservation Strategy has five main objectives: the maintenance and
proper functioning of the earth's essential ecological processes-
ranging from the global hydrological cycle to the local insect or bat
pollination of flowering plants, including crops-and life support
systems-roughly equivalent to major ecosystem types, e.g., forests,
wetlands, grasslands; the preservation of the world's genetic diversity,
i.e., conservation and protection of the earth's many species of plants
and animals; the protection of renewable resources by controlling levels
and patterns of use within sustainable limits; the maintenance of environ-
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mental quality; and the achievement of a steady state of resource use and
population numbers at a reasonable standard of living and quality of life.

In order to achieve these objectives, National Conservation Strategy
assesses the current environmental situation, including obstacles to
achieving the goals, and sets forth policies, major programs, and specific
projects designed to overcome the obstacles and achieve the objectives.
Implementation schedules and accountable institutions are drawn up
for all recommended actions. Monitoring systems are established so
that plans can be adapted to changing circumstances. Since March
1987, 23 countries had prepared or were preparing national conserva-
tion strategies (Table 1).

ENVIRONMENTAL PROFILES. The development of an environmental
profile is a similar exercise to the development of a national conservation
strategy. Both are planning documents that point out the main features
and problems of a given country's environment, and recommend spe-
cific actions. Environmental profiles, however, have no formal relation-
ship to the world conservation strategy and may not include all its
objectives, although their objectives overlap. The purpose of an envi-
ronmental profile is "to provide a comprehensive picture of a country's
environmental and natural resources, including an analysis of the pres-
ent use, management and conservation, and natural resources, such as
soil, water, trees, forests, and rangelands. . ." (IIED, 1986). Environ-
mental profiles also serve to promote recognition of the environment as
a system of interacting components and to highlight crucial gaps in
environmental knowledge.

A phase I profile is a desk study that summarizes available data on
soils, vegetation, water resources, wildlife, and protected areas. A phase
II profile is a comprehensive in-country study that may conclude
with recommended strategies or actions needed to deal with any en-
vironmental problems uncovered. Environmental profiles have been
funded by the United States Agency for International Development,
sponsored by UNESCO's Man and the Biosphere Program. Many were
prepared by the International Institute for Environment and Develop-
ment (IIED). The Asian Development Bank has also prepared environ-
mental and natural resources profiles for some of its developing member
countries as part of its country programming process. In both agencies,
these profiles are used in planning country development strategies as
well as specific projects. As of March 1987, 51 developing countries had
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TABLE I

DEVELOPING CoUNTRIEs winH NATIONAL
CONSERVATION STRATEGIES

Region/Country Status

Sub-Sabaran Afiica

Botswana IP
Guinea-Bissau IP, Proposal F (1985)
Ivory Coast IP, Proposal F (1983)
Madagascar E, F
Senegal IP, Proposal F (1984)
Sierra Leone IP, Proposal E (1985)
Togo IP, Proposal F (1985)
Uganda IP
Zaire IP
Zambia E (1984, 1985)
Zimbabwe IP (1988)

AsialNearEastlNorthAfrica

Bangladesh IP
Indonesia IP
Jordan (1)
Malaysia (2)
Nepal IP, Prospectus E (1983)
Pakistan IP
Philippines IP
Sri Lanka IP (1988)
Tunisia IP
Vietnam E, F (1985)

Latin AmericalCaribbean

Barbados IP
Belize IP

IP, in preparation; E, available in English; F, French.
(1) Looking for funding.
(2) Some studies for particular states are available.

SOURCE: IIED (1986) and Lists of USAID Country Environmental Profiles
and National Conservation Strategies, Sectoral Library, the World Bank.
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completed phase I profiles, and 16 phase II profiles (Table 2). Starting
in 1987, the World Bank has now completed environmental issues
papers for many of its borrowing member countries.

TABLE 2

DEVELOPING CoUNTRIEs wrrH PHASE I OR II
ENViRoNMENTAL PROFILES

Region/Country Phase I Profile Phase II Profile

Sub-SaharanAfrica

Burkina Faso (1980) E (1982)
Burundi (1981)
Cameroon (1981)
Cape Verde Is. (1980)
Gambia (1980)
Ghana (1980)
Guinea (1983)
Lesotho (1982)
Liberia (1980)
Malawi (1982)
Mali (1980)
Mauritania (1979)
Niger (1980)
Rwanda (1981)
Senegal (1980)
Sudan (1982)
Swaziland (1980)
Uganda (1982)
Zaire (1980) E,F (1981)
Zambia (1982)
Zimbabwe (1982)

AsialNear EastlNorth Afiica

Bangladesh (1980)
Burma (1982)
Egypt (1980)
India (1980)
Jordan (1979)
Morocco (1981)
Nepal (1979)
Oman (1981)
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Region/Country Phase I Profile Phase II Profile

Pakistan (1981)
Philippines (1980)
Sri Lanka (1978)
Syria (1981)
Thailand (1979)
Tunisia (1981)
West Bank/Gaza (1980)
Yemen (1982)

Latin AmericalCaribbeanl
CentralAmerica Region IP

Barbados (1982)
Belize (1982) E
Bolivia (1979) E (1980) (S-IP)
Costa Rica (1981) E,S (1982)
Dominican Republic E,S (1981)
Ecuador (1979) S (1983)
El Salvador (1982) S (1985)
Guatemala (1979, 1981) S (1948, Exec. Sum. E)
Guyana (1982)
Haiti (1979) IP
Honduras (1981) E,S (1982)
Jamaica (1981) IP
Nicaragua (1981)
Panama (1980) S (1980)
Paraguay E,S (1985)
Peru (1979) S (1986)

SOupRCE: As in Table 1.

NATuRAL RESOURCE INVENTORIES. A natural resource inventory is a
detailed list of the extent and condition of a country's or region's
renewable natural resources, and may include forests, fisheries, wet-
lands, and grasslands. Most inventories are compiled for sectoral plan-
ning, such as for the forestry sector. Some natural resource information
is monitored annually for inclusion in a government's statistical year-
book. Cropland or soil resource inventories are conducted for this
purpose at least. Many natural resource inventories for a particular
country or region are a byproduct of other studies. A global tropical
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forest inventory done by the Food and Agriculture Organisation
(FAO) and UNEP using LANDSAT imagery has given many develop-
ing countries a wealth of information on forests, as well as other natural
resources. Few countries or regions in the developing world have com-
prehensive, multi-sectoral natural resource inventories.

Even so, a detailed natural resource inventory is a powerful planning
tool. In addition, knowledge of the status and trends of resource stocks
can allow time to prevent problems before they reach crisis proportions.
For example, knowledge of a likely timber short-fall can allow time for
preventive steps, such as augmented plantations. Moreover, natural
resource inventories, like environmental profiles, provide a bench mark
as a basis for evaluating trends in natural resource developments so that
remedial measures can be taken as soon as possible.

ENVIRONMENTAL SECrOR REvIEwS. A number of countries are using
environmental sector reviews as an important input to their national
development plans. Indonesia undertook an extensive environmental
review as part of its formulation of the fourth five-year plan (Repelita
IV). This detailed planning exercise was supported by the United
Nations Development Programme (UNDP), UNESCO, the Interna-
tional Institute for Environment and Development (IIED), and the
governments of Belgium, the United Kingdom, and the United States.
In a similar vein, Malaysia's third five-year economic-development plan
addressed environmental concerns nationwide for the first time (with
assistance from the World Bank). This included establishment of an
environmental ministry.

YEAR 2000 OR 21ST-CENTURY STUDIES. The Global 2000 study was
conducted over a three-year period largely by the U.S. Council on
Environmental Quality, the Department of State, and other appropriate
U.S. agencies. It described the probable changes in the world's popula-
tion, natural resources, and environment through the end of the cen-
tury. It was the first U.S. governmnent effort to look at the interrelations
of all three factors from a long-term global perspective. Recognizing the
utility of this study, Canada, China, and Korea soon requested assis-
tance from the U.S. government to pursue similar long-term studies of
the interaction of population, natural resources, and environmental
trends within their borders. An organization, the Global Studies Cen-
ter, was formed in Washington, D.C., to assist these nations and
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others in planning and executing their own studies. It was headed by
Gerald Barney who headed the Global 2000 study.

More than thirty "Year 2000," "21st Century Studies," or simnilar
studies were under way or have been completed by various govern-
ments or other organizations around the world (Table 3). Although
these studies vary in the depth and extent of analysis, all present valuable
resource-trend information and insights for national planners on strate-
gies for affecting the future of peoples and nations.

ENVIRONMENTAL STATISTICS AND THE CALCULATION OF GNP. Many
economists argue that currently used national-income accounting sys-
tems, particularly GNP (see page 3), are inadequate for development
planning because environmental factors are undervalued or ignored. In
particular, GNP can be increased by depleting renewable natural re-
sources, by debasing environmental quality, or by attempts to compen-
sate or correct for these two activities. The kinds of economic activities
that increase GNP, but are actually attempts to compensate for de-
creased environmental quality, include medical expenditures on diseases
related to environmental abuse (e.g., bronchitis from air pollution),
expenditures to clean up polluted or degraded environments, expendi-
tures to enhance degraded environments (e.g., expenditures to save an
endangered species or reforest a watershed), and defensive expenditures
to protect ourselves from pollution or other hazards of modern living.
These kinds of expenditures actually reflect decreases in national wel-
fare, since the same capital could have been spent on truly productive
activities. Therefore, national planners who use GNP to gauge success
in promoting the well-being of their people may be inadvertently misled
into promoting policies and activities that are actually damaging the
nation. For this reason, four UNEP/World Bank Environmental Ac-
counting Workshops (1983, 1984, 1985, 1986) linked environmental
accounting and economic accounting. This method increases the qual-
ity of feedback to development planners so that activities promoted
bring overall benefit to the nation (Ahmad and El Serafy, 1989).

CARRYING CAPACnTY. Carrying capacity is a useful applied ecology
concept that can be defined as the maximum population of a given
species that can be supported indefinitely, allowing for seasonal and
random changes, without any degradation of the natural resource base
that would diminish this maximum population in the future. It is a
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TABLE 3

CoUNTRIES AND REGIONS wrrH 21ST CENTURY STUDIES

Region or Country Completed In Progress

Africa (by Ethiopia and the
Ivory Coast (1983) x

Caribbean (by Jamaica) x
Europe (by Austria) (1977)

Australia x
Brazil
Canada (1985)
China Phase I (1986) Phase II
Finland x
Iceland (1979)
Indonesia x
Ireland (1983)
Japan (1983)
Korea x
Mauritius x
Mexico x
Netherlands (1978)
Peru x
Philippines x
Poland x
S. Africa x
Sweden x
Taiwan x
Tanzania (1983)
United Kingdom (1983)
U.S.A. (1982)
U.S.S.R. x
Venezuela
World (by U.S.A.) x

SOURCE: Global Studies Center, 1611 N. Kent St., Suite 600, Arlington, VA
22209. The Center is a nonprofit charitable and educational organization that
assists groups conducting long-term studies ofthe development and security of
individual nations.

familiar concept to wilderness and range managers concerned with
protecting the environmental quality of a particular land area. If one of
these managers finds that their area of responsibility is becoming de-
graded, they respond either by culling animals or by increasing carrying



Introduction 21

capacity (usually temporarily), such as by chemical fertilizer or by plant-
ing fodder plants. In the simpler system of a national park or a range-
land, it is more easily recognized that environmental modifications that
increase carrying capacity require either importation of materials (e.g.,
saplings, chemical fertilizers) or energy or the expenditure of energy
(e.g., plowing, mowing) to keep the biological system in a state in
which it would not naturally stay. In other words, increases in carrying
capacity are temporary unless energy (other than solar) is continuously
imported; no technological advances can escape this fact.

The concept of carrying capacity can be a useful tool for national
planners in protecting the environmental quality of a nation or region.
If environmental degradation in a nation is increasing, it may be con-
cluded that the carrying capacity of that nation is being exceeded.
National planners can respond by implementing population policies,
reducing consumption, increasing efficiency, or importing the materials
and energy to increase their carrying capacity temporarily. There is no
escaping the fact that, except for the continuous infusion of solar en-
ergy, the earth is a closed system. Importation of materials and energy
require that they be exported from somewhere that in its turn, creates
environmental impacts of its own.

Applied Ecology in Specific Deelopmlent Proects

Global and national approaches to conservation outlined in the last
section will greatly facilitate environmental planning at the project level.
If the national development strategy conflicts with conservation goals,
then specific projects will also conflict. But no amount of national
environmental planning can completely compensate for an environ-
mentally flawed project. Too often, however, this is the role that applied
ecologists must play-attempting to reverse the worst predicted im-
pacts of a flawed project. On the other hand, little environmental
mitigation is necessary for projects designed so as to maintain environ-
mental values consistent with a national conservation strategy. There-
fore, applied ecologists should be involved in the preparation of
projects, from the earliest design phase onward.

The role of applied ecology on a project level should ideally follow
this sequence: designing and carrying out preproject studies that aid in
project design or in predicting environment impact; designing
mitigatory/compensatory measures to prevent or compensate for possi-
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Dumoga Imigation Project, Indonesia

An example of a World Bank project that benefited greatly from the involve-
ment of applied ecologists is the Dumoga Irrigation Project in Indonesia. This
project promotes irrigated rice on 197 square kilometers of arable land in
Dumoga, North Sulawesi, as well as infrastructure, training, and extension.
The credits (loans) signed in 1980 provide 1.1 million U.S. dollars (1.5 percent
of a total project cost of 71.1 million U.S. dollars) to elevate the status of the
935-square-kilometer nature reserve (established in 1979) into the 3200-
square-kilometer Dumoga National Park. This is designed to protect the water-
shed on which the irrigation depends, to augment dry seasonal flows, to
moderate wet seasonal flows, and to reduce the risk of sedimentation into the
irrigation infrastructure. Meanwhile, the National Park conserves many en-
demic forest biota, including the rare giant civet (Macrogalidia musschenbroeki)
and the endangered Maleo fowl (Macrocephalon maleo). Sixty park management
personnel have been hired, trained, and equipped. A management plan has
been drawn up and is being implemented. The approximately 400 families who
arrived after 1981 to live within the park's boundaries have now been relocated.
Without the project the National Park may not have been created and would
not have received 1.1 million U.S. dollars in start-up costs. Prevailing de-
forestation of the irrigation catchment would probably have intensified, im-
pairing both the irrigation water supply and the environmental values and
services of the forested watersheds.

As a spinoff of this modest investment, this reserve has become host to a
seminal scientific expedition. Project Wallace* of the Royal Entomological
Society of London (RESL) has been described as "the jewel in the crown of the
society's centenary celebrations." Six years in the planning, the year-long expe-
dition to the monsoon forests of Sulawesi, Indonesia, was the world's largest
entomological expedition ever mounted. More than 150 scientists from 19
countries took part. The myriad studies addressed a wide range of topics and
greatly advanced the knowledge of this unique ecosystem, an area cut off from
its neighbors in the Indonesian archipelago for millions of years. Early indica-
tions are that the importance of this expedition for the advancement of the
biological sciences, including ecology, taxonomy, and medicine, will be sim-
ilarly large. The project is also expected to have comnmercial benefits and should
produce knowledge that will improve the management of national parks and
watersheds in similar tropical moist forest ecosystems.

SOURCES: Knight and Schofield, 1985; RESL and IIS (n.d.).

* Alfred Russel Wallace (1823-1913) was president of the Royal Entomological Society
from 1820 to 1871, and formulated the theory of evolution with Charles Darwin in 1858.
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ble negative effects; implementing environmental measures; monitor-
ing environmental quality to provide early warnings; and evaluating the
environmental aspects of completed projects.

PRE-PROJECr STUDIES. Potential ecological impacts of certain classes of
projects-water impoundments, irrigation, forestry, livestock, agricul-
ture, highways, industries-are already well known (see below). A
knowledge of these potential results is important in improving project
design. Knowledge of the particular ecosystem is also necessary.
Through preproject studies, an applied ecologist can reduce any gaps in
ecological knowledge that may be necessary for successful project de-
sign.

DESIGN. With the ecological knowledge gained through both basic
research and preproject studies ecologists can create or improve project
design to achieve economic as well as environmental values. An envi-
ronmentally well-integrated project would have these aspects: emula-
tion and accommodation of naturally evolved patterns and processes;
emulation or enhancement of successful indigenous or traditional sys-
tems of resource use; compatibility with traditional cultural or societal
values; usage of species adapted to specific ecosystems in the commu-
nities where they evolved; recycling of wastes; usage of solar-based
power where possible (should not require major imports of energy);
material and energy efficiency; and ecosystem stabilizing (e.g., overhar-
vesting can cause permanent shifts in ecosystem structure and func-
tion).

MITIGATORY/COMPENSATORY MEASURES. When, despite best efforts,
projects cannot be designed to eliminate most, if not all, negative
environmental consequences, then compensatory measures may allevi-
ate them. For example, if a dam inundates some portion of an endan-
gered ecosystem, salvage of all biologically important species, as well as
the protection of an equivalent area (both ecologically and spatially) in a
park or preserve may be an acceptable compensatory measure.

IMPLEMENTATION AND MONITORING. Implementation of environmen-
tal measures is best accomplished by applied ecologists. For example,
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the establishment of a reserve or park to protect a watershed, or in
compensation for the elimination of another wilderness area, requires a
thorough understanding of the ecosystems for their setting, design, and
management. Likewise, the establishment of biological or integrated
pest management requires an understanding of the biology of the pest
and prey species, as well as how they interact with each other and the
plant host.

The success of an environmental measure, as any other aspect of the
project, requires monitoring in order to ensure smooth implementation
or to solve unexpected problems. For example, in monitoring a water
diversion scheme, it can be discovered that the rate and volume of water
withdrawal is destroying an economically and biologically important
wetland downstream, despite best efforts to study and design the
scheme to prevent that effect. In that case, plans may be redrawn to
reduce irrigated acreage in the water-short season in order to preserve
the fishery dependent on the intact wetland. Most of the time, trouble-
shooting is necessary, as many queries arise in implementing any new
enterprise. Applied ecologists keep the environmental aspect of a pro-
ject running smoothly.

EVALUATION. One neglected aspect of applied ecology is the environ-
mental evaluation of past development projects. Most evaluations of
completed development projects (those in which all disbursements have
been made on all financed activities, such as dam construction) focus on
adherence to disbursement and other schedules and the economic rate
of return over the life of the project, which continues after project
completion. Success in these two areas is often the yardstick by which
project success is measured, even if a few years of project economic
success destroyed any future use of the resource base, as well as perti-
nent environmental values. Environmental aspects of projects are per-
functorily evaluated and the project judged a failure on these grounds
only if their neglect has also caused proximal economic failure of the
project.

If development is to be truly sustainable, as well as maintaining
quality of life, development institutions must devote more resources to
the evaluation of environmental aspects of past development efforts. An
evaluation should contain a detailed balance sheet of costs and benefits,
both economic and environmental, over the long term.

Often, projects fail environmentally because of lack of attention to
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ecological principles already known. However, occasionally project fail-
ure is due to environmental circumstances that could not have been
foreseen with then current knowledge. In these instances, only by the
careful study of why things turned out differently from what was
intended, and the dissemination and use of the results, can past mistakes
be avoided in future projects.

CosT/BENEFIT ANALYSIS. Current cost/benefit analysis methods or
their improper use give inadequate weight to ecological variables and
environmental quality issues in project work. Giving the greatest
weight to bottom-line financial figures-giving significant advantage to
those factors that can readily be quantified and assigned a market
value-is a recognized tendency. This is unfortunate for environmental
quality because of one main reason easily understood by ecologists:
quantification or economic valuation of most ecological values is
fraught with practically insurmountable difficulties and in case of ethics
may be undesirable. How does one quantify and monetarily evaluate
the complex architecture of a rain-forest canopy, the sociobiology of a
king vulture, or the mutualisms between Brazil-nut trees, orchids, and
agoutis? Attempts to rectify this situation by quantifying and evaluating
various environmental benefits and costs are an incomplete solution at
best, and no less value laden than a more qualitative approach. (This is
because value judgments are required in the choice of studied variables,
from a practically infinite pool, and their eventual evaluation.) More-
over, where the course predicted by ecologic versus economic criteria
conflicts-as is usually the case in today's world-it can be forcefully
argued that it is the economic analysis that needs adjusting. However,
one is then in the ridiculous position of having to manipulate economic
data to predict the same course already judged prudent through eco-
logic analysis.

In an ideal world, all projects and activities should be formulated
using standard and rigorous ecological and ethical criteria (among
others), then evaluated economically only relative to one another. If this
procedure is followed by everyone, humanity stands to gain the greatest
long-term benefit in terms of quality of life. Violators of these criteria,
however, can accrue financial gains during their lifetime at the expense
of others and future generations. In this sense, our situation is much like
the prisoner's dilemma of sociological/ecological theory. The require-
ment that projects adhere to certain environmental criteria is an alterna-
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tive approach that has been suggested before (Baum and Tolbert, 1985;
Goodland and Ledec, 1987; Ledec and Goodland, 1989). These crite-
ria can be referred to as safe minimum standards, a nonmarket criteria
that a project must meet to be approved. If a proposed project
cannot meet these criteria, a more environmentally prudent project
should receive scarce investment funds instead. Ecologists are
indispensable in formulating and applying site-specific safe minimum
standards.

CRMIICAL AREAS FOR FURTHER RESEARCH

Since the above activities will be only as good as our ecological under-
standing, that understanding could be improved by asking the follow-
ing questions: What is environmental quality? Why should it be
maintained? How can it be maintained in the context of economic
development?

Some of the confusion and debate about the environmental implica-
tions of development activities lie in differing understanding of envi-
ronmental quality. Most people, particularly in developed societies list
as criteria for a high-quality environment: clean air; pure water; healthy,
intact soils; and presence of some plant and animal life. However, these
criteria could just as well describe an oil palm plantation as a tropical
forest. What is missing from these criteria is an appreciation of ecologi-
cal and evolutionary processes as they determine future life on earth.
Janzen (1986) has brought home the difference between managed and
natural habitats and the ecological and evolutionary implications of
current human management of the environment, so it will not be
covered again here.

Fairly pristine natural areas (i.e., wildlands) still possess what Aldo
Leopold in his classic,A Sand CountyAlmanac, termed ecosystem integ-
rity. Currently, we have only abstract, qualitative descriptions of ecosys-
tem integrity and environmental quality and little understanding of how
much one depends on the other. Ecological science should objectively
quantify environmental quality. It may sound improbable, but there was
once a time not too long ago when we could describe pure water only in
qualitative terms. The development of sophisticated chemical techniques
now allows us quantitatively to measure the purity of water. Only our
ability to measure water purity allows us to legislate water quality. In the
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same way, until we are able to objectively measure environmental qual-
ity, it is difficult to require development to maintain it.

Why should we maintain environmental quality? Again, since there is
much misunderstanding about the nature of environmental quality, it
follows that there would be similar misunderstanding about why it
should be maintained. For example, if environmental quality were
defined to be synonymous with ecosystem integrity, there would be
(and is) tremendous disagreement about how much of the earth's
natural ecosystem can be disrupted and destroyed, and, of those places
that we disrupt, how much integrity must be preserved. We have not
begun to really answer these questions. In a sense, we are performing
the experiment right now. Although in some areas it appears that our
intense management is sustainable and causing no major deleterious
effects, in other areas the ensuing degradation should tell us we have
gone too far. Complete judgment (because of the slow nature of many
ecological processes) will not be known for years.

Another interesting, but poorly understood, aspect of why we should
maintain environmental quality is the influence of the environment on
human physiological and psychological well-being. Much anecdotal
evidence suggests that major deviations from the environmental condi-
tions under which human beings and other life forms evolved often
impair well-being (see below).

Environmental Effects on Human Well-Being

Examples indude the health effects of biocides or heavy metals, where society
has created unnatural substances or placed natural substances in the environ-
ment in concentrations new to human bodies. Subtler examples are the effects
of scenery, sounds, and lighting on the human physiology and psyche. Hospital
patients whose windows face trees recover faster than patients whose windows
face buildings; and proper exposure to full-spectrum (natural) lighting is linked
to healthy physiological and mental functioning (i.e., lack of it can result in or
exacerbate learning disabilities or hyperactivity in children, and depression,
lethargy, and immune system malfunction in adults). These examples show that
the human system is more sensitive to a wider range of environmental factors
than previously appreciated, and may require largely natural conditions (con-
ditions that prevailed during the majority of our evolution) for optimal func-
tioning.
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Our actions show that we assume we could safely and sustainably
convert most of the earth to "corn fields, cow pasture, and cityscapes,"
figuratively speaking. Today's global society appears to wager that the
worst that can happen will be that the earth will be aesthetically poorer
(no small thing in and of itself), but otherwise we will just have more
money in our pockets and more meat on the table. This may not be a safe
bet, however, and increasing evidence substantiates this view. This evi-
dence must be collected and put into a coherent ecological framework.
Until it is clear to everyone why the world should not be unraveled so
quickly and extensively, we can expect the experiment to continue.

Finally, much more ecological work must be done on how we can
maintain environmental quality in the context of economic develop-
ment. Ecologists cannot just tell development planners what we must
maintain and why; we must also tell them how. We cannot just tell them
they are doing it wrong, unless we also tell them how to do it right.

In spite of the importance of the role of ecology, Paul Ehrlich (1986)
points out that hundreds of well-trained and competent ecologists in
the United States alone are restricted in their research by lack of finan-
cial support. Jobs in universities, international agencies, governments,
and industry do not exist for the thousands of students who wish to
become ecologists. Many biological field stations around the world, the
bases for research and training in ecology, are essentially nonfunctional
for lack of funds. Finally, funds for the preservation of biological
diversity-especially through protection of intact ecosystems such as
tropical forests-are only a mninuscule percentage of what is needed to
tackle the task at hand. This alone should justify increased investment in
ecological research, training, and institution building as part of eco-
nomic development.

Ehrlich goes further to state that the reason for this critical state of
affairs is the general public's lack of appreciation for the importance of
ecology. Humanity has not yet learned how to live within the con-
straints set by nature, and time is short. "Nature's machinery is being
demolished at an accelerating rate, before humanity has even deter-
mined exactly how it works. Much of the damage is irreversible. To
protect and (to the extent possible) repair the machinery will require
many more scientists delving into its complexities, as well as a much
deeper appreciation by the general public and decision makers of both
its importance and its basic design."
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The integration of ecological principles into the economic develop-
ment planning process is necessary to ensure that such development will
achieve the desired goal of sustainably enhancing the quality of life, as
well as supplying goods and encouraging production. This integration
should occur regionally or nationally, as well as on a project by project
basis. Without it, unforeseen ecological backlashes plague efforts to
manage and control the natural world. To achieve economic goals while
maintaining environmental quality, as pressure for increased produc-
tion mounts, requires increasing application of ecological principles to
development problems. Development can be vastly improved to the
extent development planners involve applied ecologists in this process.
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Chapter 1

APPLIED ECOLOGY AND
AGROECOLOGY: THEIR

ROLE IN THE DESIGN OF
AGRICULTURAL PROJECTS

FOR THE HUMID
TROPICS

STEPHEN R. GLIESSMAN

The long-term sustainability of our world's agriculture has become the
topic of considerable discussion and concern among a broad spectrum
of people involved in the multiple components of the production,
processing, and distribution of food, feed, and fiber around the globe.
This is especially true for those who work in agriculture in the humid
tropics. Faced with the need to meet the demands both of growing
populations and of increasing foreign debt, most tropical countries look
to agriculture to feed their people and solve serious cash-flow problems.
Based on the experience of development projects of recent decades,
though, most agricultural projects in tropical regions have not delivered
the promised results.

33
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An economic model of analysis for determining the success or failure
of agricultural development projects in the tropics has determined to a
large extent the approaches that have been taken. Production targets are
proposed or set, and various agricultural technologies are applied in
attempts to meet those levels. Inputs are increased, based on the knowl-
edge that modern technologies can certainly increase yields. During the
past decade we have seen dramatic increases in the costs on the input
side of the model, but the value received on the output side does not
seem to be rising accordingly. At the same time, we have become aware
of serious problems of environmental degradation of air, water, soil,
and biotic resources as a direct consequence of many modem farming
practices that have been introduced into the tropics from more temper-
ate regions. Reduced returns or even failures of such projects are seen as
one of the causes for the increased pressure on tropical rain-forest
reserves as massive deforestation continues. But arguments for change
in our approach to evaluating agricultural projects based purely on
environmental issues has not been enough. We must develop focus on
managing agricultural resources in the tropics that both reduces the
dependence on costly, nonrenewable inputs and ameliorates the im-
pacts that current practices are having on the environment. By applying
an ecological element to the design and management of agricultural
projects, as well as developing an analytical model that allows for the
incorporation of longer-term aspects of sustainability, we can greatly
improve prospects for the future of agriculture in the tropics.

AGROECOLOGY AND ECONOMICS IN
AGRICULTURAL DEVELOPMENT

Agroecology is the application of ecological concepts and principles to
the design and management of sustainable agricultural systems. It has as
a goal the development of agroecosystems that depend on low, external
inputs; function more on the use of locally available and renewable
resources; have benign effects on the environment; and are built upon
the knowledge and culture of the local inhabitants of the region. The
agroecosystem is the basic unit of analysis of any particular production
system and, to a certain extent, can be analyzed using systems methodol-
ogy common in most economic analysis.

Flow charts give considerable information for predicting the eco-
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nomic gain that can be expected from a crop. Materials and labor are
inputs that have predictable costs, and harvest outputs can be assigned
an income value. Depreciation can cover the replacement costs of farm
equipment, and the maintenance or even eventual loss of certain ele-
ments of the farm system infrastructure can be discounted against crop
yields (e.g., loss of an irrigation project because of silting-in of the
reservoir from upstream erosion caused by deforestation) with a figure
calculated on the basis of future replacement costs adjusted by inflation.
The reduction of input costs most often has been achieved by reducing
labor inputs, and by increasing outputs with material inputs such as
fuel, fertilizers, machines, and pesticides. The costs of these inputs,
though, have increased dramatically since the oil crisis of 1973, threat-
ening the ability of increasing yields (and hence potential income) to
continue to offset further augmentation of production costs without
significant increases in food costs for the consumer. Broadly speaking,
such an economic model views agriculture as basically a through-flow
system. Inputs are added at one place or time so as to maintain or
increase harvest removal, with losses being replaced the next season
with further inputs. Management success is usually calculated on the
basis of the margin of profit derived from fairly straightforward benefit/
cost analysis.

When the agricultural system is viewed as an ecosystem (hence, the
agroecosystem), we can begin to see that the through-flow production
model has severe limitations. Material flow through an ecosystem is
only a small part of what contributes to the long-term stability of that
system. Inputs to natural ecosystems come from a broad array of biolog-
ical and physical sources, and function less by moving through the
system and much more by being retained and recycled within the
system. Such inputs are usually limited in quantity, but they are quite
constant over time. The living and nonliving components of the ecosys-
tem are inextricably linked by complex sets of mutualistic, competitive,
and often coevolved characteristics that lead to an ecological balance
that, from an agricultural perspective, is enviable. By using such a closed
or looped flow model for agroecosystems, we can begin to broaden the
short-term, mainly economic focus of food production to include the
longer-term aspects of ecological stability and sustainability. Produc-
tivity is viewed as a process, an understanding of which is tempered by
aspects of nutrient cycling, energy flow, and the dynamics of plant and
animal populations in the cropping systems (especially the crop and its
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pest organisms). Agriculture then has a basis for shifting toward a
greater dependence on inputs from renewable sources, as well as using
management strategies that are resource-conserving, environmentally
sound, and contribute to the long-term productivity of agricultural
lands. This also can contribute greatly to the long-term stability of the
people and their cultures that so greatly depend on agriculture in
tropical regions.

AN AGROECOLOGICAL APPROACH

Two aspects of an agroecological approach to agriculture in the humid
tropics are necessary to ensure the development of information that is
applicable, viable, and acceptable to the farmers or farming region
involved. The first element is the knowledge and practical experience
that local farmers have gained from season to season and generation to
generation. Such knowledge reflects experience gained from the past,
yet it continues to develop in the present as the ecological and cultural
environment of the people involved goes through a continual process of
adaptation and change. This has led to the development of agroecosys-
tems that can make maximum use of locally available resources rather
than rely so heavily on costly inputs imported from distant sources.
They can simultaneously meet local needs together with supplying
demands on a larger scale. A very important aspect, though, is the focus
these systems have of maintaining productivity in the long-term, rather
than an exclusive focus on the maximization of yields. The ability of
these systems to keep the land permanently productive reduces the need
for imported inputs, as well as the need for the development of new
lands. Since such systems have evolved through time more as adapta-
tions to local environments and factors, their study is beginning to
provide us with information that contributes to the development of
ecologically sound management practices that are understandable and
acceptable to rural peoples in tropical regions.

It is upon this locally based framework that the application of
agroecology can have major effect. By considering traditional or local
resource management systems as part of a larger ecosystem, the impacts
of any particular management practice can be understood. If enough
information is available, these impacts can be, at least, partially pre-
dicted, helping to avoid some of the long-term environmental damage
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that has occurred in most tropical agricultural regions, as well as aiding
in the establishment of more self-reliant farm systems. With an agroeco-
logical approach, then, human actions on the system can be placed in a
context such as how nutrients enter, leave, or are recycled in the system,
and ultimately aid in reducing the need for purchased fertilizers. De-
tailed study of how crop and noncrop plants and animals respond to
different cropping arrangements or practices can continue to expand
the ecological basis that has developed in recent years for the manage-
ment of crop pests and diseases with much less dependence on costly
and oftentimes environmentally damaging pesticides. A thorough
knowledge of the interaction between physical factors of the environ-
ment (soil, water, air), their effect on, as well as modification by,
biological factors (soil microorganisms, earthworms, herbivores), and
the incorporation of the management of natural resources for human
use, can permit the establishment of an understanding of both the
agroecological potentials and limitations of the region under study. In
additional, traditional or indigenous agroecosystems seem to reflect the
more complex structure and function of tropical ecosystems in general.
By examining a variety of tropical agroecosystems, we give a valuable
means of beginning to test these ideas.

