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FOREWORD

By

Dr. M.S. Swaminathan
President
International Union for Conservation of Nature and Natural Resources
President, World Wildlife Fund India
Trustee, World Resources Institute

When I began writing this Foreword on 7 February, 1989,
the television screen in front of me was showing millions
of pilgrims at Allahabad in India having their bath at the con-
fluence of the rivers Ganges. Yamuna. and the invisible
Saraswathi. Joseph Campbell in his book Creative Myvithology
wrote: “*For those in whom a local mythology still works,
there is an experience of both accord with the social order,
and of harmony with the universe.™

In the mythology of many civilizations around the world,
living in harmony with nature is always a recurrent refrain.
The mythology of the Ganges revolves around its glacier
origin, the dual role of mountain forests as catchments and
containments. and the estuarine mouth creating a swamp
forest of rich genetic diversity in both flora and fauna. The
pilgrims who have their holy bath at Allahabad believe that
God manifesting as Gangadhara held the might of the tor-
rential Ganges in the locks of his hair. In a way. this myth
symbolizes the control of the gushing streams by the dense
forests of Tehri Garhwal. Unfortunately. today the forests
are disappearing and the gushing streams flow down un-
checked. caucing siltation of rivers and frequent floods. When
foresis disappear, the associated fauna and flora also
disappear.

When scenes of scvere floods appear on television screens,
few people living comfortably in urban areas see the linkages
between floods downstream and deforestation upstream.
‘Nhen markets are full with a wide range of food material.
we tend to forget that we live on this earth as guests of the
green plaats that convert sunlight, nutrients. and water into
feod. If green plants cease to exist, animals cannot exist.
In nature a delicate web of inter-dependence is spun among
all living organisms as well as between the biosphere and
the geosphere.

Biological diversity provides the foundation for further pro-
gress in enhancing the biological productivity of our planet,
on i sustainable basis. The basic building blocks for this toun-
dation are the genes contained in plants and animals, which
by their diversity can enable the whole organisms to adapt
1o the changing environment.

Recent advances in molecular biology and genetic
engineering have opencd up new opportunities for moving

genes across sexual barriers. Thus genetic engineering has

enhanced the value of the rich genetic estate we have in-

herited. The need for conserving wild species of plants and
animals has hence become even more urgent.
What are eur blessings in terms of biological diversity?

I would like to enumerate a few.

e All our food comes from wild species brought into
domestication. and the cultivated varieties are fighting a
constant evolutionary battle with the pests who find their
fruits to be a tempting target. Continuous rescarch. often
drawing on wild species. is therefore essential to main-
tuin the productivity of the plants that provide our main
sources of sustenance (over half of human nutrition is pro-
vided by just thre2 plants: rice, wheat. and maize).

® Our water is supplied by one of nature's most important
processes. technically known as the hydrological cycle,
Forested watersheds provide clear. high-quality water for
domestic or industrial use. and nealthy rivers provide
water, transport, and fish.

® Species living and long-extinet support industrial proc-
esses. Oiland coal — from living creatures who captured
the sun’s energy before dying tens of millions of vears
ago — are major feedstocks for the chemical industry. keep
us warm, and fuel our transportation systems, Cement
comes from limestone. which is made up of the shells and
skeletons of long-dead corals and other forms of marine
life. Rubber. paper. wood. pesticides. and many other
natural products support our industries. and forests and
wetlands help clean up the pollutants afterward.

* Most of our medicines came originally from the wild. in-
cluding our major painkitlers. birth-control agents, and
malaria drugs. While many are now produced syntheticai-
ly. medicinal plants are still important in many parts of
the world. In India. traditional doctors use 2,500 plants,
and over 5.000 medicinal plants have been recorded in
China. Quinine. digitalis, and morphine all still come from
plants. and over 40 percent of all prescriptions in the USA
still depend on nawural sources.

These few examples demonstrate that abusing our limited
stock of natural resources is self-destructive and irrational.

But instead of nurturing these resources to provide benefits



that can be sustained far into the future. too much of modern
development is doing the opposite: abusing nature to pro-
vide excessive benefits for a generation or two of humans,
The symptoms of this abuse are all around us. trom local
deforestation to global climate change.

Conserving the World's Biological Diversity is o guide to
all who would like to turn the tide of destruction into a new,
positive relationship between people and nature. A new form
of civilization based on the sustainable use of renewable
resources is not only possible., but essential. This book sug-
gests the principles and tools that are available to promote
the new civilization. based on community self-reliance. diver-
sity in both nature and human cultures, cconomic systems
that consider a!l costs and benefits of alternative actions,
scientific research that is applicd to the challenge.. of manag-

ing natural resources. and the use of modern information
technology to ensure that decisions are based on full
knowledge of the likely consequences.

Most of the major policy decisions that atfect the use of
natural resources are taken in the cities, far removed from
the realities of the limitations imposed by nature’s produc-
avity. Policies on trade. international cooperation, land
tenure, defense. agriculture, forestry. fisheries. education,
health, and finance all aftect the way biological resources
are used or abused. This book can help ensure that urban
decision-makers do not forget that the wellspring of human
prosperity is in the countryside, and that new policies are
required to ensure a continuing tlow of benefits trom
biological resources to all of humanity.
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EXECUTIVE SUMMARY

Our species entered the industrial age with a population
of one billion and with biological diversity — the total of
genes, species, and ccosystems on carth — possibly at an
all-time high. Biological resources - - the portion of diver-
sity of actual or potential use to people — were frecly
available for exploitation to support development.

In the late 20th century. we are coming to realize that
biological resources have limits, and that we are exceeding
those limits and thereby reducing biological diversity. This
is therefore a time of extraordinary change in the relation-
ship between people and the biological resources upon which
their welfare depends. Each year, more people are added
to the human population than ever before, species are becom-
ing extinct at the fastest rate known in geological history,
and climate appears to be changing more rapidly than ever.

Human activities are progressively eroding the carth’s
capacity to support life at the same time that growing numbers
of people and increasing levels of consumption are maling
ever greater demands on the planet’s resources. The com-
bined destructive impacts of a poor majority struggling to
stay alive and an affluent resource-consuming minority are
inexorably and rapidly desiroying the buffer that has always
existed, at least on a global scale, between human resource
consurnption and the planet s productive capacity.

The erosion of the planet’s life-support systems is likely
1o continue until human aspirations come more into line with
the realities of the earth’s resource capacities and processes,
so that activities become sustainable over the long term. The
problems of conserving biological diversity therefore can-
not be separated from the larger issues of social and economic
development

Muaintaining maeximum biclogical diversity assumes far
greater urgency as rates of envirommentual clunge increase.
Diversity in genes, species, and ecosystems provides the raw
materials with which diftcrent human communities will adapt
to change, and the loss of each additional species reduces
the options for nature — and people — to respond to chang-
ing conditions.

The tropics harbor u major proportion of the planet’s
biotogical diversity. The industrialized ceuntries also depend
on tropical resonrces, as industrial materials, sources of
breeding material, pharmaceuticals, tourism sites, and a wide
range of other tangible and intangible benefits. So far,
however, the exploitation of the tropics by the industrialized
societies has yielded great benefits without making commen-
surate investments in conservation and without paying the
environmental costs of over-exploitation. Cheap labor, raw
materials with low prices that do not reflect their true value,
inappropriate development aid, and the control of commodity
prices and interest rates, among other factors, have encour-
aged much more rapid levels of resource depletion and

destruction than would otherwise be the case. The situation
is continually worsening through the ramifications of the
developing world's debt crisis and related high interest rates.

Governments, industry, development agencies. and the
general public are therefore becoming increasingly concerned
about the depletion of biological resources. with the grow-
ing awareness that development depends on  their
maintenance.

How can the scientific knowledge be mobilized that will
best enable the planet’s biological diversity to be conserved?
How can the process of change be managed so that biological
resources can make their best contribution to sustainable
development? What information is required to address the
problems of conserving biological diversity? Which prob-
lems need to be addressed first? How can the many initiatives
in conservation of biological diversity be coordinated most
effectively? Where can the financial resources be found to
respond to these issues at a scale that will be commensurate
with the problems?

This document secks answers to these questions.

The Values of Biological Diversity

Biological resources provide the basis for life on carth,
including that of humans. The fundamental social, ethical,
cultural, and economic values of these resources have been
recognized in religion, art, and literature from the carliest
days of recorded history. The great interest that children have
in nature, the numerous wildlife clubs, the generous dona-
tions made to non-governmental conservation organizations,
the political support for **Green Parties,”” and the popular-
ity of zoos and wi.dlife films are cconomic expressions of
preference and show that the general public does uot think
of biological resources merely in terms of a cash value.

But in order to compete for the attention of government
and commercial decision-makers in today’s world, policies
regarding biological diversity first need to demonstrate in
economic terms the contribution biotogical resources make
10 the counnry'’s social and economic development. Even par-
tial valuation in monetary terms of the benefits of conserv-
ing biological resources can provide at least a lower limit
to the full range of benefits and demonstrate that conserva-
tion can yiceld a profit in terms that are meaningful to na-
tional accounts,

Three main approaches have been used for determining
the value of biological resources:
® assessing the value of nature’s products — such as fire-

wood, fodder, and game meat — that are consumed direct-

ly, without passing through a market (**consumptive use
value™);
® assessing the value of products that are commercially



harvested, such as timber, fish, game meat sold in a
market, ivory, and medicina! plants (**productive use
value''); and,

e assessing indirect values »f ccosystem functions, such as

watershed  protection,  photosynthesis,  regulation  of

climate, and production of soil (**non-consumptive use
value™), along with tirc intangible values of keeping op-
tions open for the future (“*option value™) and simply
knowing that certain species exist (existence value™).

How and Why Biological
Resources are Threatened

The proximate causes of the loss of biological resources
are clear. Biological resources are degraded and lost through

such activities as the large-scale clearing and burning of

forests. overharvesting of plants and animals, indiscriminate
use of pesticides. draining and filling of wetlands, destruc-

tive fishing practices, air pollution, and the conversion of

wildlands to agricultural and urban uses.

When the problem of biodiversity loss is detined in terms
of its immediate causes, the response is to take defensive
and often confrontationil actions, such as cnacting laws, clos-
ing access o resources, and declering additional protected
areas. Such responses are necessary in tines of rampant over-
exploitation. But they are seldom really sufficient 1o change
the social und economic causes of the threats 1o biological
diversity.

The foundations of over-exploitation include demands for
commodities such as tropical hardwoods, wildlife, fiber, and
agricultural products. rhe growing human population, even
without accompanying cconomic growth and development,
places  incteasing demands on natural resources  and
ccosystem processes that are alrcady impoverished and stress-
cd. Settlement policies promote the movement of the grow-
ing uncmployed labor forces to frontier zones. The debt

burden forces governments to encourage the production ot

commodities that can carn foreign exchange. Encrgy policies
encourage incfficiency in many nations, and in so doing add
to the burden of air pollutants and the risk of substantial
global climate change. Inappropriatc land tenure ar-
rangements discourage rural people from making the in-
vestments that would enable sustainable use of the available
biological resources.
When the problem is defined in terms of its root causes,
a more constructive responsce can be stimulated that sceks
cooperative efforts to address the social and economéie foun-
dations of resource depletion.
Six main obstacles to greater progress in conserving
biological diversity nced to be addressed:
¢ National development objectives give insufficient value to
biological resources.
¢ Exploiting biological resources yields the greatest profit
for traders and manufacturers (who can cxternalize en-
vironmental costs), not for the local pecople who have few

other sources of livelihood, and who must pay the en-
vironmental costs of over-exploitation.

® The species and ecosystems upon which human survival
depends are still poorly known.

® The available science is insufficiently applied to solving
management problems.

e Conservation activities by most organizations have focused
100 narrowly.

o Institutions assigned responsibility for conserving biodiver-
sity have lacked sufficient financial and organizational
resources 10 do the job.

Approaches to Conserving
Biological Diversity

Conscrving biological diversity needs to address both prox-
imate and ultimate causes. The complex threats to biological
diversity call for a wide range of responses across a large
number of private and public sectors. All are necessary, with
the mix oi responses adjusted to the local conditions. Since
government policies are often responsible for depleting
biological resources. it stands to reason that policy changes
are often a necessary first step toward conservation. National
policies dealing directly with wildlands management or
forestry. or influencing biodiversity indirectly through land
tenure, rural development. family planning, and subsidies
for food. pesticides, or energy can have significant impacts
on the conservation of biodiversity. National and sub-national
conservation strategics can often provide the mechanism for
carrying out such reviews,

Protecting species can best be done through protecting
habirats. Most national governments have established legal
mcans for protecting habitats that are important for conser-
ving biological resources. These can include: national parks
and other categories of reserves (some 4,500 major reserves
exist, covering nearly 500 million hectares): local laws pro-
tecting particular forests, reefs, or wetlands: regulations in-
corporated within concession agreements: planning cestric-
tions on certain types of land; and customary laws protect-
ing sacred groves or other special sites. The responsibility
for such management is often spread widely among public
and private institutions. While accomplishments to date are
impressive, the amount of habitat protected needs to be in-
creascd by a factor of three if these arcas are to make the
necessary contribution to conserving biological diversity:
these new arcas may necd more flexible approaches to
manegement than is usual in national parks.

In addition. the protected areas will suceeed in realizing
their censervation objectives only to the extent that the areas
themuelves are effectively managed, and to the extent that
the management of the land surrounding them is compatible
with the objectives of the protected arcas. This will typical-
ly involve protected arcas becoming parts of larger regional
schemes to ensure biological and social sustainability, and
to deliver appropriate benefits to the rural population.



Ex situ conservation programs — zoos, aquaria, seed
banks, botanic gardens, and so forth — supplement in situ
conservation by providing for the long-term storage, analysis,

testing, and propagation of threatened and rare species of

plants and animals and their propagules. They are particularly
important for wild species whose populations are highly
reduced in numbers, serving as a backup to in sint conser-
vation, as a source of material for reintroductions. and as
a major repository of genetic material for future breeding
programs of domestic species. Some e sine facilities —
notably zoos and botanic gardens — provide important op-
portunities for public education, and many make important
contributions to taxonomy and field rescarch.

Measures to curb the pollution of the biosphere, perhaps
the most widespread conservation measures, are the most
expensive, and have attracted the greatest attention from both
the public and government. Biological diversity is threatened
by various forms of chemical pollution, but the gravest threat
may be climate change brought about by air pollution and
the increase in atmospheric carbon dioxide due to deforesta-
tion and the burning of fossil fuels. Mean world temperatures
could increase by about 2°C and mean sea levels rise by
around 30-50 centimeters in the next 40 years. While the
species and ccosystems contained within protected arcas will
certainly be affected by climate change, it is unrcalistic to
expect the boundaries of existing protected areas to change
very much, because they are usually surrounded by more
intensive human land uses. Instead. new forms of manage-
ment interveation will be required to maintain systems
deemed desirable.

Many of the responses just discussed have been supported
by international legislation that has fostered usetul coopera-
tion in conserving biological diversity. However, specics and
ecosystems are still being exploited at rates that far exceed

their sustainable vield. Recognizing the growing severity of

threats to biological diversity and the increasingly interna-
tional nature of the actions required to address the threats,
TUCN and UNEP have embarked on the preparation of an
International Convention on the Conservation of Biological
Diversity. This effort has gained the broad support of govern-
ments, including a joint resolution from the US Congress.

People form the foundation for the sustainable use of

biological resources. Local communities need to be more in-
volvad in the management of biological resources, and to
benefit from their sustainable use. Because groups of in-
digenous people in many parts of the world regard natural
resources, particularly wildlife, as essential to their cultural
continuity and economic well-being, they should be given
particular attention in all conservation nrograms. Local peo-
ple should be closely associatea wiih the authorities respon-
sible for ihe management of biological resources and for the
establishment and management of protected arcas. However,
the tension between local interests and national interests in
conscrvation requires great sensitivity and  site-specific
solutions.
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The Information Required to
Conserve Biological Diversity

Effective action must be based on accurate information,
and the more widely shared the information, the more like-
ly itis that individuals and institutions will agree on the defini-
tion of problems and solutions. Developing and using infor-
mation is therefore an essential part of conservation at all
levels, from the local to the global community,

The current state of knowledge about specizs and eco-
systems is woetully inadequate; detailed knowledge is still
lacking on the distribution and population sizes of even such
large and well-studied animals as African primates. It secems
self-evident that increasing knowledge about the kind and
variety of organisms that inhabit the carth — and the ways
that these organisms relate to each other and to humans —
must be a foundation of conservation action. Therefore, a
major cffort is required to:

® document the wealth of the world's species of plants and
animals, involving muscums, zoos, aquaria, botanic
gardens, universities, and rescarch stations:

® carry out ccological fieldwork to show how the various
picces fit together, discover the population dynamics of
species of particular concern, assess the effects of fragmen-
tation of natural habitats, and determine what management
steps are required to cnable ecosystems to flourish with
their full complements of species;

¢ develop new mechanisms for ev sine conservation, in-
cluding both captive propagation and eventual release in-
to “*natural™ ecosystems;

° monitor the changes in ccosystem diversity and function
as the influences of humans become more pervasive, in-
cluding climate change, deforestation, and various forms
of pollution;

® assess the ecological differences between relatively large
but minimally disturbed ecosystems and ecosystems that
have been hcavily affected by humans, as a basis for en-
hancing productivity and restoring degraded ecosystems
to a more productive state; and to

e carry out research in the social scieness to determine how
local people manage their resources., how changes in
resource availability and land use affect human behavior,
and how people decide how to use their biological
resourees,

Such basic inventory and fundamental research work
should be carried out simultancously with field action, with
the two forms of activity reinforcing cach other.

Govermment agencies, local communities, a d conserva-
tion organizations all need information to enable them to
manage their biological resources more effectively. Infor-
mation tools that can help me2t this need include basic
descriptions of fauna and flora, practical handbooks for field
identification, rapid inventory techniques. and basic com-
puter programs for use with micro-computers.
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The information needs in the tropics are particular!v im-
portant, because these areas hold the majority of the world's
biological diversity and they are losing specics at rates that
far exceed the world’s capacity to record them. Highest
priority for basic inventory work should be given to the sites
of greatest diversity and local endemism coupled with the
greatest threat, for the information contained by the species
in these arcas could disappear before humanity even knows
what it is losing.

Development agencies should support national efforts to
establish local, sectoral, and national information manage-
ment systems, through demonstrating methodologics, pro-
viding training opportunitics for taxonomists and biologists,
and subsidizing the publication of status reporis. Universities,
research institutions, and non-governmental organizations
(NGOs) need to be strengthenad so that they can lielp govern-
ments assess their biological resources. Closer working rela-
tionships should be established betv.een museums and other
taxonomic-oricnted institutions and those concerned with
consarvation of biological diversity.

Establishing Priorities for
Conserving Biological Diversity

When governments approved the World Cuarter for Nature
in the United Nations in 1982, they agreed that all species
and habitats should be safeguarded to the extent that it is
technically, economically, and politically feasible. But
resources for conservation are always limited. so efforts spent
in deciding what to do first are usually well repaid in sav-
ings of time, finances, and personnel.

Determining prioritics is a complex task. The genetic land-
scape is constantly changing through evolutionary processes,
and the world contains more variability than can be expected
to be protected by explicit conservation programs: further,
the capacity of governments or private organizations to deal
with environmental problems is limited and many urgent
demands compete for their attention. So governments, in-
ternational organizations, and conservation agencies seck-
ing to conserve biological diversity must be selective, and
ask which species and habitats most merit a public involve-
ment in protective measures.

No gencrally accepted scheme exists for establishing
prioritics for the conservation of biological diversity, nor is
it either possible or advisable for such a scheme to be de-
vised, Different organizations and institutions can be ex-
pected 1o have different waxs of establishing priorities
because of their differing goals. For example, from a global
perspective on biodiversity, regions with high species diver-
sity may be most **valuable'"; from the perspective of a
pastoral community in the Sahel, however, the diversity of
life available in the local ecosystem will be of highest value
even though it exhibits relatively little diversity on a global
scale.

The various methods of establishing priorities suggest dif-

ferent types of conservation action and will resc't in the con-
servation of difterent subsets of the world’s biological
resources. Each system has its own strengths and weaknesses,
with the major point of difference being the objective for
which the system was devised.

The Role of Strategies and
Action Plans in Promoting
Conservation of Biological Diversity

Onc of the best ways to ensure that the various institutions
involved in conservation are in general agreement on
prioritics is to prepare a strategy that defines the hasic prob-
lems and agrees to appropriate objectives. Strategies are
turned into action through & more tactical process of plan-
ning specific activities to address the broad strategies: this
often involves the preparation of an action plan,

A global strategy is required to provide tie framework for
local and regional efforts, and to give concise guidance on
the options and opportunitics for action capable of achicv-
ing global goals while addressing local prioritics. The
strategy necds to be supported by regional, national, local,
and sectoral strategies, and by action designed to meet
specific nceds.

Such a strategy. dealing with all aspects of biodiversity,
including both marine and terrestrial ecosystems at all
latitudes. is currently being prepared by a coalition of the
World Resources Institute, [IUCN, and UNEP. in close col-
laboration with WWF, CI. the World Bank. the Asian
Development Bank, and other key governmental and
non-governmental institutions in both tropical and temperate
nations. It is expected that FAO and Unesco will also par-
ticipate in the process. It aims to:
¢ cstablish a common perspective, foster international

cooperation, and agree to priorities for action at the in-

ternational level;

* cxamine the major obstacles to progress and analyze the
needs for national and international policy reform:

¢ specify how conservation of biological resources can be
integrated with development more cffectively and iden-
tify the linkages with other related issues facing human-
ity; and to

¢ promote the further development of regional, national, and
thematic action plans for the conservation of biological
diversity. and promote their implementation.

How to Pay for Conserving
Biological Diversity

Innovative funding mechanisms will be required ro sup-
port conservation cfforts. These mechanisnis should be based
on the principle that those who benefit from biological
resources should pay more of the costs of enswring that such
resources are used sustainably. Efforts are required at the
community level to provide economic incentives for conser-



vation, at the national level to ensure that government policies
are compatible with such incentives, and at the international
level to ensure that the wealthy nations bencefitting from the
biological resources of the tropics are able to invest in con-
serving the productive capacity of those resources.

Approaches usetful primarily at the national level include
charging entry and other fees to national parks. levying
charges for ecological services. collecting special taxes.
building funding linkages with large development projects,
returning profits from exploitation of biological resources,
building conditionality into concession agreements, seeking
support from the private sector, and establishing foundations
for conservation. Approaches useful at the international level
include international conventions that provide financial sup-
port. direct assistance from international conservation
organizations, debt-for-nature swaps. restricted currency
holdings. and conservation concessions.

In general, conservation should be supported to the max-
imum extent possible through the marketplace. but the
marketplace needs to be established through appropriate
policics from the central government. One problem faced
by all the funding mechanisms described in this book is op-
portunity costs: any funds carned might be used by the

government in other ways that the government considers of

higher priority. The attraction of the methods suggested is
that the income is being earned by the biological resources,
and some of the funding is being provided by the public in

expression of their support tor non-consumptive uses of

biological resources.

In many countries. funding is not the major constraint to
conservation achicvement. While conservation agencies
never have sufficient funding, and additional funding is cer-
tainly called for, even generous budgets will not lead to con-
servation if government policies in other sectors are incom-
patible with conservation. Therefore, any new funding
mechanisms need to be part of a package that includes
necessary policy changes in national securiry, land tenure,
energy, frontier settlement, foreign trade, transportation, and
S0 on.

The major requirement from government policymakers is
that they recognize the many values of biological resources,
and take advantage of opportunities to invest in the continued
productivity that such resources require. They also need to
be persuaded to create conditions whereby the local com-
munity or the private or NGO sector can assume total
management control of certain important biological resources
or arcas, and can scek their own funding in an attractive tax
and investment climate. Through the usc of innovative fur d-
ing mechanisms backed by compatible government policies,
one of the major obstacles to progress in conservation can
be overcome.

Conclusion

The clements now exist that will reverse the trend toward
the biotic impoverishment of the world. Novel approaches.
new financial mechanisms, and new policies need to be ap-
plicd at the appropriate fevel of responsibility to translate
the new approaches into a reality of improved human well-
being and a secure biotic herituge. New partners in conser-
vation need to be found, involving all ministries, departments
and private institutions that are directly dependent on
biological resources. National parks departments, for exam-
ple. should be joined in hubitat management by a wide range
of other institutions to represent ' interests. Furthermore,
other line agencies need to develop the capacity to manage
biodiversity of particular relevance to their respective
missions.

The 1990s may be the last decade during which construc-
tive and creative decisions, activities, and investments —
rather than emergency rescue efforts — can be made to en-
sure that many of the world's species and ecosystems are
maintained, examined for their material and ccological value,
and promoted for sustainable use to support new and in-
novative approaches to development. The combination of
maintaining the maximum possible biological diversity, the
maximum possible cultural diversity, and the greatest possi-
ble scientific endeavor would seem the most sensible ap-
proach toward dealing with the dynamic future facing
humanity.

We are at a crossroads in the history of human civiliza-
tion, Our actions in the next few years will determinc » *hether
we take a road toward a chaotic future characterized by
overexploitation and abuse of our biological resources, or
take the opposite road — toward maintaining great biological
diversity and using biological resources sustainably. The

Juture well-being of human civilization hangs in the balance.

Following page: A southern clephant seal (Mirounga leonina)
pup (photo by W.V. Reid).






CHAPTER 1

BIOLOGICAL DIVERSITY: WHAT IT IS
AND WHY IT IS IMPORTANT

As the fundamental building blocks for development,
biological resources provide the basis for local self-
sufficiency. At the same time, biological diversity is a global
asset, bringing benefits to people in all parts of the world.
Efforts to maintain the diversity of biological resources are
urgently required at local, national, and international levels.

Our gencration has a great opportunity, and a great respon-
sibility. We have inherited the most diverse community of
living creatures that has ever occupied our planet (Wilson,
1988b). and we have the most sophisticated technology that
has ever existed. Using our modern technology to exploit
the resources our planet provides, people living in the 20th
century have also witnessed the greatest social and
demographic changes our species has ever experienced. We
live in momentous times indeed.

But the prosperity of our future is far from assured. and
if present trends continue our generation will be responsible
for destroying much of the natural wealth we have inherited.
The decisions we make in the next few years about how
natural resources will be used will determine the future evolu-
tion of both human civilization and life on carth.

The combination of energy from the sun and natural
resources on the carth provides the basis for human prosper-
ity. Some of these resources, such as oil, coal, gold, and

“Biological diversity'" cncompasses all species of
plants, animals, 2nd microorganisms and the ecosystems
and ccological processes of which they are parts. It is an
umbrella term for the degree of nature’s variety, including
both the number and frequency of ecosystems, species,
or genes in a given assemblage. It is usually considered
at three different levels: genetic diversity, species diver-
sity, and ecosystem diversity. Genetic diversity is the sum
total of genetic information, contained in the genes of in-
dividuals of plants, animals, and microorganisms that in-
hubit the carth. Species diversity refers to the variety of
living organisms on carth and has been variously estimated
to be between 5 and 50 million or more, thous;1 only about
1.4 million have actually been described. Ecosystem
diversity relates to the variety of habitats, biotic com-
munities, and ccological processes in the biosphere, as
well as the tremendous diversity within ecosystems in
terms of habitat differences and the variety of ccological
processes. Ecosystems cycle nutrients (from production
to consumption to decomposition), water, oxygen,
methane, and carbon diozide (thereby affecting the
climate). and other chemicals such as sulphur, nitrogen,
and carbon.

Biologists classify life on carth ints, a widely accepted

Box 1: What is Biological Diversity?

hierarchical system that reflects evolutionary rclationships
among organisms. In ascending order, the main
categories, or taxa, of living things are: Species, Genus,
Family, Crder, Class, Phylum, Kingdom. Humans, for
cxample, are classificd as follows: Animalia (Kingdom),
Chordata (Phylum), Mammalia (Class). Primates {Order),
Hominidae (Family), Homo (Genus), sapiens (Species).
These last two designations, together referred to as the
Latin binomial, are used to identify an organisin, and
distinguish it from any other. Species differ from one
another in at least one characteristic and generally do not
interbreed (Raven and Johnson, 1989). In geneial, the
higher the category ranking of an organism, the more
ancient the evolutionary divergence. Thus, with Homo
sapiens, it was more recently that the species became
established than the genus, and more recently that the
genus cvolved than did the family (Hominidae), and so
on up to the Kingdom level. Most biologists recognize
five kingdoms of organisms: Prokaryotae (bacteria), Pro-
toctista (includes algae and protozoans), Fungi
(mushrooms, molds, and lichens), Animalia (animals),
and Plantae (plants) (Margulis and Schwartz, 1982). Cur-
rently, app-oximately 100 phyla arc recognized (see
Annex 1 for listing).
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The foundation for assessing the hnportance of
biological diversity is an inventory of how many species
exist, and which species exist where. At the global level,
the plants and vertebrates are relatively well known,
though major discoveries are reported regularly among
fish and some groups of plants. But scientists can only
guess at the numbers of many groups of insects (especially
the beetles of the tropical forest). Erwin (1982), for ex-
ample, suggests as many as 30 million specics in total,
with most undescribed species living in tropical forests.
Mites and nematodes could also number in the hundreds
of thousands, if not millions, of specics. Since most
estimates of cxtinctions are based on extrapolations, the
lack of precise estimates of total numbers has led to con-
siderable imprecision regarding extinction rates. May
(1988) suggests that research on food webs, relative abun-
dance, and the relationship between numbers and physical
size of organisms could reveal patterns that would cnable
the total diversity of plants, animals, @.d microorganisms
to be deduced from appropriate rules.

But the fact remains that basic knowledge of the
organisms that make up most ccosystems, especially in
the tropics, is wocfully inadequate. The Committee on
Research Priorities in Tropical Biology (NAS, 1980) con-
cludes that at least a five-fold increase in the number of
sysiematists (above the current estimated 1,500 trained
professional systematists competent to deal with any of
the tropical organisms) is necessary to deal with a signifi-
cant proportion of the estimated diversity while it is still

Box 2: The Dimensions of the Issue: How Many Species Exist?

available for study. For convenicnce, many assume that
about 10 million species exist. though the final figure is
likely to be 30-50 million.

Given these limitations, the following represents a sum-
mary of the current state of knowledge (from Wilson,
1988a, except where otherwise noted):

Group No. of described species
Bacteria and blue-green algae: 4,760
Fungi: 46.983
Algac: 26,900

Bryophytes (mosses and
liverworts:)
Gymnosperms (conifers):

17,000 (WCMC, 1988)
750 (Raven et al., 1987)

Angiosperms
(flowering plants): 250,000 (Raven er al., 1986)
Protozoans: 30,800
Sponges: 5,000
Corals & Jellyfish: 9,000

Roundworms & carthworms:

24,0600

Crustaceans: 38,000
Insects: 751,000
Other arthropods and minor

invertebrates: 132,461
Mollusks: 50,000
Starfish: 6,100
Fishes (Telcosts): 19,056
Amphibians: 4,184
Reptiles: 6,300
Birds: 9,198 (Clements, 1981)
Mammals: 4,170 (Honacki et al., 1982)

Total 1,435,562 species

iron, are non-renewable; once they have been consumed, they
cannot be replaced in time frames meaningful to us. Other
resources are renewable; water can be recycled repeatedly,
and wildlife, forests, and crops reproduce themselves and
even increase when managed appropriately.

Considerable care needs to be given to decisions on how
non-rencwable resources shall be consumed, and con-
siderable efforts are being devoted to finding substitutes for
those which are being depleted (Borman, 1976), o secking
more effective means of recycling, and ensuring the most
efficient practical forms of use (including reduction of waste).
But far more attention needs to be given to the management
of renewable resources, because they provide the basis for
long-term sustainable production of goods and services essen-
tial for human welfare.

Biological resources — genes, specics, and ecosystems
that have actual or potential value to people — are the
physical maniiestation of the globe’s biological diversity
(sometimes shortened  *‘biodiversity’’), which simply
stated is the variety and variability among living organisms
and the ecological complexces in which they occur (Boxes
1 and 2) (OTA. 1987). Species arc the building blocks of

ccosystems, and ccosystems provicie the life-support systems
for humans. Modern technologics, capital investments, in-
frastructure, social organization, and so forth can enhance
or deplete these life-support systems, but such recent
phenomena as carbon dioxide increase, global warming, and
the depletion of tie globe’s ozone shield demonstrate that
naturc has limits to her capacity to absorb environmental
abuse.

Biological diversity is an umbrella term covering the total-
ity of specics, genes, and ccosystems, but biological
resources can actually be managed: they can be consumed
« = replenished, and they can be the subject of directed con-
servation action. The way biological resources are managed
can enhance or reduce biological diversity. Effective systems
of management can ensure that biological resources not only
survive, but increase while they are being used. thus pro-
viding the foundatic.. for sustainable development. Practical
applications will need to involve actions to address both the
abstract biological diversity and the tangible biological
resources.

Many development plans fail to recognize that the reten-
tion of natural systems often constitutes the optimal use of



the land in question, in econumic as well as ecological terms.
Transforming natural areas often brings greater risks than
benefits, because in their natural state these systems
equilibriate water runott, are reservoirs of valuable plants
and animals. can yield timber on a sustainable basis. build
soils and prevent erosion, and attract tourist revenues. Im-
proving maragement of species and habitats could preserve
for socicties the resources available in their ecosystems., while

producing sufficient surplus to support better standards of

living.

But instead of conserving the rich resources of forest,
wetland, and sea. current processes of development are
depleting many biological resources at such a rate that they
are rendered essentially non-renewable. Once a tropical forest
is cleared of its trees, for example. the nutrients are removed
from the system and it may take millennia for the system
to recover (Gomez-Pompa et al., 1972; Whitmore, 1984).
The benefits to society are therefore substantially less than
could be realized if the resources were managed on a sus-
tainable basis. Experience has shown that market forees alone
will often lead to such overexploitation, largely because many
of the costs are external to those doing the exploiting: they
gain the benefits without paying the costs. Since insufficient
biological resources will be conserved by current market
mechanisms alone. the conservation needs of society must
to be met by a combination of international cooperation, ef-
fective governiaent intervention and greatly increased par-
ticipation by business. industry. local communitics, univer-
sities. and other institutions.

Biological Diversity and Development

The contribution of conservation to development was
acknowledged by the World Commission on Environment
and Development, drawing on a decade of work in this field
(Box 3). "*The challenge facing nations today.™ said the
WCED (1987). **is no longer deciding whether conserva-
tion is a good idea. but rather how it can be implemented
in the national interest and within the means available to cach
country.””

Conservation in the modern sense is part of develop-
ment. As defined by the World Conservation Strategy, it
means: ““The management of human use of the biosphere
so that it may yicld the greatest sustainable benefit o pres-
ent generations while maintaining its potential to mee the
needs and aspirations of future generations. Thus. conser-
vation is positive. embracing preservation. maintenance. sus-
tainable utilization. restoration, and enhancement of the
natural environment™™ (IUCN. 1980).

The World Conservation Strategy has provided a useful
rationale Jor people involved in both conservation and
development, providing policy guidance on how conserva-
tion can support sustainable development. It concentrates on
the main problems directly affecting the achievement of con-
servation objectives, and identifies the action needed both

BIOLOGICAL DIVERSITY: WHAT IT IS AND WHY IT IS IMPORTANT

Box 3: Recent Advances in Concepts of
Conserving Biological Diversity.

Considerable scientific work has been done to address
the nceds for conserving biodiversity, and to describe the
technology available for doing so. Notable cxamples of
the 1980s include:
® Planning National Parks for Ecodevelopment (Miller,

1980).

e Conservation Biology: An Evolutionary-Ecological Ap-

proach (Soulé and Wilcox, 1980)

° Conservation and Evolution (Frankel and Soulé, 1951)
® Genetics and Conservation: A Reference for Manag-
ing Wild Animal and Plant Populations (Schonewald-

Cox et al., 1983)

* National Parks, Conservation, and Development

(McNeely and Miller, 1984)
® Marine and Coastal Protected Areas: A Guide for Plan-

ners and Managers (Salm and Clark, 1984)
® The Value of Conserving Genetic Resources (Oldfield,

1984)

* Plant Genetic Resources: A Conservation Imperative

(Yeatman et al., 1984)

* The Gaia Atlas of Planet Management (Myers, 1985)
® Managing Protected Areas in the Tropies (MacKinnon

et al., 1986)

* Conservation Biology: The Science of Scarcity and

Diversiry (Soulé, 1986)

* Technologies to Maintain Biological Diversity (OTA,

1987)
¢ Gene Banks and the World's Food {Plucknett et al.,

1987)
® Biodiversity (Wilson and Peter, 1988)

* Economics and Biological Diversity (McNeely, 1988)
* Wildlands: Their Protection and Management in

Economic Development (World Bank, 1988)

* Keeping Options Alive: The Scientific Basis for Con-

serving Biodiversiry (Reid and Miller, 1989)

to improve conservation efficiency and to integrate conser-
vation and development. It specifically identifies the preser-
vation of biological diversity as one of the three main foun-
dations of conservation; the second — to maintain essential
ccological processes and life-support systems — provides
support to biological diversity: the third objective — to en-
sure that any utilization of species and ecosystems is sus-
tainable — deals with the uses to which biological resources
are put,

While government institutions responsible for wildlife and
protected arcas need strengthening, even the most successful
species conservation programs and protected area systems
arc only part of a larger package of appropriate conserva-
tion policies and programs in other sectors. Progress in sus-
tainable approaches to forestry. agriculture. rural develop-
ment, international trade. disaster prevention, energy. climate
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change, population, national sccurity, and other arcas are
cssential to the success of efforts to conserve biological diver-
sity. This will involve policy shifts and improved rmanage-
ment in a wide variety of scctors that have impucts 01
biological resources, often calling for line agencies —
ministrics of forestry, agriculture, fisheries, tourism, com-
munications, health, and defense — to assume new respon-
sibilitics for conservation.

Modern Approaches to
Conserving Biological Diversity

For most of human history, the natural world has been pro-
tected from the most disruptive human influences by relative-
ly humble technology. cultural/ecological factors sdch as
taboos preventing over-exploitation, tribal warfare that kept
wide arcas as wilderness “‘buffer zones™ between groups,
land ownership by ancestors or lincages rather than in-
dividuals, relatively sparse human populations, and many
other factors. But the **Garden of Eden’™ vision contains its
weeds. Where human hunters moved into new habitas filled
with game animals that had no prior experience with humans,
major extinctions often occurred: the Americas, Australia.
Madagascar, and New Zcaland are well-known examples
(Martin, 1984), Humans arc also implicated in the extine-
tion of some 90 pcreent of the endemic mammalian genera
of the Mediterrancan after the development of agriculture

(Sondaar, 1977). Despite these illustrations of the power of
hunting and agricultural societics to drive specics to extinc-
tion, the natural world at the dawn of the industrial age was
characterized by highly div.rse ecosystems and human
cultures.

But in our cra, the past few generations or so, economic
growth based on the conversion of fossil fuels to energy,
greatly expanded international trade, and improved public
health measures has spurred such a rapid expansion of human
numbers {Figure 1) that new approaches to resource manage-
ment have been required. Within the past 100 years, govern-
ments have established explicit policies aimed at conserving
wild Jiving resources. Today, all but a small handful of coun-
tries have national parks and national legislation promoting
conservation. Most governments have joined international
conservation conventions, and built environmental considera-
tions into the national education system. Non-governmental
organizations are active in promoting public awareness of
conscrvation issues, including those dealing with biological
diversity.

But still the devastation continues, and even accelerates.
Why?

Part of the problem may be that conservation has not yet
involved the right institutions. The conservation movement
has been led by naturalists, including both interested amateurs
and trained biologists. While their contributions have been
fundamental, they arc unable to address fully the basic prob-



lems of conservation because the problems are not biological,
but rather political. economic, social, and even ethical. The
decisions affecting the natural environment are influenced
by pressures and incentives that go far beyond the relatively
straightforward technical considerations of what might in
theory be best tor biological resources.

Conservation action therefore needs to be based on the best
available scientific information and implemented by develop-
ment practitioners, engincers, politicians, rural sociologists,
agronomists, and cconomists. Local resource users are often
the ones who make local-level decisions, and their decisions
are affected above all by enlightened self-interest. Those
secking to conserve biological diversity need to be able to
identify the legitimate self-interests of rural people, and
design ways of ensuring that the interests of conservation
and community self-interest coincide.,

No simple recipe exists for determining how biological
resources in cach locality can best be conserved, and how
land should be used to best achieve the objectives of conser-
vation.  Ecological, social, political, economic, and
technological factors all enter into the decisions made, and
cach of these factors can change over time; because these
factors arc interrclated, a change in one can have cffects
— sometimes unpredictable — on all the others. In the final
analysis, decisions need to be taken by people exercising their
best judgement at the current state of knowledge. The
dynamic state of development throughout the world is like-
iy to continue, and building the capacity to adapt to constant
change will require concerted action.

Developing a Global Biodiversity
Conservation Strategy

The increasing international interest in biodiversity stems
from the growing dangers of species extinctions, depletion
of genetic diversity, and disruptions to the atmosphere, water
supplies. fisheries, and forests. As climatic, political, and
cconomic conditions change over the coming decades, the
varicus  populations of Homo sapiens are going to be
challenge:! to live up to their name. Biological diversity pro-
vides the building blocks with which each human group can
use its intelligence and acquired wisdom to adapt to change.
and having more blocks available will provide more options
for adapting to new conditions.

The zrowing awareness about the importance of biodiver-
sity on the part of both governments and the general public
has resulted in a desire to ensure that no part of the world's
natural heritage is lost through inadvertence or ignorance.
Biodiversity brings together a variety of constituencies:
“orestry, agronomy, biotechnology. pharmaceuticals, and in-
ternational trade. to name but a few. All these different con-
stituencies look at biodiversity in their own ways, but all ap-
proaches are founded on a common perception of the vari-
ety of life as a raw material, a resource, and a priceless
heritage in its own right.

BIOLOGICAL DIVERSITY: WHAT IT IS AND WHY IT IS IMPORTANT
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In order to implement new action for conserving biological
diversity in a time when many tropical governments are feel-
ing the squeeze of external debt., the activities of the various
interested agencies — both national and international, govern-
mental and non-governmental — need to reinforee cach other
rather than work in opposition born of ignorance. Int=rna-
tional agencies need to support government action, and NGO
activities need to stimulate new approaches at both national
and local levels.

A global strategy for conserving the greatest possible
biological diversity is required to provide the framework for
local and regional efforts, and to give concise guidance on
the opt.ons and opportunities for action capable of achiev-
ing global goals while addressing local priorities. Such a
strategy needs to be supported by regional, national, local,
and sectoral strategies and action designed to meet specific
nceds.

The global and regional strategics need to seek solutions
to the problems facing biological diversity in several ways:
* sceking apprepriate policy reform and management ac-

tion in areas outside the **conservation sector,”” as tradi-

tionally perceived. that have major impacts on biologicai
diversity (c.g.. agriculture, forestry, tourism, transport
and communications, cducation, defensce. etc.);

® cnsuring that **traditional”* development activities are car-
ricd out in such a way that they contribute to conserving
biological diversity (i.c.. implementing sustainabic devel-
opmeni in the sense used by the World Commission on
Environment and Development);

* cnhancing the role of development ager.cies in contributing
directly to the conservation of biological diversity;

* providing a strong legal basis for international coopera-
tion in conserving biological diversity. and for support of
national initiatives:

¢ strengthening the institutions in the **conservation sector,”
through enhanced training, new financial mechanisms, and
stronger mandates, and building greater public support for
conserving biological diversity.,

Such a global strategy. dealing with all aspects of biodiver-
sity, including both marine and terrestrial ecosystc.ns at all
latitudes, is currently being prepared by a coalition of the
World Resources Institute, [IUCN, and UNEP, in close col-
laboration with WWF, CI, the World Bank. the Asian
Development Bank, and other key governmental and
non-governmental institutions in both tropical and temperate
nations. It is expected that FAO and Unesco will also par-
ticipate in the process. As an important part of the new World
Conservation Strategy, it aims to:
® cstablish a common perspective, foster international

cooperation, and agree to priorities for action at the in-

ternational level;

® cxamine the major obstacles to progress at the international
level and analyze the needs for national and international
policy reform;

* specify how conservation of biological resources can be
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integrated with development more effectively and iden-

tify the linkages with other related issues facing human-

ity; and

* promote the further development of regional, national, and
thematic action plans for the maintenance, study, and sus-
tainable use of biological diversity, and promiote their
implementation.

The 1990s must be a time of intensive action, involving
major national and international investments in conserving
biological diversity. As eminent Harvard biologist Edward
O. Wilson has said, ‘*How the human species will treat life
on Earth, so as to shape this greatest of legacies, good or
bad, for all time to come, will be settled during the next 10
years’ (Wilson, 1988b). This document suggests the kinds
of approaches that will enable this generation of humans to
enrich rather than impoverish the earth.
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Following page, overleaf: Boy and lemurs, Madagascar
(photo by R.A. Mittermeier).






CHAPTER II
THE VALUES OF BIOLOGICAL DIVERSITY

While the values of biological resources are not always
represented in the marketplace, they are nonetheless signifi-
cant. New approaches are required for cnsuring that these
values are incorporated in nationzi developnient planning so
that costs and benefits come into closer balance.

Biological resources provide the basis for life on carth.
The fundamental social, cthical, cultural, and economic
values of these resources have been recognized ia ieligion,
art, and literature from the carlicst days of recorded h*<tory.
Given these multiple values, it is not surprising that most
cultures (and governments) have embraced the principles of
conservation. The great interest that children have in nature,
the numerous wildlife clubs, the generous donations made
to non-governmental conservation organizations, the political
support for “*Green Partics.”" the popularity of zoos and
wildlife films, and many other intangible indicators are strong
evidence that the general public does not think of biological
resources merely in terms of a cash value.

But in order to compete for the attention of government
decision-makers in today's world, policies regarding
biological diversity first nced to demonstrate in cconomic
terms the vaiuc of biological resources to a country’s social
and econo:vic development. Some have argued that biological
resources are in one sense beyond value because they pro-
vide the biotic raw materials that underpin every major type
of economic endeavour at its most fundamental level
(Oldficld, 1984). But ample economic justification can be
marshalled by those secking to exploit biological resources,
so the same kinds of reasoning nced te be used to support
alternative uses of the resources.

However, some scrious problems in cconomic analysis re-
main: The standard models dc. not give sufficient weight to
long-term benefits: approaches to assessing the economic
values of natural processes such as watershed protection or
amelioration of climate remain rudimentary at best; and the
aesthetic, cthical, cultural, and scientific considerations that
must be part of the economic equaticn are usually ignored.

New approaches to economic assessment would ensure that
cconomic values incorporatc both monetary and non-
monctary expressions of preference, and not be limited to
simply attempting to put a price tag on nature. Assigning
these qualitative and quantitative values would provide a
justification for more cffective government action, often
through the usc of cconomic incentives for conserving
biological resources (McNeely, 1988).

Previcus Page Blank
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Ethics, Economics, and
Biological Diversity

Before examining the economics of conserving biological
resources, it is worth noting that the governments of the
world have already made an important, but little noticed,
cthical commitment to nature. The World Charter for Nature,
“*adopted and solemnly proclaimed’ by the General
Assembly of the United Nations on 28 October, 1982 (An-
nex 2), expresses absolute support by governments of the
principles of conserving biodiversity. It rccognizes that
humankind is part of nature, that every form of life is unique
and warrants respect regardless of its worth to human be-
ings, and that lasting benefits from nature depend upon the
maintenance of essential ecological processes and life-support
systems and upon the diversity of life forms. It calls for
stratcgics for conserving nature, scientific reszarch, monitor-
ing of species and ccosystems, and international coopera-
tion in conservation action. But the World Charter for Nature
has been all but forgotten by both governments and conser-
vationists, and nceds to be given far greater exposure in the
future.

Drawing on the principles of the World Charter for Nature
and the World Conservation Strategy (IUCN, 1980), IUCN’s
Working Group on Ethics and Conservation has produced
an cthical foundation for conservation (Box 4). It concluded
that the cthical basis for conserving biological diversity needs
to be consistent with ecological principles and that it is im-
portant to promote activities that arc sustainable in the long
run. People need to recognize that the reasons for the exist-
ence of species and ccosystems may be more subtle and in-
scrutable than simply supporting the economic desires of the
current generation of consumers. When a gene pool is driven
to extinction by the current generation of humans who are
maximizing their personal benefit, all future generations pay
the cost (Rolston, 1985b: Norton, 1986; Ehrenfeld, 1972,
1988).

Nature alse has considerable abstract importance, such as
symbolizing the wild world of nature, the opposite of the
urban lifc that many people find so stressful. This symbolism
is communicated to the public through films, television,
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Box 4: An Ethical Basis for
Conserving Biological Diversity.

natural and human communitics. The well-being and
health of any one part depends upon the well-being and
health of the other parts.

* Humanity is part of nature, and humans are subject 10
the same immutable ecological faws as all other species
on the planet. All life depends on the uninterrupted
functioning of natural sysiems that ensure the supply
of energy and nutrients. so ccological responsibility
among all people is necessary for the survival, secur-
ity, cquity, and dignity of the world’s communities.
Human culture must be built upon a profound respect
for nature, a sense of being at one with nature and a
recognition that human atfairs must proceed in harmony
and balance with nature.

® The ccological limits within which we must work are
not linmits to human endeavour: instead, they give direc-
tion and guidance as to how human aftairs can sustain
environmental stability and diversity.

o All specics have an inherent right to exist. The
ecological processes that support the integrity of the
biosphere and its diverse species. landscapes, and
habitats are to be maintained. Similarly, the full range
of human culture adaptations to local environments is
to be enabled to prosper.

¢ Sustainability is the basic principle of all social and
cconomic development. Personal and social values
should be chosen to accentuate the richness of flora,
fauna. and human experience. This moral foundation
will enable the many utilitarian values of nature — for
food, health. science, technology. industry. and recrea-
tion — to be equitably distributed and sustained for
future penerations.

® The well-being of future generations is a social respon-
sibility of the present generation. Therefore, the pres-
ent generation should limit its consumption of non-
renewable resources to the level that is necessary to
meet the basic needs of society. and ensure that renew-
able resources are nurtured for their sustainable
productivity.

® All persons must be empowered to exercise respon-
sibility for their own lives and for the life of the carth.
They must therefore have full access to educational op-
portunitics. polidcal enfranchisement, and sustaining
livelihoods.

* Diversity in cthical and cultural outlooks toward naiure
and human life is to be encouraged by promoting rela-
tionships that respect and enhance the diversity of life,
irrespective of the political, economic, or religious
ideology dominant in a society.

¢ The world is an interdependent whole made up of

books, commercials, photographs. calendars. and many other
media. Judging from the popularity of these symbolic
representations of wild nature, they must be helping 1o keep
the stresses of urban dwelling within bearable bounds.

Ehrenfeld (1988) coutions that arguments for conservation
should not be based simply upon economic considerations:
It is certain that if we persist in this crusade to determine
value where value ought to be evident, we will be left with
nothing but our greed when the dust {inally settles. T should
make it clear that I am referring not just to the effort to put
an actual price on biological diversity but also to the aempt
to rephrase the price in terms of a nebulous survival
value . . . Asshown by the example of the faltering search
for new drugs in the tropies, economic criteria of value are
shifting. fluid, and utterly opportunistic in their practical ap-
plication. This is the opposite of the vatue system needed
to conserve biological diversity over the course of decades
and centuries.™

Further, many scientists will argue. nobody knows enough
about any gene, species, or ecosystem to be able 1o calculate
its ecological and economic worth in the larger scheme of
things. And. Ehrenfeld (1988) adds, *'the species whose
members are the fewest in number. the rarest. the most nar-
rowly distributed — in short, the ones most likely to become
extinct — arc obviously the ones least tikely to be miseed
by the biosphere.™ On the other hand. many of these may
bz greatly missed by people: one dramatic example is the
population of the wild rice (Orvza nivara) which is the only
source of resistance to grassy stunt virus, (Many other ex-
amples are contained in Myers. 19834, and Prescott-Allen
and Prescott-Allen, 1982a.)

Various strains of rice that have been bred at the International
Rice Research Institute in Los Banos, Philippines (World Bank
photo by Edwin G. Huffman).

Such perspectives are well worth bearing in mind. but the
fact remains that major decisions affecting the status and
trends of biological resources are based on economic fac-
tors, including the establishment of their value. Even par-
tial valuation in monetary terms of the benefits of conserv-
ing biological resources can provide at least a lower limit
1o the full range of benefits and demonstrate to governments



that conservation can yicld a profit in terms that are mean-
ingful to national accounts. Effective management of
biological resources cannot avoid addressing issues of
economic value, even realizing the ethical limitations of these
issues. Food for the stomach comes before nourishment for
the spirit, and the rural people who must worry most about
where their neat meal is coniing from often live in the midst
of the greatest diversity.

However, cconomic methods have their limitations, and
should not uiways be assumed to be highly accurate. As
World Bank economist Jeremy Warford (1987b) states, **If
cconomic methods are to be successful, it is crucial that their
limitations be understood and continually kept in mind. In
particular. it should be recognized that value judgments about
distributional and irreversible effects are unavoidable, but
quantification in monetary terms of as many variables as
possible is important in crystallizing those issues involving
implicit value judgments which may otherwise be ignored. ™’

The mainstream economic approach today. as exemplified
by USAID (1987). is to compile a utilitarian calculation ex-
pressed in money values and includirg (in raw or modified
form) the commercial values that are expressed in markets.
However, it expands the account to include considerations
that enter human preference structures but are not exchanged
in organized markets. This extension and completion of a
utilitarian - account, where conservation of biological
resources is at issue, is useful because it demonstrates that
commercial interests do not always prevail over arguments
based on broader economic considerations (Randall, 1988).

Completing such a utilitarian account does not depend on
any prior claim that the utiliterian framework is itself the
preferred ethical system. Ethical goals may also be served
by completing a utilitarian account that demonstrates the
value implications of human preferences that extend beyond
commercial goods to include biodiversity. While some peo-
ple might argue that a complete discussion of the value of
biodiversity should extend beyond utilitarian concerns, **even
these people would. presumably, prefer a reasonably com-
plete and balanced utilitarian analysis to the truncated and
distorted utilitarian analysis that emerges from commercial
accounts’” (Randall, 1988).

The cthical commitment contained in the World Charter
for Nature provides a powcrful justification for conserving
biological diversity, but it is only **soft law'* that does not
bind governments. It has therefore seldon: been invoked or
quoted; indeed, it has been honored more in the breach than
the observance. Nor can the ethical principles in Box 4 be
expected to lead by themselves to major changes in human
behavior. Additional justification is required to change the
way governments take decisions, and this will usually re-
quire economic arguments. Biological diversity has funda-
mental valucs in material, acsthetic, and cthical terms and
while the general public often recognizes the more intang-
ible values, the processes of devclopment tend to stress
material benefits.
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THE VALUES OF BIOLOGICAL DIVERSITY

Assessing the Value of
Biological Resources

In order for governments to assess the priority they will
give to investments in conservation of biological resources,
they need to have a firm indication of what contribution these
resources make to their national economy. Economists have
devised a varicty of methods for assigning values to natural
biological resources (see Barrett, 1988: Brown and Gold-
stein, 1984: Cooper, 1981; Fisher, 1981b: Hufschmidt er
al., 1983: Johansson, 1987: Krutilla and Fisher, 1975:
Pearce, 1976: Peterson and Randall, 1984; and Sinden and
Worrell, 1979 for details). This multiplicity of approaches
is to be expected. because the benefits derived from a
biological resource may be measured for one purpose by
methods that inay not be appropriate for other objectives,
and the ways to measure one resource may not be the same
for others. The value of a forest in terms of logs, for exam-
ple. would be measured in quite a different way from the
value of the forest for recreation or for watershed protection.