AN AGROECOLOGICAL RESEARCH FOCUS:
CASE STUDIES

Annual Multiple-Crop Agroecosystens in the Tropics

The use of crop associations or multiple cropping can take place in many
agricultural systems to great ecological and agronomic advantage. This
is especially true in the humid tropics, where it is common to observe
more than one crop occupying the same piece of land either simul-
taneously or in some type of rotational sequence during the season.
Intensive agroecological studies of such mixed cropping have begun to
provide a valuable basis for developing agroecosystems that are much
less dependent on purchased inputs. At the same time production on
the same piece of land can be intensified, resources can be more effi-
ciently used and the land can be kept in more continual use.

One of the most common polyculture agroecosystems, especially in
the Latin American tropics, is the traditional corn, beans, and squash
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system. In studies in Tabasco, Mexico, corn yield could be stimulated as
much as 50 percent beyond monoculture yields when planted with
beans and squash. Yield reductions for the two associated species were
actually compensated for when the yields of all three were summed,
giving higher total yields for the mixture as compared with an equiva-
lent amount of land planted to the crops separately (overyielding). On
the one hand, beans in corn polyculture appear to nodulate more and be
more active in nitrogen fixation. This increased nitrogen input to the
system may actually be available to the corn; this idea is supported by
observations of net gains in nitrogen in the agroecosystem biomass
despite the removal of harvest yields. Biological replacement of nitro-
gen reduces the need for a purchased input, and at the same time, some
nitrogen may be actively transferred to the corn during actual associa-
tion in the field through the use of mycorrhizal connections in the
rhizosphere. Research is currently under way on this topic. Another
aspect is weed control. The squash, rather than being planted for fruit
yields, according to local farmers, was planted in order to control
weeds. Thick, broad, horizontal squash leaves cast a dense shade that
blocks sunlight, and combines with leaf washings that potentially in-
hibit weed growth through allelopathic interference. Finally, certain
pests might be less of a problem in an intercrop system. The greater
availability of microsites for shelter or reproduction of beneficial insects,
as well as a greater diversity of food sources, may place the damaging
insects at a disadvantage. A polyculture crop may have higher popula-
tions of biological control agents or, through greater variation in the
structural diversity of the crop itself, it may be more difficult for the pest
to find its host plant. Every component of the agroecosystem appears to
play a role in maintaining productivity, the combined effects of which
have been selected by farmers over many generations. Study of such
systems can provide much useful information of value for the farmer.

INTEGRATED AGROECOSYSTEMS. The advantages of fully integrated
agroecosystems, where plants and animals form part of the production
system, have been much discussed recently. Annual and perennial crop
plants are intercropped, herbs and trees combined, and animals can be
free-ranging or confined. Even more important, production can be for
both subsistence and market. Therefore, integrated systems have more
of the different structural and functional elements common to natural
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ecosystems in the tropics, helping establish at least the ecological com-
ponents of stable systems. The agroecosystem that seems to combine
these characteristics the most is the tropical home garden.

The home garden is an integrated ecosystem of humans, plants,
animals, soils, and water. Variously defined as kitchen, orchard, mixed,
or forest gardens, the term "home garden" appears to be the most
broadly used to describe a piece of land with definite boundaries usually
near a house, occupying an area generally between .5 and 2 hectares.
They are rich in plant species, usually dominated by woody perennials,
and are generally described as being stratified or multistoried. A mixture
of annuals and perennials of different heights forms layers of vegetation
that resemble a natural forest structure. The high diversity of species
permits year-round harvesting of food products, as well as a wide range
of other products used by the inhabitants such as firewood, medicinal
plants, spices, and omrnamentals.

In a study of home gardens in both upland and lowland sites in
Mexico, quite small areas (between .3 and .7 hectare) of high diversity
were found to permit the maintenance of gardens that in some respects
were similar to the local natural ecosystems. For example, the gardens
studied had relatively high indices of diversity for cropping systems
(Table 1) and had leaf-area indices and cover levels that approximated
the much more complex natural ecosystems of the surrounding regions.
In one study, nine different tropical ecosystems were analyzed for a
series of ecosystem characteristics. A 40-year-old home garden had the
most evenly distributed canopy that was fairly uniformly stratified from
ground level to over 14 meters in height. Its leaf-area index was 3.9;
cover was 100 percent; and the leaf biomass was 307 grams per square
meter, the next highest for all of the ecosystems examined. Total root
biomass down to a depth of 25 centimeters was identical to leaf biomass
(307.2 grams per square meter). Most important, of the nine systems
tested, the home garden had the highest root-surface area of small
diameter roots (less than 5 centimeters) with a value of 2.1 square
meters per square meter of ground surface down to 25 centimeters
deep. These traits indicate an ecologically more efficient system, espe-
cially in its ability to capture light, garner nutrients in the upper layers of
the soil, and store nutrients in the aboveground biomass, at the same
time reducing the impact of rain and sun on the soil. Space between
layers may increase carbon dioxide availability for photosynthesis.
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Layers themselves may increase habitat diversity for birds and insects
useful for maintaining better biological control in the system. Nutrients
can be efficiently recycled through both ecological diversity and human
manipulation.

TABLE 1

SPECIES TYPES AND CHARACTERISTICS OF HoME
GARDEN AGRoECosYsTEMs*

Characteristics Cupilco Tepeyanco

Average garden size 0.70 ha 0.34 ha
No. of useful species per garden 55 33
Diversity (bits) 3.84 2.43
Leaf area index 4.5 3.2
Percent cover 96.7 85.3
Percent light transrnission 21.5 30.5
Perennial species (%) 52.3 24.5
Tree species (%) 30.7 12.3
Ornamental plants (%) 7.0 9.0
Medicinal plants (%) 2.0 2.8

SOURCE: Allison, 1983.
* Upland (Tepeyanco, Tlaxcala-four gardens) and lowland (Cupilco, Tabasco-three gar-
dens) sites in Mexico.

An important aspect common in home gardens is the multiple uses
that the various garden elements have. A cash crop such as coconut can
also serve as a subsistence food. Some parts are used as fuel, while others
for construction. Different plants or animals serve as important sources
of carbohydrates, protein, vitamins, and minerals. For example, the
fruit of the mango tree provides an excellent source ofvitamins C and A.
The mixture of species always offers something ready to be harvested,
adding diversity to the diet. Many products can be sold for cash or
traded. Variability in flowering and maturity ensures harvest, or even
sale for income, during the entire year. Home garden advantages, then,
have ecological components on the one hand in terms of management
and maintenance able to rely on resource-conserving and low-external
input practices. On the other, the diversity and flexibility of the gardens
give the farmer assurance of constant, although variable, harvests.
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AN AGROECOLOGICAL APPROACH TO WEED MANAGEMENT. Agroecol-
ogy is not only concerned with the design and productivity of tropical
agroecosystems. It is also very much focused on gaining a broader
understanding ofthe management of factors that limit production. One
of these factors of greatest importance, especially in the tropics, is
interference from weeds. The modern approach to weed control has
taken advantage of a broad array of technologies, the most widespread
being the use of synthetically produced herbicides. In an agriculture
where weeds are perceived only as something that lowers crop produc-
tion, herbicides have proven very useful. But in agroecosystems that
incorporate ecological elements into their management, a much
broader conceptualization of the role of weeds is needed.

Weeds are important elements of the agroecosystem. Ecologically,
weeds are well adapted to colonizing disturbed sites, enabling the
establishment of soil cover for erosion control, slowing nutrient loss,
raising levels of organic matter in the soil, improving nitrogen availabil-
ity, conserving moisture, as well as possibly providing shelter and food
for beneficial organisms and enriching the genetic pool of whole areas.
In agroecosystems in developing countries where access to imported
inputs is often very limited, many of these characteristics can be seen as
having value in low-external input systems. With the inherent difficulty,
then, of controlling weeds, there are definite advantages to not trying to
work contrary to what are strong ecological characteristics and, instead,
looking for ways to take advantage of them.

In the tropical lowlands of southeastern Mexico, local farmers were
observed to not completely clear all weeds from many of their cropping
systems. When questioned about these weeds (the Spanish translation is
malezas), farmers mentioned that this is not the word normally used to
refer to such noncrop plants. They use a concept of good and bad plants
(translated as buen and mal monte)-a very utilitarian approach on how
to consider these plants. Extensive interviews with farmers led to the
idea that a special management of noncrop components exists within
the agroecosystems of the region (Chacon and Gliessman, 1982). The
recognition that weeds have both useful and detrimental characteristics
has led to the establishment of management practices that not only
work, but, as research is beginning to show, also have a strong ground-
ing in ecological knowledge.

Close examination of weed management in traditional agro-
ecosystems indicates that many tropical farmers possess a greater
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understanding of their systems than they are normally given credit for.
Although they do not describe practices or problems in ecological
terms, the relationship between some kind of vernacular classification
scheme for weeds and ecological concepts can be established through
appropriate research. For example, some weedy plants are classified as
both good and bad by local farmers in Tabasco, Mexico. In tests de-
signed to demonstrate the potential that these plants might have for
inhibiting crops by releasing toxic chemicals (a factor known as al-
lelopathy), great variability was found. A species such as Lagascea mollis
is often cited by farmers for its ability to control noxious weeds as well as
to serve as a feed for animals. It displays no significant allelopathic
potential against corn and beans, the most important subsistence crops
in the region, and is classified as a good plant and left in these cropping
systems when encountered. Guazuma ulmifolia, a shrub found in fields
soon after abandonment, actually shows stimulatory effects on corn. If
it occurs in a field during cropping, it is frequently cut back to several
centimeters above the ground, rather than eliminated, because of its use
as an animal feed and the belief that it improves the soil and controls
other weeds. On the other hand, a plant classified as good, like Cleome
spinosa, displays very strong allelopathic potential in laboratory tests,
but is found only as widely scattered individuals in most cropping
systems and has a widely accepted use as a medicinal plant. It would be
tolerated in the cropping system despite allelopathic potential. Some of
those plants classified as bad by the farmer, such as Paspalum conju-
gatum, display rather limited allelopathic potential, but they compact
the soil and cause the yellowing of associated crops. Part of the interac-
tion could be competition for water or soil nutrients. Those plants
classified as both good and bad could express allelopathic potential and
thus be considered harmful for the crop, but good because of some
other property, such as for medicinal purposes (e.g., Chenopodium am-
brosioides).

Several leguminous noncrop species are intercropped with corn in
Tabasco, Mexico. Two in particular have been shown to experimentally
repress weed numbers and biomass when planted as cover-crop species.
The results in Table 2 indicate that allelopathic potential may be one of
the components of dominance over associated weeds. The fact that both
legumes inhibited germination and growth of cabbage seeds and,
though not as significantly, those of corn and beans, points to the



Applied Ecology and Agroecology 43

possibility of tolerance in the crop components that have coevolved
through time with weedy noncrop species. Cabbage is a relatively recent
introduction to New World agriculture.

TABLE 2

GERMINATION AND INrrIAL ROOT GROWTH OF SEED OF

THREE CROP SPECIES PLANTED IN WATER EXTRACTS OF LEAvES OF
Two WEEDY LEGUMES IN TABASCO, MEXICO.***

Crop Test Species
Corn Bean Cabbage

Extract % Germ. % Growth % Germ. % Growth % Germ. % Growth

Canavalia
ensiformis 98.9 77.6** 100.0 66.3** 49.3** 35.6**

Stizolobium
deerengianum 100.0 87.9* 98.7 92.9 46.7** 27.2**

Distilled water
control 100.0 100.0 100.0 100.0 100.0 100.0

SOURCE: After Gliessman, 1983.

NoTE: Numbers represent the means often seeds repeated three times (N = 30). Seed measured 72 hours
following planting. Germination a simple percentage, with growth being measured of the main initial
radicle, expressed as a percentage of control values.

* T test significant at 5%

** T test significant at 1%.

Expressed as a percentage of controls.

One of the legumes, Stizolobium deerengianum, is planted in rotation
with corn and can effectively shorten the fallow time from four or five
years to only six months. Allelopathic weed control, biological nitrogen
fixation, and high organic matter inputs probably all combine to im-
prove cropping conditions. It has been used in rotation with corn on
some plots continuously for more than 20 years, maintaining yields at
close to 3 tons per hectare dry grain without the need for additional
nitrogen fertilizer or weeding (other than the initial ground preparation
with machete at the time of corn planting). Canavalia ensifonnis, al-
though not often managed in rotation with corn, because of its bushy
rather than vining habit, is associated as an intercropped species, thus
aiding more directly in weed control during the actual cropping season.
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The seed of Stizolobium is toasted and used as a substitute for coffee,
while the young pods or mature seeds of Canavalia can be cooked and
eaten.

In studies where crop yields are reduced by interference from weeds,
competition is usually implicated as the reason. This is especially true in
regard to nutrient availability. With their rapid growth rates and aggres-
sive habit, weeds can capture nutrients that otherwise might be needed
by the crop species. In a study of nutrient distribution in a traditional
corn/bean cropping system in Tabasco, Mexico, it was found that weeds
growing with the crops took up a very small percentage of the nitrogen
taken up in the total crop system biomass (Table 3). Not until late in the
fallow period, just before the clearing of the land for the next planting,
did nitrogen in the weed component of the biomass reach its highest
level. Light weeding with a machete during the growing season of the
crops appears to reduce any possibility for at least nitrogen competition,

TABLE 3

NITROGEN DIsTRIBurioN IN A CORN (ZA mrs)/IBEAN
(PHASEOLUS VULGARIS) INTERCROPPED SYSTEM IN TABASCO, MEXCO.

1978 GROWING SEASON

N Content %Nin
Month Crop Total Litter Weeds Total Weeds

January 9.86 133. 5.16 148. 3.5
February 53.1 114. 1.86 169. 1.1
March 91.3 96.7 5.60 194. 2.9
April 69.6 73.0 14.6 157. 9.3
May 0 121. 5.78 127. 4.6
June 0 135. 14.1 149. 9.5
July 0 52.8 0* 52.8 0
August 0 77.7 5.60 83.3 6.7
September 0 86.1 6.51 92.6 7.0
October 0 88.5 10.1 98.6 10.2
November 0 89.1 8.11 97.2 8.3
December 0 79.2 30.2 109. 27.7

SOuRCE: After Gliessman, 1982.
* The field was deared with machetes just prior to sampling; N = kilograms of nitrogen
per hectare except as noted.
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but the nutrient-capturing ability of the weeds play a very important
role in trapping nitrogen in the fallow period.

An ecologically based approach to managing weeds is nothing new in
traditional peasant agroecosystems. But it is in these systems, where
weeds, crops, and humans have coevolved over a long period of time,
that much information on how to manage weeds as integral parts of the
agroecosystem can be gained. Studies of the ecological basis for man-
agement of weeds in their systems may provide agriculture of the future
with a much greater degree of integrated management capability. This
is especially important for farmers in developing countries where im-
ported and costly inputs, such as most herbicides, only further increase
the problems inherent in overdependence on externally generated tech-
nologies.

FUTURE RESEARCH NEEDS

An agroecological focus on tropical agriculture goes much beyond crop
yields, and delves deeply into the complex set offactors that make up the
agroecosystem. Local, indigenous agroccosystems that have evolved
under the diverse and often limiting conditions of the tropical environ-
ment are adapted to this set of factors. They have evolved through time
as low external-input systems, with a greater reliance on renewable
resources and ecologically based management strategies. A research
focus in agriculture that can take advantage of this knowledge and
experience can permit us to explore the multiple bases upon which
sustainability rests. It represents the blending of knowledge gained by
ecologists who study the dynamics and stability of natural tropical
ecosystems with the knowledge of farmers and agronomists on how to
manage the complexities of food-producing agroecosystems. From this
can come the sustainability in the production base so critical for the
long-term cropping of farmlands in the tropics. Therefore, it becomes
critical that we find ways to combine the short-term demand that
economic models place on agricultural development with the need to
project the long-term ecological models of sustainability generations
into the future. We can do this only by demonstrating the absolute need
to link ecological knowledge with long-term economic viability and
environmental quality.
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Chapter 2

ECOLOGY APPLIED TO
AGROFORESTRY IN THE

HUMID TROPICS
FLORENCIA MONTAGNINI

In the lowland humid tropics, more and more often, we see the need to
develop alternative land-use systems that contribute to supply timber,
fuel wood, and other tree products without continuing the well-
documented patterns of extensive agriculture, deforestation, and land
resources degradation. Alternative land-use systems should be produc-
tive while at the same time help preserve natural resources. Agroforestry
systems can contribute to these goals when properly implemented.

Agroforestry systems, which combine trees with crops or pastures,
are one of the alternatives for sustainable land use in the tropics. The
incorporation of trees in the production system can shade animals and
crops; improve the nutrient status of the soil, especially when nitrogen-
fixing species are used; control soil erosion; provide tree products such
as timber, fuelwood, fruits, and forage; make better use of the land
through the association of species; and diversify the system, thus de-
creasing economic risks of crop failure and dependence on markets.

Proper choice of tree species for agroforestry systems can decrease the
need for fertilizers and pesticides. For example, nitrogen-fixing species

49
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can help maintain soil fertility. In agroforestry systems, the appropriate
association of trees with crops can reduce the need for herbicides, and
insecticides. Costa Ricans, for example, grow coffee under open sun in
extensive, high-input plantations owned by large companies. Small
farmers cannot afford to buy the agrochemicals required. But they can
grow coffee in association with nitrogen-fixing trees and other species
valuable for lumber, fruit, and other tree products. The coffee planta-
tions are productive for many more years and provide benefits beyond
their cash-crop function. At the same time the risk of crop failure and
market dependence decreases when the crop is diversified.

CHOICE OF TREE SPECIES

In agroforestry systems soil-improving tree species help increase pro-
ductivity of low-resource agriculture. The improved supply of forest
and agricultural products decreases the pressure over natural forests and
virgin lands. Using fewer agrochemicals diminishes soil and water pol-
lution. Better protection of headwaters decreases soil erosion and helps
maintain water supply for agricultural, industrial, and domestic use.

Since the 1950s more people have become interested in experiment-
ing with agroforestry practices. Some of these practices have existed for
centuries, but are not well understood from a scientific point of view. In
the neotropics several agroforestry systems are integrated into current
practices and others are being developed. But, in most cases, studies
that can help us understand mechanisms that influence their perfor-
mance are missing.

In the Latin American tropics, studies are being conducted to test the
performance oftrees for reforestation or for agroforestry (Cozzo, 1976;
CATIE, 1986; and others). Exotic species such as Leucaena leuco-
cephala, Acacia mangium, Gmelina arborea, Eucalyptus spp., and Pinus
spp. are widely used in agroforestry, although these represent only a
small fraction of the trees that might prove useful in the tropics (NAS,
1983). Researchers concentrate on a small number of exotic species
because of the experience generated in years of trials, genetic improve-
ment, and silvicultural experiments.

However, the incorporation of native tree species offers several ad-
vantages. Native trees are well adapted to the local environment and are
thus less likely to be affected by pests, diseases, and adverse weather
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conditions. Because they are adapted to local soils and vegetation, the
design of mixed systems (as in agroforestry) is more feasible. Native
species are in better balance with the natural ecosystem and allow better
preservation of habitats for wildlife. Hence they help preserve biolog-
ical diversity. The spread of the use of native species in profitable
systems will increase the appreciation for these resources and help
preserve the native flora of potential economic value.

In Costa Rica, tree trials for forestry and agroforestry have included
exotic and a few native, generally fast-growing species. These trials are
being conducted by institutions such as the Forest Service (Direcci6n
General Forestal, DGF), Centro Agron6mico Tropical de Investigaci6n
y Ensefianza (CATIE) (see, for example, Alpizar et al., 1986, CATIE,
1986; Glover and Beer, 1986), and private enterprises. In most of the
regions where these projects are being conducted, we need strategies to
help restore soil fertility, to decrease soil erosion and compaction, and
to protect headwaters. However, very few projects devote resources to
studies of potential effects of these tree species on soil properties (Mon-
tagnini, in press).

Research projects are needed to help fill this gap. In some cases there
are not even enough data on general soil properties in the established
systems. Thus, very often we cannot interpret differences in perfor-
mance between systems. As a general consequence, it is often risky to
extrapolate the results to other areas. Failure or success remains related
to local conditions, and years and resources spent in the trials are not as
profitable as they could be.

The Organization for Tropical Studies (OTS) and the Costa Rican
Forest Service (Direcci6n General Forestal, DGF) have been studying
the performance of 14 native tree species since 1985 at the OTS La
Selva Biological Station (at Puerto Viejo de Sarapiquf, in the Atlantic
Lowlands of Costa Rica) with funding from the Canadian Embassy
(Table 1). The original objectives of the project were to provide local
farmers with information on the potential of native trees for plantation
forestry and agroforestry by establishing demonstration plots for use in
a community-based environmental education program. Currently,
funding is being requested from the U.S. Agency for International
Development (AID) for an independent project to use the native tree-
species plots to measure effects of these species on soil properties. The
results of this project will provide more information on the native trees
and increase the value of the demonstration plots.
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TABLE 1

SPECIES USED IN TEm OTS-DGF NATIvE TREES TRIAS

Tree Species Family Common Name

Hieronyma oblonga Euphorbiaceae Pil6n
Calophyllum brasiliensis Guttiferae Cedro Maria
Cordia alliodora Boraginaceae Laurel

*Diptnyx panamensis Papilionaceae Alrnendro
Lonchocarphus velutinus Papilionaceae Chapemo
Vitex cooperi Verbenaceae Cacho de venado
Dalbergia tucurensis Papilionaceae Granadillo
Pterocarpus officianalis Papilionaceae Sangrillo

*Schizolobiumparahyloum Caesalpiniaceae Gallinazo
*StrVhnodendron excelsum Mimosaceae Vainillo
*Tabebuia rosea Bignoniaceae Roble de sabana
Terminalia spp. Combretaceae Sura

*Vochysiaferruginea Vochysiaceac Botarrama
*Vochysia hondurensis Vochysiaceae Chancho

* Species of better growth after one year.

In January 1987, OTS began a major project funded by the Mac-
Arthur Foundation to study the performance of exotic and native trees
at La Selva, Costa Rica. It emphasizes growth performance of a large
number of species; separate blocks were established for future use in
studying the effects of 10 to 12 species on soil properties. Independent
investigators can use the plots to study soil parameters and specific
processes in far more detail than is planned in the MacArthur-funded
project. Soil studies emphasize native tree species with the specific goal
of putting existing regional resources into use for tree plantation and
agroforestry.

A major contribution of OTS and CATIE to this area of applied
ecologv has been the production of the first agroforestry textbook in
Spanish (OTS and CATIE, 1986), with funding from AID's Forestry
Support Program. The book compiles information on the functioning
of agroforestry systems, along with several case studies, bibliographies,
inventories, and sources of information, covering most technical as-
pects. Besides its wide use as a university textbook and by extensionists,
it represents a first step in gathering essential information useful as a
starting point for a research program.
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Soil-improving tree species are the key to the success of agroforestry
systems. The performance of promising tree species and their effects on
soil properties should be investigated in detail. This basic knowledge is
needed before recommending the concept to farmers.

EFFECTS OF TREES ON SOIL PROPERTIES

The most important beneficial effects of trees on soil properties include
improvement of soil structure and increase of soil nutrient availability.
Deleterious effects such as decreases in soil acidity (pH) and soil nu-
trient content can also occur. Note, however, that this is a highly con-
troversial issue (Cozzo, 1976; de las Salas and Fassbender, 1984;
Lundgren, 1978; c.f. Sanchez et al., 1985) and that most of the reports
of soil differences for different tree species do not indicate the processes
involved (Lundgren, 1978).

Sanchez et al. (1985) concluded that the overall effect of mature fast-
growing trees on nutrient availability is positive, but major differences
exist among species. We also need to compare well-characterized soils,
and to experiment with various tree/crop combinations compared with
annual crops, pastures, or fallows to demonstrate to what degree trees
improve or maintain soil properties in the humid tropics.

Tree species can influence soil pH, cations (calcium, magnesium,
potassium), organic matter, and total nitrogen and phosphorus content
and availability. For example, in a plantation of Gmelina arborea on an
Ultisol soil in Brazil the soil pH was 5.2, while under Pinus (pine) the
soil pH was 3.9-about the same as under native rain forest. The soil
under Gmelina also had more exchangeable calcium (860 kilograms per
hectare) than under pine (100) or native forest (40). Exchangeable
manganese, exchangeable potassium, and total nitrogen under Gmelina
were similar to rain forest, while the soil under pine had much lower
potassium, magnesium, and total nitrogen content. Thirteen-year-old
Gmelina plantations on Alfisol soil in Nigeria showed similar effects: an
increase in soil pH from 4 to 5.5, a decrease in aluminum saturation
from 58 percent to 6 percent, a two to three times increase in exchange-
able calcium, and an increase in exchangeable manganese. Ten-year-old
plantations of Cordia trichotoma and Caesalpina equinata showed a two
to three times increase in exchangeable calcium, magnesium, and po-
tassium, in comparison with the native forest; in contrast, no changes
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in soil properties were observed under Dalbergia nigra. These examples
show how the effects of trees on soils differ among species.

Three species of eucalyptus exert the deleterious effect of extracting
three to eight times more calcium and potassiun from the soil than
other forestry species, depending on silvicultural management. On the
other hand, organic matter content was four times higher, and calcium,
magnesium, and potassium content two times higher than in an adja-
cent pasture. Eucalyptus can absorb nutrients from deep layers of the
soil with its 2- to 4-meter-deep root system, and contribute to increased
soil nutrient content through litter-fall.

Controversial effects have also been reported for pine. Soils under an
eight-year-old pine forest in Brazil had lower pH (4.2) and higher
organic matter (5.3 percent) than an adjacent pasture ofMelinis minuti-
flora 4.4 pH and 4.3 percent organic matter content. Soils under pine
also had less calcium and much less potassium but higher magnesium
content; there were no differences in phosphorus.

Apparently significant improvement of soil physical conditions-
mainly increased porosity and decreased bulk density-occur only after
tree canopy closure. Positive effects on soil physical properties are
relevant in degraded lands where cattle have compacted soils, a com-
mon case in abandoned pastures in the humid tropics.

Obviously an understanding of the mechanisms whereby a tree spe-
cies affects soil structure and nutrient availability is imnportant to assess a
species' true effects and to predict the outcome of its use. We must then
use this understanding when designing agroforestry systems. In partic-
ular, knowledge of the effects of certain trees on soil properties can be
used to achieve any management goals and to associate complementary
tree/tree or tree/crop species.

THE ROLE OF APPLIED ECOLOGY: CASE STUDIES

Applied ecological projects can play a significant role by providing
information needed for the design of successful systems. Studies of
nutrient-cycling processes can be useful in the design and management
of agroforestry systems, as the following examples illustrate.

Litter-fall (along with root decomposition) is frequently a main path-
way of nutrient transfer (or recycling) from trees to soils. A thick layer
of litter on the floor can also help maintain soil humidity and protect
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against soil erosion. These are also significant benefits from trees used
for shade in agroforestry systems. For example, the net harvest output
of nitrogen in a cacao plantation in Venezuela equaled the input of
nitrogen to the soil in shade-tree leaf litter.

In Costa Rica, when organic matter and nutrients in the components
of a system of cacao under shade trees were inventoried, leaf litter under
the nitrogen-fixing leguminous tree Erythrina poeppigiana (commonly
used in agroforestry systems in Costa Rica) was found to have more
nitrogen than under Cordia alliodora, but less potassium, calcium, mag-
nesium, and phosphorus. In another project in Costa Rica, the amount
of nutrients recycled via litter-fall by associated trees (Cordia alliodora
and Etythrina poeppigiana) was found to reach the recommended levels
of fertilizer for coffee production.

Nitrogen-fixing trees are a prominent component of several agrofor-
estry systems worldwide, because they can improve the performance of
the associated crops or pastures. For example, nitrogen fixation by the
leguminous tree Ingajinicuil was 53 percent of the average amount of
fertilizer nitrogen applied annually on coffee plantations in Veracruz,
Mexico. In Turrialba, Costa Rica, Erythrinapoeppiyiana, a widely used
tree in agroforestry systems, was found to have a high potential for
nitrogen fixation.

The influence of nitrogen-fixing tree species on soil nutrients other
than nitrogen has also been reported, although the tendency has been to
focus studies on effects on soil nitrogen and organic matter content.
Soil properties in areas close and distant from Erythrinaglauca trees in
an old association with cacao in Brazil were compared: in three of five
cases the pH was .2 to .3 units lower-closer to Etythrina than away
from Eiythrina. Phosphorus content was 50 percent lower under
Erythrina, while calcium, magnesium, and potassium were twice as high
under Erythrina than away from Etytnrina. Soil bulk density was 1.55
under Eryth/ina and 1.61 away from this tree. It is interesting to notice
the potential impacts of this nitrogen-fixing tree on phosphorus and
soil pH.

Researchers in Costa Rica compared soils of cacao plantations associ-
ated with Cordia alliodora and with Erythrina poeppiqiana trees. Soils
under cacao plus Erythrina had 6 percent less phosphorus, 15 percent
more organic matter, 22 percent more calcium, 15 percent more mag-
nesium, and 19 percent more potassium than under Cordia. The effects
of nitrogen-fixing species on soil nitrogen and cations can be positive,
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but questions arise as to their effects on soil pH and phosphorus
content. We need comparisons of soil cations, phosphorus, nitrogen,
organic matter, and pH between soils under nitrogen-fixing and other
tree species to assess more realistically the role of nitrogen fixing and
other tree species on these soil parameters.

Other projects stress the need of applied ecology to contribute to the
design of agroforestry systems. In a hypothetical model of nitrogen,
phosphorus, and potassium for a cacao/coconut association in Brazil,
leaching of potassium was approximately 50 percent less than in a
coconut monoculture. The appropriate choice of species for an associa-
tion can thus contribute to nutrient conservation.

In southeast Bahia, Brazil, failure to expand promising agroforestry
practices to a desirable extent was ascribed to the lack of scientific
knowledge on the subject. As part of a crop diversification program in
the traditional cacao-growing area, farmers combined clove trees with
coffee or coconuts, cloves with passion fruit, papaya and coffee, cloves
and vanilla, cardamom and coffee, and rubber trees, cacao, and other
groups. This was successful, but the practitioners of these systems
would not easily divulge the information on the management and
production particulars in their farms. We need much more research and
development if we are to realize the full potential of these systems.

PROMOTION OF APPLIED ECOLOGICAL PROJECTS

Applied ecological projects of the kind listed above may not always
appeal to scientists who are interested in asking very specific questions
and doing more sophisticated hypothesis testing. Since so much basic
information is missing, many of these applied studies must start with
preliminary inventories and comparisons. However, so many mecha-
nisms of these systems need elucidation that it is hard to believe that
scientists would not be stimulated to examine them. The implemen-
tation of applied ecology projects can be encouraged by science ad-
ministrators who promote the funding of projects that would not be
considered under their regular programs; by university professors and
researchers from other academic institutions who encourage graduate
students and fellow scientists to do theses and projects in the tropics;
and by the scientific community as a whole, which can bridge the gap
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between basic and applied ecology and thus contribute to stimulating
the kind of projects that are needed for this purpose.

Agroforestry systems-the combination of trees with crops or
pastures-can be a productive and environmentally sound alternative
land-use in the humid tropics. The choice of appropriate tree species is
key to the success of these systems. Tree species differ widely in their
effects on soils and in their nutrient requirements. The effects of tree
species (including nitrogen-fixing trees) on soil properties remains con-
troversial. We very much need projects that examine the performance of
native tree species in agroforestry combinations, the effects of different
tree species on soil properties, and tree/crop combinations that contrib-
ute to efficient nutrient usage and soil nutrient conservation. Applied
ecology projects can contribute basic information on the systems to
support the recommendations given to farmers.
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Chapter 3

ECOLOGICAL ANALYSIS
OF NATURAL FOREST

MANAGEMENT IN THE
HUMID TROPICS

ROBERT J. BUSCHBACHER

Between 1981 and 1985, an estimated 7.5 million hectares of closed
tropical forest were clearcut each year (i.e., 0.62 percent of the total land
area of such forests), and 4.4 million hectares per year were selectively
logged.

Usually forests are clearcut to convert them to pasture or agriculture.
Only a small proportion, if any, of the wood is harvested; most of it is
simply burned. For example, in Honduras it was estimated that timber
with a commercial value of 320 million U.S. dollars is annually de-
stroyed in this manner. Conversion of forests to other land uses often
results from large government subsidies that benefit wealthy corpora-
tions or individuals. In many cases, such as cattle ranching in the
Amazon, the land uses being encouraged have proven ecologically and
economically unsustainable.

Selective logging usually involves extraction of one or a few commer-
cially valuable tree species such as mahogany in Latin America, Kbaya in
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Africa, or Shorea in Asia. Typically, only the largest, best-formed indi-
viduals are harvested for saw timber, plywood, or direct export as logs.
If performed carefully, selective logging can inflict minimal damage on
ecosystem structure and function. Nutrient depletion due to removal of
a few boles per hectare is minimal and soil compaction due to logging
roads and log skidding is usually localized. Indeed, selective cutting
forms the basis for most of the natural forest-management systems
discussed in this paper.

However, as it is currently practiced in most areas, selective cutting
causes much more severe damage than the ideal. Severe impacts occur
when heavy machinery is carelessly used, when steep slopes are ex-
ploited without proper erosion control, and when exploitation is so
intensive that not enough seed trees of valuable species are preserved to
ensure regeneration.

For example, increasing damage to poles and saplings in Malaysia has
been attributed to the trend toward use of heavier equipment. In Sabah,
Malaysia, 45 to 74 percent of residual trees are damaged or destroyed by
harvesting operations. Erosion caused by harvesting steep slopes can
adversely affect off-site areas, be they agriculture, water catchments, or
even the Panama Canal. Finally, highly selective logging that focuses on
very few valuable species and seeks to extract all desirable individuals
can lead to the commercial extinction of those species from wide areas.
An example of this severe impact occurred in the Amazon varzea
(flooded forest) with Virola surinamensis and Manilkara huberi.