Three main approaches have been used for determining
the value of biological resources:
® assessing the value of nature’s products — such as

firewood, fodder, and game meat — that are consumed

dircctly, without passing through a market (**consump-
tive use value™);

* assessing the value of products that are commercially
harvested, such as game meat sold in a market, timber,
fish, ivory, and medicinal plants (**productive usc value™);
and

® assessing indirect values of ecosystem functions, such as
watershed  protection, photosynthesis, regulation of
climate, and production of soil (**non-consumptive use
value™), along with the intangible values of keeping op-
tions open for the future and simply knowing that certain
species exist (“‘option value'" and ‘‘existence value,
respectively).

Son.e biological resources can be easily transformed into
revenue through harvesting, while others provide flows of
services that do not carry an obvious price tag. Therefore,
in order for governments to base decisions on allocating
scarce resources on the best available information, a number
of different methods are required to quantify the magnitude
and vaiue of the positive and negative impacts. Governments
should be secking means of determining total valuation,
which requires a wide range of assessment methods. The ma-
jor approaches are summarized in Box 5, and discussed
below (drawn from McNeely, 1988).

Assessing benefits and costs of protecting biological
resources provides a basis for determining the total value
of any protected area or other system of biological resources.
Since the value of conserving biological resources can be
considerable, conservation should be scen as a form of
economic development. And since biological resources liave
cconomic values, investments in conservation should be
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judged in cconomic terms, requiring reliable and credible
means of measuring the benefits of conservation.

Box 5: Classification of
Values of Biological Resources.

Direct Values

® Consumptive Use Value (non-market value of fire-
wood, game, etc.)

¢ Productive Use Value (commercial value of timber,
fish. ete.

Indirect Values

¢ Non-consumptive Use Value (scientific rescarch, bird-
watching, etc.)

* Option Vaiue (value of maintaining options available
for the future)

¢ Existence Value (value of ethical feelings of existence

of wildlife)

Direct Values of Biological Resources

Direct values are concerned with the enjoyment or satisfac-
tion received directly by consumers of biological resources.
They can be relatively casily observed and measured, often
by assigning prices to them.

Consumptive Use Value

This is the value placed on nature's products that are con-
sumed directly, without passing through a market. These
values can be considerable; for example, some 84 percent
of the Canadian population participates in wildlife-related
recreational activities in a given year, providing Canadians
with benefits that they declare to be worth $800 million an-
nually (Fillon er al., 1985).

While relatively few detailed studies have been carried out
on the consumptive use value of species in developing coun-
trics, the available information has been well summarized
by Mycrs (1983b), Oldfield (1984), Krutilla and Fisher
(1975), and Fitter (1986). Of particular interest is the study
by Prance er al. (1987). which presented quantitative data
on the use of trees vy four indigenous Amazonian Indian
groups. “*Use’” was defined rather narrowly, including uses
as food. construction material, raw material for other
technology, medicinals, and trade goods: uses as firewood
or as food for harvested animals were not included. The
percentage of tree species used by the four groups varied

from 48.6 to 78.7, indicating that the rain forests of

Amazonia contain an exceptionally large number of species
*hat are useful to local people.

Consumptive usc values seldom appear in national income
accounts, but no scrious obstacles appear to prevent the in-
clusion of at least some consumptive use values in such
measures as Gross Domestic Product (GDP) (Repetto er al.,
1989). For example, firewood and dung provide over 90 per-
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cent of the total primary energy needs in Nepal, Tanzania,
and Malawi and more than 80 percent in many other coun-
tries (Pearce, 1987a): this contribution to the cconomy could
be assigned a financial value.

In Africa, harvested species make a considerable contribu-
tion to human welfare in the form of food for rural people,
and cspecially to the poorest villagers living in the most
remote arcas. Much of this is consumed directly rather than
being sold in the marketplace. but the value is nonetheless
significant and cconomic values can be ossigned. In
Botswana, over 50 species of wild animals provide animal
protein exceeding 90 kg per person per wivaum in some arcas
(some 40 pereent of their diet): over 3 million kg of meat
is obtained yearly fromn springhare alone. In Ghana, about
75 perceent of the population depends largely on traditional
sources of protein, mainly wildlife, includiug fish, insccts,
caterpillars, maggots, and snails. In Nigeria, game constitutes
about 20 percent of the mean annual consumption of animal
protein by people in rural areas (including 100,000 tons of
the giant rats known as *“grasscutters,”” per Myers, 1988b),
while 75 pereent of the animal protein consumed in Zaire
comes from wild sources. Senegal’s population of 5 million
consumes at least 373,631 metric tons of wild mammals and
birds per ycar (Sale, 1981).

Indigenous use of forest resourees in Siberut, Indonesia, where
monkeys are hunted for food (photo by R. Tenaza).

Consumptive usc value can be assigned a price through
such miechanisms as estimating market value if the product
were sold on the market instead of being consumed. In
Sarawak, Malaysia. for example, a detailed ficld study found
that wild pigs harvested by hunters had a market value of
some $100 million per year (Caldecott, 1988).

A cautionary note: In many tropical countrics, the con-
sumptive use value of wildlife has stimulated over-
exploitation (see. for example, Davies, 1987, for details on
Sierra Leone). While wildlife has been consumed by humans
for hundreds of thousands of years, today's increasing
populations and changing social and political structures have
removed most traditional controls on hunting. If wildlife is
to continue to make its itnportant contribution to economies,



more cffective controls are often required to ensure that
wildlife populations are maintained at productive levels. The
means of doing this will vary from place 1o place, but the
foundations must be based on sound economic and ecological
principles.

In terms of economic development, perhaps the most im-
portant point of consumptive use is that some rural com-
munitics closest 1o the forests or other natural arcas can
prosper through the sustainabic harvesting of wild species,
and almost all rural communities can gain at least some
development  benefit  through  proper management  of
biological resources that are consumed directly. Relatively
small investments aimed at ensuring that such management
systems continue to prosper can help avoid the much larger
investments often required when biological resources have
been seoseverely degraded that expensive environmental
rchabilitation projects are needed.

Economically efficient and productive systems exist out-
side the market economy, drawing on biological resources
1o support basic human needs. These systems should be well
understood before attempts are made to replace them by
modern approaches that may not be as sustainable or pro-
ductive in the long run.

Wood-gathering in Burkina Faso (World Bank photo by Y.
Hadar).
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Productive Use Value

This value is assigned to products that are commercially
harvested for exchange in formal markets. and is therefore
often the only value of biological resources that is reflected
in national income accounts. Productive use of such
biological resource products as fuelwood, timber, fish,
animal skins, musk, ivory, medicinal plants, honey. beeswax,
fibers. gums, resins. rattans, construction materials, or-
namentals, animals harvested for game meat, fodder,
mushrooms. fruits, dyes. and so forth can have @ major im-
pact on national cconomies. Estimates of such values are
usually made at the production end (landed value. harvest
value, farmgate value, cte.) rather than at the retail end.
where valtues are much higher because of the costs and value
added through transport. processing, and packaging: for ex-
ample. the estimated production value of cascara (a laxative
derived from tree bark) in the United States is $1 million
per year, but the retail value is $75 million per year (Prescott-
Allen and Prescott-Allen, 1986).

Wild biological resources also contribute to the produc-
tion of domesticated resources in several ways:
¢ wild genetic resources are used to improve established

domesticates (a contribution valued as billions of dollars

per year),

¢ rangeland and wild forage species contribute to livestock
production:

* wild species — especially of plants — serve as sources
of new domesticates (Plotkin, 1988);

* wild pollinators are essential to many crops, and wild
enemices of pests help control their depredations on crops.
In this regard, a clear distinction needs to be drawn be-

tween products that are continuously taken from nature, such

as ivory or medicinal plants, and ones that are harvested once
or infrequently to provide a small **founder stock'” that is
then propagated or used as a genetic blueprint. With plants,
the latter is often much the most important, as virtually any
plant can be propagated and cultivated. The value of these
plants as genetic resources may be compared to an intellec-

tual property right (Williams, 1984; de Klemm, 1985).
Prescott-Allen (1986) concluded that the productive use

value of wild genetic resources demonstrates that genetic
resources are indispensable to modern agriculture, that most
of them come from 2 country other than where they are util-
ized, that the turnover of domestic genetic resources is rapid,
and that usc of new genetic resources is increasing (therefore
requiring the lines of supriy from other countries to be kept
open and a great diversity of genetic resources to be main-
tained). The wild relatives of domestic plants will be an
essential component of ensuring food security for the next
century (Hoyt, 1988). IUCN, WWF, and IBPGR have called
for a “*scarch and rescue operation’" to locate and conserve
wild crop relatives, both in situ and ex situ, to complement
the cxisting and equally vital work on conserving the
cultivated diversity. mainly the land-races, of the major
agricultural crops.
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Fig. 2. Pasture production in comparison to other land uses in Para State, Brazil (Source: Chris Uhl, unpublished data, 1989).

Exchanges of genetic material among developing countries
are particularly important in view of the economic impor-
tance of such perennial crops as rubber, oil palm, and cocoa,
and annuals such as cassava and sugarcane. Such crops are
often far more productive outside their native habitats, but
they are also subject to attacks from various pests and discases
that can be counterattacked by fresh infusions of genetic
material (Frankel and Bennett, 1970; Frankel and Hawkes,
1974; Plucknett er al., 1987).

Productive use value can be derived directly from the
market demand curve for the resources consu :d, which
measures consumers’ willingness to pay for various quan-
titics of the resource. Where close substitutes are available,
the demand curve will be fairly flat and the productive use
value can be approximated by market price. Where close
substitutes are not available, a *‘consumers’ surplus” exists
over and above the market price. In this case, use of price
data may severely underestimate productive use value.

Prescott-Allen and Prescott-Allen (1986), in a ground-
breaking study that demonstrated how the dollar value of
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biclogical resources can be estimated, carried out a detailed
analysis of the contribution wild species of plants and animals
made to the American economy, concluding that some 4.5
percent of GDP is attributable to wild species. The combined
contribution to GDP of wild harvested resources averaged
some $87 billion per ycar over the period 1976 to 1980.
The percentage contribution of wild species and ecosystems
to the economics of developing countries is usually far greater
than it is for an industrialized country like the USA, especial-
ly if consumptive use value is included. Timber from wild
forests, for example, is the second leading foreign exchange
carncer for Indonesia (after petroleum), and throughout the
humid tropics governments have based their economies on
the harvest of wild trees; total exports of wood preducts from
Asia, Africa, and South America averaged $8.1 billion per
year between 1981 and 1983 (WRI/IIED, 1986).
Non-wood forest products can also be of considerable
value. Indonesia, for example, earned some $200 million in
forcign exchange from non-wood forest products in 1982
(Gillis, 1986), while non-wood forest products in a recent



year provided 40 percent of the total net revenues accruing
to the Indian government from the forestry sector, and 63
percent of the forestry exports (Gupta and Guleria, 1982).
In comparing wood and non-wood forest resources, Myers
(19838b) concludes that a tropical forest tract of 50,000 hec-
tares could, with effective management, **produce a sclf-
reacwing crop of wildlife with a potential value of at least
$10 million per year, or slightly more than $200 per hec-
tare. These revenues contrast with the return from commer-
cial logging in the arca of only a little over $150 per hec-
tarc. Moveover, with present timber-harvesting practices,
commercial logging tends to be an ccologically disruptive
procedure, whereas wildlife harvesting can lcave forest
ccosystems virtually undisturbed.”

Similar results came from a study that attempted to assess
market values from all economic trees in a one-hectare tract
of species-rich forest in Peruvian Amazonia (Peters ¢f al.,
1989). The hectare of forest, located on the Rio Nanay about
30 km from the city of Iquitos, contained 275 species of trees,
with a total count of 842 trees greater than 10 cm in diameter.
Over 41 percent of the trees yielded fruit, timber, or latex
with a local market value. Fruit and latex yield about $700
per year (3422 net of labor and transport), but given that
both these resources are renewable and can be harvested
annually, the present net value of fruit and latex is estimated
at $8,400. The merchantable timber in the tract amounts to
about 94 cubic meters, but the maximum sustainable harvest
would amount to about 30 cubic meters every 20 years,
yielding a present net value of $490 for timber. Fruit and
latex therefore represent over 90 percent of the total market
value of the forest; sustainable yields of wildlife and
medicinal plants would add considerably to the non-timber
yicld of the forest.

In comparison to other uses of Amazonian forest, a one-
hectare tract in Brazil harvested for pulpwood was similarly
valued at $3,184, and valued even less as a cattle pasture
at $2,960. These values are considerably lower than the one
calculated for the sustainable harvest of fruit and latex, and
also assume — contrary to the knowledge of most tropical
systems — that such uses are sustainable.

The returns from wildlife usually will be far less in drier
habitats, though often exceeding alternative uses. In Zim-
babwe’s Zambezi Valley, for example, Cumming (1985)
estimates that potential gross returns from wildlife utiliza-
tion amount to $12 per hectare. **These returns,’ he states,
*‘are as good if not better than returns from the best-run com-
mercial beef ranches in the country and the profit margins
are probably higher.”’

While sport hunting by foreigners certainly has some prob-
lems of image, tending to appear imperialistic to some local
people who are themselves prohibited from hunting, these
problems can be overcome when local people are also able
to benefit through consumptive uses of **surplus’” meat that
can be harvested on a sustainable-yield basis.

In conclusion, market prices represented by productive use
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value can be an important indicator of value. However, as
will be demonstrated by the discussion of indirect values
below, the market | rice is not always an accurate represen-
tation of the true economic valuc of the resource, and does
not deal cffectively with questions of distribution and equity.
It is also apparent that consumers may value resources in
ways different from: producers; tropical forests are valued
by consumers of scenic beauty differently than by consumers
of lumber products, but no market is available to mediate
these claims.

Indirect Values of Biological Resources

Indirect values, which deal primarily with the functions
of ecosystems (**environmental services’), do not normal-
ly appear in national accounting systems, but they may far
outweigh direct values when they are computed. They tend
to reflect the value of biological diversity to society locally
or at large rather than to individuals or corporate ecntities.

Direct values often derive from indirect values because
harvested species of plants and animals arc supported by the
goods and services provided by their environments. Species
without consumptive or productive use values may play im-
portant roles in the ecosystem, supporting species that are
valued for their productive or consumptive use. In Sabah,
for example, recent studies suggest that high densities of wild
birds in commercial Albizia (silk tree) plantations limit the
abundance of caterpillars that would otherwisc defoliate the
trees; the birds require natural forest for nesting (Fitter,
1986).

As another example, the U.S. National Marine Fisheries
Service estimates that the destruction of U.Z. coastal estuaries
between 1954 and 1978 cost the nation over $200 million
annually in revenues lost from commercial and sport
fisheries. The commercial fisheries provide productive use
value and the sport fisheries provide consumptive use value,
to which the estuaries contribute without being consumed.

Non-consumptive Use Value

Environmental resources -— generally speaking, nature’s
services rather than her goods — often provide value without
being consumed, traded in the marketplace, or reflected in
national income accounts. Still, efforts are being developed
to cvaluate economically the benefits provided by these
resources (Oldfield, 1984, Peterson and Randall, 1984;
Sinden and Worrell, 1979; de Groot, 1986). It is apparent
that the benefits of environmental services are much casier
to measure at the local level than at the global level. Quanti-
fying the hydrological benefits of a watershed, for example,
is relatively straightforward, while measuring the value of
the global carbon cycle would be & daunting exercise and
would in any case be of little practical value. Box 6 and the
following paragraphs summarize some of the indirect non-
consumptive values of biological resources, particularly of
ecological services provided by nature.



CONSERVING THE WORLD'S BIOLOGICAL DIVERSITY

Box 6: Non-Consumptive Benefits of
Conserving Environmental
Resources.

The benefits accruing to society in return for in-
vestments in conserving environmental resources will vary
considerably from area to arca and from resource 1o
resource. Most such benefits will fall into one or another
of the following categories:
¢ Photosynthetic fixation of solar energy. transferring this

energy through green plants into natural food chains,

and thereby providing the support system for specics
that are harvested:

® Ecosystem functions involving reproduction, including
pollination. gene flow, cross-fertilization; maintenance
of environmental forees and species that influence the
acquisition of useful genetic traits in cconomic species:
and maintenance of evolutionary processes, leading to
constant dynamic tension among competitors in eco-
systems;

* Maintaining water cycles, including recharging ground-
watcer, protecting watersheds, and butfering extreme
water conditions (such as flood and drought);

* Regulation of climate. at both macro- and micro-
climatic levels (including influences on temperature.,
precipitation, and air turbulence):

* Soil production and protection of soil from erosion, in-
cluding protecting coastlines from crosion by the sea;

* Storage and cycling of essential nutrients, e.g.. carbon,
nitrogen, and oxygen, and maintenance of the oxygen-
carbon dioxide balance:

* Absorption and breakdown of pollutants, including the
decomposition of organic wastes. pesticides, and air
and water pollutants: and

¢ Provision of recreatioral-aesthetic, sociocultural, scien-
tific, educational, spiritual, and historical values of
natural environments,

|

Stabilizing hvdrological functions. Natural vegetation cover
on water catchments regulates and stabilizes water runoff.
Deep penetration by tree roots or other vegetation makes the
soil more permeable to rainwater so that runoff is slower
and more uniform than on cleared land. As a consequence,
streams in forested regions continue to flow in dry weather
and floods arc minimized in rainy weather. Daniel and Kulas-
ingham (1974) showed that the peak runoff per unit arca of
forested catchments in Malaysia is about half that of rubber
and oil palm plantations, while the low flows are roughly
double. Watershed protection has helped justify many
valuable reserves that otherwise might not have been
cstablished, so irrigation and energy agencies can make
powerful potential allies for protected areas that safeguard
watersheds (McNeely, 1987).

In Honduras, for example, La Tigra National Park, a
7.500-ha area consisting mainly of cloud forest, produces
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a high quality, well-reguli *~d water flow throughout the year,
producing over 40 percent of the water supply to Tegucigalpa
(the capital city). Some 25 small collection facilities scat-
tered throughout the park require only limited maintenance
because the water is so pure and free of sediments. Because
of its value for watershed proteciion. La Tigra is the focus
of a major investment progriam involving a series of economic
incentives for villagers living in the surrounding regions.

Another estimate placed the cconomic value of a hectare
of Atlantic Spartina marsh at over $72,00C a ycar. Accord-
ing to the U.S. Army Corps of Engineers, retaining a wet-
lands complex outside of Boston, Massachusetts realized an
annual cost savings of $17 million in flood protection alone
(a figure that did not include the many other benefits — such
as sediment reduction. fish and wildlife production, and
acsthetic values — that the wetlands alforded arca residents)
(Hair, 1988).

In many cases. the total costs of establishing and manag-
ing reserves that protect catchment areas can be met and
justified as part of the hydrological investment. In Thailand,
Hufschmidt and Srivardhana (1986) have shown that an an-
nual expenditure for watershed protection related to the Nam
Pong Reservoir of about $1.5 million per year would be
Justified in terms of benefits to the reservoir. And in In-
donesia, the Dumoga-Bone National Park was established
by a loan of $1.2 million from the World Bank, justified on
the basis of the protection the park provided to a major ir-
rigation project in the lowlands below.

Protecting soils. Good soil protection by natural vegeta-
tion cover and litter can preserve the productive capacity of
land, prevent dangerous landslides, safeguard coastlines and
riverbanks, an ! prevent the destruction of coral reefs and
tresh.vater and coastal fisheries by siltation. In Malaysia, the
suspended sediment load following logging increased 70 to
97 pereent in comparison with a non-logged arca (Kasran,
1988). Thus, management of watershed as a protected area
can greatly reduce sediment loads (and can therefore con-
tribute significantly to the longevity of reservoirs and irriga-
tion systems downstream). A startling example of soil con-
servation is provided by Nepal's Royal Chitwan National
Park. where villagers have cleared and grazed the north bank
of the Rapti River (which forms the park boundary) so in-
tensively that it has be~n subject to rapid erosion. On the
south bank, within the park. the protected vegetation binds
the soil so that wien monsooen rains swell the Rapti it is the
north bank that is washed away. As a result, the course of
the river has shifted and in less than a decade roughly one
hundred hectares has been waken from villagers and added
to the park by natural forces (Roberts and Johnson, 1985).

Maintaining the natural halance of the environment. The
existence of a protected arca may help maintain a more
natural balance of the ccosystem over a much wider arca.
Natural habitats afford sanctuary to breeding populations of
birds that control insect and manunal pests in agricultural
arcas. Bats, birds, and bees that nest, roost, and breed in



reserves may range far outside their boundaries and pollinate
fruit trees in the surrounding arcas. Ledec and Goodland
(1986) have shown how the production of Brazil nuts depends
on a varicty of poorly known forest plants and animals. Male
cuglossine bees that pollinate the tlowers of the Brazil nut
tree gather certain organic compounds from epiphytic or-
chids to attract females for mating. The hard shell covering
the nut is opened naturally only by the forest-dwelling agouti
(a large rodent). thereby enabling the tree to disperse seeds.
Thus maintaining Brazil nut production appears to require
conserving enough natural forest to protect bee nesting
habitat, other bee food plants, certain orchids and the trees
upon which they grow, the insects or hummingbirds that
poliinate the orchids (and all their necessities in turn), and
agoutis.

Another good example comes from Tanzaria, where the
poaching and uncontrolled hunting of elephants and rhinos
10 the south-cast of Tarangire National Park led to bush en-
croachment because the main browsers no longer had a ma-
jor influence on the vegetation. This in turn caused an in-
crease in tsetse flies. which reduced the population of
domestic livestock in the area. Far from being just an ethical
action, the conservation of elephants and rhinos would have
enhanced the productivity of the livestock industry (Peter-

THE VALUES OF BIOLOGICAL DIVERSITY

Species can also have non-consumptive use value, as in
bird watch.ng and some scientific rescarch (especially
ccological ficld studies). And people erive indirect non-
consumptive use value from species through media such as
film, video, and literature.

Option Value

The future is uncertain, and extinction is forever, Prescort-
Allen and Prescott-Allen (1986) suggest that society **should
prepare for unpredictable events, both biological and socio-
economic. The best preparation in the context of wildlife use
is to have a safety net of diversity — maintaining as many
gene pools as possible, particularly within those wild specics
that are economically significant or are likely to be." Op-
tion value is a means of assigning a value to risk aversion
in the face of uncertainty,

Natural habitats preserve a reservoir of continually evolv-
ing genetic material — irrespective of whether the vaiues of
that material have yet been recognized — that cnables the
various species to adapt to changing conditions. The plants
and animals conserved may spread into surrounding areas
where they may be able to be cropped at some future date,
or may cventualy contribute genetic material to domestic
crops or livestock. Protecting natural habitats can therefore

son, 1976).

Protected areas are not only havens for wild species, but also maintain ecological balanees. The resulting change in water flow
from a hillside that has been deforested could ruin a lowland irrigation system (World Bank photo by E.G. Hoffman).
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The African elephant acts as a keystone species within its habitat, Its browsing on vegetation modifies the habitat and ereates condi-

tions favorable for other species (photo by N. Myers),

be seen as ameans for nations. especially those inthe species-
rich tropics. to keep at least part of their biological resources
intact for the future benefit of their populace.

As i result, society as a whole may be willing to pay 10
retain the option of having future access to a given species
or level of diversity. As the demand for biological resources
grows while the supply continues to dwindle (if currer trends
continue), their value is likely to increase. Therefore, some
cconomists suggest that conventional cost-benefit relation-
ships need to incorporate mechanisms to deal with the prob-
ability of higher future values and the irretrievability of lost
opportunities to preserve natural environments and genetic
material.

Existence Value

Many people. especially in the industrial nations. also at-
tach value to the existence ol a species or habitat that they
have no intention of ever visiting or using: they might hope
that their descendants (or future generations in general) may
derive some benefit from the existence of these species. or
may just find satisfaction in knowing that the oceans hold
whales. the Himalayas have snow leopards. and the Serengeti
has antelope. The cethical dimension is therefore important

M
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in determining “rexisience value.” which reflects the sym-
pathy . responsibility. and concern that some people may feel
towird species and ccosystems. An accurate cost-benefit
analysis of such values is clearly impossible, but the
magnitude of these values is suggested by the sizeable volun-
tary contributions to private conservation agencies in the in-
dustrial world by people who do not expect to visit or use
the resource they are helping to conserve. (WWF alone
receives nearly ST100 million per vear in such donations on
a worldwide basis.)

Conclusions

Wild species and the genetie variation within them make
contributions to agriculture. medicine. and industry worth
many billions of dollars per year. Perhaps even more im-
portant are the essential hife processes that are carricd out
by nature. including stabilization of climate. protection of
watersheds, protection of soil, protection of mirsciies and
breeding grounds. and so on. Conserving these processes
cannot be divoreed from conserving the individual species
that constitute natural ccosvstems,

The developing countries are particularly vulnerable to
abuses ol biological resources because they tend to be



agrarian societies with the bulk of their populations living
on the land rather than in citics. Biolonical resources make
a far greater contribution to these local economies (at least
in percentage terms) than they do to the rational and inter-
national industrial economies. Species that are important to
human welfare in both industrial and developing countries
are not limited to wild plants that are relatives of agricultural
crops, or to animals or plants that are harvested for food,
fuel, or medicine. They also include species such as earth-
worms, bees, and termites that may make even more im-
portant contributions to society in terms of the role they play
in maintaining healthy and proJuctive ecosystems.
Biological resources have multiple values in all socictics,
but different approaches to valuation are relevant at different
levels. Atthe local level, consumptive use value is often the
most relevant, while national governments tend to be most
interested in productive use value, often in terms of the
foreign exchange carned. Although many products from
biological resources are traded internationally, the world
community is also likely to be interested in existence value
and non-consumptive use value (ways of converting this in-

Erosion in Ethiopia (photo by IIED),
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terest into financial support are presented in Chapter VIII).
Wealthy individuals or nations may be more concerned about
option value than nations that are carrying a heavy debt
burden and that may be forced into unsustainable produc-
tive uses.

But whatever methodology is used, valuation is only a fun-
damental first step. It informs planners, resource managers,
and local people about how important biological diversity
may be to national development objectives, it demonstrates
how important an area is for the biological resources it con-
tains, it reveals common interests in conservation among
various sectors, and it facilitates comparison of costs and
benefits of different development proposals.

The sccond step is to determine how these species and areas
can be conserved. It is here that ezonomic incentives and
disincentives can play their important role in ensuring that
the benefits suggested above are in fact delivered to the com-
munity, and that the community in turn is enabled to protect
the resources upon which its continued prosperity depends
{McNecely, 1988).

Following page: Forest destruction in Brazilian Amazonia (photo
by R.O. Bierregaard).
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CHAPTER III

HOW AND WHY BIOLOGICAL
RESOURCES ARE THREATENED

Todays threats to species and ecosystems are the greatest
in recorded history. Virtually all of them are caused by human
mismanagement of biological resources, often stimulated by
misguided economic policies and faulty institutions that
enable the exploiters to avoid paying the full costs of their

exploitation.

In secking ways to conserve biological resources, it is
necessary 1o have a clear understanding of the major threats
to biological resources on the ground and in the water. Solu-
tions depend above all on how the problem is defined, and
it appears that the problems facing the conservation of
biological diversity have tended to be defined in ways that
do not lead 10 aceeprable solutions.

When the problems are defined in terms of insufficient pro-
tected areas, excess poaching, poor law enforcement, land
encroachment, and illegal trade, possible responses include
establishing more protected areas, improving standards of
managing species and protected areas, and enacting inter-
national legislation controlling trade in endangered species.
All of these measures are necessary. But they respond to only
part of the problem. Biological diversity will be conserved
only partially by protected arcas, wildlife management, and
international conservation legislation. Fundamental problems
lie beyond protected areas in sectors such as agriculture, min-
ing, pollution, settlement patterns, capital flows, and other
factors relating to the larger international economy.

This chapter attempts to define the problems of conserv-
ing biological diversity in a more comprehensive way that
will lead to more effective solutions being developed.

Two scenes of the advance of human settlement on wild lands: The Pantanal region of Brazil, where a dike project to produce
year round agricultural land has ereated significant changes in the seasonally flooded ecosystem, and the Impenetrable Forest in
Uganda, where agricultural aetivity extends right up to the park boundary (photos by R.A. Mittermeier).
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Dead trees on Mt. Mitchell, North Carolina, 1988. Acid rain
is believed to have contributed to the decline of Appalachian
forests in the United States (photo by Jim MacKenzie, WRI).

Both problems and solutions are built on economic founda-
tions. Major threats to biodiversity include:

Habitat alteration. usually from highly diverse natural
ccosystems to far less diverse (often monoculture)
agroecosystems. This is clearly the most important threat,
often related to land-use changes on a regional scale that
involve great reduction in the area of natural vegetation.
Such reductions in arca — often involving fragmentation
of species habitats — inevitably mean reductions in popula-
tions of species, with a resulting loss in genetic diversity
and an increase in vulnerability of species and populations
to disease, hunting, and random population changes (Soulé
and Wilcox, 1980).

Over-harvesting, the taking of individuals at a higher rate
than can ix sustained by the natural reproductive capac-
ity of the population being harvested. When species arc
protected by law, harvesting is called **poaching.
Chemical pollution, which has been implicated in the dy-

harming wildlife through the accumulation of persistent
pesticides: and the release of many compounds of heavy
metals and other toxic substances from industrial sources.
with an impact on the life of land. fresh waters. and in-
shore scas.

Climatic change, often related to changing regional vegeta-
tion patterns; this problem involves such factors as global
carbon dioxide build-up, regional cffects such as El Nino
(Graham and White, 1988) and monsoon systems, and
local effects, often involving fire management. Climate
change, which appears to be taking place at the fastest race
in history. could have drastic eftects on boreal forests, cor-
al reefs, mangroves, and weilands, as well as change the
boundaries of the world’s biomes.

Introduced species. which on many oceanic islands have
virtually replaced the native species of plants (Fosberg,
1988). Even reasonably well protected islands such as the
Galapagos have as many introduced species of plants as
native ones (Adsersen, 1989). Continental arcas are also
affected, and the problem of introduced species of plants
has been identified as the most serious threat facing the
U.S. national park system. Animals are not immune to
such threats; for example, in some of the African Rift
Valley lakes. which have remarkably high levels of
endemism, introduced species of fish have threatened most
native species with extinction (Miller, 1989). Mongooses,
snakes, and other introduced animals can rather quickly
lead to the extinction of the native fauna, while introduc-
cd herbivores such as goats and even reindeer can ex-
tinguish the native flora (Savidge, 1987; Pimm, 1987;
Mooney, 1955).
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ing forests of Europe, deformitics in birds (Anderson,
1987), and premature births in seals (DeLong er al., 1973),
has become a major threat in virtually all parts of the
world. Chemical pollution is complex and all-pervasive.
It is expressed in such different forms as: atmospheric
pollution with sulphur and nitrogen oxides and with oxi-

A herd of goats introduced on Santa Catalina Island, Califor-
nia, roam the denuded landscape they helped create (photo by
B. Coblentz).

® Incrcase in population, accompanying the industrial

dants, dircctly damaging vegetation and harming fresh
waters through the deposition of **acid rain'"; excessive
usc of agricultural chemicals, contaminating watercourses
and causing ccological imbalance in wetlands and shallow
seas through the runoff of nitraic and phosphate and
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revolution, giobal trade, harnessing of fossil fuels, and
more cffective public health measures. Our species reached
a population of | billion at the beginning of the 19th cen-
tury, rcached 2 billion in the 1920s, and totals over S
billion today. Optimists predict that a combination of



development, cducation, the provision of reproductive
health services, and intelligent self-control will cause the
population to level off at around 8 to 10 billion in the lat-
ter part of the next century. A dispassionate external
observer must question whether such a population is sus-
tainable, given the degradation in the resource base that
has accompanied the recent increase. The danger that the
raw forces of nature — drought, flood, famine, strife, and
disease — will dominate in at least some regions will cer-
tainly continue to place very heavy demands on biological
diversity. 1t is apparent that the longer it takes people to
limit their fertility, the more certain it is that misery will

prevail (Holdgate, 1989).

The above list of major threats is primarily a list of the
symptoms rather thau a description of the fundamental prob-
lems that lead to these threats. While the specifics of the prob-
lems will vary from place to place, the main source of all
these symptoms can be found in the distribution of costs and
benefits of both exploitation and conservation. Those who
have reaped the benefits from exploitation have not paid the
full costs. and those who have paid most of the costs of con-
servation (especially opportunity costs) have gained few of
the benefits.

HOW AND WHY BIOLOGICAL RESOURCES ARE THREATENED

Ultimately. the solution is to redress this imbalance through
ensuring that exploiters pay the full costs of their exploita-
ton, and that conservers earn more of the henefits of their
acrions. This requires a more comprehensive perspective on
conservation and development, and a more integrated ap-
proach to decision-making.

The Dimensions of the Problem

While the various threats to biodiversity tend to be
cumulative in their effects, it is informative to look more
closely at the manifestations of these thrzats on species and
habitats (realizing how closely intertwined species are with
their habitats). It is important to bear in mind that from
tropical habitats — the most species-rich formations on earth
— only 10 percent of the total number of species has even
been described; without understanding the parts of the
system, it is difficult to understand the systems themselves.
Our ignorance of tropical organisms and ecosystems is vast.

Species
Extinction has been a fact of life since life first emerged
from the primordial ooze (Figure 3). The present few million
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Fig. 3. The five major extinction episodes of life on earth as exemplified by the changes through geological time in family diversity
of marine vertebrates and invertebrates (Source: E. Wilson, 1988b).
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species are the modern-day survivors of the estimated several
billion species that have ever existed. All past extinctions
have occurred by natural processes, but today humans are
overwhelmingly the main cause of extinctions,

The average duration of a vertebrate species is some 5
million yeurs. The best current estimates are that on average
900,000 vertebrate species have become extinet every |
million years during the last 200 million years, so the average
“background rate’” of extinction has been very roughly 90
species of vertebrates cach century (Raup, 1986). Myers
(1988¢) quotes a crude estimate for higher plants of about

| species becoming eatinet every 27 years over the past 400
million years, with the rate increasing in more recent times
as the number of species of higher plants has increased.
Within the Tast few hundred years, major waves of human-
caused extinctions have washed over oceanic islands, in large
part due to the destruction of lowland forests and to the in-
troduction of predators, mammuaian herbivores, discases, and
aggressive, weedy plants. About 75 percent of the mammals
and birds that have become extinet in recent history were
island-dwelling species (Frankel and Soulé, 1981), and even
more island extinctions are likely. Over 10 percent of the

|
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High rises and favelas (shanty towns) encroach on remaining habitat in Rio de Janciro, Brazil {photo by P, Almasy).
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world's specics of birds are confined to individual islands.
Similarly, the island floras tend to be tar more endangered
than the continental ones, and on several islands (Ascension,
Lord Howe, Norfolk, Rodrigues. and St. Helena) more than
90 pereent of the endemic vascular plant species are rare,
threatened. or extinet (Table 1).

Table 1: Status of Endemic Vascul o Plant Taxa
on Selected Oceanic Islands.

Rare,

Not insufficiently Threatened
Island Total Threatened Known or Extinet
Ascension Island . 1V .0 0. L 1..... 10 (91%)
Azores ... ... 56 .00 140 L. 10..... 32 (579
Canary ivtands 612 169 ... ... ... 407 (67%)
Galapagos .. 222 0890 3 130 (59%)
Juan Fernandes 19 ... 6....... 17..... 9S (81%)
Lord Howe Island 78 ... 2., ... ... 75 196%
Madeira ..., .. 129 ... 23 ... ... 19..... 87 (67%)
Mauritius ... .. .. 280 000 3. I8..... 194 (69 %
Norfolk Island 48 .0 1o 2..... 45 (9449
Rodrigues ... .. .. 55 . 3 2 . S0 91%)
St Heiena ... ... 9 .0 0... .. .. 2.0 .47 (96%)
Sevchelles* ) A | O I 72 (81%)
Socotra ... 205 00 B, 200132 61%)

* Refers to granitic islands only.

Sowrce: Davis et al.. 19806,

The rapid destruction of the world’s most diverse
ceosystems, especially in the tropics, has led most experts
to conclude that perhaps a quarter of the carth’s total
biological diversity is at serious risk of extinction during the
next 20-30 years (Raven, 1988). By many indications, the
world is already experiencing extinction rates of greater scale
and impact than at any previous time in the carth’s history
(Wilson, 1988a). More species than ever before are threat-
enerd with extinction, with thousands — mostly insects —
disappearing cach ycar, many before they are ever described.
A recent comprehensive reviev of the world’s avifauna con-
cluded that of the globe™s 9.000 birds, over 1,000 (11 per-
cent) were at some risk of extinction, vp from just 290 bird
species threatened in 1978 (an increase at least partially due
to more complete information becoming available in the past
several years)(Collar and Andrew, 1988).

The World Conservation Monitoring Centre (WCMC) is
the major repository of data on threatened species (see
Chapter V1. Using the Red Data Book categories established
by IUCN (Box 7). it has recorded the degree of threat to
some 60,000 plants and 2,000 animals. These categories have
received some criticism (Fitter and Fitter, 1987), particularly
on the grounds that they can only be used where full data
are available on the decline of a species. and on the threats
to its survival throughout its entire range,
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Box 7: IUCN Categories of Threat.

Extinet (Ix):  Species not definitely located in the wild
during the past 50 years (eriterion as used by CITES).
Endangered (E): Taxa (species and sub-species) in
danger of extinction and whose survival is unlikely it the
causal factors continue operating. Included are taxa whose
numbers have been reduced to a critical level or whose
habitats have been so drastically reduced that they are
deemed to be in immediate danger of extinction. Also in-
cluded are taxa that are possibly already extinet but have
definitely been seen in the wild in the past 50 years.,
Vuinerable (V):  Taxa believed likely to move into the
“Endangered™ category in the near future if the causal
factors continue operating. Included are taxa of which
most or all the populations are decreasing because of over-
exploitation, extensive destruction of habitat, or other en-
vironmental disturbince: taxa with populations that have
been seriously depleted and whose ultimate security has
not yet been assured; and taxa with populations that are
still abundant but are under threat from severe adverse
factors throughout their range.

Rare (R):  Taxa with small world populations that are
not at present “Endangered™ or “*Vulnerable™ but are
at risk. N.B. in practice, *"Endangered™ and
“*Vulnerable™ categories may include. temporarily. taxa
whose populations are beginning to recover as a result
of remedial action, but whose recovery is insufficient to
Justify their transter to another category, These taxa are
usually localized within restricted geographical arcas or
habitats or are thinly scattered over & more extensive
range.

Indetermirate (I): Taxa known to be **Endangered,™
“*Vulnerable.™ or *Rare™ but where there is not enough
information to say which of the three categories is
appropriate.

Such knowledge is available for relatively few taxa. Whit-
ten et al. (1987), for example. discovered in the course of
their work in compiling information on the natural history
of Sulawesi (Indonesia) that the Cacerulean paradise-flycatcher
(Eutrichomyias rowlevi) had not been seen in several decades,
nor were recent records to be found for many of the endemic
species of the fish family Adrianichtyidae: at least seven other
species of endemic Sulawesi birds had apparently not been
observed in over a decade, but had not found their way into
Red Data Books. Further, the Red Data Books cannot be ex-
pected to deal with tropical forest invertebrates, of which
millions of species are undescribed but are certainly under
threat as their habitats are cleared out from under them. Dia-
mond (1987) has pointed out that even the lists that do exist
include primarily species known to be threatened and sug-
gests instead that species must be presumed exdncet or en-
dangered unless shown 1o be extant and sccure. Such a
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“*Green List™ might be much shorter than Red Data Book
lists.
To cope with tropical plants, the IUCN Plant Information
Plan (TPU. 1988) proposed the listing of extinction-prone
species, defined as species confined to endangered vegeta-
tion types, as well as of threatened species falling into Red
Data Book categories. It also proposed the identification of
plant-rich sites for conservation, as a further way of identi-
fying threatened plant diversity (see Chapter VI). The in-
formation in Red Data Books and threatened species lists
should, therefore, be taken as only indicating part of the prob-
lem. The full picture is far worse.
Recen: work has indicated that the concept of rarity is far
more complex than is tepresented in the Red Data Books.
Rabinowitz et al. (1986) suggest no less than seven forms
of rarity for plants, based on three factors:
® Geographic range: Does a species occur over a broad area
or is it endemic to a particular small arca?
® Habitat specificity: Does a specics occur in a variety of
habitats or is it restricted to one or a few specialized sites?

* Local population size: Is a species found in large popula-
tions somewhere within its range or dees it have small
populations wherever it is found?

While these factors are really continuous variables,
Rabinowitz er al. (1986) for convenience constructed the
dichotomous table in Box 8. In this model, the only set that
can be considered common in the ordinary sense are those
with wide ranges. many habitats, and large population sizes:
all others are rare. Species with narrow distribution,
specialized habitat. and small numbers (type G in Box 8) are
the ones that are *‘rare’” in the public mind, but species shar-
ing six other combinations of attributes should also be con-
sidered rare and deserving of special management attention.

Box 8: Forms of Rariiy.

Geographice distribution: Wide

Narrow

Habitat specificity:  Broad Restricted {Broad Restricted

Local population size:
Somewhere large COMMON [RARE (A)|RARE (B) |RARE (C)

Everywhere small  RARE (D) [RARE (E)|RARE (F) |RARE (G)
Source: Rabinowitz et al., 1986,

The different forms of rarity have considerable practical
relevance for conservation biology, helping to determine the
management strategy employed and the priority allocated to
certain species. For example, managenient of *‘endemic
raritics™ of type C in Box 8 might focus on protecting the
specific habitat where the species occurs, that of endemic
raritics of type G might call for attempting to reintroduce
the species to appropriate habitats elsewhere, and the strategy
for **patchily distributed rarities'* of type E might focus on
fegal restrictions on trade and direct consumption. Patchily

distributed rarities of type D, which oceur in small popula-
tions over a wide geographic range in a variety of habitats.
are likely to become endangered only in the face of
widespread habitat destruction and therefore deserve relative-
ly low priority for management attention. Rabinowitz et al.
(1986) conclude that **the preponderant attention which con-
servationists pay to endemic species is well justified.” as
these narrowly distributed species are easily threatened by
habitat destruction or over-exploitation. They found that con-
serving habitats remains the most effective way to conserve
species, and that conservationists concerned with rare species
need to consider geographic range, habitat specificity, and
local abundance in their assessments.

The very real limitations in the level of current understand-
ing about the concept of rarity and its causes can be increas-
ingly overcome by advances in knowledge and field tech-
niques. In the meantime. the concept of threatened species
has been a very effective instrument in promoting conserva-
tion of biological diversity. Keeping the limitations in mind.
Table 2 presents the current state of knowledge of threat-
ened species.

Table 2: Currznt Status of Threatened Species.

Total Globally
Ex E \Y% R I Threatened Taxa

Plants ....... 384 3325 3022 6749 5598 .. .. 19078
Fish ........ 23 81 135 83 21..... 343
Amphibians .. 2 9 9 20 10..... 50
Reptiles . .... 21 37 39 41 32..... 170
Invertcbrates . 98 221 234 188 6l14..... 1355
Birds ....... 113 111 67 122 624 ..... 1037
Mammals .... 83 172 141 37 64..... 497

Key: Ex = Extinct (post-1600). E = Endangered, V = Vulnerable,
R = Rare, I = Indeterminate.

Source: Reid and Miller, 1989; WCMC, unpublished data, Jan.
1989.

Even many animal species not in immediate danger of ex-
tinction are suffering from declining populations and declin-
ing genetic variabitity. While some wild species — sparrows,
starlings, opossums, rats. raccoons, coyoles, white-tailed
deer, and other opportunists — are expanding their ranges
and populations, far more are suffering catastrophic popula-
tion crashes. Low populations make species far more
vulnerable to discase, climate change, habitat alteration, in-
breeding, and many other factors that can threaten their sur-
vival. Declining populations also have important implications
for development. as reduced populations have less potential
for utilization. Where heavy hunting pressures. for exam-
ple, have reduced populations of game animals to levels far
below the carrying capacity of the habitat, the economic
benefits of harvesting are much less than they would be with
harvesting at a sustainable yield level that maintains the
harvested population at the carrying capacity of the habitat.
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The Mddagdscar fat-shelled spider tortoise (Acinixys planicauda) is a very rare endemic species found only in a highly restricted
area in the dry forest region of southwestern Madagascar (photo by R.A. Mittermeier).

The planet is also being impoverished by the loss of races
and varictics within domesticated species. The variety of
genetic riches inherent in one single species can be seen in
the variability manifested in the many races of dogs, cats,
cattle, or horses, or the many specialized types of potatoes,
apples, or maize developed by breeders. But whole races or
cultivars are being lost at a rate that quickly reduces their
genetic variability and thus their ability to adapt to climatic
change, discase (O’Brien and Evermann, 1988), or other
forms of environmental adversity. The remaining cultivated
gene pools in the major crop plants such as maize and rice
amount to only a fraction of the genetic diversity they har-
bored only a few decades ago, even though the species
themselves are anything but threatened and the various seed
banks still retain many of the previously cultivated forms.
But little cvolution and adaptation can take place in a seed
bank. Thus for tiological resources, both loss of species and
loss of gene reservoirs are significant, and many
agriculturalisis argue that the loss of genetic diversity among
domestic plants and animals looms as an even greater threat
to human welfare than does the loss of wild species (Plucknett
et al., 1987; Frankel and Hawkes. 1974),

The hidden danger ot ever-growing lists of threatened
species is that individual recovery efforts are diluted each
time a new plant or aniinal is added to the list (Scott et al.,
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1987). Some have called for greater attention to be given
to a more broad-based ecosystem approach aimed at prevent-
ing species from becoming endangered, because it is easier
and more cost-cffective to protect intact, functioning
ecosystems with all their species than to initiate emergency
conservation measures for one endangered species after
another, or to wait until common species become endangered
before acting to save them (Scott et al., 1987).

On the other hand, the ecosystem approach can sometimes
ignore the role of individual species in favor of processes
and community organization; therefore, a species-specific
approach is required to address the needs of taxa that might
otherwise be neglected. The Red Data Books have been very
important in drawing public attention to the conservation
needs of a number of such species.

Habitats

According to one estimate, almost 40 percent of the net
primary terrestrial productivity (associated with plants, algae,
and photosynthetic bacteria) is directly consumed, diverted,
or wasted as a result of human activities (Vitousek er al.,
1986). This estimate provides an excellent indication of how
powerful the ecological influence of humans is on our planet.
For many centuries, landscapes have been altered and
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simplified by humans through deforestation, fire, and
pastoralism.

Tropical moist forests cover only 7 percent of the carth’s
land surface but contain at least hall of the carth’s species.
If estimates of the millions of undescribed forest beetles are
accurate. they could contain 90 pereent or even more of all
species. Some sites are extraordinarily rich: Whitmore er al.
(1985) counted 233 species of vascular plants in just 100
square meters of a fowland tropical rain forest in Costa Rica.
cquivalent to about one-sixth the total flora of the British Isles
on half the arca of a singles tennis court.

Tropical rainforest in castern coastal Brazil, a highly endangered
hiome that now covers only an estimated 1.5% of its original
extent (photo by R.A. Mittermeicer).

Surprisizigly, no generally agreed estimate on the amount
of tropical forest remaining has been produced, with figures
ranging from 800 million to 1,200 million hectarcs.
However, it is apparent that deforestation is continuing at
a rapid pace, with very conservative estimates suggesting
rates as high as 6.5 percent per year in Cote d’lvoire and
averaging about 0.6 percent per ycar (about 7.3 million ha)
for all tropical countries (Table 3). At this rae, which is a
net figure incorporating reforestation and natural regrowth,
all closed tropical forests would be cleared within 177 years
(FAO, 1981). Including both closed and open tropical forests
(woodlands), FAO/UNEP (1982), estimate that 11.1 million
ha are climinated outright cach year, and at Ieast a further
10 million ha are grossly disrupted annually. But even this
may be far too conservative. The Brazilian Space Research
Institute has reported that forest fires in 1987 destroyed 20
million ha of Brazilian forest. including 8 million ha of
primary rain forest; these figures exceed the FAO figures
for the entire world.

In short, estimates of world torest cover and deforesta-
tion rates suffer from a surprising lack of firm statistics. Since
su much conservation action depends on sound data, and
because remote sensing technology is available for providing
fairly precise estimates, a global study would seem a very
high priority. A systematic assessment of current forests and
deforestation rates for the entire tropics could be carried out
for about $5 million per ycar (Both, 1989).

Since the information base is so poor, figures on how long
it will take for all tropical forest to disuppear can only be
estimates. Raven (1988). for example, suggests that about
48 pereent of the world's plant species oceur in or around
forest arcas that are going to be destroved over more than
90 percent of their area during the next 20 vears, leading
to about a quarter of those spectes being lost. Further, as
deforestation becomes a more severe problem and the ac-
cessible forests are exploited. harvesting rates (and income
from forestry exports) tend to slow down., Many major
tropical timber exporters of the 1960s and 1970s have stopped
cxporting, and some — such as Thailand — uare now ¢even
net importers.

But given the projected growth in both human population
and cconomic activity, the rate of deforestation is far more
likely to increase than stabilize. The World Commission on
Environment and Development (1987) concluded that by the
end of the century, or shortly thereatter, little virgin tropical
moist forest outside of protected arcas may remain outside
of the Zaire Basin, the extreme northeast Brazilian Amazonia
adjacent to the southern Guianas, western Amazonia, the
Guianan tract of forest in northern South America. and parts
of the island of New Guinea (see Chapter VI). The accessi-
ble forests in these zones are unlikely to survive beyond a
few further decades, as world demand for their produce con-
tinues to expand. Forests on steep slopes. on the other hand.
are quite likely to endure even very dense human popula-
tions because of their inaccessibility and their important
cconomic functions in protecting watersheds.

The dimensions of these habitat changes have been assessed
tor sub-Saharan Africa (IUCN/UNEP. 1986b) and tropical
Asia (IUCN/UNEP, 1986¢) (Tables 4 and 5). The implica-
tions of these habitat changes for primates in tropical Asia
are summarized in Table 6 (TUCN/UNEP, 1986¢). In these
tables, *‘original habitat™ was determined on the basis of
vegetation ' aps prepared by Unesco for Africa (White,
1983) and t-ovical Asia (van Steenis, 1958). These maps
depict the idea, climax vegetation based on climatic, eleva-
tion, and edaphie factors, without significant human interven-

Deforestation in Peruvian Amazonia (photo by R.A. Mitter-
mcicer).



tion, and usually correspond to the arca of the country: they
are therefore an ideal that needs to be tempered by reality.
The estimates of natural habitat remaining were derived from
a wide varicty of sources of variable accuracy, so the figures
should be taken as indicative rather than dedinitive.
Despite these disclaimers, it is apparert from the figures
presented that original wildlife habitat has beer greatly re-
duced in virtually all nations in the Old World Tropics. Only
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Angola, Congo, Djibouti. Gabon, Kenya, Namibia, Somalia,
Tanzania, and Zambia in Africa and Bhutan, Brunei, and
Malaysia in Asia have lost less than 50 percent of their
wildlife habitat. From the species point of view, habitat losses
for Southeast Asian primates (which can be taken as
reasonable indicators of the other fauna and flora in the
region) have been significant. But the impacts on species
varies considerably; compare the primates from densely

Table 3: Estimates of Forest Areas and Deforestation Rates in the Tropics.

Closed Forest Percent Closed Forest Percent
area deforested area deforested

Country (1,000 ha) per year | Country (1,000 ha) per vear
Tropical Africa:
Cote d'Ivoire ..o o 4458 ....06.5 Haiti ..o oo 48.....38
Migerio oo o 8950 50 El Salvador ... o 141.....3.2
Rwanda ... ... ... 120....2.7 Jamaica ..o oo 67..... 3.0
Burundi ... ... . 26....2.7 Nicaragua .............. ... ..o, 4.496.....2.7
Benin oo 47....206 Ecuador ..o oo 14,250.....2.4
Guinea-Bissau ............ oo o . 660 ....2.60 Honduras ......... ... ... .. ........3,797.....24
Liberia ... oo 2,000 ....2.3 Guitemala ... .o 4442.....20
Guinea ... e 2,050 ....1.8 Colombia ............ ... ... ... ..., 46,400. .. .. 1.8
Kenya ..o o LI0OS ... 1.7 Mexico ..o 46,250. .. .. 1.3
Madagascar ... o L 10,300 .... 1.5 Panama ... o Lo o 4,165.....0.9
Angola ... oo oo 2900 ....1.5 Belize ... oo 1.354.. ... 0.7
Uganda ... oo 765 ....1.3 Dominican Republic ...................... 629..... 0.6
Zambia ... 3.010....1.3 Trinidad & Tobago ....................... 208..... 0.4
Ghana . ... 1,718 ... . 1.3 Peru ..o o 69.680. . ... 0.4
Mozambique ... .. ... .. L 935 ... 1.1 Brazil ... ... ... ... 357.480. . ... 0.4
Sierra Leone ..o 740 ....0.8 Venczuela ... ... 31,870..... 0.4
Tanzania ..o o 1,440 ....0.7 Bolivia ........... e 44.010..... 0.2
TORO L 304....07 Cuba ... . 1,455.....0.1
Sudan ... 650 ....G.6 French Guiana ......... .. ... ... ... ... 8,900..... (a)
Chad ... oo 500....04 Suriname. ... 14,830..... (a)
Cameroon . ... . oo 17,920 .... 0.4 Guyana .. ........ ... o oo 18,475.... ()
Elhmmu .............................. 4,350 ....0.2 TOTALS ...\ 678,655. .. .. 0.6
Somadia ... Lol 1,540. .. .. 0.2
Equatorial Guinea. ............ .......... 1,295 ....0.2 Tropieal Asia:
Zaire . 105,750 .... 0.2 Nepal ... oo 1,941... .. 4.3
Certral African Republic....... ... ......3,590....0.] Sri Lanka. ... 1,659.....3.5
Gebon. ... o 20,500 ....0.1 Thailand ..o o 9,235..... 2.7
Congo.....oooo il 21,340 .... 0.1 Brunei........ ... .. 03230000 1.5
Zimbabwe ..o 200..... (i) Malaysia . ........ . ... ... oo 20,995.. ... 1.2
Namibia. ... (a)..... (a) Laos. ... oo 8,410..... 1.2
Botswana........... ... . ... 0L (..... (a) Philippines .................0 oo oL 9,510..... 1.0
Maki oo (a).... (a) Bangladesh . ........... ... . o oL, 927..... 0.9
Burkina Faso................ ... ... ... (@..... (a) Viet Nam...........o 0 i iivinn. 8,770..... 0.7
Niger. (@..... (a) Indonesia. ................... ... ..., 113.895.....0.5
Senegal ... 220..... (a) Pakistan. . ... .. . o 2,185..... 0.3
Malawi ..o i86..... () Burma . ... oo 31,941..... 0.3
Gambia ......... ... ... . 65..... () Kampuchea . ........... 000 oo 7.548. . ... 0.3
TOTALS ... 216,634 ... 0.61 | India S1.84l.....03

Bhutan. ... oo 2,100..... 0.1
Tropical America: Papua New Guinea. . .......... ......... 34.230.. ... 0.1
Puruguuy .............................. 4.070 ....4.7 TOTALS ..\ 305,510 ... 0.6
CostaRica............................. 1.638 .... 4.0
(a) No data; in most cases this is where the areas are very small.