Selective logging is often performed carelessly, without regard for
future productivity, because there is no economic incentive for sustain-
able management, and government control of logging activities is inef-
fective. Logging concessions are usually of short duration, and the
concessionaire is unlikely to ever harvest a second rotation from a given
area. Governmental agencies charged with monitoring and supervising
logging activities are notoriously ineffective. Small staffs responsible for
huge areas, lack of operational funds, and low salaries leave staff vulner-
able to corruption. All contribute to the inability of these agencies to
enforce rules to minimize environmental damnage and ensure sustain-
ability of the forest resource.

In addition to the direct impacts of logging, logging activities tend to
make remote forest areas accessible, subjecting these areas to further
disturbance that is often more severe than the logging itself. Landless
peasants frequently follow logging operations, completing the defor-
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estation by clearing agricultural plots. In addition to actual land inva-
sion, selectively logged forest may be subjected to illegal harvesting of
construction poles, mine props, or railroad ties. Finally, selectively
logged forests are much more susceptible to damaging fires than undis-
turbed forests. These may spread from surrounding deforested areas
being burned for agriculture or ranching or may be accidental.

The results of this widespread pattern of forest exploitation and
destruction are both environmentally and economically costly. Habitat
destruction is leading to species extinction and loss of nontimber forest
benefits, such as erosion control, climatic buffering, and harvests of
fuelwood, game, building materials, and other forest products. While
some of these costs are felt on a global scale, it is local populations that
bear the brunt of this burden, which translates into impoverishment,
social upheaval, and migration to urban areas.

In addition, insofar as forest exploitation is not sustainable, commod-
ity supplies will inevitably decline and forests will thus make a smaller
contribution to the national economies of deforested countries. For
example, Nigeria was once a substantial exporter of tropical timber, but
must now import 160 million U.S. dollars' worth of wood annually.
Indeed, Africa as a whole was a major log exporter in the two decades
after World War II, but the forests were rapidly exhausted. In the
1960s, the focal point of international trade in tropical timber shifted to
Asia, but this resource may soon be depleted as well.

Three major alternatives to existing patterns of tropical forest ex-
ploitation could produce forest products while maintaining long-term
ecosystem productivity: plantation forestry, agroforestry, and natural
forest management. This chapter does not attempt to evaluate the
relative costs and benefits of these three approaches to tropical forestry.
It assumes, rather, that each approach is valuable under the appropriate
circumstances. The remainder of the chapter seeks to evaluate the natu-
ral forest-management systems that have been attempted in various
tropical areas.

EXPERIENCE WITH NATURAL FOREST
MANAGEMENT

Schmidt (1987) has defined natural forest management as "controlled
and regulated harvesting, combined with silvicultural and protective
measures, to sustain or increase the commercial value of subsequent
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stands, all relying on natural regeneration of native species." Compared
with plantations and agroforestry, natural forest-management systems
are less intensive; they have relatively low yields but demand smaller
capital input and require less productive land. Natural forest-
management systems are much more similar to natural forest than either
of the other alternatives.

There has been a great deal of experience with natural forest-
management systems in Asia and Africa. The many management sys-
tems that have been tried include shelterwood systems, which promote
regeneration by partial canopy opening; polycyclic felling systems, de-
signed to mimic the age and size distribution of natural forest; and strip
clearcutting followed by natural regeneration.

Malayan Uniform System

Perhaps the classic example of a natural forest-management system is
the Malayan uniform system (MUS), developed shortly after World
War II for lowland dipterocarp forests rich in Shorea species. The MUS
developed in response to the growing mechanization of log extraction
and milling processes, which provided incentive for single, heavy ex-
ploitation operations; and to the observation that areas exploited with-
out any silvicultural treatment during the Japanese occupation had
adequate spontaneous regeneration.

In brief, the silvicultural operations of the MUS consist of harvesting
all merchantable trees in a single operation, followed by the poison
girdling of all unwanted larger stems. About three to five years after
exploitation, diagnostic sampling is conducted to detennine the status
of the regeneration and prescribe silvicultural treatments to ensure
vigorous and healthy regeneration. Silvicultural treatments to promote
regrowth include climber cutting and poison girdling of weed trees,
defective stems, and stems that compete with trees of the most valuable
species. This intervention is repeated at 10, 20, 40, and 60 years, and
the next cut occurs after 70 years. The goal of this suite of treatments is
to obtain an even-aged stand of predominantly dipterocarp species.

Evaluations of the MUS over two decades of operation indicate that
regeneration was satisfactory on many of the sites. However, while
silviculturally satisfactory, the fatal flaw of the MUS was its dependence
on the same areas of even topography and fertile soils that were most in
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demand for agriculture by the burgeoning population of Malaysia. As a
result, the focus of forestry in Malaysia today has moved away from the
lands where the MUS was designed to function, onto the hillslope
forests. On these sites, advance regeneration is too sparse and too
heterogenous to ensure adequate stocking after harvesting, and the
MUS has been abandoned.

The difficulty of transferring the silvicultural techniques that worked
so well in Malaya's lowland dipterocarp forests to the surrounding
hilUslope forests illustrates the limitations on transferability of the MUS
to other regions. In short, the MUS is only silviculturally appropriate
when two preconditions are met: an adequate stocking of seedlings of
desirable species prior to harvesting; and a large enough proportion of
commercially valuable species in the original forest canopy to justify
complete canopy removal.

Tropical Shelterwood System

The tropical shelterwood system (TSS) was introduced in Nigeria in
1944 and Ghana in 1946. In contrast to the Malayan uniform system,
the TSS could not rely on abundant existing regeneration. Since the
potential seed trees were not very abundant and seeded at irregular
intervals, it was necessary to begin canopy opening several years prior to
harvesting in order to promote adequate regeneration. Canopy opening
by felling or poison girdling of selected trees was prescribed over a five-
year pre-harvest period.

In practice, almost every tree not considered economic was killed,
resulting in drastic canopy opening (65 to 80 percent of basal area
removed) and removal of several species that were later considered
commercially valuable. Indiscriminate canopy opening could not attain
the delicate regulation of forest-floor light levels needed to favor regen-
eration over weeds and vines. The result was that climber tangles often
spread "like a cancerous growth under the canopy openings."

In sum, the TSS was considered unsuccessful because of low regener-
ation rates by the prime economic species, climber infestation, and the
high labor costs associated with the numerous, intensive interventions.
In addition to these silvicultural limitations, the TSS in Nigeria was
superseded by intensified land uses such as oil palm and cocoa planta-
tions, while exploitative forest logging for export accelerated.
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Polycyclic Felling Systens

In response to the perceived inadequacy of the shelterwood systems
described above, the modified selection system was developed in Ghana
in the 195 Os, as was the selective management system in Malaysia in the
early 1970s. These systems emphasize advanced regeneration, i.e., re-
sidual trees below the minimum cutting limit at the time of initial
harvesting, to comprise the subsequent crop on a 25- to 30-year cutting
cycle.

A key silvicultural consideration for design of such polycyclic felling
systems is the length of the cutting cycle. In both Malaysia and Ghana,
short-term economic requirements had greater influence on determina-
tion of the length of the cutting cycle than did silvicultural feasibility. If
growth rates prove inadequate to meet minimum size criteria by the end
of the cutting cycle, there are three possible responses: increase mini-
mum cutting limits in order to leave more advanced regeneration,
extend the cutting cycle, or increase growth rates through liberation
thinnings.

The first response, increasing minimum cutting limits, selects out the
fastest growing individuals and results in "creaming," or genetic deple-
tion of the stand. This threatens the long-term sustainability of logging
practices.

Increasing the length of the cutting cycle is a more conservative
response to insufficient growth rates by residual trees because it ensures
long-term genetic integrity of the stand. The exact length of the cutting
cycle in a given stand should not be fixed by any universal prescription;
the management system should be flexible enough to respond to occa-
sional site inventories that monitor stand development. Sophisticated
stand-development models derived from well-designed surveys and exe-
cuted on microcomputers can make management much more sensitive
to the specific conditions on a given site.

Liberation thinning is a silvicultural treatment designed to enhance
the growth of economically valuable understory trees by killing neigh-
boring competitors. This treatment is most appropriate for secondary
or recently logged forests that have an open canopy. Selection is accom-
plished by dividing the stand into quadrats 10 or 15 meters square and
selecting the most promising individual on the basis of species (com-
mercial value), size, and form. Competing stems to be removed are
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chosen based on their size and proximity to the target stem, as well as
canopy overlap.

Liberation thinning removes 15 to 20 percent of the total number of
trees, concentrated in small patches, or wells, around the selected stems.
Liberation thinning counteracts the progressive forest impoverishment
that results from repeated selective logging, and has been characterized
as indispensable to a minimum cutting limit.

Stip-learcut System

The Palcazu Rural Development Project in eastern Peru has been com-
prehensively designed to incorporate silvicultural, economic, and social
considerations, making it one of the most exciting and promising exper-
iments in natural forest management ever carried out in Latin America.

Silviculturally, the forest is being harvested by long, narrow dearcuts
designed to mimic natural forest disturbances, such as tree-fall gaps, by
the width of the strip, the lack of burning or heavy machinery, and
reliance on natural regeneration. Two demonstration strips cut in 1985
showed that harvesting and extraction of wood can be accomplished
under local conditions without gross environmental damage, and that
initial regeneration is rapid and abundant. Critical aspects of the har-
vesting operation include proper selection and orientation of the strips,
careful design of access roads to minimize erosion, and no felling of
trees outside the strips to minimize disturbance to nonharvested forest.

The economic basis of the forest management plan is complete usage
of all wood larger than 5 centimeters in diameter. Wood larger than 30
centimeters in diameter will be cut for saw timber, while smaller logs
will be preserved for use as telephone poles and construction posts by
high-pressure injection of heavy metal salts. Smaller wood will be con-
verted to charcoal in portable kilns. All products will initially be mar-
keted in the local region, and thus access to and price in local markets is
crucial to project success.

Socially, the Palcazu Rural Development Project is based on collec-
tive management of communally owned lands by indigenous people.
To a large extent, the long-term success of the forest-management plan
will depend on the capability of these communities to manage the
logging, processing, and marketing operations. For example, it is vital
to maintain the sawmill and preservative system despite difficult envi-
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ronmental conditions and tenuous access to spare parts. In addition, it is
important to schedule extraction activities carefully so poles and posts
are preserved quickly after harvesting, and to avoid transport of heavy
logs during high rainfall periods. Considerable management skill will
also be necessary to ensure that transport is available at the proper time
and, if necessary, to alter the product mix in response to market condi-
tions.

Finally, appropriate distribution of project benefits among commu-
nity members will be essential for project success. The Amuesha must
perceive direct and continuous benefits from the forest resource, or they
will bum and farm the clearcut areas. Indeed, burning and farming are
central to the Amuesha cultural tradition. However, natural regenera-
tion by desirable species following logging is dependent on minimal
disturbance to the site, in particular requiring total absence of fire or
cultivation. Thus, tight control over land-use management practices,
especially after removal of the large initial economic subsidies, must be
demonstrated before this project can be considered successful.

In summary, the Palcazu Rural Development Project is comprehen-
sive in its conception and promising in its execution, but tight control
of land use, sophisticated management of operations, and longer studies
of the rate of natural regeneration are necessary before its success can be
evaluated. This project will be closely watched in both the conservation
and development communities as a possible model for environmentally
sound rural development.

Low-Intensity Clearcutting

In the 60,000-hectare Bajo Calima forest concession in northwest Co-
lombia, Carton de Colombia has been practicing careful, low-intensity
clearcut harvesting to supply a nearby pulp mill. Trees are felled with
axes or chainsaws, cut into convenient lengths and debarked in the field,
and transported from the forest to a road by a system of skyline cables.
These harvesting methods minimize forest perturbation in spite of the
large volume of wood harvested. No heavy machinery is used anywhere
other than the logging roads. Debarking and trimming branches before
removal leaves the material with greatest nutrient concentrations on the
site. The soil is left covered by both this residue and the intact litter
layer.

The growth rate of the natural regeneration after low-intensity clear-
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cutting was higher than for any of 13 species experimentally planted in
small monoculture plots. Biomass after 15 years of natural regrowth
was about half of the biomass before logging. Diversity and species
composition of the natural regrowth was similar to the pre-logging
forest.

These observations indicate that natural regeneration following care-
ful, low-intensity clearcutting is silviculturally feasible at Bajo Calima
for at least two rotations. To predict long-term sustainability, studies of
nutrient losses from harvesting, leaching, and erosion as compared with
input from soil weathering and the atmosphere, would have to be
performed. Certain special conditions at Bajo Calima, furthermore,
indicate limitations to transferability of this system. The key to mini-
mizing site disturbance was the use of cable logging, which may not be
feasible in a forest with trees of larger diameter than the relatively small
stature forest at Bajo Calima.

The economic key to the project was integration with a company-
owned pulp mill, where techniques had been developed for complete
utilization of mixed tropical hardwoods. The company has produced
kraft pulp and paper packaging from mixed tropical hardwoods since
1959, and bleached pulp for writing paper since 1983. These innova-
tions, coupled with targeting domestic rather than the more demanding
international market, are of extreme economic importance because they
grant the flexibility to manage the native forest according to its limita-
tions rather than replacing it with monoculture plantations of gmelina,
pine, or eucalyptus.

The major limitation to the success of Carton de Colombia's land
management results from social pressures, or incompatability with the
surrounding population and economy. As regeneration has reached pole
size four to six years after clearcutting, local people have entered the site
via the old logging roads. They typically make heavy and repeated selec-
tive cuts for poles, mine props, and construction posts. High unemploy-
ment in the nearby city of Buenaventura and the proximity of major
highways make this activity economically attractive to the local people.
Thus, most of the regeneration is not allowed to return to mature forest
and cannot be harvested in a second rotation. Company control efforts
have been either lax or ineffective-even a major research plot was
disturbed by pole cutters. The fact that unharvested portions of the
concession that did not have logging roads were not invaded illustrates
the role of accessibility in promoting chronic disturbance.
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The only solution to this problem would be incorporating local
communities in continued forest management throughout the regener-
ation period. This amounts to an intensification of the land use. A
general conclusion, well illustrated by this case study, is that the ex-
tremely low-intensity land uses, often necessary to reduce costs in
natural forest-management systems, may be socially inappropriate in
densely populated regions. Land that has been made easily accessible
and that is managed only passively is unlikely to remain free of chronic
disturbance.

AN INTEGRATED APPROACH TO
FOREST MANAGEMENT

Natural forest-management systems have both conservation and eco-
nomic benefits. Natural forest-management systems are economically
sustainable because harvesting operations are combined with cultiva-
tion and provision for regeneration of the next rotation. Thus, harVest-
ing should be repeatable into the future, assuming that a small enough
area is logged from a given management unit each year, and that cutting
cycles are long enough.

Ecologically, natural forest-management systems are sustainable be-
cause: soil compaction and erosion are confined to limited areas and
minimized by careful log extraction; nutrient removal in harvested
material is small relative to total ecosystem nutrient stocks and can be
replenished by atmospheric inputs and mineral weathering; and utiliza-
tion of a diverse array of native species reduces susceptibility to cata-
strophic outbreaks of pests or diseases.

However, forest-management systems cannot be successfully de-
signed in a socioeconomic vacuum. In addition to silvicultural sus-
tainability, forest management must be economically profitable and
socially feasible, or it will fail. Neither an exclusively financial nor a
strictly ecological approach will suffice. In a recent article destined to be
a classic of forest economics, Leslie (1987) has demonstrated the inade-
quacy of financial accounting, with its emphasis on short-term cashflow,
to fully analyze the costs and benefits of alternative forestry investments.
The key gaps in traditional financial analysis are: failure to consider
nonrevenue benefits and external effects; market imperfections and
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distortions in the actual prices of inputs and outputs; and an arbitrarily
determined, overvalued discount rate.

On the other hand, a long list of silvicultural systems, apparently
viable and sustainable from an ecological viewpoint, have been aban-
doned, invaded, destroyed, or otherwise failed. These examples debunk
the notion that ecological sustainability is a sufficient condition to
ensure rational forest management.

Just as ecological analysis routinely incorporates climate, topography,
soils, and plant, animal, and decomposer communities, a truly holistic
analysis must also incorporate people who are or may exploit the forest,
markets that determine the limnits of commercial viability, accessibility
to processing facilities and consumers, and so on.

Climate

The most important climatic variables for forest management are an-
nual precipitation and length of dry season. Low rainfall is often a
constraint to tree productivity. This is particularly true during establish-
ment on disturbed sites, where the number of successive dry days may
be the critical determinant of seedling survival. On the other hand, high
rainfall areas are subject to intensive soil disturbance and erosion during
log extraction operations.

Topography

Slope is very frequently the chief limitation to land-use capability. Steep
slopes make logging much more expensive and dramatically increase the
amount of soil erosion that results. In addition, high elevation, steep
areas are often hydrologically important, yielding water for agriculture,
urban use, and hydroelectric installations. Nevertheless, such considera-
tions may not prevent steep areas from being appropriate for well-
managed, low-intensity natural forest management.

Soil Fertility

The fertility of tropical soils is often related to geological age. Ancient
landforms are highly leached and tend to have low cation exchange
capacity. Infertile, red-clay Oxisol and Ultisol soils are typical of vast
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areas of Amazonia, Africa, Borneo, Indochina, and other tropical re-
gions. These soils are typically acidic and low in available phosphorus.
In contrast to these ancient soils, vokanic, geologically young, and
alluvial soils are often very fertile. These soils are common in Central
America and on some of the islands of the Pacific and Asian regions. Soil
fertility can have a clear effect on wood growth rates, but due to low
turnover rates, undisturbed forests on infertile sites can also reach very
large stature. Thus, tree size in undisturbed forest is not necessarily a
good indicator of soil fertility.

Forest Strure

The total volume of wood on a site and its distribution among trees of
various size-classes are important considerations for management.
Smaller size-classes are most appropriate for construction poles, rail-
road ties, charcoal manufacture, and pulp. Larger size-classes have
higher value for a given volume of wood because they can be more
efficiently converted to saw timber or plywood. In terms of manage-
ment, it may be profitable to delay harvesting beyond the age of maxi-
mum girth increment because of the greater production by larger trees
of high value, dense heartwood.

Species and community characteristics are also important as determi-
nants of the ease of management of a site. For both management and
marketing reasons, forests dominated by one or a few species are excel-
lent targets for management-the Dipterocarp forests of Malaysia are
the classic example of this situation. Seasonally or permanently inun-
dated forests are also often dominated by a single species; examples
include the Raffia palm swamps of Latin America and the Cativo (Pri-
oria copaifera) forests of Colombia and Panama.

In terms of species ecology, the key factor is the regeneration biology
of the most valuable or dominant species. The easiest species to manage
are gap-opportunist species that persist in low light conditions but are
capable of rapid height growth in full light. Completely shade-tolerant
species may not tolerate full light, and are not generally capable of
rapid growth. Light-demanding species are fast growing, produce ubi-
quitous seed, and can dominate highly disturbed sites. These light-
demanding species generally produce low-quality wood, have poor
growth form, and are of low economic value. The majority of silvi-
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culturally valuable species are thus in the intermediate gap-opportunist
category.

Marketability

The species present on a site have obvious importance in determining
the value of the resource. In addition to log size and form, the chief
characteristics that determine wood quality are density, workability,
and resistance to decomposition. Dense woods are difficult to work; in
addition, a high silicon content tends to dull saw blades. Resistance to
decomposition can be increased by preservation with toxic salts, which
is being tried in the Palcazu Rural Development Project. For cabinet
and furniture woods, color and grain are also important, while the chief
determinant of pulp value is fiber length. In addition to inherent qual-
ity, two additional factors that affect marketability are how well a
species is known on the market and how uniform the wood of a given
species or stand tends to be. Familiarity with wood characteristics
facilitates processing, and uniformity simplifies mill management in
terms of adjusting processing equipment and techniques. A large diver-
sity of wood types requires different saws, different equipment settings,
and so forth.

Far Eastern producers have had great success in grouping species of
similar properties for sale as a single wood class. Asabere (1987) recom-
mends that wood from Ghana be grouped into density classes when
appearance is not critical and when availability does not justify promot-
ing species separately. The volume of wood of a given type available and
continuity of supply are key marketing factors.

Another important aspect of marketability is the potential for sales at
a local level. For example, poles and posts do not have sufficient value to
bear a large transport cost, but if they can be sold in local communities
they could recover the costs of thinning treatments and provide income
at an intermediate stage of the rotation. On both a micro and a macro
scale, there has been a widespread historical process whereby the num-
ber of wood species that are economically valuable continuously in-
creases. For example, the list of economic species in Nigeria increased
from 17 to 40 between 1953 and 1961. In the Ivory Coast, trees other
than the seven most valuable species increased from 15 to over 50
percent of the harvest between 1952 and 1978. This is a result of
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increasing accessibility over time, as well as a response to depletion of
the most desirable species.

Previous Disturbance

Prior disturbance may have had a negative effect on forest structure and
species composition. On the other hand, indigenous inhabitants may
have enriched the forests with valuable tree species. For example, Ma-
nilkara zapote and Brosimum alicastrmm are valuable multipurpose tree
species which were of great importance to the Maya (most notably for
production of abundant, edible fruits and a valuable gum, respectively)
and are now abundant throughout the Yucatan. Euterpe palms, which
produce a wide range of products including food, medicine, and con-
struction materials, may have played a similar role in the Amazon.

In addition, previous exploitation may have built up an infrastruc-
ture, primarily in the form of roads, that could make future manage-
ment much more cost-effective. For example, the Belize Estate
Company property is an area that was heavily logged in past decades but
has recently been unexploited. The old logging roads in this area could
facilitate management of the present forest.

Local Population Pressure

Expanding agriculture in a region is an important factor affecting the
viability of low-intensity, long-term land uses such as natural forest
management. Invasion by squatters, illegal logging, and the spread of
fires from agricultural or ranching areas often limit the success of for-
estry efforts.

Inhabitants who do not have clear and certain land title may be
reluctant to make long-term investments in improving the land's pro-
ductive capacity. Likewise, larger landholders or industrial firms are
hesitant to invest in the long-termn productive capacity of a site if they
are uncertain that they will be able to maintain control of an area for the
many decades that may be necessary to receive the anticipated income.
Land-tenure instability pushes forest exploitation toward short-term
mining activities and is one of the chief impediments to long-term
management.
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Transport

Since transport costs can be the key determinant of stumpage prices,
accessibility is tremendously important in determining the viability
of a proposed forest-management system. This includes both dis-
tance to market and the status of transport routes such as roads and
rivers.

REGULATION, MARKETING, AND
LAND CONTROL

The three keys to successful natural forest management, corresponding
to silvicultural, economic, and social considerations, are regeneration,
marketing, and control of the land. These three aspects are inextricably
linked. For example, the amount of canopy opening prescribed by a
given silvicultural system may or may not be practical depending on the
marketability of the main forest species. In another case, pre-harvest
treatments such as climber cutting or tree marking may not be practical
if they necessitate opening the forest by road construction and if this
would lead to illicit logging, cutting of railroad ties, or invasion by
squatters.

Silvicultural Sustainability

The critical factor in the silvicultural analysis of natural forest manage-
ment is the effect of harvesting and interrnediate treatments on regener-
ation. Silvicultural research and experimentation should focus on
the effects of canopy opening on light, moisture, and temperature of
the forest floor environment, and how these factors in turn affect the
interaction between regeneration of desirable species relative to com-
peting weeds and vines.

The answer for any given case will depend on the ecology of the
target tree species: its pattern of flowering and fruiting, seedling growth
rates and environmental requirements, competitive ability, and so on.
By definition, a desirable silvicultural treatment is one that opens the
canopy enough to encourage rapid growth by the valuable regenera-
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tion, but does not open the canopy so much that weeds and vines can
outcompete that regeneration.

Another essential prerequisite for effective silvicultural management
is an efficient mechanism for conducting forest inventories. Natural
forest-management systems are less capital-intensive, but more
information-intensive, than traditional forest management. For optimal
efficiency, it is necessary to maintain flexibility with respect to pre-
harvest regeneration release, post-harvest weeding, and the length of
the cutting cycle. Rather than rigid prescriptions, the timing and extent
of these treatments should be based on periodic inventories of regenera-
tion abundance and growth rates.

It is critical that the responsible forest-management agency, whether
the Forest Service or a concessionaire, allocate sufficient resources so
that all cost-effective interventions are indeed carried out. In the case of
a government agency, this would probably require that a proportion
of forest-harvesting revenues be funneled directly to the component of
that agency responsible for field activities. In the case of a private
concessionaire, ensuring conscientious forest management will require
a carefully crafted set of government-monitored incentives and sanc-
tions. One mechanism toward this end is requiring that logging opera-
tions begin with less accessible areas within a given concession;
harvesting of easier, more profitable stands can be predicated on com-
pliance with all management requirements.

Two final silvicultural considerations that may affect the long-term
productive capacity of a stand are the effects of harvesting operations on
site nutrient pools and soil structure. Direct nutrient removal results
from harvesting of the boles. Since nutrients are more concentrated in
the bark than in the wood itself, the amount of nutrient depletion could
be significantly reduced by manually debarking logs before extracting
them from the site; this is routinely performed at the Carton de Colom-
bia Bajo Calima concession.

Soil disturbance due to logging operations is a function of slope,
rainfall, and the size of equipment used in log extraction. Only the last
of these three factors is under the direct control of the land manager.
Using lighter equipment, in conjunction with smaller concession sizes
and tighter control of logging practices, can decrease soil disturbance at
the same time that the utilization efficiency of the forest stand is in-
creased. These measures are critical to ensuring silvicultural sustainabil-
ity of tropical forest management.
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Economic Profitability

Probably the most critical prerequisite for improved management of
tropical forests is an increase in the number of commercially valuable
tree species. This need reflects back directly on silvicultural techniques,
because it gives the forest manager effective control over the degree of
canopy opening. In addition, increasing the number of economically
valuable species increases the likelihood of sufficient regeneration on a
site either before or after initial harvesting. Finally, utilization of more
species would in effect result in the wood resource being more concen-
trated, necessitating fewer roads per cubic meter of wood harvested,
and requiring a smaller radius of forest to supply a given processing
plant.

In order to foster efficient use of their forest resources, tropical
countries should impose policies that ensure that harvesting is not
limited to one or two species. Consuming countries, too, should agree
to criteria that guarantee that the wood they import is fairly and sus-
tainably produced. The International Tropical Timber Organization is
a potential venue for such agreements among producing and consum-
ing countries.

Several countries have promoted marketability of secondary species
by promoting a domestic home-building program that uses those
woods. Research on wood properties and aggressive marketing and
information campaigns are other components of a total strategy to
increase wood marketability.

When natural forest management is applied in the context of rural
development, income at intermediate stages of the cutting cycle be-
comes even more important than total return. In addition to intermedi-
ate harvests, the other important mechanism for making income more
continuous over time is to manage several blocks of forest, each at a
different stage in the production cycle. This is relatively straightforward
for governmental or industrial forest managers. For rural communities,
income continuity may only be achievable if individual producers form
cooperatives to jointly manage a property much larger than any individ-
ual could afford to own.

Finally, development of local, small-scale processing industries has
the potential to increase the rural income component of forest-
harvesting activities. Such projects are important in their own right, but
would have the added benefit of building a local constituency concerned
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with continued productivity of the forest resource. The economic self-
interest of local inhabitants is a critical tool for maintaining the integrity
of the forest resource.

Social Feasibility

One of the critical limitations that reduces the willingness of investors
to make long-term investments in tropical forestry is uncertainty in the
ability to maintain control over the land. This hesitancy is justified by
the land-use history of forested tropical regions. Time and again, forest-
management plans that seem ecologically sustainable and economically
profitable have failed because of inability of the forest manager to
control land use. A good example is the Carton de Colombia Bajo
Calima concession, where natural regeneration after clearcutting was
reported to be good and prospects of continued pulp supply to a local
mill were promising. Due to the access granted by the roads built for
initial harvesting, however, the regeneration was destroyed after five or
so years of regrowth by unemployed local people cutting construction
poles and mine props.

In Malaysia, the Malayan Uniform System functioned effectively on
the lowland dipterocarp forests where it was developed, but land-use
changes in the last decade or two have resulted in the land being
converted to agriculture. Forestry operations have been moved to hill-
slope forests where the Malaysian Uniform System was less suitable
silviculturally.

The latter example illustrates the point that forestry operations are
most appropriate on marginal lands. Promotion of forestry on land
suitable for intensive agriculture can have unintended adverse conse-
quences, if it displaces subsistence farmers and forces them onto un-
suitably steep or infertile land. Current reforestation incentives in Costa
Rica and India, for example, are mainly affecting large landowners on
prime agricultural lands. As a result, the stated goal of reforestation of
marginal lands is only being partially met, while unexpected adverse
effects in the agricultural sector may occur.

Another lesson from the many failures of silviculturally sound for-
estry systems is the necessity to demonstrate active land occupation and
utilization. Thus, a successful management strategy must be sufficiently
intensive, relative to competing land uses, to avoid having partially
harvested forest become an attractive target for land invaders. This is a
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real difficulty, because the economic keystone of natural forest-
management systems is to compensate for a relatively low rate of return
by minimizing management costs.

Given these social constraints on natural forest management, it may
be necessary for governments to guarantee that long-term investments
in forestry will not be lost by actual or de facto land expropriation by
agricultural interests or incoming populations of subsistence farmers.
Thus, the role of governments in assuming risk in forestry investments
needs to be considered.

Three kinds of risks are associated with forest management: biolog-
ical risks, such as pests and diseases; climatic risks, such as hurricanes;
and social risks, such as land invasion, expropriation, or, in some cases,
fire. One of the virtues of natural forest-management is that it mini-
mizes biological risks. Climatic risks may be unavoidable, but they are
somewhat mitigated by the relatively low capital investment required
for natural forest management. However, if a government is committed
to ensuring the sustainability of production while maintaining the
secondary benefits of forest cover, it may be necessary to assume some
of the social risks of natural forest-management investments.

Such insurance would follow the precedents of crop insurance and
disaster relief that are widespread in developed economies. The costs of
such insurance may be high, but they should be incorporated into the
economic assessment of forestry investments, and may be found to be
cost-effective. An added benefit of this "social-disaster insurance" is that
it would provide a powerful incentive for governments to make and
promote policies that stabilize rural land-use. This, in turn, would
minimize the likelihood of the social disaster actually occurring.
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Chapter 4

INSECT ECOLOGY AND
AGRICUITURAL PEST

MANAGEMENT:
THEORY AND PRACTICE

AGNES KISS

No discussion of applied ecology in the service of economic develop-
ment can be complete without a segment on agricultural pest manage-
ment. This is a field that epitomizes the application, or frequently the
failure to apply, basic ecological principles to the task of meeting basic
human needs. In the most basic sense, the relationship between the
human species and the plethora of potential species of insect, weed, and
microbial pests is a competition to exploit the niche of consuming
agricultural products. In this rather uneven competition, our unique
scientific and technological ingenuity is pitted against their sheer repro-
ductive capacity.

Since synthetic organic pesticides were introduced in the 1940s, we
have been relying increasingly on one rather simplistic tactic-
eliminating the competition with chemical weapons. However, this
approach is becoming less and less successful, due to the unwitting
application of several other fundamental ecological and evolutionary
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principles. While this may be considered unfortunate from the point of
view of agricultural economics, in another sense it may be viewed as a
mixed blessing, as it lends persuasive economic arguments to support
those who feel pesticide use should be significantly reduced worldwide
because of growing environmental and health problems. If familiar
pesticides continued to work as effectively now as they did in the 1940s
and 1950s, agricultural producers would be less interested in attempts
to limit their use.

Many economic entomologists claim that the number one constraint
to successful chemical control of pest insects is the development of
insecticide-resistant populations-an inevitable outcome of combining
strong selective pressure and enormous reproductive potential. Insec-
ticide resistance to sulfur compounds was first observed in the San Jose
scale insect in 1914. As described by Metcalf (1984):

At the most recent tally in 1980, insecticide resistance was documented in 428
species of insects: 260 pests of agriculture and 168 pests of human and animal
health. Multiple resistance of pest species, or insect resistance to several of the
various chemical classes of insecticides, is a far more serious phenomenon. As of
1980, 2-stage resistance was documented in 105 species, 3-stage resistance in
64 species, and 4-stage resistance in 26 species. At least 14 major insect pests are
now resistant to all 5 classes of insecticides (DDT, lindane/cyclodienes, organ-
ophosphates, carbamates, and pyrethroids).

As a further complication, the rate of resistance development to
newly introduced classes of insecticides has shown an exponential in-
crease. At the same time that development costs of new pesticides are
increasing rapidly due to technical and legal factors, the anticipated
useful life of these products is rapidly decreasing through development
of cross-resistance in target pest populations, primarily among insects,
but increasingly among weeds and pathogens as well. One familiar
example is the rapid development of resistance to pyrethroids among
populations resistant to DDT.

Another very significant constraint to successful chemical control is
pest resurgence; that is, the rapid development of even larger popula-
tions of the original target species, or the emergence of new pest species,
following a large-scale chemical control program, which may have been
quite successful in the short term. Again, a fundamental ecological
principle is respconsible: a predator/prey equilibrium has been upset as
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many of the natural enemies have been destroyed along with the pest
organisms upon which they would ordinarily feed. Predators are often
more affected by chemical attack than are herbivores, both because they
may be more active and therefore more exposed to air-borne sprays, and
because of bioaccumulation of toxins in the bodies of the prey. The
populations of the pest species recover more quickly-as might be
predicted for primary versus secondary consumers-and then explode
beyond their original bounds because the density-dependent regulating
factors of predation and parasitism have been removed.

The common response to pest resurgence in the field has been to
increase the dosage and frequency of pesticide application. This may or
may not be effective in controlling the original target species, depend-
ing upon how readily resistance evolves in the population. What it
almost always seems to lead to, however, is the emergence of new pests.
These are usually species that were present in the area, and possibly even
attacking the crop prior to the pesticide barrage, but were at such low
densities that they were not regarded as particularly troublesome. As
their competitors and the predators and parasites that held them in
check are reduced, however, still another ecological principle-
competitive release-comes into play and they increase to economically
significant, and sometimes devastating, levels.