Source: FAO, 1981 most other sources consider these figures to be the best available, but far below actual rates of deforestation,

45



CONSERVING THE WORLD'S BIOLOGICAL DIVERSITY

populated Java (Javan Gibbon and Javan Lutong) and Indo-
china (Francois® Leaf Monkey) with those from the sparse-
ly populated Mentawai islands (Mentawai Gibbon).

I adequate information on the status and value of forest
land is available, the governments of tropical countries —
out of a sense of enlightened self-interest — will wish to
stabilize the arca of forest at an amount that enables them
1o meet national development goals of watershed protection,
tourism, firewood, construction, and species couservation.
Responsible governments today are constantly seeking ways
to ensure that forestry can contribute to the development goals
of the nation. The Tropical Forestry Action Plan, prepared
by FAO in collaboration with World Bank, UNDP, and
World Resources Institute in cooperation with other institu-
tions, specifies the kinds of actions that are required (FAO
et al., 1987; sce also Chapters VI and VII, this volume).

But tropical forests are far from being the only highly
diverse ecosystems. Mediterrancan-climate regions (that is,
with a cool, wet winter and a hot, dry summer) also have
very rich floras with high levels of endemism. For exam-
ple, the Cape Region of South Africa has about 8,600 species
of plants, of which 68 percent are endemic; Caiifornia has
5,000 plants (30 percent endemic); and southwest Australia
has 3,600 plants (with about 68 percent endemic to the
region) (Reid and Miller, 1989). In temperate woodlands
soils, species diversity may approach one thousand species
of animals per square meter, with populations excecding 2
million individuals. When microfloral communities are add-
cd, the numbers are even more impressive (Stanton and Lat-
tin, 1989).

While wetlands are not noted for high species diversity
or local endemisin (in part because they tend to be somewhat
more cphemeral than most other ecosystems), they do com-
prise very complex ccosystems and some old lakes display
very high diversity indeed. Each of the great lakes of the
African Rift Valley contains more spccies than any other lake
in the world, with very high levels of endemism. Lake
Tanganyika has more than 140 endemic species, Lake Vic-
toria has over 200 endemics, and Lake Malawi has at least
500 endemic species (with estimates indicating that nearly
as many more still need to be described) (Miller, 1989; Rib-
bink er al., 1983).

Biological diversity in marine ccosystems is also
remarkable, and indecd coral reefs are sometimes compared
with tropical forests in terms of diversity (Connell, 1978).
Marine ecosystems are far more diverse than terrestrial ones
at the higher taxonomic levels. For example, of the 33 animal
phyla, only 11 occur on land (one endemic) while 28 (13
endemic) are found in the seas (May, 1988). Further, Ray
(1988) points out that filter feeders, especially zooplankton,
create extra levels in aquatic food chains that do not exist
on land, and the oceans contain far greater diversity in body
size — from whales to picoplankton — than is found on land.
Conscquently, aquatic food webs tend to be more complex
than terrestrial ones and aquatic food chains contain more

'
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Table 4: Wildlife Habitat Loss in Africa South of
the Sahara.

Country Original Wildlife Ainount tlabitat Loss
Habitat Remaining (percent)
(1000 heetares) (1000 hectares)
Angola . ... o 124,670 ... ... 76.085.....39
Benin ..ol 10580 ......... 4.632..... 60
Botswana ... .........58,540......... 25758 .....56
Burkina Faso ......... 27380..........5476..... 80
Burundi .............. 2,570, ... 000359 L 86
Cameroon ........... 46,940 .. ..... .. 19,245 ... .. 59
Central African Republic 62,300......... 27412 ... 56
Chad................ 72,080......... 17,299 .. ... 76
Congo................ 34200......... 17,442 .. ... 49
Cote d’lvoire ......... 31.800.......... 6,678 ... .. 79
Djibouti .............. 2,180, ... L2, 49
Equatorial Guinea .. .... 2,500, . ... 920..... 63
Ethiopia ............ 110,100, .........3,030..... 70
Gabon............... 26,700 ........ 17,355.....35
Gambia............... L1300t 124 ..... 89
Ghana............... 23.000.......... 4,600..... 80
Guinea .............. 24590.......... 7,377 ..... 70
Guineca Bissau ......... 3610............ 794 ... .. 78
Kenya............... 56,950......... 29614 ..... 48
Lesotho .............. 3,040, ... 973 ... 68
Liberia .............. 11,140.......... 1,448 ... .. 87
Madagascar ..........59.521......... 14,880 ..... 75
Malawi....... ... ..., 9410.......... 4,046 .. ... 57
Mali ..ol 75410......... 15,836 ..... 79
Mauritania . .......... 38,860.......... 7,383..... 81
Mozambique ......... 78,320..........3.678..... 57
Namibia . ............ 82,320......... 44,453 ..... 46
Niger ............... 56,600......... 12,788 . . ... 77
Nigeria .............. 91,980......... 22,995..... 75
Rwanda .............. 25100 ...l 326..... 87
Senegal . ............. 19.620.......... 3,532..... 82
Sicrra Leone . ......... 7,070 ... ... .. 1,076 ..... 85
Somalia ............. 63,770 ......... 37.624 . .... 4]
South Africa ........ 123,650.........53,170 .. ... 57
Sudan .............. 170,300......... 51,09..... 70
Swaziland. . ........... 1,740, ... ........ 766 .. ... 56
Tanzania............. 88,620......... 50,513 ..... 43
Togo............... .. 5600.......... 1,904 ..... 66
Uganda.............. 19370.......... 4,261 ..... 78
Zaire............... 233,590........ 105,116 . .... 55
Zambia.............. 75260......... 53,435..... 29
Zimbabwe ........... 39,020......... 17,169 .. ... 56
TOTAL .......... 2,079,641 ........ 773,774 ... .. 65

Note: Data for Mauritania, Mali, Niger, Chad, and Sudan cover
only the sub-Saharan portion of those countries. Islands other
than Madagascar are not included.

Source: IUCN/UNEP, 1986b.

trophic levels. In addition, marine organisms are highly
diverse at the genetic level, with individuals in many taxa
being heterozygous at 5 to 15 percent of their genetic loci



(as compared with the average of 3.6 percent for mammals
and 4.3 percent for birds) (Polunin, 1983). All these factors
give coastal and marine ccosystems a form of diversity that
differs from terrestrial systems, often requiring different ap-
proaches to conservation,

A view of diversity on a coral reef (photo by J. Post).

In conclusion, highly diverse ecosystems are found in many
parts of the world, and all ccosystems make important con-
tributions to human welfare. Effective conservation of these
ccosystems is unlikely to come only from direct protection
of small samples of them; instead, governments seeking to
carry out their conservation programs more cffectively also
require improved policies that deal with other resource
management issues that have major impacts on management
of species and ccosystems, such as communications, defense,
forestry, international trade, energy, and agricultural
development.

Economic Factors Stimulating
Overexploitation of Biological Resources

The many factors working to lead species to extinction and
habitats to destruction are building in force and combine
to result in what some have considered an *‘impend-
ing extinction spasm’’ (Myers, 1987b). The information
quoted above suggests that considerable alarm is justified.
But species and habitat loss are just the painful symptoms
of the problem. The real causes are built on cconomic
foundations.

A growing number of cconomists have recognized that cur-
rent economic systems have stimulated the major threats to
biological resources (see Clark, 1973a; Dasgupta, 1982;
Fisher, 1981b: Norgaard, 1984: Pearce, 1976; and Randall,
1979 for more detailed discussions). These problems arc ex-
acerbated by the fact that the tropical countries (including
China) have 75 percent of the world’s population (rapidly
growing) but only about 15 percent of the money. Clearly,
different types of biological resources suffer from different
problems; open-access fisheries, tropical forests, and land
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Table 5: Wildlife Habitat Loss in Tropical Asia.

Original Wildlife Amount Habitat Loss
Country Habitat Rensaining (percent)
(1000 hectares) (1000 hectares)

Bangladesh .......... 14278 ... ... 857...... 94
Bhutan ... ... ... .0 3450.........2.277......34
Brunei .................876...... . ... 438...... 24
Burma .............. 77482........22,598...... T
China (@) ............ 42,307........ 16,500...... 61
Hong Kong ............. 107000000030 97
India ............... 201,700, ... ... 61.509...... 80
Indonesia .. ......... 144.643........74,686...... 49
Japan (b) ... 00320 14......57
Kampuchea .......... 18,088......... 4.341...... 76
Laos ... ... ... ......23675......... 6,866...... 71
Malaysia & Singapore  35,625........ 21,019...... 4i
Nepal ............... 11,707.........5385...... 54
Pakistan ............. 16590......... 3.982...... 76
Philippines . .......... 30.821......... 6,472...... 79
Sri Lanka ............. 6,470......... 1.100...... 83
Taiwan ... ... ..., 3,69......... 1,072, .. .. 71
Thailand ... ..........50,727........ 13,004...... 74
Viet Nam .. .......... 33212, 6.642 ..... 80
TOTAL .......... .815,186....... 248,765. . .. .. 67
Notes:

a. Tropical portion only (i.c., arca south of Yunnan high hills, in-
cluding the southern coastal strip and the island of Hainan).
b. Tropical portion only (i.c., southern Ryukyu archipelago).

Source: IUCN/UNEP, 1986¢.

Table 6: Range Loss and Habitat Protected for
Selected Primates in Southeast Asia.

Species Original Range Remaining Range Percent Percent
(1000 hectares) (1000 hectares)  Loss  Protected
Orangutan ... ...55300 ........20,700 ....63 .. 2.1
Siamang  ....... 46,511 .. ...... 16,980 ....63 .. 6.8
Agile gibbon .......53.227 ..., ..., 18435 ....65 .. 3.7
Whitc-handed gibbon 28,070 ........ 10,024 ....64 ..13.5
Bornean gibbon .....39500 ........ 25,300 ....36 .. 5.1
Mentawa, gibbon . ... ... 650 ........... 450 ....31 ..22.9
Javan gibbon ... ... . 4327 . oL 161 ....96 .. 1.3
Indochinese gibbon .. 34,933 ......... 8753 ....75 .. 3.1
Burmese gibbon . .. .. 16,835 ......... 5,638 ....67 .. 5.1
Pileated gibbon .. .. .. 7.000 ......... 1,120 ....84 .. 9.9
Long-tailed macaque . 38,318 ........ 12,332 ....68 .. 3.4
Pig-tailed macaque .. 156,862 ........ 48,169 ....69 .. 4.1
Stump-tailed macaquel54.696 .. ......55.647 ....64 .. 3.7
Assamese macaque .. 80,219 ..., 33,500 ....59 .. 25
Rhesus macaque ... 173,227 ....... . 56,864 ... .67 .. 2.8
Proboscis monkey ....2.950 ......... 1775 ....40 .. 4.1
Snub-nosed langur ....2,969 ... ....... 906 ....70 .. 1.5
Douc langur .......29.600 ......... 7,227 ....76 .. 3.
Javan lutong ..., .. 4327 ..o 161 ....96 .. 1.6
Silvered langur ... ... 41217 oo 16,997 ....59 .. 39
Francois’ leaf monkey . 9,740 ..... ..., 1411 .80 .. 1.2
Phayre's leaf monkey 70.857 ........ 19317 ....73 .. 3.8

Source: JUCN, 1986.
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suitable for agriculture have different economic
characteristics and need to be treated in different ways.
However, six major issues are of particular concern here
(adapted from McNeely, 1988).

First. biological resources are often not given appropriate
prices in the marketplace. Even where a biological resource
is traded directly in the market. it may have associated vidues

that are not reflected in its price. Further, the benefits of

the existence of any given level of biological diversity are
conferred on all who value them, and the diversity enjeved
in & non-consumptive way by one individual does not reduce
the amount agvailable to others. Biological diversity is
therefore a “*public good," and individuals and industries
can often gain its benefits without paying for them (the **free
rider”” problem). The often-intangible and widespread costs
of depleting biological diversity usually provide ineflectual
justification for conservation when balanced against projected
monetary benefits of exploitation (which typically accrue to
relatively few individuals).

Second. the benefits of protecting natural arcas are in prac-
tice seldom fully represented in cost-benefit analyses because
the social benefits of conserving biological resources are often
intangible. widely spread, and not fully retlected in market
prices. In contrast, the benefits of exploiting the resources
supported by natural arcas are often casily measured. Hence,
cost-benefit analyses usually underestimate the net benefits
of conservation or, equivalently, overestimate the net benefits
of the exploitation alternative. As Oldficld (1984) puts it.
“*Developments are proposed. the development alternatives
arc evaluated. the social costs of habitat losses or extinction
are ignored or casually considered. and the decision to
develop is given the go-ahead. actually on the basis of in-
complete economic information. It is by this gradual proc-
ess of land conversion that entire ecosystems and wildlife
species have disappeared.™ In short, today’s land use pat-
terns are determined primarily by the rent-producing capacity
of the area in question, irrespective of its total value to society
in a more natural state, counting all the values discussed
above,

Third. those who bencefit from exploiting a forest, wetland,
or coral reef seldom pay the full social and cconomic costs
of their exploitation; instead, these costs (1o he paid either
now or in the future) are transferred to society as a whole,
or to individuals and institutions who had gained little benefit
from the original exploitation. Such **external costs™ are
often accidental side-effects of development projects. so the
loss is not recognized in cither private or social cost-benefit
analyses. Timber corcessionaires, for example, do not need
to concern themseives with the downstream siltation they are
causing, or the species they are depleting, because they do
not pay the full cost of these effects. Once they have logged
“their’” forest, they will leave, and the downstream farmer
will have to pay for the siltation damage. and the nation or
world at large for the reduction in biological diversity. It may
well be that the greatest cause of the reduction in global
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biological diversity is inadvertence., an external cost of the
more direct anancial justification for harvesting certain
hiological resources.

Fourth. the species. ceosystems. and ccosystem services
that are most overexploited tend to be the ones with the
weakest ownership. Many of these are open-aceess resources
for which the traditional control mechanisms have failed in
the face of growing demands of centralized government,
national development. international trade. and population
growth. Within modern and centralized systems of ad-
ministration, the torests and the wildlife they contain are often
publicly owned resources that are not valued at market rates,
but rather are treated as free commodities for exploitation
by concessionaires. Generally speaking, the more well-
defined. secure. and exclusive (whether held by individuals,
communities, or corporate entitics) the property rights to
hiological resources are, the more effectively can the use of
these resources be allocated by markets. When ownership
rights are weakly enforeed (cither by the government or by
a private owner). exploitation is atlocated not to those who
value the resource most, but rather to those who can pay the
most tor the exploitation rights. In a market situation
characterized by central government control over resource
use and high consumer demand. the costs of protecting
species and ccosystems from exploitation are often pro-
hibitive for government “owners™ that usually lack suffi-
cient resources and local knowledge of management needs
1o control overexploitation through the mechanism of enforc-
ing regulations or other restrictions.

Fitth. the discount rates applied by current economic plan-
ning tend to encourage depletion of biological resources
rather than conservation. While conservation secks optimum
current benefits and broadly equal aceess to the same stock
of resources for future generations, economic analysis usually
discounts future benefits and costs because society tends to
value benefits sooner rather than later. to consider future
costs as being of less significance than costs today, and to
assign value to capital in terms of its opportunity cost in the
national cconomy. The higher the discount rate. the greater
the likelihood that a biological resource will be mined. Clark
(1976) has shown that when discount rates are high and
biological growth rates are low (as in whales or tropical
forests). the economically efficient use of a resource may
be to deplete it. even to extinction: economic activity would
be devoted entircly to the interests of the present generation,
at the expense of future generations, Further, the higher the
discount rate, the lower the priority that the planning proc-
ess will give to investments in conservation (Perrings. 1988):
very simply. the returns from such investments may
sometimes be so distant in the future that, when discounted,
they add little by way of current net benefit. However, a low
discount rate may make the future better off than the pres-
ent, but the gain to the future may be in the form of cither
greater biological diversity or greater consumption (Barrett,
1988).



Sixth, and finally, as Warford (1987b) has observed. con-
ventional measures of national income (such as per capita
gross national product) **do not recognize the drawing down
of the stock of natural capital. and instead consider the deple-
tion of resources, i.c.. the loss of wealth, as net income. ™
Many of the national cconomies of the tropics are based on
biological resources, especially forests, that are being
depleted at a rate faster than the net formation of capital.
As aresult. the total assets of the economy are declining even
if per caprta gross national product (GNP) is growing (Repet-
to eral., 1989). Warford estimates that the economic costs
of unsustainable forest depletion in major tropical hardwood-
exporting countries range between 4 and 6 percent of GNP,
offsetting any economic growth that may otherwise have been
achieved. Growth built on resource depletion is clearly very
different from that obtained from productive efforts, and may
be quite unsustainable,

Social Factors that Threaten
Biological Resources

Biological resources need protection against inappropriate
uses and overexploitation, not against people. Unfortunate-
ly. conservation programs have often treated local pecople
as opponents rather than partners. Little distinction has been
made between recent migrants into wildlands who lack ap-
plicable cultural and technical practices for the particular
ccosystems and those peoples with a long tradition of sus-
tainable resource use. The former may require assistance and
support to locate and manage their farms adequately on
suitable soils and perhaps away from key sites of outstand-
ing ccological value. The latter may collaborate in the
management of protected arcas and support rescarch efforts
with unique knowledge and experience. In situations of ex-
tremely long habitation in particular arcas, often extending
to millennia, there may be a case for cooperative manage-
ment of sites of mutual interest to conservation for society
at large, and for the local people.

The official definition of a national park includes words
to the cffect that it is not materially altered by human ex-
ploitation and occupation. The highest competent authority
of the country having jurisdiciion over the area is expected
to have taken steps to prevent or climinate as soon as possi-
ble exploitation or occupation in the arca (IUCN, 1985). In
one sense, this approach to habitat protection can be viewed
as a reflection of our inability to live in harmony with our
natural environment: Conceptually, we would not need na-
tional parks if we did not have such an exploitative relation-
ship with nature. This has led to two anomalies that have
led in rn to both social and ecological challenges for the
managers of national parks.

First. national parks take control for resource management
away from the people who are most directly concerned with
maintaining the productivity of the resources upon which
their welfare depends. The central government, in effect.
is asserting that the arca is of national interest and that the
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government can control the land better for that national in-
terest than any local authority could. This assertion has ofien
followed on the heels of a central government's proclaim-
ing ownership and use rights over the forests. and is com-
plicated by land tenure systems that are a combination of
feudal. colonial. and democratic approaches.

In many tropical countries. the government is responsible
for exploiting the forests (often through concessionaires) and
it establishes protected areas as part of the national land-usc
plan. In such situations, the rights or needs of the local peo-
ple are often overlooked. and it is not surprising that
“poaching™* and **encroachment™ are common problems.
Inaperio of rapid exploitation of the nationalized tropical
forests, national parks have sometimes been used explicitly
as mechanisms for extending central goverr:aent influence
into the mest distant and least secure parts of the nation, ofien
along international boundaries (Thorsell, 1986).

Second, national parks have boundaries. By their very
nature, as being legally established units of land manage-
ment. national parks have limits on the ground. often marked
by fences or other physical manifestadons of authority. Yet
nature knows no boundaries, and recent advances in con-
servation biology are showing that national parks are usual-
ly too small to effectively conserve the large mammals, birds
of prey, or trees they are designed to preserve. The boun-
dary post is too often also a psychological boundary, sug-
gesting that since nature is taken care of by the national park,
local people can go ahead and abuse the surrounding lands,
thereby isolating the national park as an **island"" of habitat
that is subject to the usual increased threats tha go with in-
sularity (sce, for example, Soulé. 1986).

Further, virtually all land is already **occupicd” in the
sense that the local people living in und around the forest
consider that it is **theirs™ (Box 9). The very considerable
problems involving conflicts between native peoples and the
government of Malaysia over logging rights in Sarawak pro-
vide a dramatic illustration of this issue (Scott. 1988).

Park managers in many parts of the world have therefore
developed a **siege mentality,”" feeling encroachment from
all sides. The dilemma of how to conserve wildlands in a
sea of hostile local interests is a serious one. While national
parks have been one of the most universally adopted
mechanisms for protection that has been devised in our era,
and governments have often determined that it is necessary
to take a centralist approach when guestions of th= national
interest supersede local aspirations, more effecti /e means
are required to ensure that conservation and local pzople can
work together as partners rather than antagonists. The in-
stability described above does not bode well fer the long-
terny survival of protected areas if conflicts persist.

Under today's conditions, governments need to think in
terms of ccological and economic viability of their nations.
In some situations. especially where sustainable utilization
of resources is to be a management objective (multiple-use
management areas). governments may wish to supplement
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their national parks though efforts at decentralization of

power and responsibility, and a return of’ more resource
management to locai communities (Klee. 1980: McNeely and
Pitt, 1984; Marks, 1984). In Central America. Houseal et
al. (1985) have found that **native peoples have devised sus-
tainzble long-term land use practices combining migratory
agricultural practices with arboricultrre and wildlife manage-
ment. . . . Their mixed agricultural and forestry systems pro-
duce more labor, more commodity per unit of land, are more
ceologically sound and result in more equitable income
distribution than other practices currently being imposed upon
their lands. There are no other land use models for the
tropical rain forest that preserve ccological stability or
biological diversity as efficiently as those of the indigenous
groups presently encountered there.™

Governments also may wish to establish protected arcas
that arc designed specifically to conserve traditional forms
of land use that have proven their success over time. For
example, traditional shifting cultivation is a system that is
well adapted to the tropical forest environnient, helps main-
tain the biological diversity of the forest, and often provides
significant benetits to wildlife populations. The maintenance
of such systems is of considerable importance to modern

forms of developament. The wild relatives of a variety of im-
portant ¢rop plants occur in the forests, and these and the
primitive cultivars grown by the swidden cultivators are
valuable sources of genetic material for modern plant
breeders. Rice, for example. provides the main staple for
all of Asia, and the traditional rice varieties grown in upland
swiddens contain great genetic diversity; the swidden farmers
have often cross-bred domestic rice with its wild relatives,
bringing new pest resistance to their crops (Oka and Chang,
1961). The species grown in the swiddens are in a state of
continuous adaptation to the environraent, .nd in many places
the crops are enriched by gene exchange with wild or weedy
relatives. Altieri and Merrick (1987) contend that **main-
tenance of traditional agroecosystems is the only sensible
strategy to preserve /n situ repositories of crop germplasm. ™
Further. the management of traditional systems will be main-
tained only when guided by the local intimate knowledge of
the plants and their requirements, and by the local manage-
ment practices that are likely to be most productive.

Chapter IV suggests an approach to land management that
will accommodate the need both to protect habitats from over-
exploitation and to ensure that the local people are active par-
ticipants in conservation activities.

Scientists in Brazil’s Amazon region are studying the effects of habitat fragmentation on species, and are learning about the dynamics
of species loss and changes in the abundances of species and populations. Qur landsecape is becoming increasingly fragmented, and
few, if any, large tracts of primary forest are expeeted to remain (photo by R.Q. Bierregaard).



Box 9: How ‘“Natural’’ are
Natural Habitats?

Many people assume that **natural’* means **totally un-
touched by any human influence.” Following such a
definition, no natural habitats remain on carth, because
modern human influences through pollution and climate
change arc pervasive. From a longer historical persg.ec-
tive, humans have been influencing habitats in Africa aud
Asia for hundreds of thousands of years, ever since fire
became a major force in human technology (Hough,
1926); most of the world’s savannas are maintained
through human influences. As discussed carlier. humans
have been part of natural ecosystems in the New World
and Australia for tens of thousands of years, and part of
Occanian ccosystems for thousands of years (Martin and
Klein, 1984).

Pre-industrial people occupied virtually the entire ter-
restrial !and arca, and have had very considerable in-
fluences on natural habitats. Spencer (1966), for exam-
ple, suggests that virtually all Asian forests have been
cleared at one time or another by people (n'c-tly for shift-
ing cultivation), and Wharton (1968) has shown that the
larger Asian animals are all adapted to feeding in forest
clearings and thercfore greatly benefitted from shifting
cultivation.

Simiiarly, tribal peoples in Central and South America
harvest certain plants and animals in ways that significant-
ly alter their ecosystems to provide them with more of
the most-desired products of nature (e.g., Warren et al.
1989. Prancc er al., 1987; Boom 1985; Gémez-Pompa
1988; Gomez-Pompa er al., 1987). All in all, historical
human influences on the environment, especially through
the use of firc and shifting cultivation, have been pervasive
and even the ccosystems that appear most *‘natural’’ have
been significantly altered by humans at some point in the
past (Thomas, 1956; Elliott, 1964). Efforts to totally cx-
clude human influence from **natural** ecosystems, as in
strictly protected national parks, can lead to a situation
that has not occurred for thousands of years and will have
unknown ccological implications. The devastating fires
that hit Yellowstone National Park in 1988 are onc
dramatic example of what can happen when nature is
allowed to take her own course without human interven-
tion. Lugo (1988) concludes that environmental change
and disturbance may be required to maintain a species-
rich tropical landscape.

Since the human influence on forests and savannas has
been a primary determinant of their current structure, any
cffort to cstablish a protected area that excludes people
will require active management to maintain its **pristine”®
nature (which in fact was partially created by human ac-
tivities in historic and prechistoric times).
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Major Obstacles to Greater Progress in
Conserving Biological Diversity

At its mwost fundamental level. biological diversity is
threatened because people are out of balance with their en-
vironment: benefits are being gained from exploiting natural
habitats without paying the full costs of such exploitation.
Current human populations and standards of living are sub-
sidized by non-renewable resources that have accumulated
over hundreds of millions of years. yet are being consumed
in a few generations. Age-old cultures based on sustainable
usc of rencwable resources are being quickly replaced by
modern cultures based on over-exploitation. The profound
changes in human society called for by the World Commis-
sion on Environment and Development (WCED, 1987). the
World Conservation Strategy (IUCN, 1980). and the World
Charter for Nature will come only with levels of innovation
and investment that have not yet been seriously considered
by governments.

At the risk of over-simplification, and in the realization
that different settings suffer from different problems, six main
obstacles to greater progress in conserving biological diver-
sity can be identified:

® National development objectives give insufficient value to
living natural resources. Maintaining a nation’s biological
diversity is integral to maintaining its wealth, but the im-
portance of species and ecosystems is seldom sufficiently
considered in the formulation of national development
policies. Development tends to emphasize short-term ex-
ploitation to earn income or foreign exchange rather than
long-term sustainable utilization of living natural
resources. International development organizations focus
on the expressed immediate needs of the developing na-
tions, and tend to seck relatively short-term returns on their
investments. As a result, land-use policies are often inap-
propriate for the long-term benefits of society. Further,
the international community tends to encourage this trend
in order to facilitate the flow of commoditics from south
to north.

® Living natural resources are exploited for profit, not for
meeting the legitimate needs of local people. Uncontrolled
worldwide use of wildlife products is contributing to
species extinction and loss of biological diversity. Where
a significant profit can be made. as in the case of African
rhinos or tropical forests, the target species or ccosystems
can be devastated. with virtually no benefit to local peo-
ple. Much of the increasing consumer demand is in
markets far removed from the habitat or species involved,
and the commercial interests bring few benefits to the local
people whose long-term welfare may depend on sus-
tainable use of the overexploited species.