These secondary pest species are often insects whose feeding habits or
life styles give them some immunity to chemical attack. Among the
most familiar examples are the boll weevil, the bollworm, and the
whitefly in cotton. These insects, which spend a large part of their life
cycle sheltered inside cotton squares or on the undersides of leaves, have
repeatedly emerged as secondary pests following widescale chemical
control of more exposed pests, such as the lepidopterans Heliothis and
Spodoptera. They have made cotton growing almost impossible or un-
economical in many areas of the world at one time or another (e.g., the
southwestern United States, areas of Mexico, Peru, Brazil, and Sudan).

ECOLOGICAL PEST CONTROL
(INTEGRATED PEST MANAGEMENT)

Pesticide resistance, pest resurgence, and the emergence of secondary
pests are examples of what can happen when we attempt to undertake
agricultural pest control while ignoring agricultural ecology. The tech-
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nology of applying ecological and entomological science to pest control
is commonly referred to as integrated pest management (IPM).

While the term IPM has been widely used and misused, it is best
defined as the integrated use of all available methods to maintain pest
populations below an acceptable threshold level. That level depends on
a number of factors, including the type and extent of the damage caused
by a particular type of pest, the economic value of the crop, and the cost
of control measures. IPM tends to emphasize preventive measures such
as planting resistant varieties, using crop rotation, improved crop hy-
giene, and protecting natural enemy populations, because these are
more cost-effective and more likely to continue to work in the long
term. Contrary to some popular misconceptions, IPM does not com-
pletely eschew the use of chemical pesticides; these are considered to be
one weapon in the arsenal. However, they are to be used judiciously and
conservatively because they are expensive, because they are self-limiting
due to resistance, and because their use tends to reduce the effectiveness
of other measures, particularly biological control. In popular parlance,
IPM has sometimes been extended to include minimizing negative
impacts on human health, wildlife, and other elements of the natural
environment. However, while these are important goals, they are not
inherent in the original concept of IPM.

It is important to emphasize that IPM is not so much a technology as
it is an approach or even a philosophy. It is defined not by the various
elements of biological control, resistance, cultural practices, and so
forth, but by the commitment to integrate these in a comprehensive
management plan that weighs costs against benefits and emphasizes
stability and returns over the long term, rather than short-term maxim-
ization of yield or profit. This has important implications for the role of
scientists in promoting the IPM approach, as it means that simply
developing effective individual control methods is not enough. To
quaIl as IPM, these control methods must be combined into a rational
system that is compatible with both local agroecology and socio-
economics.

Overall, IPM seeks to restore an ecological equilibrium of sorts, with
humans included among the primary consumers (or secondary con-
sumers in the case of livestock husbandry). Unfortunately, this is be-
coming increasingly difficult to do as the human element becomes
increasingly demanding. With our own population growing rapidly
(though not by entomological standards) and with the area of arable
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land also decreasing through urbanization, desertification, etc., agri-
culturalists are under continuous pressure to produce more and more
calories from each plot of cropland. This means denser planting, year-
round cropping, shortened crop rotations with less time in fallow, use
of high-yielding varieties often planted as extensive monocultures, in-
creased mechanization, and increased use of fertilizers. All of these
factors favor the further expansion of pest populations and make it more
difficult to identify compatible, ecologically sound methods of pest
management. For example, it is already well recognized that increased
use of nitrogen fertilizer is associated with increases in pest densities,
particularly in the case of homopterans such as aphids and leafhoppers.
There is now also evidence that use of some pesticides can affect the
metabolism of plants in ways that make them more susceptible to pests
and diseases (Chaboussou, 1986).

Undoubtedly for these reasons various entomologists over the years
have gone on record with different variations of the same theme: when
it comes to pest control, we may win occasional battles, but we are not
winning the war; while we can control almost any specific pest (al-
though sometimes at a prohibitive cost), the overall problem of control-
ling pests is more acute than ever.

APPLICATION OF INTEGRATED PEST MANAGEMENT
EVALUATION OF PAST EFFORTS

The preceding review of the relationship between pest management
problems and ecological principles contains no new revelations. We
know and understand the basic ecological and evolutionary principles
involved, and the outcomes are fairly readily predictable. However, the
subject is not ecology per se, but the application of ecology to economic
development, in this case the development of intensified agricultural
production in the humid tropics. Thus three questions are important:

* To what extent is this knowledge being applied in the agricultural field,
particularly in the humid tropics?

* If this is not happening to an appreciable extent, why not?
* What can we as scientists and development professionals do about it?

The response to the first question would have to be that the perfor-
mance has been mixed. Certain aspects of the IPM approach have been
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spreading successfully in tropical regions. The most basic and ancient
IPM technology is cultural control. This encompasses a wide range of
activities including: crop rotations, which alternate susceptible and
nonsusceptible crop species or varieties; the destruction of diseased
plants to avoid the spread of contagious diseases; early planting to
escape peak pest emergences; removal of crop residues to kill dormant
stages of boring insects; manipulation of water levels in irrigated rice as
a method of weed control, and so forth. One well-dated form of cultural
pest control that has awakened renewed interest in recent years is
intercropping or polyculture. While the evidence from research is
mixed, indications are strong that, at least in some cases, crops grown in
polyculture suffer less from pest and disease attack than do the same
species and varieties grown in monoculture. Weed control can also be
enhanced by polyculture, through shading out and, in some cases,
allelopathy. While not a new approach, cultural control is continually
being refined through new research and through the development of
new crop varieties such as short-season cultivars.

The use of insect- and disease-resistant crop varieties is another fun-
damental component of IPM that is emphasized in plant breeding
programs in many national and international research institutes, such as
the International Rice Research Institute (IRRI) in the Philippines, the
International Potato Center (CIP) in Peru, the International Institute
for Tropical Agriculture (IITA) in Nigeria, and the International Cen-
ter for Insect Physiology and Ecology (ICIPE) in Kenya. As a result of
years of research at these and other sites, there are now, for example,
widely available rice varieties resistant to pests such as the brown plant
hopper and stem borers and a number of diseases; potato varieties
resistant to the tuber moth, aphids, and mites; maize varieties resistant
to stem borers and streak virus; cassava varieties resistant to the mosaic
virus; okra-leaf cotton resistant to the whitefly. As new problems have
arisen through parallel evolution of new strains of the pest species
adapted to attack the resistant crop cultivars, current research focuses
increasingly on development of moderate horizontal resistance to a
range of pests rather than more complete vertical resistance to a sin-
gle one.

Biological control is probably the technology most often associated
in our minds with the IPM approach. Some very successful examples of
introduction or augmentation of biological control agents include the
introduction of the parasitic wasp Epidinocarsis lopezi to control the
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cassava mealybug in West Africa, baculovirus against rhinoceros beetle
in coconuts in the South Pacific, and Trichogramma egg parasites
against sugarcane borers in mainland China. Introduction of biological
control agents is most often successful against introduced pest species,
and augmentation is currently possible only with a relatively small
number of parasites and predators that can be mass-reared. Another,
and equally important, aspect of biological control is safeguarding
indigenous populations of natural enemies. In the banana plantations of
Central America, the cotton fields of the Canete Valley of Peru, the rice
fields of Indonesia, and many other sites, growers have learned the hard
way that careless elimination of local predators and parasites can lead to
disastrous explosions of pest populations. Fortunately for world agri-
culture, in many cases the agroecosystem has proven sufficiently re-
silient that when spraying was halted or significantly reduced by decree,
the populations of natural enemies returned and the pest species were
brought under control once again.

In light of experiences such as these, movement toward more selec-
tive use of pesticides has been significant, in terms of reducing frequen-
cies and volumes of application and total areas affected. One example is
the control of tsetse flies in Africa. In the past, tsetse fly populations
were reduced or eliminated over huge expanses of land through use of
broad-scale, high-volume aerial sprays of persistent products such as
dieldrin (along with massive forest and brush clearing and slaughter of
game animals). More recently, systems have been developed that com-
bine the use of screens soaked with attractant pheromones and pyre-
throids, ultra-low volume, sequential spraying with endosulfan at low
doses, and spot-spraying of resting sites in the undergrowth. The tech-
nology remains imperfect and significant kills of birds, fish, and benefi-
cial insects still occur, but the long-term environmental impacts of
chemical control are significantly reduced when these methods are used.
(The environmental impacts associated with clearing tsetse flies from
forest areas, thus permitting the entry of cattle is, of course, another
question that will not be taken up here.) Unfortunately, these new
methods require a greater level of technical expertise and logistical
organization to implement, and very few skilled practitioners are avail-
able.

The increased cost of pesticides is, of course, an additional factor
favoring conservative application and the development of very-low-
volume and ultra-low-volume methods. Perhaps most telling have
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been attempts to reduce the use of broad-spectrum insecticides that take
such a toll on natural enemies. The most notable case is in Indonesia,
where the government recently banned the use of a number of such
products in the rice fields, specifically on the basis of pest resurgence
problems. In Indonesia, the officially recommended product for control
of brown planthopper in irrigated rice is now the juvenile hormone
analogue Buprofezin.

In addition to these examples of applications of individual key com-
ponents of the IPM approach, there are a few examples of comprehen-
sive IPM programs. These are defined here as an approach in which
definitive control thresholds are applied and a range of chemical and
nonchemical control strategies are integrated into a unified system.
Most of these examples are from industrialized countries, notably the
United States, where a nationwide IPM project has led to the adoption
of the IPM approach in production of key crops such as cotton, soya,
alfalfa, and fruit trees over large areas of the country. In the tropical
regions, the best known examples of successful comprehensive IPM
programs are probably those instituted for cotton in Peru and in
Nicaragua, following earlier virtual elimination of cotton production
due to problems with pest resistance and resurgence. However, views
differ on how well these ambitious and initially successful programs
have stood the passage of time and the prevalence of armed conflict.
More recently, a national program promoting IPM in soybeans has
been initiated in Brazil.

APPLICATION OF INTEGRATED PEST
AMANAGEMENT-CONSTRAINTS

Overall, however, reliance on chemical pesticides continues to grow in
tropical countries, and much of this chemical control continues to
follow in the old, destructive patterns of prophylactic and calendar
spraying, high-volume applications, and use of broad-spectrum toxins.
This leads to a consideration of the second major question: What is
impeding the implementation of IPM, particularly in the developing
countries of the tropics? If our objective is to act to enhance the spread
of the IPM approach, it is particularly important to determine the
relative importance of technological, economic, political, or sociologi-
cal constraints.
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In the view of many traditional crop-protection experts, the most
important constraint is that IPM is by its nature too information-
intensive and too complex for application outside a research station
setting. In making this criticism, they are not necessarily referring to the
computer programs that some U.S. farmers now use to analyze market
information to make cost/benefit decisions, to predict pest population
densities based on weather conditions and to calculate ideal combina-
tions and dosages of pesticides. Even without approaching this level of
sophisticated technology, IPM is a relatively complex proposition.

Chemical control can be effective (in the short term) even if practiced
very simplistically. Spreading a blanket of potent biocides over a field is
certain to kill a large portion of whatever animal life is present, includ-
ing herbivorous insects. By contrast, under IPM the farmer seeks to
target the particular species that causes significant damage. He or she
must be able to identify at least the major potential pest species (and
distinguish them from beneficial species), estimate their abundance as
well as their probable impact on the final yield, and evaluate what that
means in terms of potential total loss. Finally, pest and predator life
histories must be sufficiently understood to know the most vulnerable
point for attack and to avoid interfering with natural control mecha-
nisms. In addition to this sophisticated application of biology, ecology,
and economics, the farmer must be aware of the range of management
options available, including the pros and cons of particular pesticides if
chemical control is determined warranted. Most important, a range of
control options that are feasible must be available. Cultural methods
that require high input of labor at the same time that there are other
important tasks to be done may not be feasible, nor are rotations with
crops for which there is no market, nor burning crop residues needed
for animal fodder or building materials.

Clearly, one does not expect individual farmers, particularly peasant
farmers in developing countries, to possess all of this information and
sophisticated knowledge. It is the role of agricultural researchers and
extensionists to provide guidelines and rules ofthumb to follow, such as
economic thresholds for important crop/pest combinations and guid-
ance on cultural practices and on pesticide selection and application
methods to target specific pests. The question of how well this role is
being filled, and whether it can be filled better, is addressed later.

The second potentially important constraint-site specificity-is re-
lated to the information factor. Not only does IPM demand a relatively
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large input of information, but that information cannot be generalized
from one country, ecological zone, farming system, or growing season to
another. Because IPM seeks to achieve an ecological balance, the dy-
namic nature of the agroecosystem is an important factor. The key pests,
their impact on yields, and the potential for natural control are all variable
from site to site and from year to year, and an IPM program must be very
flexible to respond effectively. To draw upon an earlier example, the
whitefly may be the most significant pest of cotton in Sudan, but it is
virtually unknown in Central and South America. In Sudan, it is also a
greater problem in wet than in dry years. Thus, while the theory of IPM
can be taught, these details make it very difficult to transfer IPM technol-
ogy from developed countries to developing countries; relevant research
must be carried out on-site to develop suitable technology packages. This
presents a particular problem in developing countries, where research is
often poorly organized and almost always underfunded.

A third technical constraint that is significant in temperate countries,
but perhaps more so in the tropics, is the presence of multiple pests.
Unlike the use of broad-scale chemical control that can make a dent in
the populations of a number of species simultaneously, a basic principle
of IPM is targeting of specific pests. In temperate areas it is more likely
to be feasible to target each important pest species, individually, with
highly specific cultural practices and pesticides. In the tropics, biological
diversity in general is much greater, so that the number of potential
pests is larger. For example, significantly more diseases occur in the
same crops in tropical versus temperate zones, as shown in Table 1.

TABLE 1

NUMBERS OF DIsEAsEs REPORTED IN
CROPs IN Two CLIMATES

Temperate Tropical

Citrus 50 248
Pumpkin squash 19 111
Sweet potato 15 187
Tomato 32 278
Rice 54 500-600
Beans 52 253-280
Potato 91 175
Maize 85 125
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As an additional complication, measures that help contain one pest
problem may aggravate another.

The existence of multiple pests makes it difficult to market highly
specific pesticides even in the United States, where the chances are that a
farmer can identify the problem and get what is needed when it is
needed. In developing countries where available cash and effective
distribution systems for input are far less common, farmers must try to
prepare ahead of time for whatever may arise. In practice, this means a
strong preference for relatively inexpensive, broad-spectrum pesti-
cides with few specialized requirements for application methods or
equipment.

A fourth constraint of particular significance in developing countries
is sociopolitical rather than technical, relating to the distribution and
control of land. For IPM to be most effective, it must be practiced in a
coordinated fashion over large, contiguous areas. At the same time, it
must be responsive to varying conditions within different portions of
that area. This is possible on large farms in the United States, where a
single owner or manager controls the whole area and has a direct stake
in its productivity and efficiency, and where field information is rela-
tively easy to collect and process rapidly. In developing countries, much
of the agricultural land is held in the form of small parcels. If pest
management is under the control of the individual smalUholders, an
effective area-wide IPM program would require considerable coordina-
tion and cooperation among them-an objective very difficult to
achieve. If, as is the case in many African countries, the pest-control
operations are run directly by the state, there is, in theory, a better
opportunity for coordinated implementation. However, there is also
often less possibility and incentive to respond to actual variable on-
ground conditions.

The inevitable bureaucracy involved in state-run operations means
that a farmer's plot will probably be sprayed when it has been scheduled
to be, and not when scouting results indicate that it should be. Individ-
ual farmers could undertake nonchemical measures, but they may sim-
ply consider all pest control the responsibility of the government (often
paid for automatically with taxes or obligatory fees or figured into the
fixed prices of crops). Crop-protection service employees are usually not
accountable to the farmers, making it hard to ensure quality of scouting
or control operations.

Finally, on the socioeconomic/political side, there is the question of
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incentives for and against implementation of IPM. In the United States,
the IPM approach has probably been spreading for three principle
reasons: because chemical controls fail; because pest-control costs can
often be reduced through IPM; and because of growing consumer and
citizen movements concerned with reducing pesticide residues in foods
and the environment.

In the humid tropics, chemical control is failing in many cases, and
sometimes it is well documented that this is due to resistance problems,
for example, failure of BHC or lindane to control mirid bugs in cocoa in
large areas of West Africa. Very often, however, it is not clear why
chemical control fails. Farmers often blame the ineffective performance
of national crop-protection services, or adulterated pesticides, and they
are undoubtedly often right. Consequently, they call for improved
chemical control, rather than for an alternative approach. Just as impor-
tant, it is often difficult to demonstrate to the farmers' satisfaction that
IPM represents a viable, practical alternative. Where extension services
are weak and pesticide salesmen represent the farmers' sole or primary
source of pest-management advice this is a particular problem. Sales
representatives usually work on a quota or a commission and are un-
likely to promote a reduction in use of their products. Even modifica-
tions, such as using more specialized pesticides, are usually unpopular
with farmers, at least at first, as they lack the dramatic effect of the large-
scale kill to which the farmers have become accustomed through their
use of highly toxic, broad-spectrum products.

Cost reduction is an important potential incentive; unfortunately, it
often does not function in the context of developing country agricul-
ture. Repetto (1985) argues that widespread government subsidization
of pesticides in developing countries reduces the financial incentive of
farmers to minimize their use or seek alternatives. Moreover, in
Pakistan, elimination of these subsidies was followed by significant
reductions in the total volume of pesticides used. It can be argued that
developing-country agriculture represents a far from perfect market
overall, and that pesticide subsidies may be needed to restore a balance
in light of government control of crop prices. Nevertheless, the fact
remains that subsidization of pesticides reduces the incentive to mini-
mize pesticide use. A related problem is the distribution of low-cost or
free pesticides by manufacturers seeking to build a market for their
products, and even by bilateral assistance agencies as a form of com-
modity aid. A further factor working against IPM is the prevalence of
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state-run pest-control operations, whose costs are subsumed in crop
prices, or supported by tax funds or other non-optional sources.

The third potential incentive, consumer concern about pesticide resi-
dues, comes into play in most developing countries, at present, primar-
ily with regard to export crops. For example, several West African
countries now ban the use of lindane on cocoa primarily because their
major customers demand this. Similarly, the use of dieldrin on ground
nuts and forage crops has been significantly reduced worldwide based
on instances in which ground nut or beef export shipments were refused
by European countries or the United States because of dieldrin resi-
dues. Local consumers in developing countries remain largely ignorant
of the issue of residue problems, whether in food, drinking water, or the
environment, and national governments have little or no relevant regu-
lation or means of enforcement. In some countries, such as Thailand
and India, this is beginning to change, largely due to the efforts of
locally based nongovernmental organizations, with some support from
the United Nations specialized agencies and other donors, including
the World Bank. The most visible effect of concern over pesticide
residues has probably been the widespread reduction in the use of
DDT, and to a lesser extent, dieldrin, endrin, chlordane, and toxaphene,
for agricultural purposes. Many tropical developing countries have
followed the West in instituting such a ban for these few high-visibility
products.

INCREASING THE APPLICATION OF IPM
OPPORTUNITIES FOR ECOLOGISTS

This brief summary of some important factors that impede the spread of
IPM as a method of pest management in tropical countries leads to the
final and most pressing area for discussion-what can scientists and
concerned, yet foreign, citizens do to enhance the adoption of the IPM
approach? The industrialized countries have a stake in promoting world
stability through, among other things, environmental and agricultural
stability. Improved agricultural pest management represents one area of
economic development in which biologists and ecologists should be in a
position to offer intellectual and technical leadership.

Consideration turns to research and teaching. Clearly there are im-
portant data gaps to be filled in order to develop appropriate and
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practical pest control methods and make IPM a viable approach in any
given agroecosystem. Some key areas include:

* crop-loss assessment research to establish valid control thresholds;
* information on life histories and population dynamics of pest species,

particularly the role of natural control agents;
* rearing and dispersal methods for natural enemies;
* socioeconomic factors in agricultural practices, to identify the realistic

constraints and motivations that underlie farmers' responses to proposed new
technologies.

However, the role of expatriate scientists in this research has changed
over the past few decades. In recent years, international support for
national research programs and for training of developing-country sci-
entists has created a cadre of well-trained and motivated researchers,
many of whom are strong proponents of IPM. These scientists are often
employed in a national agricultural research service or in agricultural
technical colleges or universities, and are both capable and motivated to
carry out this type of basic research if they receive at least a minimum
level of support. Development assistance agencies are becoming less
interested in financing research programs initiated and directed by
expatriates, preferring instead to support national research programs
with relatively short-term participation of expatriates in an advisory
capacity. When U.S. or other expatriate scientists become directly in-
volved in on-site research projects, it is increasingly on the basis of
collaborative programs recognized as being as much for the benefit of
these researchers' professional interests as it is for the developing coun-
try. Their greatest contribution in some cases may be to help channel
research funds into the local program; they can often also help to
improve the effectiveness of locally conducted research by introducing
new research methods, in particular, improved data-management
methods often based on computer technology. In addition, training of
developing-country researchers and technicians remains an important
priority, although an increasing tendency is to provide that training in
local or regional institutions rather than universities in the United
States or Europe.

Turning from basic research to applied technology, anthropologist
Grace Goodell (of the Program on Social Change and Development at
the Johns Hopkins University School of Advanced International
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Studies) challenged the research community to take the initiative in
bridging the gap between theory and practice. Goodell wrote that
scientists are abrogating their responsibilities by formulating IPM-
related technologies that are too complex and impractical, relying on
extensionists and even the farmers themselves to wade through this
complexity and come up with practical methods. When they cannot, she
claims, it is commonly regarded as the failure of the practitioners,
whereas it should be seen as a failure of the science itself. From this
perspective, it is up to the researchers to distill their results and simplify
their recommendations to the point where they can be adopted in the
field by the average farmer.

It is hard to argue with the principle. Clearly the sciences of entomol-
ogy and ecology cannot be translated into the technology of pest man-
agement without due attention to the intellectual, physical, economic,
and practical capabilities of the client group. Thus, for example, instruc-
tions for pesticide dosages can be given in terms of amount of the
product to be used per sprayer tankfil rather than per hectare, or
economic thresholds can be expressed in terms of easily recognized and
registered signs such as number of uninfested plants per infested plant.

The critical problem is to define the limits of researchers' accom-
modation to farmers and vice versa. For example, despite Goodell's
proposals to the contrary, it seems inescapable under IPM that farmers
must sometimes be able to recognize five or six (or even more) insects in
key life stages in order to diagnose pest problems and respond accord-
ingly. The same holds for significant weeds, and even for diseases that
may often be confused with other problems such as nutrient deficiencies
or cold. Similarly, even if they are not called upon to perform sophisti-
cated economic cost/benefit calculations, farmers or their scouts must
master basic random sampling techniques and analysis to assess levels of
potential crop damage. These aspects are basic to IPM and cannot be
eliminated or simplified to the point where no learning or accommoda-
tion on the part of the farmer is necessary. They can be more stan-
dardized, but only at the cost of the flexibility and responsiveness to the
local situation, which is also an important aspect of IPM (i.e., an
economic threshold of one borer per 10 heads may be appropriate
under one set of circumstances, but not another).

As usual, the issue comes down to a question of degrees rather than
absolute. Despite Goodell's call for increased emphasis and spending on
extension at the expense of research, the critical need for continued, on-
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site research is clear. The experience of the recent Sahelian regional IPM
project, funded by the U.S. Agency for International Development,
provides a good example. In this project, insufficient time and support
were given to research, with the result that, ultimately, the second-phase
extension effort failed through a lack of appropriate new technologies
to extend.

The need for effective, two-way communication among researchers,
extensionists, and farmers has by now become so widely accepted as to
become almost a platitude. Certainly a reorientation on the part of
researchers is important, so that they take greater account of farmers'
real needs, capabilities, constraints, and traditions. While an emphasis
on research conducted by local scientists may seem to promote such an
emphasis naturally, this is not necessarily the case. Local researchers can
be just as wrapped up in abstract science, and just as seemingly unaware
or even indifferent to real problems, as their expatriate counterparts.
The solution is for research priorities to be developed from the bottom
up, that is from the ultimate user to the researchers, and researchers
must become very familiar with the entire farming system and not only
the particular crop/pest interaction they are addressing. This should
enable scientists to avoid promoting unworkable recommendations,
such as early planting when the ground is too wet or too dry to plough,
or burning crop residues needed for building materials or fodder. Re-
searchers should also routinely investigate traditional methods of farm-
ing and pest control, to determine which of these might be important
and valuable tools upon which to build.

The development assistance community is in fact responding to this
common sense approach. It is becoming far more common for sociolo-
gists and anthropologists to be involved in the design of agricultural
development programs, and for projects to emphasize two-way interac-
tion and exchange of information among researchers, extensionists, and
farmers. There is also a greater emphasis on farmers' and extensionists'
involvement in the research process itself, through the use of on-farm
trials and demonstrations. Lately, development agencies have even be-
gun to recognize that the majority of African farmers are women, and
that technologies and extension programs must be geared accordingly.

To enhance the effectiveness of IPM in developing countries, a bal-
ance must be struck between accepting the inherent complexity of
ecological interactions, and meeting the need to provide relatively sim-
ple solutions to practical problems. This requires focusing on funda-
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mentals rather than refinements. In most cases the critical first step in
introducing an IPM approach is likely to be establishing an understand-
ing of the role and significance of natural enemies in the agroecosystem,
and identifying the measures required to protect them. For example,
this has been the approach of the very successful Food and Agriculture
Organisation's Integrated Rice Pest Control project in Southeast Asia,
where the project team has put its greatest emphasis on training farmers
to recognize beneficial insects and evaluate the importance of natural
enernies in controlling rice pests in their fields. The critical role of
spiders in controlling insect pests in rice paddies has become partic-
ularly clear through this project.

Protecting biological control agents is a fundamental tenet of IPM
that applies in any situation, and the need for education in this area is
great as many farmers do not have a real appreciation for their impor-
tance. This should therefore be a major focus of the state extension
services. For maximum effect, education should be directed particularly
at growers of crops that are currently the principle users of pesticides.
Worldwide, this makes cotton a top priority. In the moist tropics, it
includes rice, coffee, and cocoa, many fruits and vegetables, and, to an
increasing degree, domestic commercial crops such as maize. Represen-
tatives of pesticide manufacturers are increasingly pervasive in develop-
ing countries, promoting their products, so extensionists must be there
as well, helping farmers to use those products rationally and with
minimum risk to themselves and to the environment, particularly to
natural enemies of pest species. While many manufacturers do make an
effort to provide some user training on pesticide safety, the one thing
they cannot be expected to do is to help farmers use as little of their
product as possible.

SPREADING THE IPM CONCEPT
(REACHING THE NONECOLOGIST)

Nontechnical issues in implementation of IPM, such as distribution and
control of land or economic incentives will ultimately determine
whether IPM becomes a major force in tropical agriculture or is dele-
gated to being a topic of interest primarily to academicians and research
scientists. Therefore, while scientists are often more comfortable re-
stricting themselves to technical matters, we also have an essential role
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to play in influencing the critical economic, and political decisions.
Despite definite advances in the understanding and appreciation of the
environmental bases of development among some developing-country
officials, ecology and environmental science are still widely viewed as a
luxury for the rich rather than as an essential issue for the poor, who are
most directly dependent upon the natural environment. It is the respon-
sibility of ecologists and entomologists to convince policy- and
decision-makers of what we already know: that applying ecological
principles to pest management is the only road to long-term gains in
agricultural production, and that failure to do so has led, and will
continue to lead, to disaster.

To accomplish this critical task of persuasion, ecologists must take the
initiative to make their knowledge accessible to nonspecialists, by focus-
ing on problems widely recognized as significant to human welfare, by
publishing outside the technical literature and by presenting research
problems and results in practical (often economic) terms. Onlv in this
way, and by working closely with colleagues in other disciplines such as
economics and sociology and in development agencies and govern-
ments, can we hope to see an increase in application of ecology to the
problems and processes of economic development.
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Chapter 5

DAMS AND DEVELOPMENT
IN THE TROPICS:

THE ROLE OF
APPLIED ECOLOGY

PETER D. VAUX AND CHARLES R. GOLDMAN

The 1969 National Environmental Policy Act (NEPA) in the United
States and the 1972 Stockholm Conference on the Human Environ-
ment emphasized the environmental consequences of economic devel-
opment and our increasing awareness of it. Since the mid-1970s, for
example, major international development institutions have required
that some attention be paid to the environmental and social conse-
quences of the projects they fund. This situation arose, in part, as a
consequence of the U.S. Agency for International Development (AID)
being forced to comply with NEPA (O'Riordan, 1981). Developing
countries initially expressed a number of reservations about this trend,
mostly related to the potentially negative economic impacts they
thought might result. In the area of water resources development,
resistance to involving environmental issues was still evident at the
1977 U.N. Water Conference in Mar del Plata. Nevertheless, during

101
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the past decade, developing countries have slowly expanded their envi-
ronmental interest.

Dam-building is a major component of many water-resources devel-
opment projects. Almost 30 years have elapsed since the closure of the
first large dam in the tropics (Kariba), and 20 years since the first
international conference on man-made lakes focused on some of the
ecological side effects of these projects. In spite of this passage of time
and the post-Stockholm trends in environmental awareness, the envi-
ronmental impacts of tropical impoundments, and the inadequate de-
gree to which ecology is being incorporated into reservoir planning and
development are a continuing concern.

Every reservoir project creates a dual need: to minimize negative
environmental, social, and economic impacts; and to maximize positive
contributions that can frequently be made both at local and national
levels. To achieve these two objectives, applied ecology must focus on
four components of reservoir development: pre-impoundment envi-
ronmental impact assessment, ecosystem conservation and protection,
post-impoundment auditing of the assessment process, and integrated
environmental management of the reservoir and its basin. Furthermore,
these four components must be carefully adapted to the specific de-
mands and inherent constraints of the project in question.

In this paper, we examine the involvement of ecology in tropical
hydroelectric projects primarily from the planning and management
perspective; the environmental impacts, per se, of dam construction are
here of secondary concern. Although our focus is on hydroelectric
impoundments, much of the discussion relates to the broader field of
water-resources development in the tropics.

HYDROPOWER DEVELOPMENT IN THE TROPICS

Major impoundments first started to appear in the tropics in the late
1950s, and, although the construction of large dams (as classified by
Mermel, 1986) worldwide probably peaked in the early 1970s, substan-
tial numbers are currently under construction or at the planning stage in
the tropics. Approximately 35 percent of all large dams already installed
or planned for commissioning between 1980 and the end of the present
century are located within the tropics. Between 1980 and 1990, hydro
capacity in the Third World-which includes most of the tropical
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countries-is projected to double, increasing from 100,000 megawatts
to 201,000 megawatts when China is excluded. For a number of these
countries, particularly in Latin America, hydropower already contrib-
utes a substantial share to their total generating capacity (Table 1).
Nevertheless, considerable potential remains to be developed. By 1980,
for example, Latin America and Africa had harnessed 8 percent and 5
percent, respectively, of their hydropower potential. Even in Brazil,
where dams are already the major source of electrical power, installed
capacity at the beginning of the 1980s represented only 12 percent of
the country's 213,000 megawatt hydro potential. In contrast to the

TABLE 1

ELECTRCTrrY-GENERATING CAPACITY IN SELECTED DEVELOPING
CouNTRImES OF TBE TRopics, 1982

Country Total Capacity Percent of Capacity Provided by:
Fossil

(megawatts) Fuel Hydro Geothermal Nuclear

Brazil 38,904 15 85 0 0
Argentina 13,460 48 49 0 3
Bolivia 508 44 56 0 0
Colombia 4,660 36 64 0 0
Costa Rica 657 30 70 0 0
Nicaragua 400 65 26 9 0
Mexico 21,574 68 31 1 0
Zimbabwe 1,192 41 59 0 0
Kenya 574 33 62 5 0
Zaire 1,716 3 97 0 0
Senegal 165 100 0 0 0
Niger 100 100 0 0 0
India 38,808 64 34 0 2
Bangladesh 990 92 8 0 0
Thailand 4,694 71 29 0 0
Indonesia 3,513 83 16 1 0
Philippines 5,054 64 25 11 0
China 72,360 68 32 0 0

SouRcE: World Bank (1985): Power/energy data sheets for 104 developing countries (Flavin,
1987).
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situation in Latin America and Africa, North America and Europe had
already developed 59 percent and 36 percent, respectively, of their
potential by 1980.

Although development of hydropower in the tropics will continue,
there has been a gradual shift away from the very large impoundment
projects characteristic of the past three decades, toward smaller-scale
hydroelectric schemes. Not only are the environmental impacts of such
projects frequently less severe than those arising from large impound-
ments, but also the construction cost per unit generating-capacity is
often significantly lower. The potential for small-scale hydropower
development in many parts of the tropics is considerable. For example,
it has been estimated that in Peru and Costa Rica, this potential repre-
sents 364 percent and 415 percent of the total 1982 installed, generat-
ing capacity (from all sources); equivalent values for India and the
Philippines are 28 percent and 83 percent (Flavin, 1987).

Thus the need for ensuring a more effective integration of applied
ecology into tropical impoundment projects stems not only from past
experience in this area, but also from the future role that hydropower
will play in the economic development of many parts of the tropics.

ENVIRONMENTAL IMPACTS OF TROPICAL DAMS

A number of reviews have addressed the environmental consequences
of dam construction (e.g., Goldman, 1976; Goldsmith and Hildyard,
1984; Petts, 1984; Goodland 1985, 1986, 1989). By way of sunmmary,
however, we have grouped major ecologicallsocioeconomic impacts
into two broad categories (Table 2).

At level I, are the more obvious, direct effects such as the necessity for
population relocation, the flooding of agricultural land, and the transi-
tion from a riverine to a lacustrine fishery. Resettlement of people living
in the basin of a future reservoir is a complex task involving a broad
spectrum of cultural, socioeconomic, and ecological considerations. If
sufficient importance is given to the full range of issues, then resettle-
ment is frequently also very expensive and one that may significantly
alter the overall economic feasibility of the project if fully involved in the
cost/benefit evaluation. The poor results of many resettlement schemes
stem both from the complexities of planning and, especially, implemen-
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tation of resettlement policies, as well as planners' frequent unwilling-
ness to adequately recognize the economic consequences of enforced
relocation (Goldsmith and Hildyard, 1984). Poorly developed political
organization within the resettlement groups can compound these prob-

TABLE 2

EXAMPLES OF MAJOR POTENTIAL ENVIRONMENTAL ImPACTS
OF TROPICAL IMPOUNDMENTS

Level I impacts (Direct)

* Displacement of human population
* Changes in communications: road-building, lake transportation, cutting off

traditional communication routes
* Loss of agricultural land
* Loss of archaeological sites
* Loss of wildlife habitat
* Increased incidence of some water-related diseases
* Water quality concerns: relevance to engineering structures, public health

and reservoir fishery
* Aquatic macrophyte infestations
* Sedimentation in reservoir
* Change from lotic to lentic fishery
* Decrease in downstream fish production
* Various impacts on coastal ecosystems

Level II Impacts (Indirect)

* Immigration into area, and effect on watershed land-use practices, sedimenta-
tion rates, etc.