® The species and ecosystems upon which human survival
depend are still poorly known. The number of specialists
working to acquire the necessary knowledge about specics,
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biological diversity, ccosystems, and human aspects of
resource management is woefully inadequate to meet our
collective needs. Existing expertise is located primarily
in industrialized countries. not in the developing ones that
depend upon this expertise to muke decisions concerning
sustainable utilization of their living natural resources: only
6 pereent of the world’s scientists and technologists live
in the tropical countrics (NAS, 1980). Few tropical coun-
tries (India is an exception) have sufficient research capic-
ity to address current needs in conservation. And research
on biological diversity (taxonomy, inventories, ctc.) tends
to be located very low on the pecking order of science,
thereby suficring from neglect.

o The available science is insufficiently applied 10 solving
management problems. The considerable scientific re-
scarch carricd out in recent decades has provided a far
better basis for managing resources. Ways need 1o be
developed for applying biological and social sciznce 1o
managing species and ecosystems, helping to restore
degraded ccosystems, and bringing the benefits of con-
servation to the people most directiy concerned.

e Conservation activities by most organizations lave had to
Jocus 100 narrowly. Most conservation efforts have ad-
dressed a small number of species such as maminals, birds,
major species of plants, or certain tree species, or the
cstablishment of reserves or other protected arcas whose
inventory of biological diversity is usually not known.
Likewise, management has been largely directed toward
conservation of so-called Magship species, usuatly animals,
rather than biological diversity as a whole. Conservation
activities often must focus on these narrow objectives in A biologist conducts an inventory of a tropical forest in the
order to obtain funding, focus attention, and achieve Atlantic forest region of Brazil (photo by A. Young).
results. But attention also needs to be focused on the con-
servation needs of a wider range of species, 10 assess how
far they are included in existing protected areas, and to
determine whether the management plans are suitable for
conservation of these identified species. Even more im-
portant is research into the reasons for the human behavior
that leads to unsustainable use of biological resources.

o Institutions assigned responsibility for conserving biodiver-
sty lave lacked sufficient resources to do the job. In most
countries, those responsible for managing wildlife and pro-
tected arcas arc poorly paid, have insufticient opportunities
for advancement. lack specialized training, and have low
prestige. Those operating in the ficld are often isolated
from their families and from local communities. While
lacking sufficient equipment and managerial capacity . the
responsible institutions also suffer from a lack of absorp-
tive capacity and the ability to make good use of new in-
puts.

Following page, overleaf: A conservationist explains the impor-
tance of endemic primate species to local people in the interior
of the state of Minas Gerais, Brazil (photo by R,A, Mittermeier).






CHAPTER 1V

APPROACHES TO CONSERVING
BIOLOGICAL DIVERSITY

The technologies for conserving biological diversity have
tended to focus on protected areas and gene banks. While
these approaches will continue to be important, conserva-
tion must become more innovative and cross-sectoral. Ef-
fective application of conservation technology will call on
additional sectors and require increased resources, including
personnel, finance, and political commitment.

The threats to biological resources are complex and
multifarious, calling for a wide range of responses across
a large number of private and public sectors. In general, six
kinds of action can be taken by the international community
and by governments interested in promoting the conserva-
tion of biological diversity: policy changes, integrated land-
use management, species protection, habitat protection, ex
situ conservation, and pollution control. But this short list
greatly oversimplifies the matter, for each of the approaches
depends to some extent on the others fer its success, and
weaknesses or failures in any one of the approaches is like-
ly to have negative repercussions on the others.

Policy Shifts, Integrated Land
Use, and Biodiversity

Since government policies are often responsible for
depleting biological resources, it stands to reason that policy
amendments are often a necessary first step toward conser-
vation. National policies dealing directly with wildlands
m anagement or forestry, or influencing biodiversity indirect-
ly through land tenure, rural development, family planning,
or subsidies for food, pesticides, or energy, can have signifi-
cant impacts on the conservation of biodiversity, For exam-
ple, removing subsidies for forest clearing in Brazil is a
powerful response to deforestation (Binswanger, 1987
Repetto, 1988), and, in some regions, giving land tenure to
rural people who have long lived in balance with their
resources can encourage new investments required for sus-
tainable use of biological resources.

Earlier discussions have indicated that many policies out-
side the traditional conservation sector can have fundamen-
tal effects on biodiversity. Repetto and Gillis (1988), for ex-
ample, discussed the many cases where public policies have
led to the misuse of forest resources. The World Commis-
sion on Environment and Development indicated a number
of the cross-sectoral policy shifts that are required if
biological resources are to be used sustainably (WCED,
1987). McNeely (1988) discussed the linkages between
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biological resources and such sectors as agriculture, tourism,

water resources development, research, fisheries, and

communications.

The close link between rural development and conserva-
tion of biological resources demonstrates that action in either
area alone will not solve the problem. Instead, conservation
necds to be woven together with agriculture, forestry,
fisheries, transport, national defense, and other efforts. The
following major policy components might be included in such
integrated action:
® to promote cross-sectoral collaboration, the various institu-

tions should share information, develop agreed common

objectives, and seck to define problems in the same way.

e the many economic and financial benefits of integrated rural
development linked with conservation of biological
resources nced to be quantified and brought to the atien-
tion of policymakers.

* conflicts between the various activities in agriculture,
fisheries, forestry, conservation, and rchabilitation need
to be identified in integrated plans and prograins.

* institutional reform and improvement may be required as
part of good design and implementation of integrated sec-
toral development plans and programs,

® new legislation may need to be formulated consonant with
the socio-economic patterns of the target group of people
or institutions and the natural resource needs, both to in-
stitute disincentives and to ensure that incentives carry the
power of law.

¢ policies and legislation in other sectors need to be reviewed
for possible application to conservation of biological
resources and community involvement in such work.

* cffective incentives need to be devised to accelerate in-
tegrated development to close any gap between what the
individual sees as an investment benefit and what the
government considers to be in the national interest.

® the rural population ~eeds to be involved in the design and
follow-up of plans and projects, not simply their implemen-
tation (de Camino Velozo, 1987).

One means of initiating improved policy coordination is
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through preparing a national or sub-national conservation
strategy (NCS). basically an extremely broad national en-
vitonmental management plan. An NCS can form the basis
of a new, broader pattern of well-balanced development that
depends upoen the conservation of natural resources. Great
and lasting benetits are to be gained by bringing the proce-
esses of conservation and development together. The prepara-
tion of national conscrvation strategies will assist countries
to realize this potential by facilitating the definition of policies
and actions, including the conservation of biological diver-
sity. upon which sustainable development can be built.

The first requirement for a successful NCS is the participa-
tion of the widest possible range of actors in defining the
issues and identifying possible courses for action, Prepar-
ing an NCS involves government agencices. non-govern-
mental organizations, private interests. and the community
at Large in analysis of natural resource issucs and assessmerit
of priority actions. In this way, sectoral interests can better
perceive their interrelationships with other sectors and n2w
potentials for conservation and development will be revealad.
No matter how broadly bated a government may be, e
nature of the public sector cor indeed of any centralization
of power) limits the range of issues that can effectively be
considered. The NCS process places government in partner-
ship with NGOs. citizens™ groups, universities, industry,
financial institutions. and many others in sceking to relate
the use of biological resources to national development ob-
jectives. It therefore provides an important (and generally
non-threatening) forum for reaching national consensus about
policies on the use of biological resources. Few better
mechanisms seem 1o exist.

In one form or another, the NCS process has been initiated
in over 40) countries. Focusing on national planning and the
range of decisions taken by the public sector on the use of
biological resources (cither deliberately or by detault), an
NCS can address many of the most fundamental policy issues
faced by governments seeking to use their biological
resources on & sustainable basis.

In an analysis of how national conservation strategics have
addressed biological diversity, Prescott-Allen (1986) con-
cluded that no NCS has yet provided a comprehensive
description of the socio-cconomic contributions of biodiver-
sity to the country concerned., or a comprehensive treatment
of the priority needs of biodiversity conservation. He called
for better treatment of obstacles and opportunities, cross-
sectoral coordination, and integration of conservation and
development. The design of policies and practices that would
cnable the achievement of devaiopment and conservation at
the same time is the most basic need in most NCS work.

Several other tools have been developed to incorporate
what once were regarded as external considerations in
development  policy  decisions.  Environmental  Impact
Assessments (EIA) are one such tool, and their application
has yielded many benefits (Ahmad and Sammy. 1985). Yet
an EIA generally only offers guidance once fundamental

choices among available options have been taken. The NCS
approach, in developing a framework where environmental
concerns can be related to development objectives. ofters
the possibility to approach a more appropriate balance point
through a process of consensus-secking.

Integrated rural development can draw on an NCS and on
other technologies 1o promote  environmentally  sound
management of large natural ccosystems. While such pro-
grams can contribute to conservation of biodiversity to some
extent. many of the most important contributions are made
through work directed at stabilization of resource use in arcas
that sire not biologically diverse. These activities focus upon
maantaining, or restoring, natural ecosystems so that the
ccological and hydrological processes that these support are
maintained, and the benefits that they provide to human soci-
ety are made available on a sustainable basis.

By managing these ceosystems sustainably and stabilizing
land use. the root cause of many human population move-
ments can be addressed. with biological diversity being a
beneficiary. For example. in many parts of the tropics, forests
are being lost “ecause of slash-and-burn agriculture. In most
arcas, this agricultural practice is a consequence of non-
sustainable resource use and declining agriculural produc-
tivity in other ecosystems that the rural poor have been foreed
to leave. By focusing attention on restoring formerly pro-
ductive agroecosystems, and by maintaining the ccological
and hydrological processes that support the productivity of
these systems, agricultural pressure on the marginal lands
can be reduced and the ficlds can be allocated to activities
more conducive to the conservation of biological diversity.

Integrated rural development that incorporates a compo-
nent dealing with conservation of biological resources can
be an attractive activity for development assistance agencies.
as it is likely to fall within their established mandates.,

Protecting Species and Habitats:
The Need for an Integrated Approach

Species are the building blocks of ecosystems. and often
the most obvious indicators of ccosystem health. It is not
surprising that they have received considerable attention from
governments, NGOs, and international agencies. Interna-
tional measures to protect particular species or groups from
destructive exploitation include the International Convention
for the Regulation of Whaling (Washington. 1946), the Con-
vention on International Trade in Endangered Species of Wild
Fauna and Flora, (Washington, 1973), and the Convention
on Conservation of Migratory Species of Wild Animals
(Bonn, 1979)(sce also Annex 3). At the national level, wild
species are protected by hunting regulations, protective
legislation, and a wide range of other wildlife management
activities.

Species and their gencetic resources plainly supply benefits
1o all human beings. While animals dominate the public con-
sciousness, plants are perhap.s even more directly importam
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Germplasm from perennial corn (Zea diploperennis), recently discovered in Mexico, can be crossed with cultivated corn to increase
resistence to diseases, thereby inereasing agricultural productivity (photos by WWF),

for human welfare: plant germplasm is one of the world's
key resources and the future of the world’s food supplies
will depend on the amount of effort and resources society
is prepared to put into its responsible collection and manage-
ment. Wild genetic resources from Mexico and Central
America serve the needs of maize growers and consumers
globally. Many of the principal cocoa-growing nations are
in West Africa. while the genetic resources on which modern
cocoa plantations depend for their continued productivity are
found in the forests of western Amazonia.

Coffec growers and drinkers depend for the health of the
crop on constant supplies of new genetic material from cof-
fee’s wild relatives, principally located in Ethiopia and
Madagascar. Brazil, which supplies wild rubber germplasm
10 Southeast Asia’s rubber plantations, itself depends on
germplasm supplies from diverse parts of the world 1o sus-
tain its sugar cane, soybeans, and other leading crops. Over
98 percent of the agricultural produce of the USA is derived
from non-native species: on a continental scale, half the crop
production in the Americas originated in Asia or Africa, fully
70 percent of Africa’s crop production came from Asia or
the Americas, and 30 percent of Asia’s crop production in-
volves species from America or Africa (Wood. 1988). It is

apparent that without access to foreign sources of frezh germ-
plasm year by yeur, virtually all nations would quickly find
their agricultural output declining.

In livestock, as with crops and forestry, controlled breeding
and the rapid development of varicties suitable for modern
high-cnergy commercial production is eroding genetic diver-
sity. The rate of loss appears worst in developing countries,
where local breeds are being replaced by imported ones.
Many of the wild relatives of domestic animals — including
wild cattle, wild sheep and goats, and wild elephants — are
seriously threatened even though they may be important for
breeding purposes.

While a number of specics protection measures have been
cffective and emergency species-specific action is often re-
quired to prevent extinction, species are best conserved as
parts of larger ccosystems where they can continue to adapt
to changing conditions as part of their respective com-
munities. Therefore, governments have long focused on
measures 1o protect particular habitats, such as national parks
and other kinds of protected arcas. This approach is ex-
cemplified at the international level by the Convention on
Wetlands of International Importance especially as Water-
fowl Habitat (Ramsar, 1971), the Convention Concerning the
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Protection of the World Cultural and Natural Heritage (Paris,
1972)(see Annex 3). Unesco's Biosphere Reserves Program,
and parts of UNEP's Regional Seas Programs,

Most national governments have established legal means
for protecting or regulating the use of habitats that are im-
portant for conserving biological resources. These can in-
clude: national legislation establishing national parks and
other categories of reserves: local laws protecting particular
forests, reefs, or wetlands: regulations incorporated within
concession agreements: planning restrictions on certain types
of land: and customary law protecting sacred groves or other
special sites. The responsibility for managing such protected
arcas is often spread widely among public and private
institutions.

Arcas that have been given legal protection against con-
version to other uses should be among those not considered
for alteration or conversion: their contribution to develop-
ment is typically through maintaining their relatively natural
state. In fact, the World Bank's policy on wildlands (Annex
5) expressly prohibits the use of Bank funds to convert legally
protected arcas to any other uses except under the most
stringent and exceptional conditions.

Table 7: Protected Areas of the World. The sites
included in this table are all those protected areas over 1000 hec-
tares in size, classified in IUCN categories I to V and managed
by the highest competent authority in the country. Data of this sort
are dynamic, with new areas being established and information being
refined, but this table presents the best available information as of
1 May. 1989. Greenland National Park, covering 70,000,000 ha
in the Nearctic Realm, has a significant effect on the total and on
comparisons with other realms as it is an order of magnitude larger
than any other single site.

REALM Number of sites Total area
(1000 hectares)
Afrotropical ...... ... ... ... 444 86.090
Indomalayan......................... 676 32,280
Palacarctic .......... ... ... ... ..... 1684 73.190
Oceanian. . ..., 52 4.890
Nearctic ......... .o o i, 478...172.560
Neotropical ... ... oo 458... 76.810
Australian. . ...... ... ... . L 623... 35.690
ANtarclic. . ... i 130... 3,120
Totals 4545 484,630

(3.7 percent of land area)
Source: Protected Areas Data Unit. WCMC. May 1989,

As development has accelerated in the past few decades.
governments have recognized the importance of legally pro-
tected arcas as part of the overall pattern of land use. In the
Bali Declaration (in McNeely and Miller, 1984). the world's
Icading authorities on protected arcas pointed out that such
sites are an indispensable element of conservation because
they maintain those essential ccological processes that de-
pend on natural ccosystems: they preserve the diversity of
species and the genetic variation within them, thereby pre-
venting irreversible damage to our natural heritage: they

maintain the productive capacities of ecosystems and safe-
guard habitats critical for the sustainable use of species: and
they provide opportunities for scientific research. education,
training. recreation, and tourism,

Many traditionally protected areas have been managed for
hundreds or even thousands of years. but the modern pro-
tected arca movement began with the establishment of
Yellowstone National Park in 1872, Since that time, pro-
tected areas have spread steadily throughout the world as the
primary means for conserving natural habitats. Today. over
4.500 protected areas of over 1,000 ha cach (in ITUCN
categories [-V) have been established. covering nearly 500
million hectares. roughly equivalent to the size of most of
the countries of Western Europe combined. or twice the size
of Indonesia. The distribution of these nationally protected
conservation areas by region is presented in Table 7. Many
new arcas are added every year, and over 130 nations have
accepted the importance of protected areas as a part of bal-
anced land use. But many more arcas need to be recognized
for the important contributions they make to sustaining soci-
cty (Box 10).

Box 10: Where New Protected Areas
are Needed.

Since 1970, the arca legally protected has expanded by
more than 80 percent, with around two-thirds of the
growth in the Third World. But a great deal miore remains
to be done: a consensus of professional opinion suggests
that the total expansc of protected areas needs to be in-
creased at least three times if the global system is to
achieve long-term environmentally sound management of
the carth’s biological resources.

Reviews of the protected arcas of tropical Asia
(IUCN/UNEP. 1986a), Africa (IUCN/UNEP. 1986b),
and the South Pacific (IUCN/UNEP, 1986¢) have been
conducted by FUCN's Commission on National Parks and
Protected  Arcas in collaboration with  UNEP and
numerous other institutions. While many of the extensive
parks and reserves necessary to proiect the world’s most
outstanding natural arcas are now in place. a number of
Jarge gaps remain to be filled. In Indomalaya. ten bio-
units (regions with unique assemblages of flora and fauna)
were reported greatly under-protected, four more need
some adjustments, and only ten are noted as being ade-
quately protected. In Africa, five biogeographical units
are in need of substantially greater protection, seven need
only minor additions, and four are judged adequate. In
Occania, dozens of sites have been identified where pro-
tection measures are needed. While the svstems review
for Latin America and the Caribbean has fiot yet begun,
it will probably report a roughly similar statc of affairs.
Worldwide, the coastal and marine habitats remain
woefully under-represented in the system and far more
work remains if these habitats are to be protected
effectively.




The nomenclature for protected areas is extremely varied.
The same name can mean quite different things; for exam-
ple, National Parks in Canada do not feature human habita-
tion, while National Parks in the United Kingdom all con-
tain human communities. Sig.iificantly, while uniformity of
nomenclature and criteria for establishment and management
of protected areas is useful to foster management, interna-
tional communication, and cooperation, the exact form of
protection provided to individual areas can vary greatly from
country to country, or 2ven from locality to locality.

Population growth and economic deveiopment are threaten-
ing many protected arcas. Furthermore, the list of demands
placed by society upon wildland reserves is expanding. Thus,
governments today recognize that strictly protected areas can-
not be managed to meet society's growing list of goods and
services, involving such diverse activities as genetic resource
management, watershed protection, recreation, and educa-
tion. Additional approaches to the management of wildlands
are required to supplement the idea of strictly protected na-
tional parks, where some sustainable harvesting of biological
resources can be among the objectives of arca management,

Following the principles outlined above, new approaches
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to linking protected areas to surrounding lands are required
if the appropriate benefits are to flow to society. While the
specifics will vary from case to case, the major generaliza-
tion as stated in the Bali Action Plan (Annex 4) is that local
support for protected areas must be increased through such
measures as education, revenue sharing, participation in deci-
sions, complementary development schemes adjacent to the
protected area, and, where compatible with the protected
area’s objectives, access to resources. In short, economic
incentives should be used to 2nable people to behave accord-
ing to their own enlightened self-interest, and sound govern-
ment policies should be designed to ensure that conserva-
tion is indeed in their self-interest (see McNeely, 1988, for
more specific recommendations on how to implement such
incentives).

In sceking additional land management mechanisms or
technologies that can contribute to conserving hiological
diversity while contributing to sustainable development,
[UCN (1985) has prepared a system of categories of pro-
tected areas, cach designed to achieve an array of manage-
ment objcctives (Box 11). While national parks by defini-
tion need to be protected against human exploitation on a

While all protected arcas control human occupancy or
use of resources to some extent, considerable latitude is
available in the degree of such control. The following
categories are arranged in ascending order of degree of
direct human use permitted in the area.

L Scientific reserve/strict nature reserve. To protect
nature and maintain natural processes in an undis-
turbed state in order to have ecologically represen-
tative examples of the natural environment avail-
able for scientific study, environmental monitor-
ing, and cducation, and for the maintenance of
genetic resources in a dynamic and evolutionary
staic.

National park. To protect outstanding natural and
¢=enic arcas of national or international significance
for scientific, educational, and recreational use.
These are relatively large natural areas not mate-
rially altered by human activity, and where com-
mercial extractive uses are not permitted.
Natural monument/natural landmark. To protect
and preserve nationally significant natural features
becausc of their special interest or unique charac-
teristics. These are relatively small areas focused
on protection of specitic features.

Managed nature reserve/wildlife sanctuary. To en-
sure the natural conditions necessary to protect na-
tionally significant species, groups of species,
biotic communities, or physical featurcs of the en-
vironment when these require specific human

11

1.

Iv.

Box 11: Categories and Management Objectives of Protected Areas.

manipulation for their perpetuation. Controlled
harvesting of some resources may be permitted.

V. Protected landscapes. To maintain nationally sig-
nificant landscapes characteristic of the harmonious
interaction of resident people and land while pro-
viding opportunities for public enjoyment through
recreziion and tourism within the normal life-style
and economic activity of these areas.
Resource reserve. To protect the natural resources
of the area for future designation and prevent or
contain development activitics that could affect the
resource pending the establishment of objectives
based on appropriate knowledge and planning.
Natural biotic area/anthropological reserve. To
foster the way of life of societies living in harmony
with the environment to continue little disturbed
by modern technology; resource extraction by in-
digenous people is conducted in a traditional
manner.

VIII. Multiple-use management area/managed resource
area. To provide for the sustained production of
water, timber, wildlife, pasture, and outdoor rec-
reation, with the conservation of nature primarily
oricnted to the support of the economic activities
(although specific zones can also be designed within
these arcas to achicve specific conservation
objectives).

VI.

vil.

Source: TUCN, 1985,
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Fig. 4. Diagram of the Annapurna Conservation Arca in Nepal, showing different kinds of land-use (Source: National Geographic

Society).

commercial scale, other categorics of protected areas — such
as game reserves, protected landscapes, and multiple-use
management areas — can be established around the strictly
protected arcas to prevent them from becoming biologically
impoverished islands, or they can stand by themselves to
make important contributions to systems of land management
(IUCN, 1985). Scveral of these categories of protected areas
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can include sustainable utilization of resources as a manage-
ment objective, to both conserve biological diversity and pro-
vide sustainable benefits to local human communities from
the use of those resources. For example, IUCN’s Cawgory
VI can be used for protecting traditional forms of agriculture,
as an integral part of a nation’s protected area system.
Recent advances in conservation biology (c.g., Harris,



1984, Diamond and May, 1976; Higgs, 1981; Soulé, 1986)
have shown that by themselves the strictly protected
categories (Categories 1, I1 and 1) will not be able to con-
serve all — or even most — species, genetic resources, and
ccological processes. Far greater expanses are required for
conservation than modern societies are willing to remove
from direct production. The best answer to this dilemma is
to design and manage different types of protected arcas —
including very large expanses in the categorics that permit,
and even encourage, compatible human uses of resources
— to support among them the overall fabric of social and
cconomic development (Figure 4). Through a planned mix
of national parks and other categories of reserves, amidst
productive forests, agriculture, and grazing, protected areas
can serve human communities and safeguard the well-being
of future generations of people living in balance with their
local ecosvstems.

Improvements in conscrvation over the coming decades
will lic primarily in the establishment, implementation, and
improved management of those categories of protected arcas
where some human use will be tolerated or even encouraged,
or on new types of protected areas in degraded landscapes
that have been restored to productive use for conservation.
Strictly protected arcas (Categories [, 1T and HI) are unlike-
ly to ever cover more than about 4 percent of the globe. But
since permanent agriculture seldom covers more than about
a quarter of a nation’s land arca, ample land exists for
forestry, shifting cultivation, grazing, and other uses that
may. with proper management, contribute to conservation
of biological diversity. Many such areas might surround the
more strictly protected national parks, helping to buffer them
against the more negative human influences.

In addition, small reserves can also make important con-
tributions to conservation (Simberloff, 1982, 1983). Reserves
of less than 10 ha can be effective in conserving viable
populations of plants, provided their boundaries can be
secured. Numc:ous plants have survived for as long as
botanists have recorded them as populations confined to a
hectare or so of fand. D.R. Given (pers. comm. ) has recorded
a case where plants appear to have cvolved over millions
of years in a site of this size. In Mauritius. an IUCN-WW F
project will by the end of 1989 have sccured a network of
about 10 mini-reserves that will include about 80 percent of
the 300 endemic plants, a flora considered essentially doomed
by most scientists (H. Synge, pers. comm.). Because they
are small, the reserves can be fenced and weeded of damag-
ing introduced plants, yet still contain populations of as many
as 240,000 specimens per hectare.

Finally, the protected areas will succeed in realizing their
conservation objectives only to the extent that the areas
themsclves are effectively managed, and to the extent that
the management of the land surrounding them is compatible
with the objectives of e protected areas. This will typical-
ly involve protected areas becoming parts of larger regional
schemes to ensure biological and social sustainability, and
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to deliver appropriate benefits to the rural population. In

general, the agencics responsible for managing protected

arcas need to seck new and more powerful partners in pro-
tected area management — local communities; ministries of
forestry, agriculture, and foreign affairs; development aid
agencies and international banks: and politicians.

In further elabora ing the network of protected arcas, the
following points ulso need to be taken into account:

* management of a protected area and that of the adjacent
land must be planned together, since few protected areas
are sclf-contained entitics. The establishment of “*transi-
tion zones,"" in which human activitics including uses of
natural resources in adjacent land are compatible with the
conservation of biological diversity within the more strictly
protected core arca, are often vital to the integrity of the
latter.

® the management context and likely ecological resilience
of the arca in the face of ciimatic trends and human
pressures need critical review, taking into account the like-
ly trend in human numbers in and surrounding the area
in question.

e certain “‘keystone’” and critical species, cspecially of
vertebrates, may be used as diagnostic indicators of the
adequacy of the protected arca system, it being assumed
that if habitats capable of assuring the survival of viable
populations are protected, the lesser-known species will
also be safcguarded (though this approach has some short-
comings — sce Landres er al., 1988).

® a conscious relationship needs to be established between
in situ and ex situ approaches to conservation and these
methods neced to be intcgrated within overall regional
development (sce following scction).

® the acceptance of protection depends on putting a suffi-
cient cconomic value on natural resources and biological
diversity and, often, on demonstrating that such areas bring
a positive benefit to the local communitics around them
(sec Chapter II).

e the national infrastructure needs to be so designed as to
ensurc that the protected area system is properly evaluated
as a national assct and that adequate resources are deployed
in its management.

¢ management policy and practice must be revicwed,
especially since these may not be best suited to the con-
servation of biological diversity. For cxample, the ex-
cessive restrictions on collection of material for study pur-
poses that have been instituted in some national parks
hampers the evaluation of their biological diversity and
also of certain management interventions that may be re-
quircd to manage populations; furthermore, the approaches
used to address other objectives, such as tourism, may not
always be compatible with the requirements of conserv-
ing particular life forms.

® much greater efforts must be made to ensure that research
in both the natural and the social sciences is made available
to protected arca managers, and that managers consider
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all ecosystem management procedures as scientific ex-
periments to be monitored continuously as their effects
become apparent. Since such management needs to be
based on the best availablc information, many protected
areas will find it useful — even essential — to institute
their own long-term research programs to assess basic
ccological relationships, dynamics of change, possible
results of manipulation, effects of tourism, and so forth
(Thorsell, 1989).

* a major effort is needed to raise public consciousness, to
enlist the aid of professionals in the field (e.g., in univer-
sities, museums, and professional networks), and to
educate local communities about the value :-{ the region.

Contributions of Ex Situ Mechanisms
to the Conservation of Biodiversity

While it is uriversally agreed that the most effective and
efficient mechanism for the conservation of biodiversity is
habitat protection, it is also acknowledged that off-site (ex
situ) facilities can be critical components of a comprehen-
sive conservation program (Conway, 1988; Ashton, 1988).
Measures to promote ex siti conservation of species can in-
clude botanic gardens, game farms, captive breeding pro-
grams in zoos, and gene banks. The most extensive zrforts
in ex situ conservation have been applied during the past 20
years to crop species (mainly food plants), to some trees,
and to pasture plants by FAO, the Consultative Group on
International Agricultural Research (CGIAR)(which includes
the International Board on Plant Genetic Resources — IBPGR
— and 12 other international agricultural research centers
throughout the world), 150 or so genebanks around the
world, and other crop genetic resource centers. Together
these cover about 500 species of plants (including wild
relatives of crops), or about 0.2 percent of the total. For the
majority of wild species, most ex situ germplasm is main-
tained by the 1,300 botanic gardens in the world. Interna-
tional coordination of the ex situ plant efforts is maintained
by the Botanic Gardens Coaservation Secretariat (operated
under the auspices of IUCN), which holds records of 20,000
species of which material is cultivated in botanic gardens
(roughly 8 percent of the world’s plants). A major expan-
sion of this program is being planned.