* Increased integration of basin population into national economy through
opening of region following reservoir development

* Influence on local economy of boom phase of fishery; possible increase in
wealth inequalities

* Impacts on fish-marketing pattems resulting from improved communica-
tions, change in balance of subsistence/commercial fishing

* Conflicts between local and immigrant groups
* Indirect effects of increased disease incidence, e.g., reduced productivity

NOTE: Level I impacts are a direct consequence of impoundment, whereas those in Level II are
a more indirect set of impacts.
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lems by hindering people from voicing their opinions within the bureau-
cratic institutions in charge of the project. The proposed Purari River
Project in Papua New Guinea is one case in which local people organized
into a group (the Purari Action Committee) to protest the negative im-
pacts that river development would have on their resource base and on
the cultural integrity of their society. In general, however, although the
resettled population is most directly affected by a dam, it often has little
political power to influence project development policies.

The loss of prime agricultural land is especially significant when dams
are built on rivers that have broad floodplains. The proposed dam
below Lokoja on the Niger River in Nigeria, for example, would flood
some of the best agricultural land in the region. The annual inundation
of the Niger floodplain plays a vital role in local small-scale seasonal
farming by providing both water and silt-associated nutrients. This role
is especially important in view of the high cost alternatives of artificial
fertilizers and irrigation. Similarly, the loss of productive riverine fish-
eries is likely to be especially severe when rivers with broad floodplains
are impounded. Although reservoir fish production often represents a
significant benefit of a project, the net benefit of the future reservoir
fishery will vary with the nature of the river being impounded.

A second set of impacts (Level II) includes those that tend to be more
diffuse, arising indirectly from river impoundment (Table 2). One
example is the increased pressure on land resources in a reservoir basin
that results from the influx of people into the area as a response to
improved communications or changes in the economic base of the
region. An additional example is the medium- to long-term effects on
various sectors of the local economy following the frequently substan-
tial cash inputs derived from the boom phase of the reservoir fishery.

Many of the impact types in Table 2 tend to be common to many
impoundments throughout the tropics. In some cases, however, major
results can be highly specific to the particular project in question. One
example concerns a proposal to dam the Parana River in Argentina,
which would involve a massive diversion of water through the 1,500-
square-kilometer Ibera swamp. Initial environmental assessment stud-
ies concluded that this diversion would raise water levels in the wetland
sufficiently to uproot vast areas of loosely attached plants. These would
then collect at discharge structures and cause severe problems in the
operation of the system. A somewhat analogous problem has occurred
at the Arenal reservoir in Costa Rica where sections of a flooded peat
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marsh have floated to the surface and then been driven by the wind
toward the intake structures of the hydroelectric plant. The resulting
blockage and damage to the intakes have shut down the generating
plant at least once.

WHY FOCUS ON TROPICAL IMPOUNDMENTS?

While it is perhaps not wise to delineate decisively between tropical and
temperate reservoir ecosystems in terms of their structure and function,
tropical impoundments deserve special attention for a number of rea-
sons, apart from their overall contribution to present and future dam-
building activity. These include the following:

1. The legal and administrative infrastructure for incorporating environ-
mental planning into engineering projects is frequently less well-defined in
many of the developing countries of the tropics than it is in the more indus-
trialized nations.

2. Financial, logistic, or scientific resources that can be used for developing
and promoting this involvement of applied ecology in water-resources develop-
ment projects are also frequently less readily available in many tropical coun-
tries. This makes it especially important for those resources that are available to
be used as efficiently as possible.

3. The secondary benefits of tropical impoundments can be significant and,
in view of the frequently low per capita income in surrounding areas, urgently
need to be maximized. This is especially so given the fact that the primary
beneficiaries of impoundment projects (consumers of hydropower, for exam-
ple) are often those sectors of the community, usually urban, which are rela-
tively distant from the reservoir. Many of the negative effects, on the other
hand, fall largely on people living in the immediate lake basin.

Fisheries are a prime example of secondary benefits, since they potentially
represent an important source of both protein and employment in areas where
malnutrition and underemployment or unemployment are common. This con-
trasts with the usual situation in the more developed economies where fresh-
water fish is either a highly priced luxury or the object of a leisure-time sport
industry. Several examples from tropical hydroelectric projects demonstrate
that the value of the fish harvest has actually exceeded the net income from
power generation. In Ghana, for example, the Volta Lake fishery was worth
approximately twice the surplus income derived from the sale of electricity in
1978. In Thailand, income from fish harvested from the Ubolratana reservoir
has exceeded that from power generation by 20 percent. Similarly, fish produc-
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tion from the Nyumba ya Mungu reservoir in Tanzania, during the first decade
following its impoundment, had an accumulated value almost equal to the cost
of dam construction itself Although reservoir fish production eventually de-
creases from the peak levels characteristic of the immediate post-impoundment
period, the high incomes generated within fishing communities during the
boom phase of the fishery can enter and stimulate various sectors of the local
economy. As a result, ramifications of the peak phase of the fishery can still be
seen in a region many years after fish production has declined.

Not all tropical reservoirs, however, experience the fishing pressure that has
characterized many of the larger African impoundments. At the El Cajon reser-
voir in Honduras, for example, the reservoir's steep sides combinedwith a poorly
developed inland fishing culture to produce only a slow development of the fish-
ery on this new impoundment. Nevertheless, various estimates of potential fish
yield from the El Cajon reservoir suggest that the fishery, iffully developed, could
contribute significantly to the protein intake ofthe surrounding population.

4. A major consideration in determining the economic feasibility of an
impoundment project is the amount of sediment build-up in the live storage of
the reservoir. For many existing impoundments and potential dam sites in the
tropics, we have only relatively short-term data bases for river sediment load-
ing. At the same time, changing pattems of human activity in many tropical
countries-for example, intensification in the use of the traditional and wide-
spread shifting agriculture (slash and burn)-can significantly increase erosion
and sediment transport rates. These two factors mean that sustained and
interdisciplinary attention must be given to the area of reservoir sedimentation.
Since the economic life of the project may be at stake, reservoirs represent a
potentially valuable focus for developing and implementing programs of im-
proved watershed management. Many parts of the tropics urgently need such
programs as the pressure on land resources increases.

5. When an impoundment floods large areas of tropical forest, reservoir
water-quality problems-for example, hydrogen sulfide generation-are likely
to be especially severe, and may significantly affect the engineering structures of
the dam itself. Many dams being planned for the tropics are located in densely
forested regions, and are thus of particular interest in terms of water quality.
Although of special concem in these cases, hydrogen sulfide generation can also
be a problem in areas where the inundated forest cover is considerably less
dense. The El Cajon dam, for example, recently impounded a 94-square-
kilometer reservoir in an area of central Honduras that had already been heavily
logged in the past and that today supports a relatively sparse cover of pine and
oak forest. Hydrogen sulfide accumulated in the deep, hypolimnetic regions of
the new reservoir and eventually leaked into the power house atmosphere via
the turbine-cooling water intake. This corroded various electrical components,
such as relays, which had to be replaced.
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HISTORY OF ENVIRONMENTAL WORK ON
TROPICAL RESERVOIRS

In general, the greatest financial investment in environmental research
has been associated with the larger reservoirs, since these tend to be
both more noticeable and more expensive. These impoundments also
generate environmental effects on a larger scale (larger in an absolute
sense-the relationship may not always hold if the effects are somehow
expressed on a per capita or per unit area basis).

Ecological investigations of the major African impoundments, for
example, have been well documented (e.g., Entz, 1984; Kapetsky and
Petr, 1984). They range from the socioeconomic and fisheries surveys
of the pre-Kariba Zambezi River basin, to the relatively large Food and
Agriculture Organisation/U.N. Development Progranmme programs
for the Volta, Aswan, and Kainji impoundments, to the more restricted
study at Cahora Bassa. Many of these research programs were started
prior to the mid-1970s trend toward increased environmental aware-
ness and they have done much to increase our understanding of tropical

* reservoir ecosystems. However, most of the work has been carried out
after the initiation of dam construction; on the whole, project assess-
ment and design have not integrated the environmental dimension in
detail. Although the Volta project in Ghana represents a good example
of early planning to study the nonengineering aspects of dam construc-
tion, even in this case much of the environmental work was performed
in the context of a salvage operation after various problems had arisen.
The Ubolratana reservoir in Thailand is another example of this prob-
lem of poor timing. Here, a wide-ranging environmental program has
been in operation for about 20 years, analyzing the benefits and con-
tinuing problems associated with this project. These studies, however,
began at the same time as construction of the dam itself, and thus could
not contribute to the planning process.

Two more recent examples from Latin America further illustrate this
coincidence between the start of dam construction, on the one hand,
and environmental studies on the other. In Brazil, the recently com-
pleted Tucurui dam will have a final installed generating capacity of
8,000 megawatts and impound the largest reservoir ever created in a
zone of tropical rain forest (2,160 square kilometers at maximum sur-
face elevation). Tucurui is one component of a vast development project
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aimed at exploiting the mineral and forest resources of the eastern
Amazon region. Despite the impressive scale of the Tucurui project and
the little amount that is known of the ecology and socioeconomic status
of the surrounding area, an environmental impact assessment for the
project was not requested by the Brazilian power company, Electro-
norte, until one year after the initiation of engineering work. Once this
study (Goodland, 1977) had been completed, the only environmental
problems to subsequently receive attention were those that directly
affected dam construction and operation.

Similarly, in-depth environmental studies for the 300-megawatt El
Cajon dam in Honduras started at the same time as dam construction,
even though a brief survey of the area had drawn attention to some of
the environmental aspects of the project seven years before. Thus,
ecological considerations had little chance of being integrated into
project assessment and design. In the context of tropical reservoir devel-
opment, however, the El Cajon project represents one of a minority of
cases for which there have been detailed pre-impoundment investiga-
tions of water quality, aquatic ecology, and fisheries. More important, it
has also provided a significant stimulus for the development and estab-
lishment of an indigenous research effort associated with water-
resources projects in Honduras. This means that applied ecology will
probably play a greater role in the future development of hydropower
projects in this part of Central America.

Even in those cases where ecology is addressed relatively early on in a
project, it does not necessarily follow that this work significantly influ-
ences either the planning of the reservoir or its subsequent manage-
ment. For example, social and environmental studies were included at
the feasibility stage in planning Tanzania's largest dam, Mtera. Follow-
ing impoundment, however, the series of measures designed to reduce
negative impacts and promote the positive contributions of the project
were ignored. Similarly, multidisciplinary studies on the Kafue basin in
Zambia began in the 1960s, but have had little influence on major
planning decisions to date.

Although there is justified criticism of the timing of the research
effort, at least some environmental work has often been possible for the
larger tropical impoundments, principally because these projects attract
national or international funding. In contrast to these major projects,
however, the thousands of smaller reservoirs scattered throughout the
tropics are presumably in a much less favorable position to attract either
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local or outside funding for environmental research. As a result, it seems
likely that applied ecology is rarely involved at any stage in the develop-
ment of these projects.

THE ROLE OF ENVIRONMENTAL
IMPACT ASSESSMENT

In any reservoir project, the first step for applied ecology is an environ-
mental impact assessment. Ideally, the environmental impact study is
designed to identify and quantify both negative and positive effects,
consider possible mitigation measures, and ensure that the economic
consequences of these impacts are incorporated as fully as possible into
the project's overall feasibility assessment.

Procedures for a formal environmental impact assessment were
largely developed in the United States following the passage of the
1969 National Environmental Protection Act, and have since been
adopted to varying degrees by a number of other countries, including
several in the tropics. Environmental impact studies, in general, have
been criticized in the past, both in terms of failing to adequately fulfill
their objectives (Hecky et al., 1984; Rosenberg et al., 1981; Schindler
1976), and for not using available impact assessment methods to the
fiullest extent possible (Canter, 1983). Another criticism has been that
studies frequently attempt to collect too much information of question-
able importance to the actual process of impact assessment (Rosenberg
et al., 1981; cf. Petr, 1978). However, perhaps the major weakness of
impact studies is the poor attention that is usually given to post-project
audits (Rosenberg et al., 1981). In the case of reservoir projects, post-
audits are based on post-impoundment evaluations of the environmen-
tal consequences of dam construction. In addition to providing case-
history descriptions, the major function of these audits is to evaluate the
predictions formed during the pre-impoundment phase of the project.
Such predictions should, in effect, be a series of hypotheses that can
subsequently be tested by post-impoundment audits. These audits thus
evaluate the overall success of the pre-impoundment environmental
impact assessment. Few comprehensive pre- and post-impoundment
comparative analyses have been undertaken in the case of tropical reser-
voirs, even though the general literature on the ecology and limnology
of these systems is increasing. Even fewer studies have evaluated in
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detail the post-impoundment situation with reference to the set of
predictions made at the pre-impoundment stage. The need for these
post-impoundment, hypothesis-testing assessments is becoming even
greater as the development of more sophisticated lake and reservoir
modeling techniques increases the predictive capabilities of both ecolo-
gists and engineers.

A number of the developing countries of the tropics have found that
the U.S.-based procedures of formal environmental impact assessment
are not especially well-suited to the demands and constraints in their
own regions. Insufficient funding, lack of appropriate data bases, and
lack of public participation and administrative infrastructure are some
of the major problems. Instead of a rigid impact assessment method,
these situations call for a broader and more integrated approach tailored
to the particular needs and constraints of the particular country. This
approach is essentially assessment and management oriented; it is de-
signed to collect information that will not only provide for impact
assessment but will also assist in optimizing benefits (primary and
secondary) expected from the project in question. This philosophy does
not, of course, absolve ecologists from arguing as forcefully as possible
for a modification in or even a cancellation of projects they consider will
result in excessively negative impacts. It does, however, provide for a
more constructive approach to situations in which a realistic appraisal
would suggest that the project is likely to go ahead in some form
regardless of ecological input, and the negative impacts are unlikely to
be overwhelming, while at the same time the secondary benefits are
potentially significant.

In most situations, the options of either no development or only 100
percent environrnentally sound development are unrealistic (Carpenter
and Dixon, 1985). Therefore, the implementation of wisest possible
development strategies depends on recognizing trade-offs (Goodland,
1986) and including as many relevant factors as possible in the subse-
quent cost-benefit analysis. Care must be taken not to let concern about
negative results, justified as it might be, obscure the potentially positive
aspects of a project. This is important since full benefits are frequently
only realized if they are adequately identified and subsequently devel-
oped. Negative impacts, on the other hand, usually occur whether or
not they have been predicted, monitored, or worried about. Apart from
anything else, excessive concentration on negative aspects may prove
counterproductive over the long term, since it may lead to a degree of
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wariness on the part of the engineering and decision-making commu-
nities that in turn will jeopardize the effective integration of environ-
mental considerations into project development.

CONSTRAINTS AND PROBLEMS IN
APPLIED ECOLOGY

Efforts to incorporate applied ecology into tropical impoundment proj-
ects frequently confront a wide range of constraints. We have grouped
these into the three major categories of institutional, methodological,
and ecological constraints (Table 3). Most of these factors are, of
course, not specific to dam projects or, indeed, to the tropics.

TABLE 3

CONSTRAINTS TO THE INTEGRATION OF APPLIED ECOLOGY WrTH
RESERVOiR DEVELOPMENT IN THE TROPICS

Institutional

Lack of infrastructure for requiring environmental work at planning stage
andlor for incorporating findings into project design and execution.

a Project inertia; difficulty in arresting development, or changing direction,
of something that has already started, especially when national prestige is
involved.

* Frequently there is a pre-supposed consensus about the need for the
project; the do-nothing option is not considered.

* Short-term gains frequently mask long-term consequences: governmental
and/or public perception of and emphasis on environmental dimension is often
less strong than it is on short-term economic advancement.

* Economic base of reservoirs frequently emphasizes primary factor(s),
such as power production, irrigation potential, etc., rather than including all
components that will have an associated cost-e.g., resettlement, food sub-
sidies, health costs, etc.

* Environmental problems are not considered until serious economic im-
pacts arise.

* Inadequate funding.
d Insufficient personnel, especially those with experience in impact studies.



114 Race to Save the Tropics

Methodological
* Problem of assigning economic values, or some other comparative indi-

cators, to social and environmental factors.
* Assessment methodology: choosing the most appropriate system for the

situation in question.
* Studies may be too wide-ranging for the resources at hand: leads to either

collection of data of no particular use for impact study or insufficient data on
topics that are of immediate concern, i.e., resources spread too thinly.

* Recommendations may be too wide-ranging and, in effect, impractical to
carry out (although quite possibly desirable); may be better to keep scale
smaller and objectives realistic.

Ecological
* Difficulty of making predictions for ecological systems: interrelationships

between components of a system often not well understood.
* Inadequacy of pre-impoundment data base, in terms of either time-scale

or parameters considered.
* Paucity of pre-/post-impoundment comparative case history studies.
* Insufficient information about, or to take into account, potential future

events that will influence prediction set; for example, influence of higher rates
of immigration into an area and effects on erosion rates.

The poor timing so often characteristic of environmental impact
assessment studies is often partly a result of institutional considerations.
Two factors that impoundment projects frequently develop are espe-
cially important here: the absence of a well-developed infrastructure
that ensures that impact assessments are carried out-this infrastructure
may have a strictly legal basis, or it may depend more on convention;
and the impetus for development and completion. The latter factor, in
particular, has been common in the past and continues to be so today.
The glowing economic arguments made for many of the large dams,
together with consequent national prestige and their identification as
major instruments of development (effectively equating construction
with development), tend to make it much more difficult to objectively
include side-issues such as environmental evaluations in the process of
economic feasibility assessment. Even when pre-impoundment assess-
ments are carried out, this same project momentum can be responsible
for politicians' and planners' refusal to reconsider the full impli-
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cations (economic, social, and environmental) of proceeding with con-
struction.

Methodological factors (Table 3) also contribute to the inadequate
incorporation of environmental assessments into reservoir planning and
development; frequently many uncertainties and difficulties are associ-
ated with the actual process of predicting and evaluating project im-
pacts. Chief among these is the question of monetarizing, or assigning
realistic and comparative values to each of the predicted costs and
benefits. This is especially so for some of the more "diffuse" impacts
(Table 2, Level II), such as indirect costs associated with the increased
incidence of disease following impoundment. The spread of malaria and
schistosomiasis (biharzia), for example, not only has direct costs such as
those for vector control and drug treatments; it also has the indirect
costs of decreased human productivity, or work potential, and increased
vulnerability of people to other diseases.

The loss of forest resources by flooding is another example of the
problem of value assignment. Estimating the commercial or firewood
value (on the basis of sustainable exploitation) of an area of forest is a
relatively straightforward process, at least in theory. This same forest,
however, may also provide significant habitat for rare or endangered
species, or may be deemed important because this type of ecosystepn is
becomning scarce elsewhere. Alternatively, it may simply have great
aesthetic value. In these situations, monetarization and f'ull value assess-
ment are considerably more difficult. Sometimes, these difficult-to-
quantify costs are intuitively high enough, or of enough public concern,
to argue forcefiully to influence the planning process on its own
strength. A notable example here is the Silent Valley project in southern
India, where the proposal was to dam the Kunthipuzha River for power
and irrigation. The dam would have flooded 540 hectares of tropical
rain forest within the already constituted 8,952-hectare Silent Valley
Reserve Forest. Although raising many other objections to the project,
environrmentalist groups focused on this forest loss and argued suc-
cessfully against completion of the project, even though 3 million U.S.
dollars had already been spent on it. The case of Silent Valley is almost
unique in the tropics since the project was halted at a late stage in
development, entirely for environmental reasons. In many other situa-
tions, single components of the issue are not as clear-cut or cannot
attract such a degree of public participation. Here, decision-making
must rely entirely on a rigorous and inclusive cost/benefit analysis.
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The positive impacts of an impoundment project can also be difficult
to quantify realistically. Reservoir fisheries provide a good example.
Although methodology is available to make pre-impoundment esti-
mates of post-impoundment fish production (the morpho-edaphic in-
dex in particular), the actual fish harvest from a reservoir depends not
just nn biological fish production but also on a spectrum of socio-
economic factors. These include the development of marketing patterns
and the improvement of fishing technology to allow effective usage of
the open waters of the new lake. In Kainji Lake, Nigeria, for example,
fish harvest is considerably lower than the maximum sustainable yield,
because the fishermen lack appropriate gear and boats to take fish that
inhabit very deep water. Such factors as these make it much more
difficult to assess fish yield than fish production, especially over the me-
dium to long-term range.

In addition to the problems of value assignment, some problems are
essentially ecological in origin (Table 3). Making good predictions for
ecological systems is usually inherently difficult since many of the com-
ponent interrelationships are often poorly understood. The frequent
inadequacy of pre-impoundment data bases and the paucity of detailed
case histories of post-impoundment audits also complicate impact pre-
diction. The fact that it is often not possible to make precise ecological
predictions in as clear-cut terms as those generated in economic and
engineering feasibility studies works against an effective incorporation
of the environmental dimension into project appraisal and planning.
Some of the components of conventional economic analyses for tropical
impoundment projects-for example, forecasts of power demand, po-
tential generating capacity, and the possibilities for developing irrigated
agriculture-have been highly unrealistic on more than a few occasions.
However, the appearance of diffuseness that often characterizes ecolog-
ical predictions means that these are often less likely to be taken seri-
ously by planners, politicians, and engineers who are accustomed to
more cut-and-dried arguments about project feasibility.

Many of the constraints to pre-impoundment environmental impact
assessments also influence the post-impoundment applications of ap-
plied ecology (post-audits and reservoir basin management). The avail-
ability of adequate funding is of obvious interest in this respect. Dam
construction has provided a major stimulus for a significant proportion
of the aquatic ecological research undertaken in the tropics over the past
30 years, even though, as we have already seen, this environmental work
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typically begins at a late stage in project development. Completion of
the dam, however, may actually signal the end to one of the major
forcing factors for ecological work-that is, environmental assessment
as a loan requirement of funding institutions. In other words, once the
phase of high-activity, high-investment dam construction has ended, it
may often be much harder to attract sufficient interest and funding from
national or international organizations to ensure that necessary
management-oriented research is maintained on the new reservoir.

INTEGRATING APPLIED ECOLOGY INTO
DAM PROJECTS: PROSPECTS AND NEEDS

One of the consequences of the constraints discussed above has been
that many impact assessment studies have not been true assessments at
all. Instead, they have frequently taken the form of descriptive accounts
of the pre-impoundment environment including, perhaps, a list of
predicted consequences of project implementation. While this is obvi-
ously preferable to ignoring ecology altogether, it definitely falls short
of providing the sort of information that will lead to a frill integration of
environmental considerations into project design, appraisal, and man-
agement.

These constraints emphasize the need to plan assessment procedures
in relation to the specific context in which they are being used so that
they actually serve some function. Pre-impoundment environmental
investigations wiUl fail into one of two broad categories that, in effect,
represent opposite ends of a relatively continuous spectrum. The first
group includes true impact assessment studies, which analyze and sub-
sequently rank a number of possible development options according to
their desirability in terms of economic and environmental considera-
tions. The second group comprises the more descriptive studies that
provide baseline data; these studies may or may not make a series of
predictions about the impacts of reservoir formation, but if they do, the
predictions are not integrated into a comparative costlbenefit analysis of
the project. Within either category, of course, the scale and scope of a
particular study can vary considerably. Investigations in both categories
can theoretically be carried out at any stage during project development
and implementation, but true impact assessment studies will be of direct
use only if they are done during the planning stages. The more descrip-
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tive studies at the other end of the spectrum will generate baseline data
even if they occur relatively late during project development, for exam-
ple, after dam construction has begun.

A difficulty arises, of course, in deciding what is feasible in a particu-
lar situation. In-depth anticipatory environmental work will more likely
occur in regions that have some tradition of requiring environmental
impact assessments (whether or not this has an enforceable legal basis),
or in projects large enough to require substantial levels of international
funding. Public participation during the planning stages can also act as a
catalyst for environmental assessment. Although there is not, in general,
a very notable history of public involvement in the planning of tropical
reservoir projects, the proposed Tembeling dam in Malaysia and the
Silent Valley project in India are two examples of projects that were
substantially influenced by nongovernmental, environmentalist pres-
sure groups.

The possibilities for adequately addressing the environmental costs of
a project are also likely to be influenced by the perceived economic or
political needs for that project and the general economic situation
within the country at the time. It will be much easier to achieve a full
environmental analysis in situations without an overbearing economic
or political pressure to complete the dam as quickly as possible, or at
times when the national economy is robust enough to allow resources
to be directed toward the supposedly fringe aspects of the project.

Although it is clear that many gaps remain in ecologists' understand-
ing of the functioning of reservoir ecosystems, it is our opinion that,
even with the existing base of experience, there is considerable room for
improving the integration of applied ecology into tropical reservoir
development. This process will rely to a large extent on four primary
factors:

- An improvement in pre-impoundment assessment method, particularly in as-
siqning economic, or some other comparative value judgment, to as many factors as
possible. For example, in assessing the need for clearing forest from the reservoir
basin before impoundment, the cost of this operation (in regions of dense
forest, it may be very high) must be weighed against the likely costs of poor
water quality (low dissolved oxygen, high hydrogen sulfides), which would
affect engineering structures in the dam as well as public health.

Similarly, economic analyses must be carried out to estimate whether ad-
justed patterns of dam management could result in a net economic gain for the
country (large dams, especially, need to be viewed as national resources, not
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just as the domain of power companies). Two examples here are: ensuring the
regularity of the annual drawdown and filling cycle of the reservoir, which will
in turn permit the development of drawdown agriculture; and releasing water
from the reservoir to create artificial floods on the downstream floodplain, and
promoting the survival of the fisheries of this region. Both drawdown agricul-
ture and floodplain fisheries can be highly productive in economic terms, as
well as for their food supply and employment values. Because of the lagtime
between rainfall and reservoir filling in the larger reservoirs, crops produced by
drawdown agriculture often reach markets at a time when those produced by
nondrawdown, nonirrigated agriculture are scarce, and prices consequently
high.

In the case of hydroelectric projects, however, developing both drawdown
agriculture and the downstream fishery have economic costs in terms of lost
power production, since both can entail a reservoir management policy that is
not consistent with maximizing the impoundment's storage function. For
example, unexpectedly high floods entering the reservoir during the early part
of the wet season must not be allowed to raise the water level to a stage where
drawdown crops will be flooded. This extra water thus has to be released from
the reservoir without generating power. Similarly, mimicking the pre-
impoundment flood regime in the downstream section of the river will entail
releasing additional quantities of water at a time (beginning of the wet season)
when all available water over and above power generation requirements would
normally be stored. In many tropical reservoirs, the costs of lost power produc-
tion may be more than compensated by the benefits of increased food produc-
tion. Such integrated cost/benefit analyses are urgently needed for reservoir
projects in the tropics-preferably at the planning stage, but, if necessary, after
impoundment has occurred.

* The effective execution and dissemination of a greater number of post-audit
studies. This will increase our case history knowledge of both impoundment
ecology and the assessment process.

G Greater emphasis on the longer-term consequences of dam construction in the
tropics. In Canada, more than 85 percent of the environmental budget has been
spent on the preparation of environmental impact statements, leaving little
additional funding for follow-up studies of the completed projects. A similar
pattem in which a majority of the investment goes to near-impoundment
(often too late to be truly pre-impoundment) environmental work has un-
doubtedly occurred, and continues to occur, for many projects in the tropics.

* A careful orientation by ecologists to the issues ofmajor importancefor theproect
in quesion. Research efforts must also be integrated so that, for example,
reservoir limnology is not studied outside the context of what is going on in the
watershed. The linkage between reservoir sedimentation and changing patterns
of human activity in the lake basin is a prime example here. Much environmen-
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tal management in developing countries has been characterized by an uncoordi-
nated and unsystematic approach. Only by improving this situation can ecolo-
gists in many of these regions (where resources for environmental research are
generally very scarce) develop a position where they can significantly influence
planners and decision-makers. Even small research units can have a substantial
effect at national and local levels if investigations are wisely oriented.

In order to become a reality, environmentally wise development in
the tropics will inevitably require a sufficiently receptive infrastructure
-with its political, legal, and bureaucratic components. To a large
extent, however, it is also the responsibility of ecologists to promote
this type of development by ensuring that their work addresses real
questions in a convincing manner, and also that their conclusions are
effectively communicated to planners and decision-makers.

Dam building in the tropics will continue to have a significant effect on
the environment and socioeconomics of many tropical countries over
the next few decades. Although reservoir projects have been a stimulus
for the development of aquatic ecological research in various parts of
the tropics, applied ecology has rarely played a significant part in project
design and feasibility appraisal. Environmental impact assessment tech-
niques must be modified to take into account the particular conditions
and constraints in most tropical countries. In addition, more critical
post-impoundment case history reviews are needed both of the conse-
quences of dam construction and of any pre-impoundment assessment
work carried out.

Although many gaps remain in our understanding of the structure
and functioning of tropical reservoir ecosystems, much can be done to
increase the effectiveness of the role applied ecology plays in reservoir
development and management policies. One of the greatest needs is to
view reservoir projects (especially large ones) within a broader,
multiple-use context, thereby improving the degree to which the spec-
utum of ecological impacts is brought into a project's overall cost/
benefit feasibility analysis.

The future of applied ecology within reservoir projects, in particular,
and economic development in the tropics, in general, will also depend
to a significant degree on how effectively ecologists communicate their
findings (and concerns) to planners, engineers, bureaucrats, and the
public. Education must play an important part in further developing the
role of applied ecology.
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Chapter 6

TEACHING APPLIED ECOLOGY
TO NATIONALS OF

DEVELOPING COUNTRIES
ASANAYAGAM RUDRAN, CHRIS M. WEMMER, AND MEWA SINGH

In 1980 the World Conservation Strategy identified the lack of trained
personnel as a major limitation for the implementation of environmen-
tal conservation measures in developing countries. In Indonesia for
instance, there were only 400 trained foresters, or just one forester per
3,000 square kilometers of forest. In order to overcome this widespread
problem the World Conservation Strategy suggested that programs for
training and research in environmental conservation be initiated in
developing countries. In 1985, the U.S. strategy on the conservation of
biological diversity reiterated the need for training natural-resource
management personnel and stressed the importance of strengthening
the technical capabilities of developing-country institutions that deal
with environmental conservation. In 1988, the World Bank's wildlands
policy again highlighted the importance of personnel training for the
proper management of wildlife habitats. Thus during the present de-
cade highly influential agencies dealing with international economic
development and environmental conservation alike have spoken out in
support of training in natural resource management. Such support
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reflects the growing realization that natural resource management must
be integrated with the process of economic growth in developing coun-
tries. Hopefully, it also signals the end of an era when conservationists,
developers, and scientists of diverse disciplines were involved in acri-
monious debate over the ethics, priorities, and future of mankind.

Now that support for training in natural resources management has
been corralled, effective programs to provide such training should be
established without delay. Present circumstances warrant this urgency.
Over the last several decades rapid economic growth in developing
countries was translated into the indiscriminate alteration of natural
habitats. As a result, it is currently estimated that tropical forests the size
of New York City disappear every four days and 1,000 of their species
become extinct each year. At this rate of loss of habitats and species, all
tropical forests would disappear forever in the next 80 years. These
statistics, although estimates, give at least a general idea of the nature
and extent of the problem of natural resources management in develop-
ing countries. Compounding this problem is the likelihood that the
push toward rapid economic development will continue unabated for
the next several years. Therefore, personnel training programs in natu-
ral resources management should be implemented irnmediately in de-
veloping countries.

But, implementing personnel training programs cannot alone bring
about the integration of natural resources management and economic
development. The reason is that applied ecology, which provides the
scientific basis for the techniques of natural resources management, is a
relatively unknown aspect of biology in developing countries. Some
developing-country nationals may be familiar with the principles of
ecology but they rarely realize the practical value of these principles. A
few may be aware of the concept of an animal's home range but hardly
anyone would understand its relationship to the creation of corridors
(or protected areas) for the animal's movements. This should not be too
surprising because, even in Western countries, applied ecology began to
flourish only about two decades ago. In any case, the widespread
ignorance of this science in developing countries makes the integration
of natural resources management with economic development a very
complex issue. Not only should we train natural-resources-management
personnel, but we should also disseminate this important science exten-
sively in developing countries so that it influences the thinking of a
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much wider audience, including decision-makers and politicians. Un-
less the latter task is accomplished, it will not be possible to integrate
natural resources management with the process of development or
avoid the negative environmental impacts of the current patterns of
economic growth. Thus, the teaching of applied ecology to a diverse
group of people in developing countries is vitally important. This poses
numerous challenges. Clearly, a comprehensive plan of action must be
worked out for teaching applied ecology to the people of developing
countries.

THE CHALLENGES

In developing countries, so few people are knowledgeable or qualified
to teach the subject of applied ecology that curricula for teaching this
subject are virtually nonexistent at all levels of education. Even univer-
sity biology graduates are unaware of the intimate relationship between
man and natural resources and, consequently the intrinsic value of wild-
life habitats. This creates a bias against seeking any form of employment
related to wildlife habitats, which is exacerbated by the paltry wages
paid by developing-country governments for work in these areas. These
governments also pay biology teachers relatively poorly. Thus, the
systems of education and government in developing countries have
helped to create a misconception among people that wildlife habitats
have no significant social value and the teaching of biology is relatively
unimportant. This misconception leads to two problems. The first is
that people who work in wildlife habitats are frequently those who
become employed early in life because of financial necessity or lack of
opportunity for a higher education; they tend to be relatively unsophis-
ticated and lack the proper educational background for the conservation
and management of wildlife habitats. The second problem is that a large
proportion of those who graduate in biology move to jobs outside this
discipline. After three to four years of expensive university education,
only rarely will a graduate settle for a poorly paid teaching job. This in
turn results in a dearth of qualified teachers and appropriate curricula in
applied ecology and perpetuates a vicious cycle. Breaking this cycle is
one of the most difficult challenges that confronts anyone concerned
with planning environmentally sound development projects or the con-
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servation of natural resources in developing countries. The situation
may vary among countries, but the pattern remains essentially the same
in most developing nations of Asia, Africa, and Latin America.

In contrast to the situation in biological sciences, the systems of
education and government in developing countries provide several
teaching curricula and lucrative jobs in disciplines traditionally consid-
ered important for economic development. Consequently, young peo-
ple are attracted to the more renumerative disciplines, and engineers,
economists, and such are produced in large numbers each year. These
people predominate the field of economic development on numbers
alone, and, moreover, become the decision-makers of developing coun-
tries. Unfortunately, their decisions are based on an educational back-
ground that lacks any exposure to the principles of ecology. Hence their
plans for development rarely reflect an appreciation of the importance
of wildlife habitats to social and economic welfare. Those who are
officially empowered to question the ill-conceived plans are the unso-
phisticated and poorly paid wildlife managers, but socially and educa-
tionally these people are no match for the decision-makers. This in
reality is the primary reason why economic development in developing
countries frequently takes place with the indiscriminate alteration of
wildlife habitats. In order to rectify this situation, it is important to
expose decision-makers of developing countries to the principles of
ecology and make them advocates of ecologically sound development
planning. This exposure should also extend to politicians, industrialists,
and lay people, so that the science of applied ecology and economic
development could be integrated without delay. The long overdue need
for a large-scale scientific mobilization cannot be overemphasized.

PROPOSED PLAN OF ACTION

Given the inadequate teaching staff in developing countries, the urgent
need for training should at first be largely satisfied by ecologists of
developed countries. Also, such training should be a long-term effort
and should continue until a relatively large number of developing-
country nationals are themselves capable of training their countrymen.
Only then can the cycle created by the current systems of education and
government be effectively broken. The long-term training of a large
number of people is most feasible through programs conducted within
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developing countries. Moreover, due to the widespread need for such
training, in-country programs should be simultaneously undertaken in
many developing countries. The task of teaching applied ecology over
long periods and in several developing countries is well beyond the
capability of any one person or institution. Therefore it is important
that several developed-country institutions make a concerted effort to
transfer their knowledge of applied ecology to developing countries.
Without the participation of several institutions it would be almost
impossible to adequately address the current training needs of develop-
ing countries.

In-county Training Programs

In-country programs for teaching applied ecology should be established
at wildlife management agencies, so that in-service personnel could be
trained immediately. Also, it is necessary to institutionalize the teaching
of applied ecology at local universities for at least three important
reasons. First, unlike wildlife management agencies, universities cater
to numerous disciplines including those that are normally considered
crucial for economnic development. Thus, institutionalizing applied
ecology at universities creates opportunities for establishing interdisci-
plinary programs and promoting environmental awareness among fu-
ture engineers, economists, and decision-makers. It also ensures that
fiuture biology teachers will have the knowledge and confidence to teach
applied ecology at secondary and lower levels of education. Such
teachers have enormous potential to promote environmental awareness
in a developing country because they deal with the education of very
large numbers of young people. The second reason for institutionaliz-
ing applied ecology curricula at universities is that university education
has very high social value in developing countries. Hence a graduate
with a knowledge of applied ecology can be effective in bringing about
social change within communities. Third, universities are the only insti-
tutions that can confer postgraduate degrees, which are prerequisites
for teachers of applied ecology at a university or a wildlife management
agency. In most developing countries it is essential for such teachers to
possess a doctorate degree, because a person with a doctorate not only
brings respectability to the science of applied ecology but also moves
into a special social class that can command relatively high wages and
can effectively communicate with decision-makers. Thus, from both a
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social and educational perspective, it is important to institutionalize the
teaching of applied ecology at universities. However, it may take at least
a decade to institutionalize graduate and postgraduate curricula and
correct the imbalances created by the current systems of education and
government. Therefore, steps to institutionalize applied ecology both at
universities and wildlife management agencies should be taken imme-
diately.

The institutionalization of applied ecology in developing countries
clearly requires a long-term and immediate commitment from individ-
uals and institutions in the developed world. Janzen (1986), assessing
the future of tropical ecology, points out the priority in this area: "Set
aside your random research and devote your life to activities that will
bring the world to understand that tropical nature is an integral part of
human life." One of these activities is surely the teaching of applied
ecology to nationals of developing countries. In fact, at present, a large
number of well-qualified ecologists have field experience in developing
countries, but do not have jobs in the developed world. These people
would make ideal candidates for an Environmental Corps that could be
developed along lines similar to the well-known Peace Corps. Develop-
ing countries are familiar with Peace Corps personnel and numerous
types of consultants from the developed world. Therefore, accepting
the ecologists of the Environmental Corps should pose no problems to
them. The establishment of an Environmental Corps would be an
important step in the transfer of ecological expertise from developed
countries to developing countries.

Problems in Transferring Knowledge

The cross-cultural transfer of knowledge is not without problems, par-
ticularly with respect to the interpretation of concepts in applied ecol-
ogy and wildlife management. For instance, in developed countries a
national park denotes a relatively large area, free of any human exploita-
tion of natural resources. This concept may not always be useful in
developing countries because human survival in these countries has
long depended on the exploitation of local natural resources. In fact,
national parks, which were established using the developed world's
concept, have frequently caused social problems in developing coun-
tries. In order to avoid such problems the national park concept must be
taught in the context of local patterns of human exploitation of natural
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resources. Numerous other developed-world concepts and wildlife
management practices-such as buffer zones, sustained yield manage-
ment, and habitat enrichment-pose problems in interpretation and
should be taught in the context of the local conditions in developing
countries. Thus a teacher from the developed world should be knowl-
edgeable in both the science and the social situation in the developing
country in which he or she teaches.

Another problem in the cross-cultural transfer of knowledge is the
language barrier. Only rarely can ecologists of developed countries be
expected to use the language of a developing country as the medium of
instruction. One way to partly circumvent the language problem is to
include a large measure of practical work in the curriculum for teaching
applied ecology. What is unclear during lectures becomes more easily
understood when practiced in the field. Another way to partially over-
come the language barrier is for ecologists of the developed world to
gain fluency in more than one Western language such as English,
French, Spanish, or Portuguese, which are still fairly widely spoken in
developing countries. It is doubtful that the language problem can be
entirely overcome unless and until applied ecologists of the developed
world help to translate the scientific literature into the languages of
developing countries. Therefore anyone who is committed to long-
term teaching of applied ecology in developing countries should also be
encouraged to learn at least some of the languages understood in these
countries.

Public Education

In addition to professional training, in-country programs should be
established for the education of nonprofessionals and the lay public to
foster widespread appreciation of environmental conservation. At pres-
ent, such programs in developing countries are mainly conducted by
private organizations. Nevertheless applied ecologists of the developed
world can improve these programs considerably by putting them on a
more scientific footing. For instance, developed-country ecologists
could help to explain the decline of a species on the basis of its ecology
or the local environmental situation. Or they could explain an instance
of human-wildlife conflict on the basis of wildlife ecology and human
activities. Understanding the problem-rather than stating it, which is
what most private environmental organizations in developing countries
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do-goes a long way in resolving the problem. Therefore collaboration
between private environmental organizations and developed-country
ecologists is important. Together they should organize a variety of
activities such as seminars, exhibitions, and workshops to promote
environmental awareness among the general public and the rural peo-
ple. Such activities should also be organized for the education of
decision-makers, particularly to apprise them of the negative impacts of
specific development projects. A sense of professionalism could also be
instilled into these programs through the participation of environmen-
tal education specialists from developed countries. The educational
methods used by these specialists are somewhat different from those of
scientists, and such specialists have been known to develop innovative
environmental conservation programs even on the basis of culture and
religion in developing countries. Therefore, it would be useful to in-
clude such people in the proposed Environmental Corps.

Overseas Training

In-country programs alone may not be sufficient to address the urgent
need for training developing-country nationals in applied ecology. At
present, a few developing-country university graduates have stayed in
the biological sciences despite a bleak future and adverse financial conse-
quences. Encouraging their manifest interest cannot be delayed until in-
country curricula are established for the teaching of applied ecology.
These people should be given the opportunity to enroll for a higher
education at universities in developed countries. In developing coun-
tries, an overseas education has even more prestige value than education
at a local university. Therefore, those nationals with overseas qualifica-
tions will enhance the process of social acceptance of applied ecology in
their home countries and also accelerate the institutionalization of ap-
plied ecology at local universities and wildlife management agencies.

In the United States, nearly 150 universities offer undergraduate and
graduate courses in wildlife management. Of these, about 90 univer-
sities have higher degree programs oriented toward natural resources
management issues that foreign students may face in their own coun-
tries. While a large number of U.S. universities provide training in
applied ecology, relatively few developing-country nationals have been
able to avail themselves of this opportunity. The major constraint has
been the lack of funds for fellowships, scholarships, and assistantships.
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Governments of developing countries can ill afford the funds to educate
their nationals in developed countries, since they have other, higher-
priority needs to satisfy. Consequently, they often look to developed
countries for financial assistance. Universities in developed countries
have assisted with funds because their faculty members realize the
importance of having foreign colleagues with similar interests. Private
organizations and governments of developed countries have also pro-
vided funds, but the total assistance given by all of these institutions for
teaching applied ecology to developing-country nationals still remains
relatively small. It is time that international economic-development
agencies also assist with substantial funding for this effort, especially
because applied ecology is directly relevant and important for their
activities in developing countries. These agencies should fund both in-
country and overseas programs, and continue this assistance for as long
as necessary.

The assistance of international economic-development agencies is
also crucial for reasons other than financial support. These agencies have
the capacity and leverage to persuade developing-country governments
to pay attention to environmental conservation and education during
the process of economic development. Consequently, they can and do
bring about gradual social change in developing countries. Without
initiating this change at the highest political levels, scientists will be
hard put to teach or institutionalize the science of applied ecology in
developing countries. Thus international economic-development agen-
cies should initiate the proposed educational reforms and also provide
the necessary funds to implement these reforms. Scientists will be more
than happy to help in this venture.

Employment Opportunities

An important additional ingredient is needed to make the above-
mentioned changes work. The newly trained cadre of developing-
country ecologists will need employment. As indicated earlier, there are
at present relatively few jobs for qualified ecologists in developing
countries; this must be remedied by the creation of employment oppor-
tunities relevant to wildlife conservation and economic development.
These opportunities will vary among countries because they depend
largely on the specific conservation and development needs of each
country. Hence a detailed plan to create these employment oppor-
tunities should be developed for each country. It would be unrealistic to
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propose a single strategy to resolve this difficult issue for all developing
countries. However, we believe that such a strategy for any country
should not gratuitously create a number of bureaus with weak connec-
tions to the mainstream of decision-making. It would be more mean-
ingful to create jobs for ecologists within major decision-making
agencies and within new and existing wildlife agencies that are included
in the process of economic development. In creating these job oppor-
tunities we are convinced that the leverage of international assistance
agencies and their collaboration with developing-country governments
would again be crucial.

ONGOING TRAINING PROGRAMS

At present there are six well-known regional programs for training
nationals of developing countries in applied ecology and natural re-
sources management (Table 1). The oldest of these programs was
established in Costa Rica in 1952, and the most recent one was inaugu-
rated in India in 1982. All six regional programs emphasize fieldwork
and focus on the training of middle-range wildlife managers. Conse-
quently, all programs, except the one in Costa Rica, provide a training
curriculum that leads to a wildlife-management certificate or a diploma.
On the other hand, the Costa Rican program, which is affiliated with
the country's National University, has a curriculum leading to a mas-
ter's degree. It would be useful for the other five programs, as well, to be
affiliated with local universities and to provide opportunities for appro-
priately qualified wildlife managers to obtain postgraduate degrees. The
university affiliation is particularly important, at least until local univer-
sities have established their own curricula for training in applied ecol-
ogy. Without this affiliation present-day wildlife managers will lose the
opportunity to be assimilated into the university educational system,
which has high social value.

The duration of the curricula for wildlife-management certificates
and diplomas differs considerably among regional programs. In the
Indonesian training program, the diploma takes nine months. In the
Indian and the two African programs, diploma courses last two years.
The Indian and African programs also provide courses for wildlife
management certificates that take anywhere from four and a half
months to one year. The master's degree in the Costa Rican program
takes two to three years, including one year for the completion of



TABLE 1

REGIONAL SCHOOLS FOR TEACHING APPLIED ECOLOGY TO

DEVELOPING-COUNTRY NATIONALS

Year No. of Participants Type of

Location Established (Countries/Individuals) Curriculum Duration

Mweka, Tanzania 1963 16/1000 Wildlife Mgt.
Certificate 1 year
Postgrad. Diploma 2 years

Garcua, Cameroon 1970 20/400 Wildlife Mgt.
Certificate 1 year
Postgrad. Diploma 2 years

Bogor, Indonesia 1979 9/200 Wildlife Mgt.
Diploma 9 months

Dehra Dun, India 1979 </300 Short Courses 1-2 weeks
Wildlife Mgt.
Certificate 4'/2-10

months

3/- Postgrad. Diploma 2 years

Bariloche, Argentina 1968 5/- Wildlife Mgt. 1 year
Diploma

Turrialba, Costa Rica 1952 10/200 Short Courses 1-3 weeks
M.S. Degree 2-3 years

SOURCES: Budowski, 1986, and Thorsell, 1986.
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prerequisites. In addition to the above-mentioned curricula the Indian
and the Costa Rican programs offer short-term courses focusing on
specialized wildlife-management techniques or on specific target groups
such as planners and decision-makers. In the future, these two programs
are also expected to develop management-oriented research projects,
disseminate scientific information, and provide wildlife-management
consultancies to the countries of the region.

In all, these six programs cater to the training needs of as many as 60
tropical countries. This situation has led to some concern and discon-
tent that at least a few of these programs emphasize local training needs
rather than regional requirements. Instead of the current average of one
program for 10 countries, the average should be more like 10 well-
funded programs in each developing country, considering the urgency
for wildlife training and the importance of promoting the social accep-
tance of environmental conservation. Of these programs, a few could
cater to the professional training of wildlife managers. The others must
address the need for institutionalizing applied ecology curricula at uni-
versities, the education of nonprofessionals, including lay people, and
the overseas training of wildlife managers and biology graduates. By
implementing these programs, the existing situation in wildlife-
management training and environmental conservation can be greatly
improved in developing countries.

Three other programs should be mentioned with regard to training in
applied ecology for developing-country nationals. One is the inter-
disciplinary program in ecology established by the Indian Institute of
Science in Bangalore. This program engages in staff research projects,
organization of seminars and symposia, and the training of doctoral
candidates in ecology. In addition, this program has conducted a six-
month training course in wildlife biology for participants with advanced
qualifications. The other two programs are based in Great Britain and
the United States, respectively. The program in Great Britain is affiliated
with the University of London and offers a one-year postgraduate course
in conservation. The U.S. program is sponsored by the Smithsonian
Institution and offers short-term courses as well as long-term support for
the training of developing-country wildlife managers.

The Smithsonian program, based at the National Zoological Park in
Washington, D.C., was inaugurated in 1981. This program provides
short-term training courses of five to ten weeks that are conducted
overseas as well as in the United States, at the National Zoo's Conserva-
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tion and Research Center, Front Royal, Virginia. The U.S. courses,
which are held during the summer, cater to foreign students based at
U.S. universities, and to individuals residing in tropical countries who
wish to follow advanced training in wildlife management. In addition to
wildlife-management training, the U.S. courses include curricula for
captive-animal management and conservation education, which will be
expanded in the near future. The training is provided through lectures,
seminars, workshops, and substantial amounts of fieldwork leading to
the completion of short-term research projects. The curriculum for the
overseas courses is similar, but when necessary, these courses focus on
and help resolve local wildlife problems through the development of
field projects. Overseas courses have been conducted in seven countries
(Argentina, Brazil, Peru, Venezuela, Malaysia, Indonesia, and Sri
Lanka) so far. These courses have also been repeated in Venezuela and
Sri Lanka in order to monitor previously established field projects, trans-
fer new technology, or train more people. Thus the short-term overseas
courses have gradually transformed into long-term support for wildlife
management and training in at least two countries. Long-term support
of this nature will be also given to Malaysia and Peru in 1987 and 1988,
respectively.

Other aspects of the long-term support given by the Smithsonian
program include assistance for the institutionalization of training
courses at overseas agencies and for the postgraduate education of
former course participants. The first-mentioned aspect was initiated
only in 1986 and therefore is still in the developmental phase. Neverthe-
less steps have been taken to institutionalize wildlife-management train-
ing curricula in Malaysia and India. These steps include the training of
former course participants as instructors and the development of curric-
ula, specially designed for the training needs of each country. In Mal-
aysia the curriculum will be established at the West Malaysian
Department of Wildlife, while in India it will be institutionalized
through the University of Mysore. The Malaysian agency has indicated
its desire to institutionalize the training as a regional program for
Association of South East Asian Nations (ASEAN) countries. Assis-
tance for the higher education of former course participants was made
possible through collaboration with some U.S. universities, especially
through a joint venture with the University of Florida, Gainesville.
After the short-term training courses nearly 15 participants have been
assisted with placements or financial support for master's and doctoral
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programs at five U.S. universities. Also, the Smithsonian program has
financially supported two Ph.D. candidates of Indian universities to
complete their dissertation research in the United States. Some recip-
ients of assistance for postgraduate education are currently active in
wildlife projects in their home countries, while others are still continu-
ing their higher-degree programs in the United States.

Between 1981 and 1986, 199 wildlife biologists and conservationists
from 21 countries were trained in the 16 field courses conducted by the
Smithsonian program. This includes 102 people from 10 Asian coun-
tries, 86 from 5 South American countries, and only 11 from 5 African
countries. Clearly, not much headway has been made in Africa, but this
is mainly due to the lack of funds to hire additional instructors for the
Smithsonian program. Until the beginning of 1987 the program in-
cluded only one full-time instructor. Now, there are two instructors and
plans are under way to conduct courses next year in at least one of five
African countries that has requested in-country training. Nearly two-
thirds of the trainees have been employees of overseas wildlife-manage-
ment agencies while 21 percent were affiliated with universities and 11
percent belonged to nongovernmental organizations. Through this
broad-based institutional participation the Smithsonian program has
promoted the general principle that, while professional training is im-
portant, everyone who can support wildlife conservation and manage-
ment in developing countries should have a knowledge of applied
ecology. About three-fourths of the trainees had at least basic degrees,
but the program has also trained wildlife managers with considerable
field experience.

The Smithsonian program is now in the process of developing a new
curriculum for a potentially significant but neglected educational insti-
tution in the developing world-the zoological garden. As in Western
nations, the Third World zoo is an extremely popular setting for family
outings. Consequently it is a place where adults and children can learn
to appreciate nature and wildlife. This potential, however, is mitigated
by the poor conditions of most zoos. The new training curriculum is
targeted for mid-level zoo managers and veterinarians, with the object
of enhancing the care and management of wild animals in captivity.
Improving the management of captive animals can foster an apprecia-
tion of and respect for wildlife, public education concerning environ-
mental and natural resources issues affecting wildlife, and viable captive
breeding programs for endangered species. The first two courses began
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in Thailand and Malaysia in late 1987 and early 1988, respectively.
In conclusion, it should be stated that the Smithsonian program has

initiated many aspects of the plan of action proposed earlier. Neverthe-
less, almost all aspects of the program must be greatly strengthened and
expanded in the future. This could be achieved through recruitment of
more teaching staff and with financial support for the activities under-
taken by the Smithsonian program. In other respects the Smithsonian
Institution is well equipped to handle a comprehensive program for the
training of developing-country nationals in applied ecology. In 1988, a
large building complex at the 3,000-acre facility at Front Royal is slated
for renovation for the establishment of an international wildlife training
center.
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Chapter 7

INTEGRATION OF
BIOLOGICAL CONSERVATION

WITH DEVELOPMENT POLICY:
THE ROLE OF

ECOLOGICAL ANALYSIS
KATHRYN A. SATERSON

Although the term "biological diversity" is quickly becoming familiar
to scientists, policy-makers, and even the general public, it does not yet
have a generally accepted definition and must be defined by each user.
For ecologists and development agencies, biological diversity is best
defined as including the genetic diversity within species, the number of
different species in an area, and the variety of ecosystems. Another
definition is the variety and variability among living organisms and the
ecological complexes in which they occur. Perhaps the World Conser-
vation Strategy (IUCN, 1980) provides the simplest definition of bio-
logical diversity by referring to living resources. Living resource
conservation includes preserving genetic diversity and ensuring the
sustainable use of species and ecosystems.

A conservative estimate of the current rate of destruction of tropical
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evergreen forests due to clearcutting, shifting agriculture, and fuelwood
gathering is about 80,000 square miles per year. Even if we use the most
conservative estimates of current diversity and rates of habitat alteration
and extinction, conservation of biological diversity is a global problem
that affects all species, including humans. While ecologists and conser-
vationists have become increasingly aware over the last 15 years of the
ecological, economic, and aesthetic importance of conserving biological
diversity, this awareness has only recently begun to be acknowledged in
the programs of the intemational development community.

During the 1980s, multilateral and bilateral donor institutions and
the governments of developing nations have increasingly recognized
that sustainable economic development depends directly on the conser-
vation and sustainable use of natural resources. Slower in emerging has
been the recognition that the biological diversity contained in both
domestic and wild plant and animal resources is also important for
sustainable development and must be maintained not only in protected
areas, but also within agricultural, range, marine, and forest systems
being managed for their biological productivity.

Two events in development institutions reflect the emerging recogni-
tion that conservation of biological diversity is related to economic
development and human welfare. Governments of other nations are
also recognizing this relationship. In his address to the National Forum
on Biodiversity in September 1986, Dr. Nyle Brady, senior assistant
administrator for science and technology with the Agency for Interna-
tional Development (AID), spoke on "International Development and
the Protection of Biological Diversity." Dr. Brady noted that "sustained
economic development requires conservation of biological resources."
and that to meet this challenge we must find ways to "conserve more
natural habitats, better manage those that already exist .. . and increase
food and fuelwood production on land already cleared in order to
reduce pressure on remaining wild areas" (Brady, 1986).

Dr. Brady also acknowledged that conservation of biological diver-
sity is essential to maintaining ecological services such as protection and
regulation of soil and water resources, cycling of nutrients, and buffer-
ing of climate extremes. In 1987, AID responded to new congressional
legislation by obligating 2.38 million dollars for more than 30 projects
directly related to conservation of biological diversity.

Another significant event was the July 1986 World Bank adoption of
an operational policy on wildlands. This policy directs the World Bank
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to finance projects on lands that are already disturbed and to mitigate
use of undisturbed lands by financing preservation of ecologically simi-
lar areas.

Despite advances such as these, scientists still must investigate the
ecological principles that control the maintenance of biological diver-
sity, for we cannot yet fully predict the impact of human activity on
biological diversity. In addition, ecologists must continue to apply
ecological data, theories, and perspectives to development projects and
to demonstrate the ways that maintenance of biological diversity con-
tributes to sustainable economic development.

BASIC ECOLOGICAL THEORIES AND ANALYSES
RELATED TO BIOLOGICAL DIVERSITY

VWhile systematists are focusing on species counts for a number of
habitats around the world, ecologists are attempting to describe some
of the factors and mechanisms that control species, habitat, and ecosys-
tem diversity. However, the controlling factors vary greatly among

* communities and ecosystems. Correlations between terrestrial diversity
and maritime influence, precipitation, grazing intensity, and soil fertil-
ity are not consistent. Even when correlations such as a latitudinal
diversity gradient are observed (biotic diversity decreases from the
Equator toward both poles), the causes for the correlation are still
debated. A number of biological mechanisms (niche relations, habitat
diversity, mass effects, and ecological equivalency) can contribute to the
maintenance of diversity at the species and ecosystem level.

In addition to addressing the mechanisms that govern the creation
and maintenance of biological diversity, ecologists have also examined
the contribution of biological diversity to the functioning of ecosys-
tems. Kimmerer (1984) suggests "dropping the diversity-stability rela-
tionship from the ecologists' repertoire" because some ecosystems show
an increase in stability and resilience with an increase in biological
diversity, and others do not (Johnson, 1986). However, other scientists
still hold that additional research is needed on the relationship between
diversity and ecosystem stability and resilience.

Research on the effects of habitat disturbance on diversity does not
reveal a simple positive relationship between increased disturbance and
decreased diversity. In many systems, low to moderate levels of distur-
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bance may result in increased diversity, although this may reflect an
increase in the diversity of exotic species at the expense of a decrease in
native species. Severe disturbance may lead to less diverse communities
where native species are replaced by exotic. In a forest in Uganda light
to moderate disturbance (25 percent harvesting destruction) caused
only temporary disruption of natural tree-fall rates whereas heavy dis-
turbance (50 percent destruction) seriously increased natural tree-fall
rates. Although 35 percent destruction is the maximum disturbance
that allows maintenance of a healthy forest mosaic, this conclusion
could be questioned on the basis that there could be significant changes
in the forest's composition or functions before a change in natural tree-
fall rates is observed.

Theories of island biogeography have been called upon, with varying
degrees of success, to explain the distribution and maintenance of
biological diversity. The theory of island biogeography is based on the
observation of a general logarithmic relationship between the number
of species and the size of an island (both true islands and islands of
isolated habitat), as well as the distance of the island from the mainland
or source of gone flow. The theory predicts that an area reduced to 10
percent of its original size would support only half the original species
present. While this conceptual framework is useful, we must-in addi-
tion to determining the minimum areas needed to preserve existing
species-determine the minimum areas needed to preserve existing
ecological and evolutionary processes. Theories of island biogeography
can be tested in areas where natural or human activity has reduced
habitat.

The World Wildlife Fund and Brazil's National Institute for Amazon
Research are conducting an exciting, long-term study of the effects of
habitat isolation on diversity and other processes as rain forests of the
Brazilian Amazon are cleared to create pasture. In order to determine
the minimum critical size required to maintain the original forest diver-
sity, the project involves study of the changes in diversity in forest
fragments of 1, 10, 100, 1,000 and 10,000 hectares. Initial results
indicate that there was a loss of bird species and an increase in tree
mortality rates in isolated 1- and 10-hectare reserves. The results and
insights emerging from this project will be useful in testing island
biogeographic theory, providing design and management recommen-
dations for protected areas in the Amazon, and providing basic in-
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formation on the degree of species composition structure in natural
conimututles.

Although the Minimum Critical Size Project is providing much
needed empirical data, the fragment sizes are relatively small and it
could take decades before conclusions can be drawn about changes in
the largest forest fragments. Theoretical minimum-viable-population
analyses are currently used to test theories and generalizations on a
much larger scale. They also can be used to identify and estimate the
influence of natural processes on species losses.

The concept of a minimum viable population of a species is associated
with some difficulties but it responds to our pressing need for conserva-
tionists to develop a predictive understanding of the relationship be-
tween a population's size and its chances of extinction. Opportunities
for reserving significant quantities of habitat are disappearing so rapidly
that we cannot rely solely on long-terrn studies of biogeographic equi-
librium theory to provide insights into the controls of species occur-
rence and persistence.

NeedforAdditional Researcb

Although ecologists must begin to apply present knowledge to the
conservation of biological diversity, the lack of scientific consensus on
many theories indicates the need for continued research in a number of
critical areas. Research needs include:

- the effects of habitat fragmentation on diversity, in order to predict
species losses and ecosystem degradation as undisturbed habitats become in-
creasingly smaller and isolated;

* mechanisms controlling species, habitat, and ecosystem survival at both
the local and regional scale;

I methods to estimate the value of conserving species and ecosystems in
order to develop conservation priorities;

* what is the most appropriate size of a protected area in different ecosys-
tems, and how essential are dispersal pathways or corridors linking areas;

* the importance of biological diversity to systems with intensive human
use, such as agricultural and marine systems;

* the potential for sustained yields of useful animal and plant species from
natural systems-natural forest management is an area worthy of much more
research;
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* rehabilitation of lands to restore biological diversity and normnative eco-
logical processes.

APPLICATION OF ECOLOGICAL ANALYSES
TO SUCCESSFUL DEVELOPMENT AND
CONSERVATION PROJECTS AND POLICIES

Ecologists can contribute their expertise at technical and political levels,
both in terms of designing actual field projects and developing institu-
tional policies. There are some exciting examples of the role ecological
analyses have played in development projects. Unfortunately, sound
scientific analyses of conservation priorities that can be applied to de-
velopment projects are lacking, and such priorities considered in light of
nonscientific (political, economic, and social) constraints are almost
completely absent.

Successful conservation of biological diversity in the development
context depends not only on a sound scientific basis, but also on an
acknowledgment of the economic, political, and social context. Because
economic development is the primary goal of less-developed countries
and development agencies, the conservation of many biological re-
sources will depend on the demonstration of their economic value.

The development of appropriate and successful policies for sustain-
able use and conservation of natural resources depends on the contribu-
tions of ecologists who can effectively transfer their knowledge of basic
science to nonscientists, understand the nonscientific constraints to
managing resources in developing nations, and work collaboratively
with social and agricultural scientists.

Local, national, and international policies that affect the conservation
of biological diversity can benefit from the contributions of ecologists
and biologists. Ecologists who transferred their knowledge of biolog-
ical resources conservation to the political arena were influential in
bringing biological diversity and tropical forest conservation to the
attention of the U.S. Congress in 1986. Letters from members of the
Ecological Society of America and the American Institute of Biological
Sciences to their congressional representatives encouraged passage of
the 1986 amendments to the Foreign Assistance Act. Those amend-
ments required that AID spend 2.5 million dollars on biological diver-
sity projects. Ecologists can be influential in making Congress and
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development agencies aware of the need to integrate biological conser-
vation with broader natural-resources management projects.

Because it is difficult to generalize about what controls diversity, it is
important, while encouraging policy-makers to address ecological is-
sues, to also make them aware of the limitations of current information.
It is often inappropriate to extrapolate data from temperate regions to
the tropics and it is even difficult to be certain that data from one
tropical area can be applied to another. Scientists must meet the chal-
lenge of making complex theories and data understandable to policy-
makers without creating inaccurate oversimplifications.

ProtectedAreas: Identification, Design, and Management

IDENTIFICATION. Ideally, we would like samples of all species, commu-
nities, and ecosystems to be maintained in protected areas. Unfor-
tunately, the realities of our current limited knowledge of species and
habitat requirements, combined with existing development pressures,
indicate that we must identify habitats most in need of immediate
protection. Acknowledging the limitations of ecological knowledge, it
is nevertheless necessary for ecologists to help identify areas worth
protecting (due to high concentrations of rare or endemic species, or
provision of essential environmental services).

A number of criteria must be considered in evaluating the need to
protect biological diversity in a given geographic area. Included in
ecological, admninistrative, and economic criteria are:

* level of species endemism and habitat richness;
• degree of human threat to that diversity and the intrinsic vulnerability of

the species or ecosystem;
- importance (both economic and ecological) of the species or ecosystem to

the human needs of the area;
- importance of the habitat to maintaining diversity in other regions;
* amount of similar habitat protected elsewhere; and
* political and economic conditions that could encourage or hinder success-

ful protection.

The 15 criteria that should be considered when judging the conser-
vation value of particular areas include: size, richness and diversity,
fragility, and opportunities for conservation. Currently, major con-
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servation areas worldwide number 3,500 (from nature reserves to
multiple-use natural resources lands), totaling about 4.25 million
square kilometers. Although these areas represent about 182 of the 193
biogeographical provinces recognized by the International Union for
Conservation of Nature and Natural Resources (IUCN), many habitat
types are missing, and many are represented by areas that may be too
small for adequate protection.

In the mid-1970s, the Brazilian Amazon Conservation Plan gave first
priority to areas that two or more scientists identified as possible
Pleistocene refugia (areas likely to support many endemic plants and
animals). Scientists with a number of nongovernmental organizations
in the United States are attempting to describe the countries with the
greatest need for conservation of biological diversity. In those cases,
ecologists are contributing to the definition of technical criteria for
conservation of biodiversity. They must then interact with policy-
makers to determine the weight that technical criteria should receive, in
relation to political, economic and administrative criteria.

DESIGN. Once areas in need of protection are identified, ecologists can
then assist in determining the minimum area needed to sustain the floral
and faunal populations in light of the specific anthropogenic pressures
they face. Theories of island biogeography and the results of projects
like the minimum critical area project in the Amazon will be useful in
predicting what size of fragmented habitat is necessary to ensure the
survival of certain species. MacKinnon et al. (1986) outlines guidelines
based on island biogeography. The guidelines include making areas as
large as possible, including year-round habitats of native species, en-
compassing a wide continuous range of ecological communities, and
making sure areas are not completely isolated from other protected
areas without corridors for dispersal. The choice between one large
reserve or many smaller ones depends on the particular conservation
objective and the actual biology of the situation. Edge effects due to
forest isolation in Brazil imply that reserves must include large buffer
zones ". . . where edge-related changes can take place without affecting
the large stable core areas." (Lovejoy et al. 1986).

Other useful approaches to determining the appropriate size of pro-
tected areas give less emphasis to empirical observations. (Soule, 1987).
Analyses based on minimum viable populations of species (Belovsky,
1987; Shaffer, 1985, 1987) indicate that the minimum area required to
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adequately conserve some species can be substantial. The rarest species
or those most subject to catastrophes or environmental variability are
the species that would require the largest population size (or largest
reserve) to ensure a good chance of long-term persistence; multiple
populations of adequate size are recommended for virtually all species.

MANAGEMENT. Ecologists can also give insights into how to integrate
the maintenance of floral and faunal populations with human land-uses.
Many protected areas lack adequate management and in some cases
intensive human management may be necessary to reintroduce species
to restore diversity. Minimum-viable-population analyses can demon-
strate how available information can be used to assess the potential
long-term consequences of short-term management decisions. MacKin-
non et al. (1986) summarize many of the important management con-
siderations in Managing Protected Areas in the Tropics.