Ex situ conservation programs supplement in situ conser-
vation by providing for the long-term storage, analysis,
testing, and propagation of threatened and rare species of
plants and animals and their propagules. They are particularly
important for wild species whose populatior: are highly
reduced in numbers, serving as a backup to in situ conser-
vation, as a source of material for reintroductions, and as
a major repository of genetic material for future breeding
programs of domestic species. Soin ex situ facilities —
notably zoos and botanic gardens — also provide important
opportunities for public education.

Even for wild species that are not threatened, ex siru col-
lections are nceded to make the material readily available
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for breeding — breeders do not normally go out into the field
for their material, though regular infusions from wild sources
are required.

Ex sitt methods suffer from some limitations. First, it is
not feasible economically to keep morc than a limited sam-
ple of the genetic diversity of a species in a zoo, seed bank,
or botanic garden. Conway (1988) concludes that because
of limitations of space and the numbers of individuals re-
quired to maintain viable populations, it is impractical for
200 to sustain in the long term more than about 900 species
of vertebrates and probably far fewer in conventional
breeding programs. Second, little directional habitat-
responsive evolution can takc place ex sifu, so the captive
populations are not adapting to changing environmental con-
ditions. Third, the ex situ population is likely to have a nar-
row genetic base, and is unlikely to have been collected so
as to ensure the representation of a wide range of genotypes.
Fourth, ex situ conservation depends on continuity in policy
and funding, which is far from assured, especially in the
tropics (Ledig, 1988).

In conclusion, ex situ contributions to conservation are
essential for ensuring the survival of crop plants dependent
on humans and can provide an extremely valuable insurance
policy against the extinction of wild species of plants and
animals that have been reduced to very low levels in the wild.
Yet ex siru approaches depend on in situ approaches to enable
their genetic stocks to be replenished. Therefore, the two
approaches should be seen as opposite ends of the total spec-
trum required for effective conservation.

Zoological gardens

Over 3,000 vertebrate species are being bred in zoos and
other captive animal facilities, totalling some 540,000 in-
dividuals (Conway, 1988). Despite the fact that this number
is trivial in terms of the total wild population and is roughly
equal to | percent of the domestic cats in the USA, criticism
is sometimes levelled at zoos, aquaria, and similar institu-
tions for holding and breeding endangered animals. Zoos
were indeed once a net drain on wildlife, but today most
modern zoological gardens are largely self-sufficient in terms
of animal production and some are working to reintroduce
various species, many of them endangered, into the wild.
The Arabian oryx, addax, Przewalski horse, European bison,
giant panda, black-footed ferret, golden lion tamarin,
Hawaiian goose, Bali starling, Guam rail, peregrine falcon,
and whooping crane have all benefitted from captive
breeding. Considerable work is still required to ensure that
species such as gorillas, giant paudas, clephants, and chim-
panzees can be maintained as viable captive populations
without needing to draw on wild populations.

A wealth of experience is available in modern zoos, in-
cluding husbandry, veterinary medicine, reproductive
biology, behavior, and genetics. These facilities offer space
for supporting populations of many threatened taxa, draw-
ing on resources that do not compete with those for in situ
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An enclosure of the Rio Primate Center in Brazil where endangered primates are bred in captivity (photo by R.A, Mittermeier).

conservation. Indeed, a number of major zoos, including

those of San Diego. Chicago, New York, Washington D.C.,

and Frankfurt. have major field research and conservation

programs that support in site management of species and pro-
tected arcas.

When a serious attempt is made, most species can be bred
in captivity and viable populations can be maintained over
the long term. U.S. Scal (1988). the Chairman of the
IUCN/SSC Captive Breeding Specialist Group, lists the
following major contributions to successful captive manage-
ment programs over the past 20 years:

* improved nutrition and prepared diets;

® chemical immobilization and anesthesia:

® vaecinations and antibiotics:

* individual animal identification and records combined with
a central database (the International Specics Inventory
System) (ISIS):

® reproductive control (contraception) and enhancement;

* populatior hiology and molecular genetics;

* information technology and microcomputers; and

® decision analysis and crisis management.

But the establishment of captive oreeding populations has
often come too late, when the species is perilously near ex-
tinction. Instead. management to best reduce the risk of ex-
tinction requires the establishment of supporting captive
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populations when the wild population is still in the thousands.
Vertebrate species with populations below one thousand in-
dividuals in the wild require close and swift cooperation be-
tween field conservationists and captive breeding specialists
(IUCN, 1987b). This principle is well illustrated by the
Kouprey Action Plan, which involves government agencics
in the range States, a number of zoos, and ficld scientists
in a major conservation cffort (MacKinnon and Stuart, 1989).

Through their rescarch on captive populations, zoos are
also learning lessons about wildlife management that can be
applied to protected arcas that contain relatively small popula-
tions of certain species of particular concern. Methodologics
and management techniques such as induced ovulation,
transplanting of certain individuals between populations to
ensure gene flow, and various veterinary procedures
developed in zoos will often need to be applied to protected
arcas that become isolated islands of habitats (and therefore
large. semi-natural zoos).

The zoos are very well organized to contribute to conser-
vation, with a number of national and international associa-
tions. Both the International Union of Dircectors of Zoological
Parks (IUDZG) and the American Association of Zoological
Parks and Aquaria (AAZPA) have significant conservation
programs. and provide considerable support to [UCN's Cap-
tive Breeding Specialist Group. Studbooks are kept for many
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of the most important species, masterplans are compiled for
key species. breeding stock is freely exchanged, end a series
of regular publications ensures that zoo professionals are well
informed of current progress.

The zoo community is generally well funded and zoos
worldwide receive hundreds of millions of visitors every
year. For many people. a visit to the zou is the only chance
they will ever have to experience much of the worid’s most
spectacular biological resources. Today's modern zoos are
cducating visitors about conservation of biodiversity, sup-
porting ficld conservation, providing training opportunitics
for wildlife managers, and holding in captivity breeding
populations of species that are critically endangered but that
may onc day be reintroduced into their historical natural
habitats (Kleiman, 1989). These contributions carn zoos an
important role as part of the world conservation movement.

Botanic gardens

Some 1,300 botanic gardens and arboreta have been
established © hold and exhibit plants. Many devote con-
siderable attention to investigating those aspects of plant
biology that require growing a variety of large or long-lived
plants of wild origin, or that involve growing plants over
long periods or in large experimental plantings. They are
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Only one individual of this speeies of palm (Pritchardia munroii) remains in the wild. These plants are being grown at Hawaii's
Waimea Arboretum and Botan.cal Garden (photo hy Waimea Arboretum and Botanical Garden).

64

potentially well equipped for research into aspects of plant
propagation, including seed physiology., germination and
establishment, and vegetative reproduction. They are also
well placed to conduct research on breeding  systems,
pathology and herbivory, symbiotic relationships. and
minimum viable population sizes tor conservation (both in
site and ex sine).

Botanic gardens are already playing an increasing role in
conservation and the maintenance of genetic diversity. Cur-
rent activities include:
¢ documenting the local flora. including sending expeditions

to explore new arcas and conducting syst:matic studies,

and investigation of hitherto unrecoge, J species in the
flora;

* maintaining specimen collections so that records of the
distribution, abundance, and habitats of species may be
available for research, including assessing species of poten-
tial agronomic, horticultural, medicinal, or other cconomic
interest;

* building up expertise among botanic garden staft through
rescarch and field investigations (often leading to recom-
mendations on arcas for in siti conservation or on manage-
ment policies for sustained survival of plants in reserves);

¢ maintaining and monitoring nature reserves cither within

or associated with the garden or arboretum (over 250




botanic gardens and arboreta maintain natural vegetation

arcas or reserves cither inside their arca or separately,

ranging from a hectare or less to over 100,000 ha): and

* preserving samples of rare or endangered species in
cultivation, multiplying and producing rare and endangered
species for reintroduction into the wild and for use in
restoration or rehabilitation of habitats, and maintaining
special conservation collections (such collections are grown
by over 350 gardens and often include rare or endangered
species).

In recognizing the important conservation role of botanic
gardens, JUCN in 1987 established a Botanic Gardens Con-
servation Sccretariat (BGCS) to mobilize the world's botanic
gardens into an effective force for conservation. Its objec-
tives include: to promote the implementation of the Botanic
Gardens Conservation Strategy: to monitor and coordinate
ex situ collections of conservation-worthy plants; to develop
a program for liaison and training; to arrange the Botanic
Gardens Conscrvation Congress cvery three years; and to
develop an education program (BGCS, 1987).

Today botanic gardens should be viewed, and should view
themselves, as resource centers for conservation, research,
and development. Their value in conservation should not be
seen in a narrow sense but as linked with various aspects
of applied science. In the words of Ashton (1984): **Botanic
gardens have an opportunity, indeed an obligation which is
open to them alone, to bridge between the traditional con-

cerns of systematic biology and the returning needs of

agriculture, forestry, and medicine for the exploration and
conservation of biological diversity.™

Itis apparent, however, that the supply of botanic gardens
in the tropical countries falls far short of the needs. While
a number of outstanding gardens have been established in
the tropics — as in Java, Sri Lanka. and Colombia — a con-
siderable expansion of such areas must be a very high priority
as a means of augmenting the in situ efforts to conserve
natural habitats (Table 8). Greatly increased international
support for the tropical botanic gardens will enable them to
participatc fully in the international cffort to conserve
biological diversity.

Seed banks

The storage of conservation material in the form of seeds
is onc of the most widespread and valuable ex sine ap-
proaches. Extensive expertise has been developed in this field
by the agencies and institutions involved with plant genetic
resources over the past 20 years. Sced storage has con-
siderable advantages over other methods of ex situ conser-
vation, including ease of storage, economy of space, relative-
ly low labor demands, and consequently the ability to main-
tain large samples at an cconomically viable cost.

The disadvantages of seed \torage (apart from those in-
herent in all ex site methods) include their dependence on
securc power supplies, the need to monitor the viability of
the seeds, and the need for periodic regeneration. In addi-
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tion, many species have sceds that are **recalcitrant™ in that
they are casily killed by the usual technigues of storing under
reduced temperature and humidity. It is estimated that up
to 15 percent of the world's flora possess recalcitrant seeds
(i.c.. some 37,500 species) and therefore cannot be conserved
in sced banks with current technology (BGCS. 1989). Far
greater rescarch efforts are required to determine how such
species can be maintained ex sime. as the most effective way
1o make their genetic contributions available for research.

Over the past few decades. significant investments have
been made to develop seed banks for the major world food
crops, often using the CGIAR network. Today. more than
50 secd banks have been established worldwide, over half
of them in developing countries. Most of these operate under
a set of guidelines or procedures developed through IBPGR,
based on three main principles: germplasm shall be available
to all bona fide scientists and rescarchers, regardless of
political or institutional affiliation: collections made in a par-
ticular country will be carried out in partnership with the
country concerned, and half of all samples collected will be
left in the country of origin; and all germplasm collections
will be duplicated clsewhere.,

For many of the major staple food crops — plants of global
cconomic value such as wheat, maize, oats, and potatoes —
more than 90 percent of the variation in landraces has now
been preserved in ex situ collections (Plucknett er al., 1987).
For other species, such as rice, sorghum, and millet, it is
estimated that the major part of the work involved in pre-
serving landraces will be completed by 1990 (Williams,
1984). This sounds promising, but Pecters and Williams
(1984) estimated that of the 2 million accessions of plant
germplasm in seed banks worldwide, 65 percent lack even
basic data on source; 80 percent lack data on useful
characteristics, including methods of propagation; and 95
perean’ lack any evaluation data such as responses to germ-
inability tests. Extensive data are held on only 1 percent of
the specimens, and it is feared *hat a substantial proportion
of the accessions not tested for germinability may be dead.

Despite the important achievements of seed banks, far
more work needs to be done in securing crop genetic diver-
sity. First, international cfforts have focused on crops of
widespread importance, so numerous species that may be
of low global importance but of high priority for particular
regions or countrics, or for specific purposes such as
medicinal plants, are poorly represented in seed banks
(Baskin and Baskin, 1978).

Second, many plants of economic importance are poorly
represented in ex sifu collections because of the difficulty
of storing their seed or because the species are normally prop-
agated vegetatively. For example. the seeds of many tropical
forest species cannot withstand drying or freezing (Plucknett
et al., 1987). Crops like rubber, cacao, palms, and many
tropical fruits can only be conserved in field gene banks akin
to botanic gardens. Many root crops that are propagated
vegetatively must be planted each year to maintain the strain;
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because of the expense associated with this procedure, only
potatoes among the root crops have received coverage of
more than 50 percent of landraces, even though cassava
(manioc) is the fourth most important dictary source of
calories in tropical developing countries after rice. maize,
and sugar cane (Cock, 1982; Gulick er al., 1983).

Finally, with only two exceptions — wheat and tomatoes
— the wild relatives of crops are extremely poorly
represented in ex sine collections, constituting only about 2
percent of the varicties stored in seed banks (Table 8). While
wild relatives of domesticated plants have traditionally been
considered a last resort of plant breeders, they have none-
theless played an important role in sustaining agricultural pro-
ductivity. Over 20 wild species. for example, have con-
tributed genes to potatoes. The difficulty of interspecific
crosses has restricted the role of wild relatives, but devel-
opments in biotechnology may substantially increase their
importance in the future.

Table 8: Wild Relatives of Major Crops Held in
Seed Banks.

Only the wild relatives of - few crops such as wheat, potato and
tomato have been widely collected and preserved in seed banks.
In most cases, wild germplasm represents less than 2 percent of
the sced bank holdings for cach crop and most wild relatives of
crops still thrive ovly in the wild.

Crop Wild species held in all | Estimated percent of
seed banks as percent | wild species still to
of total holdings be collected

CEREALS

Rice 2 70

Wheat 10 e 20-25

Sorghum 05......... .. 9

Pearl millet 10 ... 50

Barley T 0-10

Corn (maize) 2 50

Minor millets 0.5.........]...o 90

ROOT CROPS

Potato 1 30

Cassava 2. 80

Sweet potato 0 Y A 40

LEGUMES

Beans | 2 S 50

Chickpea O0.........f..oool 50

Cowpea 05......... ). et 70

Groundnut 6 ...l 30

Pigconpea 0.5.........|....... 40

Source: Hoyt, 1988.

Management Action in Response
to Pollution and Climate Change

Mcasures to curb the contamination of the biosphere with
poltutants are perhaps the most widespread conservatior.
measures, arc the most expensive, and have attracted the
greatest attention from both the public and government.
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When sclenium accumulating in water draining from irrigated
fields killed or deformed hundreds of aquatic birds at the
Kesterson National Wildlife Refuge in California, a massive
clean-up was ordered, with a final bill that could reach $50
million (Anderson, 1987). International measures include the
Convention on the Prevention of Marine Pollution by Dum-
ping of Wastes and Orher Matter (London, 1972, as amend-
cd), the Convention for the Protection of the Ozone Layer
(Vienna, 1985) and the Montreal Protocol on Substances that
Deplete the Ozone Layer (1987). Action against pollution
generally began with national measures to remedy acute con-
tamination of rivers and urban air, but in recent years has
extended to regional problems (like long-range transbound-
ary air pollution creating acid deposition in areas remote from
the source of the gases concerned) or global problems like
those of stratospheric ozone depletion.

Biological diversity is threatened by various forms of
chemical pollution. Sufficient evidence has been presented
to convince governments that the depletion of stratospheric
ozone over Antarctica in springtime is linked with chloro-
fluorocarbons released to the atmosphere through their use
as acrosol propellants, refrigerants, and generators of plastic
foams. New indications suggest that stratospheric ozone in
middle latitudes may have been depleted gencrally by some
3 percent (McElroy and Salawitch, 1989), thus permitting
more damaging ultraviolet radiation to reach the carth’s sur-
face, with conscquences ranging from reduced production
of algac in the surface waters of the sca to increased skin
cancer in humans with fair skin. The deposition of sulphate
and nitrate produced as sulphur and nitrogen oxides in fossil
fuel combustion has acidified lakes, rivers. and soils over
considerable arcas of northern Europe and North America
and, in conjunction with oxidams produced by reactions in-
volving hydrocarbons and nitragen oxide originating
especially from motor vehicle emissions, is incriminated in
forest dicback in these regions.

But the gravest threat — or at least the straw that breaks
the camel’s back -- may be climate change brought about
by air pollution and e increase in atmospheric carben diox-
ide due to deforestation and burning tossii fuus. While the
carth has benefitted from a greenhouse effect for hundreds
of millions of years — it is what makes the planet habitable
— the effect is now becoming intensified to the extent that
some habitats may become unsuitable for the species cur-
rently living there at a time when those habitats arc so 1solated
by surrounding agricultural lands that the wildlife has no
other place to go (Strain, 1987).

The greenhouse effect due to the accumulation of carbon
dioxide, methane. nitrous oxide, and chlorofluorocarbons in
the atmosphere is likely to raise mean world temperatures
by about 2°C by 2030 and mean sca levels by around 30-50
centimeters on a comparable time scale (Warrick e7 of., 1988).
By the end of the next century, global average surface
temperatures are expected to increase by 2-6°C, with an at-
tendant risc of sca level of 0.5 -1.5 meters (Schneider, 1989).



These effects threaten biological diversity because the com-
bination of the magnitude and the rate of the changes involved
lies outside the range of variation to which living organisms
have been exposed over the past hundreds of thousands —
or even millions — of years (Holdgate, 1989). Rising sca
level could outstrip the rate of growth of coral reefs, and
compress zones of coastal mangroves so much that coastlines
are no longer adequately protected from waves and storm
surges. Coral reefs are showing signs of dieback for unknown
reasons in many parts of the world. Recent studies have

detected a very alarming trend in the accumulation of

polychlorinated biphenyls (PCBs) in the occans and
freshwater systems and their biomagnification to clevated
levels in the tissues of such marine mammals as whales,
dolphins. and seals (Cummins, 1988). Major international
rivers like the Rhine, and major freshwater systems like the
North American Great Lakes, have been biologically im-
poverished by chemical pollution. Action to ensure that this
pollution does not increase in proportion to growing human
populations and global industrialization is of the highest im-
portance. Action to reduce pollutants should include the
carliest possible phasing out of the chlorofluorocarbons in-
volved in ozone depletion, reduction of the release of other
“greenhouse gases™ 1o a minimum level, and a stringent

precautionary approach that minimizes the discharges of

harmful substances into the world's oceans.

The impacts of changes in atmos~heric carbon dioxide
levels and attendant climate change on species and cco-
systems are likely to be dramatic. Strain (1987) has shown
that increasing the atmospheric carbon dioxide concentra-
tion under experimental conditions alters the growth rate and
reproductive potendial of plants, and must ultimately affect
interactions at the community level and beyond. Crowley and
North (1988) have found that rapid climate change may have
contributed to major extinction events in the carth’s history.
Looking more specifically at the effects of climate change
on nature reserves, Peters and Darling (1985) conclude that
because many reserves are now “islands’” of habitat to which
spzcies are closely adapted, climate change could well cause
extinctions among reserve species without being compensated
by immigrating *‘new’’ specics. MacArthur (1972) has de-
rived some broad rules about how ccosystems respond to
climate change, and suggested that a change of 3 °C can lead
to a shift in habitat type of roughly 250 kilometers in latitude
or 500 meters in elevation. This is not to suggest that all
species will migrate together, like soldiers marching off to
war; different species can be expected to react differently

to climate change, so the characteristic species content of

ccosystems will also change.

Nor can ccosystems be expected to react quickly to climate
change, except when the change is accompanied by other
ccological factors such as fire or discase. Soil types change
very slowly, and many trees are very long-lived and will sur-
vive for hundreds of years even if they do not reproduce.
Further, the species that exist today are already adapted to
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the fairly rapid climate changes that have characterized the
past 2 million years, and the ranges of many species appear
to be affected more significantly by factors such as competi-
tion than by climate change. MacArthur (1972) has discussed
this point in some detail, pointing out that many species tend
to be persistent once they have become established. Which
plant or animal species will become established in “*new™”
communities will be greatly influenced by the ones that have
survived from the ““old™ communities. The only safe con-
clusion seems to be that under conditions of changing
climates. variable responses by the resident plants and
animals are to be expected and these are likely to be highly
unpredictable given our current state of knowledge.

But it is unrealistic to expect the boundaries of cxisting
protected arcas to change very much, because they are usual-
lv surrounded by human land uses that will not allow much
change. Instead, more intensive forms of management in-
tervention — such as habitat enrichment, artificial insemina-
tion, and borcholes to provide drinking water — will be re-
yuired to maintain systems deemed desirable; the alternative,
which might be more attractive in some cases, is to allow
nature to take her own course and for existing protected areas
to be allowed to develop their own “new’ ecosystems.

Of particular interest in this regard are the protected areas
that have relatively large altitudinal gradients, thereby con-
taining numerous and diverse ccosystems. As Peters and
Darling (1985) pointed out. many reserves have been placed
in mountainous land because such areas are generally less
suitable for agriculture. In attempting to assess how the
world’s protected areas are distributed by altitudinal range,
McNeely and Harrison (in prep.) reviewed all protected areas
of over 1,000 ha n size in IUCN categories I to V and hav-
ing altitudinal range data. Of the 4,518 sites meeting the first
two criteria, altitudinal range data were available for 2,290
sites (51 percent). The results are presented in Table 9. More
than hal “of these protected areas have altitudinal ranges of
less thar 1,000 meters.

Table 9: Altitudinal Range of Protected Areas.
Altitudinal Range (in meters)
1000- 2000- 3000- 4000- 5000- 6000-

Biogeographic  0-

Realm 999 1999 2999 3999 4999 5999 (999 Totals
Nearctic 171 41 27 4 6 2 2 253
Palacarctic 423 146 49 25 6 4 4 657
Afrotropical 319 50 14 2 2 - - 387
Indomalaya 6 92 21 7 - - - 466
Occania 23 8 | 2 2 ] - 37
Australia 85 26 - - - - - 111
Antarclic 76 21 4 3 - - - 104
Neotropicil el 51 34 21 5 3 - 275
Totals 1,604 435 150 64 21 100 6 2,290

The implications of anthropogenic climate change for
biological diversity are profound, and detailed studies are
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required to preseribe steps that can be taken by gove. nments
and the international community to adapt to the changes that
seem almost certain to come (even though these changes are
not predictable at the local level with a degree of certainty
that will support detailed plans). Such studies should build
on three principles:

* First. maintaining masimum biological diversity assumes
far greater urgency as the world becomes increasingly
threatened by rapid climatic change. Diversity in species
provides the raw materials with which difterent com-
munities will adapt to these changes. and the loss of cach
additional species reduces the options for nature — and
people — to respond to changing conditions.

* Sccond. global generalizations are unlikely to be sufticient
as a basis for response to the problems. While broad pat-
terns of climatic change can be predicted. the real impacts
will be felt locally. and these impacts are unlikely to be
predictable with much precision. Recommending action
in the face of great uncertainty is a risky business, but it
is surely sensible to provide local communities with the
capacity to adapt to these changes, based (among other
things) on traditional knowledge about local ecosystems
and their management.

¢ Third. all indications are that climatic change is a contin-
uing phenomenon that follows a number of inscrutable
cycles. Considerably greater scientific attention needs to
be given to the implications of climate change for all
ccosystems — terrestrial, marine, and freshwater — and
1o possible management steps that could be taken to main-
tain biological diversity in the face of it

A New Global Convention on the
Conservation of Biological Diversity

The international legislation cited above and summarized
in Annex 3 has proved an important means of promoting in-
ternational cooperation in the conservation of biological
diversity. The World Charter for Nature (Annex 2) has pro-
vided **soft law’™" as further support for this cooperation.
However, species and ecosystems are still being exploited
at rates that far exceed their sustainable yield. Far more in-
ternational cooperation is required to reverse this trend.

Recognizing the growing severity of threats to biological
diversity and the increasingly international nature of the ac-
tions required to address the threats, IUCN and UNEP have
embarked on the preparation of an international convention
on the conservation of biological diversity. This effort has
gained the broad support of governments, including a joint
resolution from the U.S. Congress (H.R. Res. 648, 27
September, 1988), which called upon the President to pro-
mote efforts “'to achieve the carliest possible negotiation of
an international convention to conserve the Earth's biological
diversity. including the protection of a representative system
of ecosystems adequate to conserve biological diversity. ™

A high-level group of experts advised the Excecutive Diree-
tor of the United Nations Environment Programme that a
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new convention is required, and that the TUCN draft con-
vention provided a useful starting point for such a conven-
tion. Mceting in Nairobi. Kenya, in August 1988, the ex-
perts advised that the aim of a global convention for conser-
ving biological diversity should be to engage action to con-
serve as much of the world's biological diversity as possi-
ble. It should provide a forum for international identifica-
tion of prioritics. The obligations it imposes should relate
to results, leaving the contracting parties to adopt whatever
specific means their national legal and administrative systems
find most appropriate. The primary approach should be
through the protection of habitats, but within national
frameworks for land-use planning and species protection that
safeguard biological diversity to the maximum extent prac-
ticable outside as well as within designated protected sites.
The convention should also commit its parties to the adop-
tion of measures to minimize the threats to biological diver-
sity like unsustainable exploitation, pollution of the
biosphere, introduction of undesirable alien and genetically
maodified species., and other fuctors. It should be recognized
that the motivation for global action should be both the value
ol biological diversity to humanity and the intrinsic and
cthical value of species themselves, 1t should be further
recognized that as stewards of biological diversity. States
should not only safeguard their own natural heritage but
refrain from actions that threaten that of other States.

The central question that needs to be addressed is how a
global approach to the conservation of biological diversity
should be financed. Some governments are already investing
considerable sums in national conservation programs. but
there are ample grounds for considering these to be insuffi-
cient. The new convention might be financed directly from
the uses made of biological resources. perhaps through the
mechanism of imposing several small new taxes on certain
uscs of biological diversity. such as the exploitation of germ-
plasm (for breeding programs. or for the development of new
drugs). harvesting (in forestry, fishery. or via authorized and
licensed wildlife products). recreational use (in tourism), and
for the disposal and recycling of wastes. (See Chapter VIII
for a further discussion of funding mechanisms.)

Certain other features of the proposed international con-
vention need emphasis. Clearly, its efficacy depends on the
soundness of its scientific foundation, without which national
inventories of key arcas. international assessments of priority,
and specific needs for action will not readily be established.
The contracting parties to a convention need 10 meet
periodically in conference to review the working of the con-
vention. and to this end they need a strong, professioral, and
independent scientific advisory commiittee (or the services
of a body like FUCN in this capacity). These are matters that
demand further attention.

The urgencey of the problem demands action. The dilem-
ma is over the readiness of the world community to accept
a major new measure with financial obligations. Without the
provision of new resources, and/or the substantial redistribu-



tion of existing resources, the issues considered in this report

will not be addressed effectively. A global convention would

be a powerful catalyst drawing together the efforts of the

various scctoral and regional conventions in this ficld, by

giving overall shape and strategic direction to the whole

world effort. But a global convention must be more than a

series of noble aspirations. It must do more than state on

paper needs for action that cannot be fulfilled for want of

resources, or that will not be fulfilled for lack of political

will among governments. A convention must not be adopted

as a substitute for action, or it will blunt and deflect the ef-

forts the world needs. Accordingly, any convention should

only proceed if it;

® has a sound basis in science:

® is truly comprehensive in scope, covering in site and ex
situ conservation and the protection of the biosphere from
all significant damaging impacts, and is in harmony with
and supplements existing conventions, agreements, and
programs in this broad field;

® is practical in defining obligations and goals, lcaving the
contracting parties the responsibility of achieving them;

® has thc commitment of governments to funding at a
realistic level:

® provides realistically for the transfer o1 resources to allow
implementation of the convention by the poorer countries
that are the custodians of much of the bivlogical heritage
of the carth; and

® is capable of catalyzing and coordinating the efforts of
governments and other agencies under other conventions
in this field.