Conservation Outside ProtectedAreas

Maintenance of biological diversity depends on understanding the eco-
logical and socioeconomic effects of major forest, hydropower, and
agricultural development projects; of human activities as diverse as
clearcutting forests, introducing foreign species, eliminating predators,
dynamite-fishing, and using pesticides; and of global phenomena re-
sulting from industrialization, such as acid rain and climate change. All
these activities must be analyzed ecologically if we are to mitigate their
local and global effects on biological resources.

It is important that ecologists be included on the design teams for
development projects to assess likely impacts on biological resources as
projects are being designed, rather than doing environmental assess-
ments after substantial commitments of time and energy have gone into
project planning. Environmental assessments are increasingly being
conducted simultaneously with project designs, at development agen-
cies like AID. AID recently included an ecologist on the design team for
an agricultural development project in Bolivia. This resulted in the
successful incorporation of ecological analyses into basic project design;
irrigation plans were changed, a road plan was altered, and recommen-
dations for protected areas were made.

The lack of appropriate monitoring and evaluation of natural re-
sources impacts in most development projects means that we are ignor-
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ing valuable information that could be useful in improving future
development projects. An environmental impact statement should be
viewed as a scientific prediction and monitoring should be designed to
test specific theories about environmental processes. Important ecologi-
cal lessons can be learned, for example, from observation of the effects
of psyllid aphids on Leucaena monocultures in Asia. Ecologists can
inform policy-makers of the need to monitor environmental impacts of
projects, and recommend approaches and appropriate time scales. The
three- to six-year time-frames of many development projects dealing
with natural resources may not be adequate to yield ecological informa-
tion on project benefits and sustainability. Much-longer-term monitor-
ing adds considerably to project expense but is necessary to test for
sustainability.

Development agencies are looking to groups such as the Conserva-
tion Data Centers, established by the Nature Conservancy, to provide
basic biological information to assist in designing environmentally
sound projects. However, scientists with these groups must learn to
provide information in ways that are useful to development planners,
and to produce socially, economically, and politically realistic recom-
mendations. Unfortunately, preservation of all threatened habitats and
species is rarely an option, and difficult choices must be made.

Most ecological theories on the structure, function, and maintenance
of ecosystems recognize the structuring role of cyclical natural distur-
bances such as fire, pests, and floods. In order to design development
projects that maintain biological diversity in nations under intense
human pressure, we must examine ecological theories for their appli-
cability to human disturbances. One strategy for in situ preservation of
crop and wild plant genetic resources is maintaining traditional fanming
systems (diverse polycultures) and the adjacent natural ecosystems.
Ecological analysis of the ways that traditional farm systems maintain
crop and wild plant resources can contribute to agricultural develop-
ment policies. Forest reserves could be created to improve the quality of
local agriculture by maintaining biological diversity.

In many humid tropical areas the principle threat to conservation of
biological resources is habitat alteration caused by agricultural en-
croachment by landless people and by larger development projects.
Agricultural practices alternative to slash-and-bum systems are urgently
needed in areas where human population density is high or rapidly
increasing. Ecologists could contribute to promising agricultural devel-
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opment work related to multipurpose tree species and use of alley
cropping of trees with annual food crops. Systems analyses of agroeco-
systems have been used to define research and development priorities
for improving food production by small farmers on marginal land.
Ecologists can also identify areas where sustainable agricultural produc-
tion may be unrealistic, such as on some steep, nutrient-poor slopes.

Specific Fields of Ecology and Project Examples

Ecological data and theories from many fields must be applied to
sustainable development projects that successfillly incorporate the
maintenance of biological resources. The following are a few examples
of development projects that have benefited from ecological analyses in
specific fields (although insights from more than one field of ecology
have contributed to each project).

The work of population ecologists on particular species can be used
to estimate the resistance and resilience of plant and animal populations
to human exploitation or other stresses. The habitat requirements of
species can assist in determining the type and amount of protected area
that will be required to maintain a population. Nepal's Royal Chitwan
National Park contains a significant population of more than 350 en-
dangered, greater one-horned rhinoceros (Rhinoceros unicornis); nearby
are a number of villages that contain more than 20,000 people who
depend on the park resources for fuelwood, thatch for their homes,
food, and other purposes. The Smithsonian Institution, AID, and the
World Wildlife Fund are supporting basic research aimed at determin-
ing the population dynamics of the rhinos and at estimating the effects
of the villagers' use of resources on rhino habitat. A graduate student
has studied the response of the park's grassland areas to harvesting and
the amount of grass needed to sustain the local population that depends
on the park. A new component of the project includes development of
forest plantations outside the park in order to lessen the local villagers'
need for resources from within the protected area.

Theories from the field of community ecology can provide insights
into the consequences of actions that change diversity. Theories about
the way plants respond to environmental changes in forest openings
(gap-phase dynamics) due to windfall or fire must be applied to larger-
scale gaps created by human activities such as harvesting or pollution.
New knowledge about gap-phase dynamics and the regeneration re-
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quirements of tropical forest canopy-tree species formed the basis for a
natural forest-management plan being tested as part of a major AID
project in Peru. The Central Selva Resource Management Project, in
the Palcazu Valley, is funded at 30 million dollars over six years by AID
and the Peruvian government. The project aims to test and institu-
tionalize a sustained production forestry method based on rotational,
narrow clearcuts over a 30-year cycle, while protecting the traditional
culture of the local Amuesha Indians.

The integrative approach of ecosystem ecology is useful in determin-
ing which representative systems need protection and in ensuring that
development projects do not permanently change the regulation of
major ecosystem processes. The Central Selva project also includes
establishing the Yanachaga/Chemillen National Park, in part because of
its value in protecting downstream production forestry and agriculture.

An awareness of nutrient cycling is essential for protected-area man-
agers, agriculturalists, foresters, range managers, etc., to determine how
to manage various natural communities (e.g., burning grasslands). The
importance of wetlands and their influence on surrounding areas, in
terms of nutrient cycling and flood control, must be considered in
coastal resources management projects.

Insights from the relatively new field of restoration ecology can be
used to restore the productivity of degraded lands in order to lessen the
pressure to develop undisturbed habitats. This field of ecology might
also be applied to re-creating communities, such as the tall-grass prairie
in midwestern United States; to reforestation programs that encourage
the use of a mnix of native species, rather than monocultures of intro-
duced species; and to the enhancement of natural regeneration. Daniel
Janzen is attempting to develop Guanacaste National Park, a 700-
square-kilometer area in northwestern Costa Rica, by rehabilitating
many hundreds of hectares of degraded, dry tropical forest. This project
will use fire control, natural seed dispersal, and reforestation to allow
the plants and animals from the dry forest in nearby Santa Rosa Na-
tional Park and from evergreen-forested volcano slopes to reoccupy
adjacent, low-quality agricultural and pastoral land. Elsewhere, the
work of physiological ecologists can contribute to increasing the pro-
ductivity of degraded lands by identifying crops that are adapted to
highly acidic, saline, infertile, or poorly drained marginal lands.

Tropical marine resources are not mentioned as frequently as rain
forests in discussions of diversity, but they are extremely important



Integration ofBiological Conserpation with Dvelopment Poliy 153

biologically and economically. AID and the National Oceanic and At-
mospheric Administration (NOAA) recently issued a report on oppor-
tunities for economic development and management of Caribbean
nearshore marine-habitat resources. This report noted a need for coastal
resources-management plans that integrate marine resource conserva-
tion (including the establishment of marine protected areas) with in-
come generation. Marine ecologists can assist with such planning and
required training of personnel. Marine park planning and management
is also included in an AID coastal resources project in Phuket, Thailand.

INTEGRATION OF BIOLOGICAL DIVERSITY
CONSERVATION INTO SUSTAINABLE
DEVELOPMENT PROJECTS

The World Conserpation Strategy (IUCN, 1980) discusses the relation-
ship between natural resources management and sustainable develop-
ment and outlines the many ways that biological diversity is important
to human welfare (food, pharmaceuticals, etc.). Despite a number of
noteworthy development projects that include biological resources con-
servation as a component, we still see the need to demonstrate more
clearly that biological resources conservation (and not just broadly
defined natural resources management) must be taken into account in
all development projects that affect natural resources. In order for this
to occur, we need more data and examples of how diversity affects the
viability and functioning of different specific ecosystems. Science must
provide more than intuitive answers to the question of whether conser-
vation of biological diversity is a luxury or a necessity. What amount of
biological diversity is necessary to conserve? The question of short-term
economic gains versus long-term economic and biological losses must
also be addressed.

Ecological analyses have the power to demonstrate to policy-makers
and development institutions that conservation of biological diversity is
a necessity, not just a luxury. The more often this is successfully demon-
strated, the greater the likelihood that institutions such as the World
Bank and AID will implement their innovative wildiands and resources-
management policies. If the World Bank wildlands policy is fully imple-
mented, it could go far toward integrating biotic resources conservation
with economic development in a large number of humid tropical coun-
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tries. However, the governments of less developed countries must be
willing to borrow under the conditions of the wildlands policy, so the
economists and financial planners must be convinced that such invest-
ments are worthwhile.

Integrating Biological Diversity with Other Resource
Management Concerns

In many countries donors become involved with natural resources only
when the issues are a part of location-specific development projects.
Even when impacts on natural resources are considered, biological
diversity may be ignored. Therefore, biological diversity is frequently
considered only on an ad hoc basis, if at all. We need more region-wide
proactive biological diversity policies and national conservation strate-
gies. The AID overseas missions are now required to address biological
diversity in their country-development strategies. Many missions solicit
input from ecologists in the preparation of assessments of the actions
necessary to conserve biological resources in the host country.

Half of the 219 AID activities related to conservation of biological
diversity in 1986 were in the area of natural resources and environmen-
tal management, while the other half were in protection, enhanced
production, and germplasm conservation. AID is supporting a ten-year
natural resources project in Panama that includes watershed manage-
ment and soil conservation, national parks and wildlands management,
natural forest management, and development of private industrial plan-
tations and woodlots. The project design acknowledges the need to
protect the economic returns from commercial investments, such as the
Panama Canal and existing agricultural projects. Protecting the water-
shed above the canal should lessen siltation into Lake Madden, and thus
help protect the water and electricity supply for millions of people in
Panama City. The natural diversity of the watershed offers a resistance
to insect and disease outbreaks that a monoculture forestry plantation
cannot.

Another AID project that integrates the conservation of a biological
resource with broader natural resources-management concerns is the
Mahaweli Environment Project in Sri Lanka. The government of Sri
Lanka's Accelerated Mahaweli Development Program, begun in 1978,
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includes the construction of four major dams and the irrigation and
agricultural development of 102,000 hectares of dry land. Although
some initial assessments of environmental impacts were made by the
government of Sri Lanka and AID as part of individual component
feasibility studies, a comprehensive environmental assessment of the
program was requested by the government of Sri Lanka, funded by
AID and completed in 1980. The government of Sri Lanka incorpo-
rated the recommendations of the environmental assessment into an
environmental plan of action for the Accelerated Mahaweli Develop-
ment Program.

In 1982, AID helped the government of Sri Lanka to develop the
Mahaweli Environment Project to ensure the stability of the irrigated
agricultural development by protecting areas for displaced wildlife,
primarily the endangered Asian elephant. The 6.9-million-dollar proj-
ect budget included 5 million dollars as an AID grant. The project
includes establishment of four national parks, development of buffer
zones, strengthening of Department of Wildlife Conservation staff and
management plans, and the development of Department of Wildlife
Conservation training capability. The World Wildlife Fund, the Inter-
national Union for Conservation of Nature and Natural Resources, and
the Food and Agriculture Organisation have provided funds for wildlife
surveys. AID and other donors have supported watershed management
actions that include reforestation.

The conservation of biotic resources and the establishment of pro-
tected areas are directly useful for providing economic return and more
indirectly (but no less importantly) for the ecological functions of
erosion control, water recharge and purification, flood control, mainte-
nance of genetic resources, and so on. Ecologists can assist with the
education of decision-makers and local populations about the value of
biological resources and the costs of not conserving them. They can also
work with economists to demonstrate the economic cost/benefit of
exploiting biological resources that are becoming irreplaceable. The
economic contributions of wild plants and animals to developing coun-
tries have been studied as has the value of conserving genetic resources.
These analyses discussed the economic benefits derived directly from
resources such as fish, herbs, wood products, genes for pest resistance,
mangrove ecosystems, and wildlife and, indirectly, from the environ-
mental services that those resources provide.
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Biological Diversity and Local Human Needs

Development agencies and all governments must develop policies that
promote and ensure the conservation of natural resources while also
maintaining the livelihood of local people. Many natural systems have
been selectively harvested for plant and animal resources for hundreds
of years at scales that are within those systems' abilities to regenerate
naturally. However, increased population pressures and technical inno-
vations often lead to more intensive use of lands and result in a decrease
in a system's ability to meet the basic needs of local peoples.

In September of 1985, AID awarded a grant to the World Wildlife
Fund to develop a field program in wildlands and human needs. This
project seeks to integrate management of natural resources and preser-
vation of biological diversity with the development needs of local hu-
man populations. Work at the Sian Ka'an Biosphere Reserve in Mexico
includes support for a spiny lobster management project, a palm utiliza-
tion study, and a nature tourism program. On the southeast coast of St.
Lucia funding has supported several small-scale development projects
including sea urchin egg production, firewood plantations, a fishing
cooperative, and wildlife reserve management. Other model projects
are under way at Gandoca Wildlife Refuge in Costa Rica and Pacayo-
Samiria National Reserve in Peru.

The establishment of the Bemn Biological Station and Biosphere Re-
serve in Bolivia is another success story in which ecologists played a
role. Dr. Javier Castroviejo, a Spanish biologist, was so impressed by
the diversity ofthe Beni area that he convinced the Bolivian government
to create the 132,000-hectare Beni Biological Reserve as a natural
protected area in 1982. Spanish scientists began doing research in the
reserve in 1983, and in 1985 the Nature Conservancy purchased a
house for the biological station. In 1986, UNESCO declared the area a
biosphere reserve. In 1987, a 3.7-million-acre buffer zone was added
when the Bolivian government entered into a unique debt swap with
the assistance of Conservation International. A management plan is
currently being developed for the reserve and buffer area by a team that
includes biologists, geologists, and ecologists. The plan will address the
economic needs and use of biotic resources by the Chimane Indians that
live in the reserve.

* * *
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Ecological analyses are essential to the development of appropriate
biological resources-conservation projects and policies. The ecologist
must combine scientific knowledge with an appreciation for the non-
scientific, political considerations of international development. As is
frequently noted, ecologists must improve their ability to communicate
with policy-oriented disciplines and be willing to give advice on the
basis of existing knowledge.

While ecological analyses contribute in many ways to our under-
standing of biological diversity and to the design of sustainable develop-
ment projects, we still lack basic information on levels of biological
diversity and on the ecological principles that sustain diversity. We
know that biological diversity is the basis for essential evolutionary and
ecosystem processes. Some hold that it is also a critical measure of the
degree of environmental disturbance in an area and is an indicator of an
ecosystem's ability to recover from disturbance.

Habitat is being converted at such a fast rate that we do not have the
luxury of waiting until we have more informnation on the relationship
between diversity and ecosystem stability. Ecologists and development
professionals (one hopes that more individuals will join the ranks of
both groups) should do two things immediately: begin applying what
we do know to conservation and development projects; and continue
demonstrating the links between conservation of biological diversity
and sustainable development.
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Chapter 8

THE IMPORTANCE OF
APPLIED ECOLOGY IN

NATIONAL CONSERVATION
STRATEGIES IN THE TROPICS

JOSE I. DOS R. FURTADO

The World Conservation Strategy launched by the International Union
for the Conservation of Nature and Natural Resources (IUCN) in 1980
marked a critical transition in the conservation movement. It marked a
change from the fragmented conservation of nature at the local and
national levels-which was isolated somewhat from the realities of
human development and natural resources management-to the inte-
gration of nature conservation with human development and natural
resources management at the local, national, and global levels. This
change in the perception of conservation as equivalent to sustainable
development, and as concerning the health of the biosphere and its
component parts, may be attributable to a number of factors, notably:

* The limited success of two decades of international development in the
tropical and arid zones, under the United Nations Development Decades,
which emphasizes sectoral economic growth and industrialization based on
models used in the temperate zone.
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* The failure of development assistance that emphasizes economic and
industrial growth in sectors to adequately address the issues of wealth distribu-
tion, environmental protection, and quality of life in the developing countries;
this results in increased malnutrition, poverty, environmental hazards, graft,
and debt.

* The limited success of technology transfer in the tropical and arid zones
(the South) from the advanced countries of the temperate zone (the North);
this involves the inappropriateness of some of the technology transferred and of
the inadequacy of local scientific and technological capability for development,
and therefore results in a widening technological gap.

* The discovery of ecological interlinkages between natural communities,
habitats, and ecosystem or biome types at the regional and global levels, as a
consequence of extensive and intensive transformation of nature and natural
resources.

* Reinforcement of the notions of a common global heritage, human des-
tiny, and cosmic unity as a consequence of advances in space science and
technology, and in spiritual and psychosocial understanding of man.

* Successes in some aspects of ecological research, development coopera-
tion, and international governance at the regional and global levels, over three
decades.

The World Conserpatiwn Strategy (IUCN, 1980) provides essential
guidelines for nature conservation and natural resources development
or management in as sustainable a manner as is possible over the long
term. It provides the ingredients of nature conservation that would
make possible the sustainable development of natural resources, espe-
cially the protection of biological diversity and genetic resources, the
sustained use of species and ecosystems, and the maintenance of essen-
tial ecological processes and life-support systems.

In this respect, the World Conservation Strategy suggests a range of
actions at the local, national, and international levels; and provides a
number of considerations for decision-makers who subscribe to its
philosophy. However, it is not a blueprint for resolving conflicts per-
taining to nature conservation, natural resources management, and
human development. Rather, it is a strategy for the discovery of a
variety of tactics and actions that harmonize nature conservation, natu-
ral resources management, and human development at the local, na-
tional, and international levels; it depends on psychosocial perceptions
about life-style and the quality of life, and on cultural and economic
factors.
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NATIONAL CONSERVATION STRATEGIES

The World Conservation Strategy (IUCN, 1980) recommends inter alia
that each country review the extent to which it is achieving nature
conservation and natural resources management, concentrating on pri-
ority requirements for and main obstacles to it. Such a review should
form the basis of a strategy for the sustainable development of natural
resources. Such national conservation strategies are intended to provide
the means to focus and coordinate the efforts of government agencies
and nongovernment organizations in implementing the World Conser-
vation Strategy; and to facilitate focus on priority requirements for
nature conservation, to stimulate appropriate action, and to promote
public consciousness to overcome any obstacles. However, there are no
guidelines as to who should lead the formulation of such strategies,
what steps should be taken in this process, how different partners
should be involved, what should be the final outcome, and so on. This is
because national conservation strategies must be related closely to the
structure and culture of decision-making and policy-making in each
country, and must respond to each country's level of environmental,
technological, social, economic, and political awareness and capability.

Following the launch of the World Conservation Strategy, IUCN
and the World Wide Fund for Nature supported its implementation
particularly through the formulation of national conservation strate-
gies, especially in the developing countries. IUCN established the Con-
servation for Development Center to facilitate this implementation in
collaboration with its commissions, notably the Commission on Envi-
ronmental Planning. The center has served as a focal point for the
allocation of bilateral and multilateral aid funds for the implementation
of national conservation strategies. More than 30 countries have formu-
lated or are formulating national (or subnational) conservation strate-
gies. Most of these are in the African and Asia-Pacific regions, are
located in the tropical and arid zones, and are low-income countries.
This slow pace in formulating national conservation strategies may be
attributable to a number of factors, notably:

* political priority being given to short-term crises development needs
(e.g., debt management, trade deficits) than to medium- and long-term conser-
vation and development needs;
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* inadequate national capability or infrastructure for assessing potential
policy conflicts and complex trade-offs between nature conservation or envi-
ronmental protection and natural resources development and management;

* scarcity of financial resources for nature conservation and environmental
protection; and

* inadequate basic information for management and decision-making on
trade-offs and conflict resolution pertaining to nature conservation, environ-
mental protection, natural resources management, and aspirations for human
development and life-style.

Nevertheless, national conservation strategies have provided a useful
tool for initiating and promoting a dialogue and open-ended interac-
tion between nature conservationists and natural resources developers
and managers, about the following in particular:

* approaches for the optimal use of natural resources on a sustainable basis;
* the nature and dynamics of social and technological change;
* trade-offs (psychosocial, material, and monetary) between total exploita-

tion of natural resources and their total preservation;
* the need for benchmark indicators or products of stages in the integration

of conservation with development;
* the role of government and nongovernmental organizations, especially in

the agricultural, industrial, and commercial sectors;
* intersectoral participation in the formulation, implementation, monitor-

ing, and review stages;
* difficulties in consensus-building; and
e the need for iterative approaches for achieving a balance between develop-

ment planning and socioeconomic objectives at various spatial scales (local,
provincial, national, regional, and global) and different levels of technocultural
impacts (localized or widespread, low or high technology).

Although the experience of national conservation strategies has been
reviewed separately by Halle and Furtado (in press), this chapter dis-
cusses the importance of applied ecology in national conservation strat-
egies in the tropics.

IMPORTANCE OF APPLIED ECOLOGY

In the formulation and implementation of national conservation strate-
gies, applied ecology is important at three congruent levels of consid-
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eration: the general environment, the management environment, and
the decision-making environment. At the level of the general environ-
ment, basic scientific information is needed about the structure and
function of natural and man-made (or synthetic) ecosystems, and about
cultural ecology including the transfer of science. For example: What
are the geological structures, soils, water systems, climate, plants and
animals, and their interrelationships and dynamics, that characterize the
general environment that are being transformed, developed, and pro-
tected? What are the beliefs, values, concepts, challenges, tools, and
organizations about man's relationship with himself, nature, and the
universe that stress the tension field between human perception and
realization, and that advance human development and nature conserva-
tion? Basic knowledge or science along these lines determines the level
of human confidence, security, and fellowship, and influences the man-
agement of the environment in relation to species, ecosystems, and
ecological processes. Baseline knowledge about the natural and cultural
environment in the tropics is generally weak, because of meager invest-
ment in social and environmental research.

For managing nature conservation and natural resources, which is a
subset of the general environment, critical information is needed about
available techniques, local skills and capability, range and sophistication
of equipment and supplies, local and national organizations and institu-
tions, and about financial resources and development objectives. Infor-
mation of this kind facilitates the use and protection of species,
ecosystems, and ecological processes; however, such information is
scarce in the tropics because of the paucity of management-oriented
research.

Finally, for decision-making about nature conservation and natural
resources development, which is a subset of the management environ-
ment, strategic information is required about the impacts of alternative
technologies available for management on a sustainable basis, and about
trade-offs and valuations, and choices and outcomes, pertaining to the
enhancement of the quality of life and life-style and to resolving poten-
tial conflicts between conservation and development. Information is
weakest for decision-making; and even if scientific and technological
information were available, information about human values and cul-
tural dispositions, attended by uncertainty and risks, would usually be
difficult to obtain at the local and natural levels. As a consequence of the
dearth of information available for proper decision-making pertaining
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to the management of the tropics, the instruments for nature conserva-
tion and natural resources management in this area tend to mimic those
developed in the temperate zones. There is a considerable scope for
human ecological and behavioral research on innovative approaches to
nature conservation and natural resources management, especially those
that build on human confidence, security, and fellowship at the local
and national levels.

PROTECTION OF BIOLOGICAL DIVERSITY
AND GENETIC RESOURCES

A large proportion of biological diversity is located in the tropics, where
climatic conditions are relatively stable, where biogeophysical systems
have a high metabolic rate due to high fluxes of energy (insolation) and
materials transport (e.g., precipitation and circulation), and where bio-
geographic history has been complex.

However, only a small fraction of this diversity has been surveyed and
authenticated over the past 200 to 300 years, owing to the concentra-
tion of research and development over this period in the temperate
zones. Much of this authentication is restricted to dominant or spec-
tacular plants and animals. For sustainable development of biological
resources, it is necessary to survey and authenticate this rich biological
diversity in the tropics, particularly in relation to taxa that are under-
exploited, are used traditionally in various ways and in subsistence
economies, and are potentially valuable for supporting life in extreme
environmental conditions. While general surveys of biological diversity
may not be feasible for most tropical countries, because of prevailing
economic difficulties and the scarcity of local capability, specific surveys
that address taxa of potential economic and livelihood importance (e.g.,
fruit, timber, medicinal and aromatic plants) may be practicable. For
developing countries, this may involve regional cooperation and poten-
tial end-users.

Survey and authentication of biological diversity and genetic re-
sources are laborious and expensive, even if a utilitarian approach was to
be employed. While new techniques (e.g., laser-scanning imagery,
computer-aided analysis) may be needed to expedite authentication,
location of centers of biological diversity or species differentiation is



The Importance ofApplied Ecology 167

essential for their protection in situ. Such centers are likely to differ for
terrestrial (and freshwater) and marine species in the tropics, because of
different ecological factors that determine genetic drift and isolation on
land and in the seas. Ecological techniques would facilitate the location
of such centers, especially if used selectively for key taxa of herbivores,
detritivores, predators, and parasites, which may serve as indicators.
Although the IUCN has developed protected area systems for the use of
natural resources that are well documented in national conservation
strategies, such systems have not been developed for the protection of
biological diversity. In fact, much of the diversity of plants and animals
is outside the protected areas system, which suggests that ex situ pro-
tection of biological diversity may be more important than in situ
protection.

Protection of biological diversity, particularly in situ, depends on an
understanding of biotic potential, population dynamics, growth and
life-history and the processes that maintain it, especially for key species
in the dynamics of tropical ecosystems. Because of high energy and
material fluxes through the grazing and decomposition pathways, and
of relative environmental stability, taxa in tropical forests and seas show
a high degree of specialization, of symbiotic relationships (where two
species live together intimately to the benefit of both), and of life-cycle
complexity-all of which make most of them highly susceptible to
extinction under prolonged moderate stresses. The population dy-
namics of most tropical taxa are poorly understood. Basic information is
available for some taxa that are exploited from natural ecosystems (for
game, timber, fish, food, or trade in exotic species); and for threatened
spectacular species, besides domesticated and pest species. The popula-
tion dynamics of key species would enable the development of appro-
priate technology for in situ protection of biological diversity in the
tropics, and the assessment of exsitu approaches for protection. In view
of the paucity of information, this aspect of applied ecology has not
been well treated in national conservation strategies.

SUSTAINED USE OF SPECIES AND ECOSYSTEMS

National conservation strategies in the tropics have examined some-
what the sustained use of species and ecosystems. The biophysical
dynamics of species and ecosystems have received greater attention than
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the technological and management dynamics that ensure the sus-
tainability of their use. Furthermore, the issues of sustained use have
been examined to a greater degree in species harvested from natural
ecosystems and in natural ecosystems, than in domesticated species and
man-made or synthetic ecosystems. The population dynamics of most
key species in the tropics, including those harvested commercially from
the wild, is not known adequately for the development of reliable
models or strategies for exploitation. Such strategies appear to be better
known for animals than for plants. Some ofthe strategies for optimizing
harvests include the maximum sustainable yield and multispecies stock
assessment. In husbanded species, there is a replenishment of genetic
material and variability every 7 to 15 years. We need basic informnation
on population dynamics and genetics to facilitate optimum and sustain-
able production, and the assessment of trade-offs between wild-stock
harvest and cultured-stock harvest. The latter enables the diversification
of products and markets, including quality control; however, it requires
a high level of technological and management sophistication.

Tropical ecosystems are poorly understood and few of them, if any,
have been differentiated on the basis of community ecology. Ecosystem
types have been differentiated generally on the basis of physical factors
and dominant taxa, especially plants. Weaknesses in taxonomy and the
dispersion or low density of most species in the tropics, have made
detailed characterization of ecosystems difficult. Hence, assessment of
their sustained use is also difficult. Protected areas have been designated
for a variety of uses. Most of these are small and are not sustainable in
their present form, due to edge effects. Most protected areas also experi-
ence harsh physical conditions (e.g., steep slopes) or are economically
low in productivity; and there appears no congruence between their
distribution and that of biological diversity or essential ecological pro-
cesses, except for watershed reserves. Furthermore, the most productive
ecosystems in the tropics have usually been degraded by extensive or
intensive uses.

The sustained use of man-made or synthetic ecosystems is somewhat
uncertain since these tend to become increasingly disorganized by hu-
man perturbations. Therefore, we must use a biogeographic approach
when designing and distributing protected areas, especially in relation
to the protection of biological diversity in situ and the maintenance of
essential ecological processes.
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MAINTENANCE OF ESSENTIAL
ECOLOGICAL PROCESSES

National conservation strategies in the tropics have dealt poorly with
ecological processes essential for supporting life, since these are poorly
understood. There are two kinds of processes: the essentially abiotic and
the biotic. The abiotic processes include the carbon-dioxide/oxygen cy-
cles and the hydrological and nutrient cycles. They depend on atmo-
spheric, oceanic, and physiographic circulation, in which animals and
plants are intimately involved. They are better known than the biotic
processes essential for supporting life. The latter include production in
relation to grazing, decomposition in relation to detritivory, predation
and parasitism in relation to population control and fitness, thermo-
regulation in relation to habitat structure and stratification, and a variety
of symbiotic relationships involved in the alternation of generations,
growth and maintenance, reproduction including pollination, and the
formation of secondary metabolites. These ecological processes are bet-
ter known in terrestrial than in marine systems. They are interrupted by
human technologies or synthetic ecosystems. They can be maintained by
using approaches in landscape or seascape ecology to integrate resource-
use units with natural units and to generate a landscape or seascape
mosaic that is complex, stratified, and mimics natural ecosystems.

Tropical ecosystems are the most complex, most fragile, and least un-
derstood ecosystems for use for human development, primarily because
of the concentration of research effort in the temperate and boreal zones
over the past 200 to 300 years. There is a critical need for the applica-
tion of population and community ecology, landscape and systems
ecology, and human ecology pertaining to management and decision-
making, to ensure the sustainability of nature conservation and natural
resources development. This application is needed not only in the
formulation of national conservation strategies but in their implementa-
tion and in development planning.
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Chapter 9

ENVIRONMENTAL
SUSTAINABILITY IN

ECONOMIC DEVELOPMENT
-WITH EMPHASIS ON

AMAZONIA
ROBERT GOODLAND

Although the linkages between economics and environment are abso-
lute, these linkages are not emphasized either by the economic or by the
environmental professions. The economics of natural resources remains
a minor unpopular theme in orthodox economics today. Similarly, the
relationship of the economic subsystem of the overall ecosystem is only
mentioned in most environmental science texts. Attention to the envi-
ronmental dimensions of economic development began in the early
1970s and has yet to become systematic. There are encouraging signs
that this is improving. The integration of economics and environmental
concerns has been the focus of several recent conferences and books and
at least two journals (Environmental Economics, 1976; and Ecology and
Economis, 1987); excluding the vast literature on mainly reversible and
pollution economics. This chapter discusses four environmental aspects
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of economic development, the concept of sustainability, carrying capac-
ity, ethics, and irreversibility, and one important irreversible-the loss
of biodiversity-and relevant World Bank's policies.

SUSTAINABILITY

Sustainable development may be defined as a pattern of social and
structural economic transformations (i.e., development) that optimizes
the economic and other societal benefits available in the present, with-
out jeopardizing the likely potential for similar benefits in the future. A
primary goal of sustainable development is to achieve a reasonable and
equitably distributed level of economic well-being that can be perpetu-
ated continually for many human generations. Sustainability implies a
transition away from economic growth based on depletion of non-
renewable resource stock (e.g., oil) and toward progress (i.e., improve-
ment in the quality of life) based more on renewable resources over the
term.

This definition of sustainability has five major implications:

1. Well-being depends on three categories of values, which development
should consider, although some trade-offs are inevitable: economic efficiency;
equitable distribution of economic resources; and noneconomic values, such as
religion and spirituality, dignity, esteem, esthetics, and liberty.

2. Intergenerational equity. Although it is impossible to predict with precision
the likely interests of future generations, it is prudent to assume their need for
natural resources (soil, air, water, forests, fisheries, biodiversity, energy, and
minerals) will not be markedly less than ours. Therefore, sustainable develop-
ment implies using renewable resources in a manner that does not degrade
them-harvesting renewables on a sustained-yield basis rather than mining to
near extinction. Whales, tropical forests, and coral reefs are examples of renew-
ables that are often mined rather than harvested sustainably. High discount
rates (commonly 10 percent and more) discourage long-term investments and
promote short-term investments. For example, if a whaler can make a 15
percent per annum profit by exterminating whales over 10 years, and then
investing the proceeds in a different sector, what economic incentive is there to
make a 10 percent per annum profit by harvesting whales sustainably?

3. Sustainable development implies using nonrenewable (exhaustible) mineral
reserves in a manner that does not unnecessarily preclude easy access to them by
future generations. It will be easier in the future to use today's scrap metal if it is
recycled, rather than dumped in a dispersed manner.
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4. Sustainable develpment also implies depleting nonrenewable energy re-
sources at a slow enough rate to ensure a high probability of an orderly societal
transition to renewable energy sources (including solar, biomass, wind, and
hydroelectric) when nonrenewable energy becomes substantially more costly.

5. Agricultural sustainability implies the permanent maintenance of biolog-
ical productivity on the site, with the costs of imported inputs (e.g., diesel,
biocides) and nutrients (e.g., fertilizer) not exceeding the conmmercial value of
the site's production. Sustainability demands resilience, the ability to return to
an initial state; resistance or ability to cope with change (such as the addition or
reduction of species or weather cycles); and persistence, which means that the
agroecosystem succeeds for a long time relative to the life spans of its com-
ponents.

These sustainability factors are not new to most people. The more
concerned and thoughtful individuals already drive smaller cars, con-
serve energy, recycle waste, provide for our descendants, and behave
thriftily. As a society, though, we allow ourselves and our globe to be
operated on a system of frontier economics created when the world was
essentially empty of people, when resources were scarcely tapped, air
and water were clean, land and forests were abundant. This idyllic era
has long since vanished, but the economic orthodoxy remains to be
modernized to reflect today's world, which is full (or overfull). Possibly
the single most influential change toward sustainability is to revamp
neoclassical economics to accommodate environmental concerns, par-
ticularly ethical and nonhuman values, sustainability, and externalities.

ENVIRONMENT AND ECONOMICS

In most introductory college economics texts, economics is still viewed
as an isolated circular flow of production and consumption. (The scope
for capital and labor to substitute for resource inputs is clearly limited.)
This is like an ecologist's describing an animal's circulatory system in
detail, while omitting to note the digestive tract and the respiratory
system. Economists have to realize that the economic circulation of
production and consumption also has a digestive tract; that this is one-
way, and that it is irreversible. The economic subsystem takes in re-
sources and excretes wastes, hence is irrevocably and tightly linked to
the ecosystem. The economic subsystem depends on the ecosystem as a
source of raw materials and as a sink for wastes: both these are finite.
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Therefore the main variable is the one-way throughput of matter and
energy; this throughput originates in the ecosystem sources, is used in
the economic subsystem, and is expelled back into the ecosystem's sink.
Addressing the dependence of the economic subsystem within the
ecosystem raises the question of how big the economy should be in
physical dimensions relative to the ecosystem. Now that the source and
sink functions of the ecosystem are overstressed, the scale of the
throughput has started to matter. This questions the concept of growth
economics, gross national product, and its relation to welfare, equity,
and the impossibility of generalizing Western standards to the entire
world. In the United States alone 6 percent of the world's people use 30
percent of the world's nonrenewable resource flows. Clearly it would be
impossible for the other 94 percent of the world's population to spend
resources on the same scale.

Therefore we need to define economics and economic development
in a way that applies to everyone: this leads us back to throughput.
Economic development must be redefined less in terms of expanding
GNP; more in terms of controlling population; and certainly in terms of
limiting inequality.

CARRYING CAPACITY

Large parts of our planet already have exceeded their carrying capacity.
Humanity can support itself (often none too well, either, since many
thousands starve to death every day) only by consuming its inherited
capital. Not only are stocks of oil and minerals being rapidly depleted,
but topsoils, groundwater, and biodiversity are also declining. Those
who care for the earth must grapple with hard trade-offs about humans.
What will be the quality of life of the 8 billion to 16 billion people
projected for the next century?

In June 1987 alone, if 3,186 tons of New York garbage was barged
6,000 miles for Long Island, refused by six states and three nations
(Mexico, Belize, and the Bahamas) for over four months, and still no
backyard was found in which to dump it, there cannot be much unused
space (sink) left. Since then it has been incinerated, but even the ash may
be too toxic to bury in a Long Island, New York, landfill. The United
States produces 150 million tons of trash each year, and 90 percent of
that ends up buried.
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Also in June 1987, the U.S. Nuclear Regulatory Commission failed
to rent a long-term radioactivity dump in spite of multimillion-dollar
annual baits to several southern and western townships. The state of
Nevada refused a federal offer of 100 million dollars annually for 50
years to accept spent nuclear fuel. Such high-level radioactive waste is
accumulating from more than 100 power plants at 3,000 tons per year
and remains dangerous for 10,000 years. Brundtland's (1987) conclu-
sion is the sanest. Develop nuclear power only when the problems are
solved beforehand: prudent advice for all products. Until society prog-
resses to that stage, we should halt making any more unmanageable
waste and force the producers (utilities) to solve their own problems.
Should businesses incapable of coping with their own products be
tolerated? Since 1988 marks one decade without a single reactor being
ordered, possibly our society is indeed improving.

You can read this chapter in about 60 minutes, which at 150 human
births per minute, means 9,000 babies were born since you began. The
main problem with us humans is that we are doing too well. Yes,
poverty and environmental damage are related. But the latter is more
fundamental, and the affluent arguably opt to cause more environmen-
tal abuse than the poor are forced to do.

The search for unfilled sinks may reduce ocean dumping and may buy
time to improve technology so that it generates less waste. For example,
West Germany's largest nuclear industry, Kraftwerk-Union, signed an
agreement with China in July 1987 to bury nuclear waste in Inner
Mongolia's Gobi Desert in exchange for nuclear technology. Similarly,
Amalgamated Shipping's Khian Sea (Bahamas) has been sailing for 20
months since October 1986 loaded with 15,000 tons of what the
Guinean government calls toxic waste from Philadelphia. Norway's
consul general and several Guinean Ministry of Commerce officials have
been jailed for complicity in dumping wastes in Guinea. They were
formerly rejected by the Bahamas, the Dominican Republic, Honduras,
Haiti, and Guinea-Bissau. This sounds unsatisfactory unless (and origi-
nally even if) it is a brief stop-gap expedient. Otherwise, there is little
incentive to recycle (or to operate without generating undisposable
wastes) until all of the world's deserts are overflowing. The world can
never be a decent place to live in until there is respect, tolerance, and
appreciation for everything on it.

Much of the world has overshot its carrying capacity. Until life
becomes more livable in the tropics, people will abuse them. This is why
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people who care for the environment strenuously promote social justice
in the tropics. If demographic inertia, the greenhouse effect, acid rain,
and loss of tropical forests are included, then this claim becomes omi-
nously plausible. This is the case for a shift from growth economics to
steady-state or sustainable economics; a shift from quantity to quality.

Much of the joy-and the grief-of ecology is that most environ-
mental stresses are fundamentally different from conventional cause-
and-effect expectations. Overshoot is a case in point. The environment
appears to have many thresholds of which stresses appear linear. Once
the threshold is exceeded, the effect may be nonlinear, or irreversible, or
lagged, or cumulative, or compounding, or even synergistic. In the case
of Europe's Waldesterben: Why did forests tolerate decades or centuries
of pollution with little sign of stress, only to succumb in vast tracts in the
space of a couple of years? The basis for decisions should be: "How bad
would it be if you were wrong?" What will it take for us to learn to err
on the side of prudence in the face of so much uncertainty and to choose
a course of action likely to do the least damage if our understanding
proves faulty?

ETHICS

'We didn't inherit this earth from our parents; we're borrowing it from
our children....

-attributed to DAVID BROWER

Ethics pervade both economic development and environment, al-
though we do not always acknowledge the ethical component of de-
cisions. The relationship among growth, equality, and ethics is
fundamental to environmental management in economic development.
Just as it is impossible for everyone's income to be above average, so is it
impossible for everyone's relative income to increase as a result of
growth. In rich countries, well-being increases with relative income, not
with absolute income. Therefore, aggregate growth above sufficiency
leads to self-canceling effects on well-being.

If aggregate growth does not improve well-being, then it is undesir-
able, even if it may be possible. Aggregate growth is undesirable be-
cause it augments throughput in the economic subsystem, hence strains
the sources and sinks of the overall ecosystem. It strains sources in
general, and common property sources in particular, since markets are
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imperfect. Throughput, or the "scale decision," is a social decision. The
rate of takeover of habitats and the rate of drawdown of geological
capital are decisions concerning sustainability, intergenerational equity,
or justice; hence, the major need to integrate ethical criteria into eco-
nomics and into societal decision-making in general. Although related,
sustainability and intergenerational equity, may need two scales of
value.

In 1986, World Bank vice-president Shahid Husain highlighted the
ethical component of economic development: "The discounting pro-
cedures we use to make judgments how fast we can, or should, deplete
natural resources are basically moral value judgments. Explicitly or
implicitly, we make a moral judgment when we say that this generation,
or any generation, has the right to make decisions for the future simply
by having an adequate discount rate."

Although much of this talk is too anthropocentric, the similarly
important ethical and intrinsic values of nonhuman species must be
acknowledged. Be under no illusion that incorporation of the ethical
dimension into development will be easy. John Shad, chairman of the
Securities and Exchange Commission, offered Harvard University
Business School 20 million U.S. dollars, as a gift to introduce a course
of business ethics. Harvard rejected the gift. Ethics is both agonizing
and enthralling. The basic point is to embrace diversity and tolerate
logical extremes. I confess my uneasiness with those cool logicians who
point out the inescapable need to eschew all pets (dogs, cats, goldfish,
budgerigars) and all domestic animals (cows, sheep, pigs, horses,
chickens). Singer (1975, 1985) and Regan (1987) prove to me that the
intrinsic values of nonhuman species preclude their exclusively util-
itarian use. We accept the rich environmental ethics spectrum or diver-
sity of opinion ranging from one logical extreme (e.g., Singer and
Regan); to vegans and vegetarians; to people who eschew terrestrial
carnivory, leather shodding, and fur cloaking; to people who effectively
conserve many habitats and raise bundles of environmental financing
solely for the right to cull a few species over a few days a year (e.g.,
National Wildlife Federation, Ducks Unlimited, Izaak Walton League).
Our ethical colleagues have to analyze where they are comfortable.
Some wear fur only if domestically bred rather than harvested from the
wild. Gandhi made, presented, and wore leather sandals, but only from
cows dying from old age. He even condoned mosquito killing for
malaria control because it was like a fence animals need not cross.
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Wherever on this spectrum you fit, it won't be for long. Ethical values
evolve. I believe the global society gradually and too slowly is improv-
ing ethically: patchily and with reverses. Flogging your horse to death,
human slavery, spouse and child bashing were legal until relatively
recently. Nowadays starvation, absolute poverty, extinction of species,
sadistic blood sports (e.g., cockfighting in southern United States;
fox hunting in the United Kingdom), and street people freezing to
death, while lamentably legal, at least needle the conscience of so-
ciety more than they did a century ago. Some of our societal institu-
tions seek to redress such evils. Other ethical grotesqueries remain
less acknowledged; for example, the heinous imbalance between educa-
tion, nutrition, social security, health, potable water, etc., and military
expenditures on the other. Just as the recently acknowledged environ-
mental dimension of economics needs attention, so do the ethical com-
ponents of both economic and environmental concerns. The global
commons is run along increasingly economic criteria. The time is over-
due to complement this with environmental and ethical considerations.
The tremendously encouraging consonance between the two occurs
because the ethical and environmental solutions in economics are al-
most always similar.

Clearly, population issues are fundamental to sustainability and to
environmental management. I shall not add to the vast literature on the
subject, but this chapter would be incomplete without mention of two
fundamentals: the liberation of women and the excess consumption of
the affluent.

The liberation of women is essential to environmental sustainability,
as well as being a key equity issue. The president of the World Bank
recently emphasized that "women do two-thirds of the world's work.
Their work produces 60 to 80 percent of Africa's food, 40 percent of
Latin America's. Yet, they earn only one-tenth of the world's income
and own less than 1 percent of the world's property." Hence, women
constitute an unacceptably large proportion of the poorest of the poor,
and of the landless laborers, in addition to the burden of the double day:
both job and housekeeping. Resolution of this impasse lies in education
and in improvements in agriculture-particularly reuniting nutrition
with agriculture-and in agrarian reform. Even modest increase in self-
reliance and self-sufficiency buffer the family and augment equity. The
Bhopal tragedy, for example, represents agribusiness profit motives
more than human subsistence. Bearing fewer children must be made a
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reasonable choice for women; at the moment it is not. The wish for
fewer children will increase when progress toward the above has been
achieved. Fostering a coalition between groups that promote environ-
ment, women, and population management would help greatly.

The second fundamental is to reduce the pressures on our finite globe
by reducing excess consumption by the affluent. Intergenerational eq-
uity can be approached only when we do not deprive future generations
of necessities in order to pamper ourselves with luxuries today. The
gigantic volume of nonrenewable resources that deplete Third World
stocks is galvanized largely through demand for luxuries. The old saying
remains valid: "The United States' 6 percent of the world's population
consumes 30 percent of the world's resources." This is clearly impossi-
ble to generalize for the other 94 percent of the world's population:
only imagine 1 billion Chinese with one automobile each. Let me end
these two points with a question: If walls were built around each nation
(i.e., if all international trade were halted), which would crumble first,
the industrial or the developing countries?

IRREVERSIBILITY

Environmental effects can be reversible or irreversible. With the blind-
ing clarity of hindsight, we now see that the environmental movement
began with reversible environmental effects. The best example is pollu-
tion in an industrial region, such as Ohio's Cuyahoga River, which was
operated as a petrochemical sink and died decades ago. It was so
polluted that it occasionally even caught fire. But shortly after the
political will and financing were mustered, the pollution was reversed,
the river was repopulated with wildlife indistinguishable from pre-
pollution eras, and today it is attractive and clean. Similarly in London,
England, the political will to combat the notorious pea-soup smog was
mustered by 4,600 extra deaths in one night alone (December 4, 1952).
This led to the 1956 Clean Air Act; today London's air is relatively
clean. The lesson here is that damage and death of temperate ecosystems
can be cured. This is a needlessly expensive course, but it is possible. The
dental analogy is somewhat similar. You may hate the dentist and never
seek preventive maintenance, but once the pain in your tooth exceeds a
certain threshold (the political will), you voluntarily take yourself to the
dental chair. Economics has contributed greatly to reversing reversibles,
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for example, the "polluter pays" principle and many other neat eco-
nomic incentives, permits, taxes, and penalties.

Irreversible effects are fundamentally different. They cannot be cured
by throwing money at them; prevention seems the only course. Exam-
ples include global carbon dioxide accumulation, the greenhouse effect,
global warming, atmospheric ozone depletion, contamination of
groundwater, accelerated loss of topsoil, and particularly tropical de-
forestation, extinctions, and loss of biodiversity. Civilization can survive
the consumption of the last drop of oil reserves but not the continuing
loss of topsoil. Volumes have been written on all these effects. The main
cause of the extinction of species or loss of biodiversity is the loss of
tropical forest, the planet's richest terrestrial ecosystem. At best, extinc-
tions mean resources that otherwise might improve the quality of hu-
man life will not be available; at worst, it could mean serious disruption
of the environmental processes upon which civilization depends.

THE LOSS OF BIODIVERSITY

"The poverty of the poor-and the greed of the rich-are the greatest
polluters...."

-INDIRA GANDHI

The loss of biodiversity or the extinction of species is the paradigm of
lack of sustainability. The main cause is loss of tropical forest-
dwindling at 74,000 acres per day-the planet's richest terrestrial eco-
system. This habitat supports half of the world's 5 million to 30 million
species on 7 percent of our land area. Latin America alone may support
15 million species, possibly one-third of the world's total. The causes,
particularly poor people forced into shifting cultivation of tropical
forest, and the perilous consequences of loss of biodiversity are well
known; others can turn to the Ehrlich and Ehrlich's (1981) compelling
oeuvre. Lest U.S.-based readers feel it is not their problem: it is. The
United States' inexorable demand for tropical commodities such as
rubber, beef, oil palm, cocoa, tropical timbers (1 billion U.S. dollars per
year), and veneer exerts irresistible pressure on tropical forests. If con-
version of tropical forests created sustainable jobs or permanent bene-
fits, it would be difficult to demote; but it does not. Tropical forest is
being destroyed for ephemeral pittances. One of the most damaging is
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The Hamburger Connection

If cattle gain 50 kilograms per hectare per year and are slaughtered after 4 years
(but let's assume 8 years), and half the weight is nonmeat (skin, bones, etc.),
then each cow produces 200 kilograms, or 1,600 hamburgers. If 1 hectare of
tropical moist forest weighs 800 tons, then 800 tons = .5 tons of forest per
hamburger. At 10,000 square meters per hectare - 1,600 = 6.25 square meters
of forest per hamburger. After 10 years, this means 3 U.S. dollars per hectare
per year. In summary, one hamburger translates into half a ton of forest. The
cumulative effect of such hamburger consumption is equivalent to millions of
years of evolution and to thousands of species. Is it worth it?

Conversion of all of Amazonia (4 million square kilometers) to cattle pasture
would produce (1,600 hamburgers per hectare for 8 years) 6.4 x 10" ham-
burgers, enough for 3 burgers per day for the world's 5 billion people for 43
days (6.4 x 10"/5 billion = 128 burgers per person x 3 = 43 days). Would
the irreversible loss of the Amazon forest for a month of hamburger for the
world's population be a worthwhile trade-off?

Cost Cost Per
Item Hamburger Total

(Billions) (U.S. dollars) (U.S. dollars)

SUDAM tax credit programs 1.2 .135
Central bank rural credits 1.5 .083
Timber destruction 4.5 .524

742 U.S. dollars TOTAL SOCIAL COSTS:
7.2 billion U.S. dollars

For every quarter-pound unit of Amazon beef that costs Brazilian ranchers
.26 U.S. dollars to produce, Brazil absorbs .742 U.S. dollars in social costs.
Stated differently, 1 metric ton of Amazon beef (before processing) embodies
about 6,500 U.S. dollars in social costs (of which subsidies alone represent
1,900 U.S. dollars). In stark contrast, between 1971 and 1982, Brazil paid for
foreign-produced and -processed beef an average import price of 1,086 U.S.
dollars per metric ton. The Brazilian govemment could have acquired nearly 2
metric tons of foreign beef for the same amount of capital it spent subsidizing
the production of 1 metric ton of Amazon beef.

SOURCE: After Uhl, 1986; Uhl and Parker, 1986; and Browder, 1988.
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deforestation for a few years of minutely cheaper beef hamburgers (see
page 182). This is one of the most serious causes offorest loss in Central
America.

Today's extinction rates are unprecedented; the problem is urgent.
Our global society has 10 to 30 years left to conserve tropical rain-forest
habitats, which are dwindling at 200,000 square kilometers per year,
depending on the site. For the Philippines, Haiti, El Salvador, Sri
Lanka, parts of India, and Bangladesh it is largely too late: a large
proportion of their biodiversity is already irreversibly extinct. If our
generation does not conserve samples, it won't be there for the next. In
addition, most extant species may be living dead (i.e., no longer breed-
ing or with nonviable populations). Major needs to arrest these losses
are summarized in Appendix A.

ECONOMIC PROGRESS

"The worst thing that can happen will happen. In the 1980s this is not
energy depletion, economi collapse, limited nuclear war, or conquest by a
totalitarian government. As terible as these catastrophes would be for
us, they can be repaired in afewgenerations. The one process ongoing in
the 1980s that will take millions of years to correct is the loss ofgenetic
and species diversity by the destruction of natural habitats. This is the
folly our descendants are least likely to forgive us."

-EDWARD 0. WILSON, professor of biology, Harvard University

The question becomes: What are we-not our children-going to do
about all this? John Maynard Keynes, as one of the founders of the
World Bank, stressed: "We will do the rational thing-but only after
exploring all other alternatives." Appendix A outlines ways to save
tropical forests and hence reduce the extinction rate. We have many
opportunities to become involved. A wide spectra of skills and energies
are needed. Following 1987's environmental campaign, Coca-Cola's
Minute Maid orange juice subsidiary donated 40,000 acres of Belizean
tropical forest for conservation, plus 50,000 U.S. dollars to the Massa-
chusetts Audubon Society toward its management. Coca-Cola now
seems to be the only major multinational to conserve a sample of the
natural ecosystem from which it derives profit. Can other corporations
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involved in tropical forest loss be similarly encouraged? The success of
Earth First and the Rainforest Action Network, encouraging Burger
King to eschew tropical rain forest beef, attests the possibilities. Choose
where you feel most comfortable and build on your strengths.

Political actions can be exceptionally influential. Improvements in
economic calculus reap overall fundamental benefits. The World Bank's
President Conable wrote (1987) that "the goals of poverty alleviation
and environmental protection are not only consistent, they are interde-
pendent. Sound ecology is good economics. The Bank will place new
emphasis on correcting economic policies that promote environmental
abuse."

Ecologists must learn to communicate with economists and decision-
makers. The World Bank's vice-president, Shahid Husain, amplified:
"Many direct governmental subsidies are unsound both in environmen-
tal and in economic terms. They add to a country's fiscal burden,
encourage the wasteful use of scarce resources and frequently benefit
(only) the large landowners." Brazil's two major programs to subsidize
beef cattle production in the Amazon, combined with the destruction of
forest resources those programs encourage, represent a total social cost
of no less than 7.2 billion U.S. dollars.

POLICIES OF THE WORLD BANK

The World Bank is the largest investor in economic development in
developing countries. It is owned by 151 member countries; therefore
practically all the world's biodiversity is contained therein. It lends 17
billion U.S. dollars per year to the developing-country sovereign
owners of tropical forests. Therefore, the World Bank can be enor-
mously potent for world environmental sustainability, by financing
loans to developing nations for sustainable development, including the
conservation of biodiversity.

In July 1987, the World Bank created a top-level Environment De-
partment, in addition to four regional environmental divisions (for
Africa, Asia, Latin America, and the rest). As Saul Alinsky advised:
"The best way to change an institution is to force it to abide by its own
rules." The World Bank's main environmental policies, which are oblig-
atory in all World Bank-assisted programs, are listed below.
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* Comprehensive environmental policy
* Involuntary resettlement of people
* Tribal people (unacculturated ethnic minorities)
* Wildlands conservation (genetic diversity)
* Cultural property (archeological and historic sites)
* Industrial safety and accidents
* Pollution control (air, water, ground, industrial, urban)
* Pesticides
* Health precautions in pesticide use
* Dams and reservoirs (hydro and irrigation projects)
* Environmental assessment

In September 1986, the World Bank promulgated a fundamental
policy on biodiversity called Wildlands. So far, the World Bank has
financed biodiversity preservation in 26 countries worldwide, in 40
projects, which protect more than 60,000 square kilometers (larger
than all of Costa Rica). The biggest is in Amazonian Brazil, where in
Rondonia protection of 19,000 square kilometers of tropical forest (as
big as El Salvador) is being financed. But this is a drop in the bucket and
scarcely enough to decelerate biodiversity loss. To change an institution
by making it abide by its own rules, you must know the rules. Here are
the specifics of the new Wildlands Policy:

The general policy follows the first injunction of Hippocrates 2,000
years ago: Non noli nocere-First do no harm. The World Bank seeks to
avoid eliminating wildlands and wishes to finance their preservation.
This translates into six policy elements:

THE FIRST POLICY ELEMENT. The Bank normally declines to finance
conversion of wildlands of special concern: these are the officially desig-
nated areas such as national parks, and includes areas slated for official
designation, as well as specific geographical priorities, and specific en-
dangered ecosystems.

Why is the word "normally" included? This provides for a powerful
quid pro quo: a trade-off. Let's say 1 percent of a desert national park is
requested for an irrigation reservoir. The trade-off could include:

* Addition to the park of 1 percent equivalent tract elsewhere.
* Selection of an underrepresented habitat.
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* Financing for the whole park.
* Addition of an aquatic habitat and source of water.

THE SECOND POLICY ELEMENT. When wildlands other than those of
special concern become involved, the project should be sited on already
converted land (logged over, degraded, or already cultivated). Reha-
bilitation of degraded sites must take precedence over further conver-
sion of intact wildlands.

THE THIRD POLICY ELEMENT. All deviations from these policies must
be explicitly justified. This means a more open decision-making process
than has occurred in the past. The options must be aired outside the
implementing ministry, and should include the Ministry of Environ-
ment, academia, and nongovernmental organizations.

THE FOURTH POLICY ELEMENT. When development of wildlands is
explicitly justified, less valuable wildlands are to be converted, rather
than more valuable ones. If nothing else, all these poLicy elements will
vastly augrnent employment for tropical, applied ecologists and im-
prove our knowledge of biodiversity.

THE FIFTH POLICY ELEMENT. When conversion of wildlands is not of
special concern, such wildland loss must be compensated for by financ-
ing the preservation of a similar wildland elsewhere, similar in area and
in biodiversity. Often this translates into creating a protected area
adjacent to the project buffer zone. But it can include financing of a
needed tract elsewhere if the trade-off is firmly negotiated.

TiE SIxrH AND FINAL POLICY ELEMENT. If a project does not contem-
plate conversion of wildlands, the policy is to preserve wildlands for
their environmental service values alone. The best example of an envi-
ronmental service component is Dumoga National Park in Sulawesi,
Indonesia. This 3,200-square-kilometer National Park-bigger than
Luxembourg-protects the entire watershed of a 197-square-kilometer
irrigated rice scheme, even though the rice project would not have
directly caused deforestation of the watershed. The park was financed
from 1.5 percent of project costs (at 1.1 million U.S. dollars). Since
then, it has become the site of the world's biggest-ever scientific
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expedition-Operation Wallace. Hundreds of scientists worked for
three years and discovered hundreds of new species.

It is up to all of us to maintain constant vigilance, to work with the
ministries of environment and wildlife departments of developing
countries, as well as with the implementive ministries and development
finance agencies. Of course there will be difficulties, but cooperation
between governments, developing-country nongovernmental organi-
zations, development agencies, the informed public, academia, and the
private sector will ensure success. Two difficulties remain: first that the
World Bank makes loans at near commercial interest rates, rather than
making grants, as some bilaterals fortunately can do. Second, too much
loan conditionality encourages potential borrowers to seek less condi-
tional loans elsewhere. While environmental improvement will not be
easy, it is better than the alternative of accelerating extinction.
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Appendix A

How to Save Tropical Forests
a Conspectus

REDUCE DEMAND-BOOST SUPPLY

Essential Preconditions

Revamp orthodox economics; innovate Third World debt solutions; pro-
mote economic incentives for environmentally prudent behavior; assist vulner-
able ethnic minorities (e.g., jungle dwellers); reduce war and its environmental
effects.

Ensure conservation areas, national parks, world heritage sites, biosphere
reserves; zoos and arboreta; gene, sperm, and seed banks; museums, herbaria;
rehabilitate degraded tracts; promote peace, environmental education, legisla-
tion; and encourage the legal profession, e.g., pro bono; tout ethics.

Improve Development Projects

Multilateral development banks and bilateral development agencies (e.g.,
USAID, CIDA, SIDA, DANIDA, ODA), especially projects of forestry, rub-
ber, oil palm, cocoa, alternatives to cocoa; promote scientific tourism, debt-for-
nature swaps.

Plant rubber south of the Amazon; promote cocoa pollinators; reactivate
Asian sleeping rubber; encourage tropical agro-multinationals to conserve
samples of the ecosystems they use (e.g., Hershey, Dole, Firestone, Goodyear,
Cadbury, Coca-Cola, Minute Maid, R.J. Reynolds' "Camel Adventure," Del
Monte, Nabisco, Kentucky Fried Chicken).
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Improve Land Settlement

Deflect transmigration to alang grassland, and Polonoroeste to cerrado sa-
vanna; improve land tenure in existing settlements; demote highways and cars
in forest; promote carts and bicycles.

Promote cerrado, grassland, and savanna land settlements; upgrade slums;
family planning; existing agriculture; fluvial transport and blimps; agrarian
reform outside forest regions.

Reduce Shifting Cultivation

Except for low population-density jungle-dwelling ethnic minorities, alter-
natives to shifting cultivation should be encouraged.

Tropical forest action plan; improve conventional land use; promote and
improve fallows and subsistence economies; promote irrigation and fertilizers
on existing agricultural land.

Demote Tropical Cattle Ranching

Hamburger connection; ethics, economics, employment, sustainability (ex-
tinctions); raise health issues (e.g., cholesterol); Burger King, McDonald's.

Promote cattle on natural rangeland; promote noncattle meat (capybara,
agouti); raise fish (rivers, ponds); encourage trends: red to white meat and
poultry to fish to some degree of vegetarianism; cows to pigs and goats.

Improve Tropical Timber Trade

Tax tropical undressed log exports; consumer pressure against tropical lum-
ber imports (e.g., Japan, U.S., EEC); promote sustainable forestry; reduce
export incentives.

Tree plantations near markets; buffer zones around conservation areas;
agroforestry; recycle paper; promote value-added to tropical wood exports.

A word of caution: violence breeds more violence and totalitarianism. Dian
Fossey was macheted to death during Christmas 1984, while protecting one of
our nearest nonhuman relatives, the gorilla-and there are only 252 left. On
the night of July 10, 1985, a sovereign, civilized Western democracy officially
sanctioned the deliberate bombing and sinking of Greenpeace's flagship Rain-
bow Wamror in Auckland harbor, killing Fernando Pereira. Reversing its denial
and following two years of international arbitration, France paid Greenpeace
more than 8.1 million U.S. dollars in aggravated and other damages in addition
to the 7 million U.S. dollars, U.N. compensation to New Zealand, and a
separate settlement with the dead victim's family. France's defense minister
resigned, and the security director was fired. Nonviolence is preferable to such
violence of the despoilers. The nonviolence of Mohandas K. Gandhi and
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Martin Luther King are greatly preferable. The point to emphasize is that we
are all needed. If your forte is golfing with chief executive officers of multina-
tionals, then join those at the top of Appendix B. Those courageous enough to
interpose their bodies between trees and chainsaws or bulldozers, or between
harpoons and whales will join Greenpeace, Chipko, Sea Shepherds or Earth
First. Writers, politicians, rabble-rousers, economists, media-educers, number-
crunchers, fund-raisers, and bumper-sticker stickers-all are needed. Everyone
has to find his own tribe. Eventually, and sooner rather than later, the nationals
of tropical forest nations must manage their own resources. One highly effec-
tive action is to support conservation and environmental nongovernmental
organizations (Appendix C) in such nations. This includes linking advocates of
jungle dwellers with those of tropical forest, conservation, and environment.
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Appendix B

Spectrum of Environmental
Action Opportunities

(EXAMPLES ONLY)

1. Political (e.g., Congressmen Kasten, Obey, Porter) Hold hearings on envi-
ronment and sustainability in economic development; promote legislation
to promote environmental prudence (e.g., Green Party in Bundestag).

2. Economic (e.g., Herman Daly, Binswanger, Warford) Reduce subsidies and
incentives for environmental abuse; correct pricing of externalities, etc.;
promote longer term and group land tenure and intergenerational equity;
promote incentives for qualitative progress rather than always quantitative
growth; debt for environment equity swaps.

3. Institutional: More Establishment
World Resources Institute
Conservation Foundation
Population Council
International Institute for Environment and Development
Worldwatch Institute
IUCN CMC

4. Institutional Grass Roots
Audubon Society
National Wildlife Federation
World Wildlife Fund
Population-Environment Balance, Inc.
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Cultural Survival
Survival International
Nature Conservancy
Sierra Club
Conservation International
Natural Resources Defense Council
Environmnental Defense Fund
Defenders of Wildlife
Friends of the Earth

5. MoreActivist
Chipko Tree Huggers*
Greenpeace
Earth First
Sea Shepherds

* In 1987 Chipko received the $100,000 International Right Livelihood Award and was
added to the United Nations Environmental Honor Roll, for its nonviolent resistance to
environmental abuse.
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Tropical Forest Action Groups

(PARTIAL LISTING ONLY)

Study, publicize, lobby, write letters, demonstrate. Active participation in some
of the tropical forest conservation groups listed in Appendix B and some of the
environmental groups listed in here can be exceptionally effective.

Cultural Survival, Inc., 11 Divinity Avenue, Cambridge, MA 02138, U.S.A.
Earth First, P.O. Box 5871, Tucson, AZ 85703, U.S.A.
E.F. Rainforest Action, Bay Area Earth First, P.O. Box 83, Canyon, CA

94516, U.S.A.
Environmental Liaison Center, P.O. Box 72461, Nairobi, Kenya
Friends of the Earth Campaign to Serve Tropical Rainforests, 26 Underwood

Street, London N17JQ, U.K.
International Tropical Timber Organization (ITTO), Yokohama, Japan
International Union for the Conservation of Nature and Natural Resources,

Avenue du Mont Blanc, CH-1196, Gland, Switzerland
Rainforest Action Network, 300 Broadway (Suite 28), San Francisco, CA

94133, U.S.A.
Rainforest Information Centre, P.O. Box 368, Lismore, NSW 2480, Australia
Sahabat Alam Malaysia, 37 Lorong Birch, 10250 Pulau Penang, Malaysia
Survival International, 2121 Decatur Place, Washington, DC 20008, U.S.A.
Tropenbos: Stimulation Program for Research in Humid Tropical Forests,

Galvanistraat 9, 6716 AE Ede, Netherlands
Tropical Ecosystem Research and Rescue Alliance, P.O. Box 18391, Washing-

ton, DC 20036-8391 U.S.A.
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Tropical Forest Action Network, 501 Shinwa Building, 9-17 Sakuragaoka,
Shiboya-ku, Tokyo 150, Japan

Tropical Forests Working Group (c/o NRDC), 1350 New York Avenue,
N.W., Washington, DC 20005, U.S.A.

Tropical Rainforest Times, FOE 26/28 Underwood St., London Ni, U.K.
Tropical Forest Project, World Resources Institute, 1735 New York Avenue,

N.W., Washington, DC 20006, U.S.A.
World Rainforest Report (World Rainforest Movement) (Martin Khor Kok

Peng) Third World Network, 87 Cantonment Rd., 10250, Penang, Ma-
laysia

World Wildlife Fund International, CH-1196, Gland, Switzerland
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Edited by Robert Goodland
Foreword by Daniel H. Janzen

Race to Save the Tropics is the first book on applied tropical ecology in which pioneer
applied ecologists document development issues in tropical countries.

This compilation includes works from some of the world's foremost experts on
applied tropical ecology, from institutions such as the World Bank and the U.S.
Agency for International Development, and scientists involved in ground-
breaking field research in the United States, Latin America, and Asia.

The topics addressed include agroecology and the design of agricultural projects
in the tropics; agricultural pest management; tropical forest management; the role
of applied ecology in designing dams; teaching applied ecology in developing
countries; and integrating applied ecology into national development and conser-
vation plans.

-... .unites the work of many other front runners in this critical race'
Herman E. Daly, Senior Economist
Environment Division, World Bank

"A large part of the environmental history of the planet is being played out in the
tropics. All people will be affected for better or worse depending on how carefully
governments and people listen to the lessons outlined here:'

Thomas E. Lovejoy, Assistant Secretary for External Affairs
Smithsonian Institution

'As we enter the last decade of the millennium, environmental issues are finally
taking their rightful place on the global stage. Thus, the need for a thorough
integration of conservation and development, ecology and economics, is becoming
ever more apparent. By focusing on the interface between applied ecology and -

economics in the critically important tropical regions of the world-the major
geopolitical and conservation focus of the 1990s-this book, by those whom
Goodland refers to as 'the muddy-footed practitioners of applied ecology,'furthers
our understanding of some of the most critical issues facing us today. An outstand-
ing and extremely useful contribution edited by one of today's most influential
environmental leaders."

Russell A. Mittermeier, President
Conservation International
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