The time is coming when the carth’s endowment of species
and natural ecosystems will be broadly appreciated as assets
to be conserved and managed for the benefit of all human-
ity. This will necessarily add the challenge of species con-
servation to the international political agenda. It implies two
forms of responsibility. First, all nations have the duty to
safeguard species within their territories, on behalf of every-
one. Second, all humanity has the duty to offer whatever sup-
port is required — finance, skills, and so on — to enable
individual nations to discharge their duties.
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Following page: The rare thin-spined porcupine (Chaetomys
subspinosus) was only recently rediscovered in Brazil’s Atlan-
tic forest region (photo by 1. Santos).
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CHAPTER V

THE INFORMATION REQUIRED
TO CONSERVE BIOLOGICAL DIVERSITY

Many kinds of information are required to conserve
biological diversity, including human uses. basic taxonomy,
distribution, status and trends, and ecological relationships.
Recent advances in data management technology make such
information more accessible than ever.

Effective action must be based on accurate information.
And the more widely shared the information, the more like-
ly itis that individuals and institutions will agree on the defini-
tion of problems and solutions. Developing and using infor-
mation is therefore an essential part of conservation at all
levels, from the local to the global community.

Earlier chapters have indicated how diverse nature is, and
suggested how diversity can be conserved to better serve the
processes of development. But the current state of knowledge
about species and ccosystems is woefully inadequate: detailed
knowledge is still lacking on the distribution and population
sizes of even such large and well-studied animals as African
primates (Oates. 1985). Given the current rates of extine-
tion. the next few years will provide the only opportunity
to collect information about issues of major importance to
human welfare. For many kinds of tropical organisms, the
specimens that are collected in these few years may be the
only samples available for future study. providing posterity
with an indication of how rich the carth was before people
claimed priority for living space.

Insufficient knowledge results from two main factors.
First, species and ecosystems both on land and in the sea
are so diverse that major efforts are required to collect
systematic information. It has taken about 230 years to
describe the world's current 1.4 million species: based on
the figure of 10 million species currently alive in the world,
which we are using for convenience (and realizing that the
figure could be far higher). it would take 1.643 years to
describe the world’s species if we continue at this same rate.
Sccond. basic taxonomic research is no longer fashionable
and few major research institutions — especially in the tropics
— are engaged in describing the diversity of species and
ccosystems. It scems self-evident that increasing knowledge
about the kind and variety of organisms that inhabit the carth
— and the ways that these organisms relate to cach other
and to humans — must be a foundation of conservation ac-
tion. Therefore. a major effort is required to:
¢ document the wealth of the world's species of plants and

animals, involving museums. botanical gardens, univer-

sities, and research stations — this work needs to assess
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the genetic diversity of the population of especially im-
portant species, as well as the size and nature of the gene
pool represented there:

e carry out ccological ficldwork to show how the various
picces fit together. discover the population dynamics of
species of particular concern, assess the effects of fragmen-
tation of natural habitats, and determine what management
steps are required to enable ecosystems to flourish with
their full complements of species:

¢ develop new mechanisms for ex site conservation. in-
cluding both captive propagation and eventual release in-
10 “natural’” ccosystems:

* monitor the changes in ecosystem diversity and function
as the influences of humans become more pervasive, in-
cluding climate change, deforestation, and various forms
of pollution:;

® assess the ccological differences between relatively large
but minimally disturbed ccosystems and ccosystems that
have been heavily affected by humans, as a basis for en-
hancing productivity and restoring degraded ccosystems
to a4 more productive state:

® carry out rescarch in the social sciences to determine how
local people manage their resources, how changes in
resource availability and land use affect human behavior,
and how people decide how to use their biological
resources.

Such basic inventory and fundamental rescarch work
should be carried out simultancously with ficld action, with
the two forms of activity reinforcing each other. More de-
tailed discussions of research priorities are available in Com-
mittee on Rescarch Priorities in Tropical Biology (NAS,
1980) and in Soulé¢ and Kohm (1989).

Types of Information Needed

Scientific knowledge

As more taxonomic and survey work is done, scientific
knowledge grows but so does awareness of ignorance; the
more new discoveries are made. the more new gaps are found
in the data. Action — surveys, inventory. taxonomy, and
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A satelite image showing smoke and fires consuming tropic

analysis — s required at both national and international

levels. and especially in the most species-rich habitats,
This is a daunting challenge. but it must be met. Far less

than 5 percent of the species in the tropics (and the figure
could be an order of magnitude less) have been described
as yet, and the number of taxonomists able to identify tropical
organisms is shrinking as the urgency of the problem be-
comes greater. The Committee on Research Priorities in

Tropical Biology (NAS. 1980) concluded that at least a five-

fold increase in the number of systematists is necessary o

deal with a significant proportion of the estimated diversity

while itis still available for study. Approaches to address-
ing this problem could include:

® closer cooperation between major taxonomic institutions
(muscums and universities) in temperate and tropical coun-
tries:

e better use of the Biosphere Reserve network, which in-
cludes some 260 arcas managed at least partly to enable
rescarch to be carried out on basic questions of conserva-
tion (Unesco, 1985); and

® training a large number of parataxonomists to collect and
document specimens, and to make initial identifications.
along the lines that are currently being adopted in Costa
Rica (Junzen, 1988).

HRE T sy .
PR b ey

A major effort is required to establish tropical rescarch
centers, train the personnel to carry out the required research,
and provide the incentives necessary to give the work the
high prestige it deserves. Such rescarch centers are describ-
ing the basis of long-term human welture. and warrant ma-

Jor investments from society. Without the knowledge that

comes from ecological ficld research. it will be impossible
1o develop the ecologically sound systems ol resource
management required to support the people now living in
the tropics, to say nothing of improving their condition in
the future.

For all of these reasons. very greatly increased eftorts are
required to enable the taxonomis institutions to form close
symbiotic relationships with the conservation agencies. which
in turn need to work far more closely with the more applicd
ficlds of plant and animal genetic resources for agriculture
and forestry.

On a global scale. modern technology is available but s
insufficiently used. Given the importance to the world of
knowing how much tropical forest remains and given the
capability of carrying out a reasonably accurate inventory
by satellite imagery, it is of considerable concern that the
world is still relying on highly questioaable dati on tropical
forest coverage produced by FAO (1981) on the basis of
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information from the late 1970s.
However, availability of information does not mean just
carrying out surveys and publishing results. The informa-

tion must be used. This may involve creating a network of

centers at local, national, and international levels that know
what information is where and that can tap into available in-
formation and prescat it to planners and decision-makers in
uscful forms.

New technology makes data management more produc-
tive than cver before (Box 12). The development of com-
puterized Geographic Information Systems (GIS) has great-
ly simplified the preparation of integrated biodiversity con-
servation strategies. Recent advances have made it possible
to store and analyze multiple layers of geographic data on
relatively inexpensive micro-computer systems. Computers
can respond to search commands to identify gaps in the
system of protected arcas from a varicty of perspectives, or
1o demonstrate how various management or development op-
tions are likely to affect environmentally sensitive arcas
(Chalk er al.. 1984), or cven to define the relative sensitiv-
ity of arcas.

The new technology can make it casier 1o determine which
species and communities are currently protected and to iden-
tify alternative conservation strategies to achieve various
levels of protection of other arcas of high biologica! diversi-
ty It is therefore not surprising that development agencies
are increasingly turning to GIS as important planning tools
(Bailey and Hogg. 1986).

Local Knowledge

Onc exiremely rich source of information about resource
management is usually ignored by decision-makers and even
scientists: the knowledge of local people whose livelihoods
depend on their management of biological resources (McNee-
ly and Pitt, 1984: Geertz, 1983; Warren er al., 1989).

Rural communities often have profound and detailed
knowledge of the ecosystems and species with which they
are in contact and have developed effective ways of ensur-
ing they are used sustainably (IUCN, 1980), so information
should be collected — especially in tropical countrics — about
the use that indigenous peoples make of biological resources,
and the management approaches they have developed.

Since local cooperation is essential for the long-term suc-
cess of conservation cfforts, it is usually advisable to under-
take a socio-ceconomic survey of the communities affected
by projects that involve controlling use of biological resources
in order to determine what resources are used, how they arc
harvested, the degree of awareness about controlling regula-
tions, and possible alternative sources of income.

Such surveys can also provide the necessary raw material
for determining the sorts of incentives required to bring about
the desired changes in behavior, as well as the best means
of providing incentives and ensuring that they are perceived
as fair, equitabie, and fairly carned. Information collected
might cover the ethnic diversity of the communitics and their

social structure. including the traditional location and prox-
imity of hoaseholder and kin groups for ritual, labor ex-
change, and other important community activities. This in-

Box 12: Remote Sensing.

The technology that is used in remote sensing was
developed as early as 1972, but only recently became a
tool in conservation. In remote sensing, maps are created
from numerical data collected by satellites that measure
the amount of reflected energy from different land-cover
tynes. These data are then translated into an image by
assigning visible colors to the numerical values. Images
generated from this procedure reveal distinctions in
habitats, such as forests, savannas, rivers, roads, cities,
ete. Depending upon what a technician may want to show,
different land types may be highlighted according to the
chosen color scheme.

Satellite data can supply information 10 a Geographical
Information System (GIS). which in combination with
other data sources can produce an analysis of land-use
and habitat modification. The information provided by 4
map produced by remote sensing is verified in the field
by comparing the image with on-the-ground observations
— a procedure known as *‘ground truthing.’” The final
image reveals important information on human activity
and the natural composition of the area under study. This
provides conservationists with a picture of what is hap-
pening in a given arca, and improves their ability to make
sound management decisions. New data collected
periodically — possible with the satellite’s ability to make
frequent passes over an area — can also generate an im-
age of change in large arcas over time.

In the tropics, remote sensing is being applied to the
challenges of conserving biodiversity. Tor cxample,
deforestation can be monitored over arcas too large to be
monitored by ground techniques. Satellite images 22 also
valuable tools in local campaigns to preserve natural areas,
supplying individuals with a visual proof of environmen-
tal disruption, and a map of natural resources. However,
because conservation has only recently focused on the
tropics special obstacles have arisen, such as the difficu,-
ty of distinguishing separate elements in a rich, diverst
habitat like tropical rain forest. But the spectral
characteristics of satellite images are improving, and
remote sensing technology is becoming increasingly sen-
sitive in distinguishing different  vegetation  types.
Morcover, remote sensing is more cost-effective than on-
the-ground mapping. The former costs about $5 for cach
square kilometer, where ficld methods cost about $80 for
an arca of the same size (Conservation International, un-
published data, 1989). Remote sensig, and other
technologies that comprise integrated information systems
are continually improving, and will undoubtedly make im-
portant contributions to conservation methods.
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formation can provide managers of biological resources with
the necessary insights into the needs and desires of the local
people, and can avoid misunderstandings and disruptions
when implementing incentive systems.

These efforts at assessing the relevant biological and hunman
resources will help governments to recognize the conse-
quences of their development activities on the biological
resources of the nation, and help ensure that external effects
of development projects on biological diversity are clearly
identified.

Information Needs At National
And Local Levels

To develop informed policies on resource depletion rates.,
rates of sustainable yicld, national accounting systems., and
land-use planning. governments require reliable information
on the current status and trends of biological resources in
their countries. A careful analysis of existing information
is therefore required before any significant decisions are
made that might affect those resources.

Governments need to deterimine their own needs for in-
formation that would improve conservation at the national

level. They might consider three major questions:

* What type of information is needed to support changes
in policies (¢.g.. information on the economic importance
of biological resources. or on how traditional peoples have
depended on biological resources)?

* What information is needed to help identify sites impor-
tant for conservation (¢.g.. ecologically sensitive areas).
and 1o assign priorities for investment?

* What information is needed to manage these sites (e.g..
information on resource distribution and use within the
arca, or on the social and economic needs of the com-
munities living in and around the sites)?

All governments should build the capacity to assess :*+»
status, trends. and utility of their biological resources as an
essential foundation for planning and implementing develop-
ment action. This capacity, which should build on existing
knowledge and form @ permanent part of the management
enterprise, should include:
¢ national compilations of the flora and fauna contained

within the nation, in addition to the more usual assess-

ment of stocks of timber, fish, and mincrals;

® institutionalized biological surveys, perhaps carried out
by university departments of biology, to determine what

A woman drying fish in Sarawak, Malaysia (photo by R.A. Mittermeier).
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species occur where and in what numbers, or perhaps in-
volving innovative approaches including **barefoot tax-
onomists™* (D). Janzen, University of Pennsylvania, pers.
comm.. 1988) and local screening of organisms for useful
chemicals (T. Eisner, in press):

® 4 national system for monitoring the status and trends of

hiological resources, linked to international systems such

as UNEP’s Global Environmental Monitoring System and

the World Conservation Monitoring Centre: and

e regular publication of the available information on status
and trends of biological resources, and the various forces
affecting these trends.

All natural resources are managed in some way, whether
through protection, production, or consumption. In order to
manage resources in @ sustainable manner, it is essential that
the effects of different management practices are monitored
and understood, and that any lessons learned are applied in
future management. The types of questions that need answer-
ing include:

* What type of management is being carried out in cach arca.
and to achieve what objectives?

* What staft resources and infrastructure does this involve?

® What is the effect of management on the natural resources
and their value?

* What further information is required to improve manage-
ment of these sites and resources?

An important part of assessing biological resources is
estimating the economic contribution that they make to the
national cconomy. This requires:

* developing methodologies for assigning values to non-
marketed biological resources, appropriate to the needs
of the country:

* cnsuring that national accounting systems make explicit the
tradeofts and value judgments regarding impacts on bio-
logical resources that may not be measured in monetary
terms:

* conducting rescarch on methodotogies for assessing the
cross-sectoral impacts of resource utilization;

* documenting the past, present, and potential value of wild
species, their products and derivatives to human socicties
for medicinal, nutritional. and other socially valuable uses;

® collecting information on the physical properties of re-
sources in specific environments and for specific uses; and

e cvaluating the true cconomic productivity of various
ceosystems,

Managing the flow of information

Significant differences are apparent between countries and
regions, and even between sectors within countries, in in-
stitutional arrangements, technological development, and
availability of data. Information is often scattered, and
sometimes difficult to obtain. and some is not even directly
available in the country from which it was collected. In some
countries. good databases exist for certain regions or sec-
tors, but are conspicuously absent in others.

In a detailed study of the users of information regarding

resource management in Botswana, Zambia. and Zimbabwe,
Rennie and Convis (1989) determined that the main need was
not to obtain information from a single source. but rather
to identity the sources. to obtain the information efficiently
and in uscable form. and to integrate this information into
other work that is being carried out. The primary frustra-
tions of the users were difficulties in finding the informa-
tion, obtaining it, and integrating it into a planning or
management framework.

Another potential problem is variability in data quality,
age, and presentation, and in the ways data sets (on com-
puter or otherwise) are maintained. This affects two main
sets of users: first, where information is used to plan manage-
ment action, it needs to be provided to planners and
policymakers in a standard and useable format; second, the
subsets of information provided to other information centers
(such as national agencies) need to be comparable with in-
formation for other regions or sectors.

Planncrs and policymakers should not be expected to deal
with incoming information in a wide range of formats and
with a wide range of variability when careful planning and
coordination by those managing information could ensure
a more focused and coordinated approach. Standard methods
of presenting information should be devised, indicating its
accuracy and currency, based on the levels of information
available and on the technology used.

Regarding compatability of information between databases
(or information centers), clearly standardization is most
desirable and most achicveable at the point of data exchange
(BGCS, 1987). Information centers cannot be expected to
usc methods, classification systems, or technology (software
of hardware) prescribed by otkers, but efforts can be made
to ensure that what they hold can be converted into standard
(and properly documented) data sets that can then be of wider
utility.

Key issues in improvement of information flow (and hence
the better use of available information in management deci-
sions) are therefore;
® development of databases on what information is available

and where (probably including extensive bibliographic

servicing);

® development of standard methods of presentation (which
covers both user involvement in information development
and the education of users); and

® development of standard transfer formats.

Local Information Management

Most day-to-day resource management decisions are made
at the local level, so information must be managed there to
provide managers and planners with what they require. Pro-
vincial planners thus need their information to be integrated
on a geographical basis, which will enable local land-use
plans to be prepared, appropriate permits to be issued. and
plaaning restrictions to be enforced. At this level, site-specific
information is highly important. and it is crucial that this in-
formation be integrated with material from a range of scc-
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tors so that appropriate decisions can be made. Efficient in-
formation management is therefore essential at the local level
(be this a provincial government or a national park), and the
data management systems must be designed with the full in-
volvement of those who will use them. Constant consulta-
rion with the users will ensure that the technical and institu-
tional design of the database v ill enable it to fulfill the func-
tion for which it is created, provide information to those who
need it, and provide the inforn .tion in a form that can be
used (Rennie and Convis, 1989).

However, bielogical resources are also managed in a more
general way at the regional. national, and international level;
consequently, information on resources within the country
as a whole is also required and this involves interactions with
other information centers and wide exchange of information.
But resource management at the local level requires far more
detail than at the national level; the latier is usually only a
subsct of the former.

National Conservation
Information Management

While 1. most detailed information will be held by the
sectorar and local planning agencies, national conservation
databascs can maintain a detailed overview of what natural
resources data sets are held where, can maintain a single
databasc on the more important data aggregated at national
level to provide a general overview, can identify which sites
arc important at the national level, cantinteract with other
national or international databases, and can indicate where
major gaps in national data need to be filled. A national
databasc nced not necessarily be one central office (cven
though this might be the ideal in some cases), and might be
distributed between agencies, building on existing initiatives,

The main consideration in establishing a national data
center is to identify, support, and develop a national institu-
tion (or institutions) already active in the data management
business. This bottom-up approach must involve from the
outset the likely data users, especially the government agen-
cies, for unless they participate in the planning of the center,
its outputs may be politically unacceptabile.

With the widespread availability of micro-computers and
the growing sophistication and case of use of software, na-
tional conservation databases are becoming more prevalent.
The Nature Conservancy (TNC) has long been a leader in
establishing such dati centers, especially in Latin America,
working in close collaboration with various national institu-
tions. [UCN is working with the governments of Saudi
Arabia, Bangladesh, and the Suhelian and SADCC countries
of Africa to develop national databases. WWF has also sup-
ported work in establishing Jatabases, notably in Thailand,
Brazil, and China. UNEP has helped establish an en-
vironmental database for Uganda and is collaborating with
the Costa Rican Conservation Data Center.

Perhaps the most cffective efforts 1o date 1o help ensure
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that conservation and development decisions are based on
goaod information, particularly about species, are the national
**conservation data centers™” (CDCs) started in Peru, Bolivia,
Colombia. Costa Rica, Panamu, Netherlands Antilles, Puerto
Rico. Venczuela, Belize. and Paraguay. At these centers,
financed initially with funds from The Nature Conservancy
(U.S.A.) and Conservation International, a small staff of
biologists and ccologists continually assess the current status
of species and ccosystems in the country. thus putting a
sharper edge on recommendations tor conservation. New and
more detailed vegetation maps are being produced to analyze
the protection of vegetation types in established protected
arcas at an cver finer level of resolution.,

The next step is to transfer this information regularly to
government departments and development agencies so that
it can be used in planning natural resources development
(Jenkins, 1985). But the data remain just a tool, and the CDCs
are also building the human expertise for turning these data
into information that can be applied to solving management
problems. In the long run, CDCs may become the most
authoritative and up-to-date centers of conservation infor-
mation at the national level, muking data available for plan-
ning conservation systems, monitoring the status of wildlife
and critical ccosystems, and reviewing the environmental im-
pacts of development projects.

To have sufficient impact on resource decisions, the na-
tional data center should integrate not only conservation data
but also data covering the whole spectrum of natural
resources management. The conservation data niust be in-
tegrated with (or capable of being integrated with) agri-
cultural, forestry, fisheries, land-use, soil, climate, human
settlement, and other data sets if they are 1o be of practical
value to the resource planner. The national database being
developed in China (Box 13) illustrates such a svstem. The
outputs must also be produced in mapped form, with GIS
analysis producing details such as ecologically sensitive
arcas, arcas suitable for sustainable use of their resources,
and particularly important areas for the conservation of
biological diversity. Such GIS software can now be run on
personal computers, and does not require a level of training
inappropriate for use in most developing countries. An out-
standing example of the application of GIS is the asscssment
produced for Costa Rica (Backus ef al., 1988).

The importance of data exchange between databasces was
mentioned above, along with the need for consistency. While
the ideal way to achicve this might be for atl databascs to
usc one design and set of programs, this would not work
in reality, and existing initiatives need to be developed or
supported rather than outside solutions imposed. While the
development of data transfer formats and accepted standards
is onc answer to ensuring consistency, provision of data
management tools can help ensure better communication.
These need not be complete database programs. but tools
1o assist in management of p " of a database, which can
be added to existing programs and facilitics.
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The database proposed by WWF for China is particular-
ly relevant as an illustration of how national databases
might be structured, as it has the primary purpose of con-
serving biological diversity. The project will involve col-
lating a number of different types of information to pro-
duce six primary resource classifications for eich of the
27 provinces and autonomous regions of China. It will
include:

° A mapped land classification of species and genetic
value, to be based on consideration of species richness,
levels of local endemism and degree of threat, species
of particular cconomic (medicinal) importance, and
Pleistocene refugia.

* A mapped land classification of habitat threat, based
on consideration of the rarity, rate of loss, and degree
of protection of the country’s various natural vegeta-
tion types and its freshwater and coastal habitats.

* A map showing the location of all existing and proposed
protected areas scored for their natural importance, and
a map of sites of high scenic and landscape value, rated
for relative importance.

® A mapped watershed classification system, based on
rainfall intensity, slope, soil type, and levels of hazard
(potential for flooding, dependence of irrigation system,
reservoirs, fisheries, etc).

* A mapped land classification of relative human pressure
on the environment, based on population pressure for
agricultural expansion (current density x regional

Box 13: A National Database for China.

growth x potential for agricultural expansion), forestry

pressures (standing crop x value x accessibility), and

cconomic pressures (economic incentive (e.g., special
cconomic zones) x potenual (mincral and cnergy
resources + access) ).

These types of information will be brought together by
overlaying maps using a Geographic Information System
1o give two intermediate maps for cach of the provinces
and autonomous regions of China. The first will be a
classification summarizing **geacpool sensitivity™ (com-
bining the first three maps listed above), while the sccond
will be a classification of physical environmental sensitivi-
ty (combining the last two maps above). These two maps
will finally be combined to give an overall environmen-
tal classification, indicating areas where development
should not be permitted to further disturb the environment
and arcas where development should only be permitted
if various environmental safeguards are taken. These areas
will be coded for the type of safeguards needed (c.g.,
water catchment protection, pollution controls, wildlife
issucs, ete).

These data are handles using software developed for
WWF for use on personal computers. Regional databases
of this type will be set up in each of the seven
biogeographic divisions of China. The data will be col-
lated 1ogether with the data on the physical environment
in Beijing, where the Commission for Integrated Survey
has a mainframe computer with GIS capability.

Information Management at the
International Level

In addition to the need for information at the national level,
a number of users — particularly international agencies —
require a global center for information on biodiversity, with
a global overview datatase on biodiversity. An international
database is also required for some national applications, such
as dealing with migratory species or animal trade.

The World Conservation Monitoring Centre (WCMC) is
the primary clearinghouse for data on species and eco-
systems. WCMC is a joint venture between the three part-
ners in the World Conservation Strategy (IUCN, UNEP, and
WWF) established to provide a central repository of infor-
mation on the world’s biological diversity. In trying to keep
the data management cxercise within reasonable bounds,
WCMC has focused on assersing:
¢ the status and distribution of species of conservation con-

cern (some 18,000 animal species are held in the database

of which some 4,500 are listed as globally threateried

(IUCN, 1988a), together with some 52,000 species of

plants, of which 19,500 are categorized as threatened

(Davis er al., 1986) );
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® critical sites for biological diversity (particularly tropical
forest sites, but also wetlands and coral reefs,

(IUCN/UNEP 1988)),;
¢ the protected arcas of the world (details of some 17,000

sites are now included in the database, along with more

detailed information on all protected arca systems and
many individual sites); and

* international trade in threatened species and their derivative
products (some 9 million trade transaction records are held
on CITES-listed species).

These data are collected from a variety of sources —
published literature, unpublished reports and government
documents, conservation organizations, and a wide network
of contacts and correspondents throughout the developing
world. Protected areas and species data are also provided
by members of IUCN's Commission on National Parks and
Protected Arcas and the Species Survival Commission.

WCMC Data on Species

While the databases czin be tapped to provide a wide range
of integrated outputs, tae best known products from the
species database are the Red Data Books, which provide the
standard for assessing the status of threatened species
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(including extinct, endangered, vulnerable, and rare). Data
on such species are held in a computerized database at
WCMC, in the data fields listed in Box 14; information held
in text files is listed in Box 5. Additional information that
needs to be added so that conservation needs can be assessed
on a sound biological basis includes known range, breeding
season, age at first reproduction, litter or clutch size, mean
longevity, and primary and secondary food.

Box 14: WCMC Data Fields on Species.

1. Higher taxonomic names (family)
2. Taxon name (genus, species)
3. ISIS code

4. Authority for the taxon name

5. Common name

6. Basic habitat (under development)
7. TUCN conservation category

8. Wild population size

9. Wild population trend

. Captivity status

11. Captive population size

. Exploitation by man

. Threats to the taxon

. Text file identification

. CITES data

. Status of distribution info

. Country where taxon occurs

. Occurrence in protected areas

. Introduction status

. Area population size, trend

. Legal coverage in arca

. Geographical qualifier

Box 15: WCMC Text Files on Species.

. Summary

. Common and scientific name
. Authority for name

. Order and Family

. World TUCN category

. Distribution

. Population

. Habitat and Ecology

. Threats to Survival

10. Conservation measures taken
11, Consecrvation measures proposed
12. Captive breeding

13. References

14. Summary of Information

OO h WD —

On the basis of such information, IUCN publishes cvery
two years the Red List of Threatened Animals (e.g.. TUCN,
1988a), as well as geographically or taxonomically based Red
Data Books (sce bibliography for examples). The importance
of this quantitative approach to species conservation is shown
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by the great number of national and international Red Data
Books that have been prepared using the TUCN threat
categories as their model: Burton (1984) listed some 154 Red
Data Books on animal species alone published until the end
of 1982. Much of this work has been sponsored by WWF,
UNEP. and other international conservation organizations.

The conservation status of plants has proved more difficult
to assess, partly because there are far more of them and partly
because they are much less known: botanists estimate that
10-20,000 flowering plants are still unknown to scicnce (A.
Gentry, pers. comm.) and many countries do not have even
a reasonably complete description of their respective vascular
floras (Davis er al.. 1986). The lack of a standard nomen-
clature and the rate of taxonomic change create problems
for maintaining a global database. Even so. WCMC's
Threatened Plants Unit now has documented 18.000 global-
ly threatened plant species. and national experts have
prepared numerous Plant Red Data Books.

sbout two-thirds of the world's plants are found in the
tropics, but assessing the conservation status of any single
species is often extremely difficult because of the lack of data.
Instead, WCMC has decided that its resources would be more
cficctively used to promote plant conservation by identify-
ing a relatively limited number of key sites of high plant
diversity that, if protected, would ensurc the survival of a
large percentage of the world's plant species. In addition,
sirice animal diversity tends to reflect plant diversity, pro-
tection of these sites will also conserve a high percentage
of animal diversity. While the Centers of Plant Diversity pro-
gram is just beginning, approaching conservation of plants
through the mechanisms of sites instead of species has a
number of advantages. Botanists are well able to make an
assessment of plant diversity in 2 country or region without
knowing about cach species; certain soil or geological
substrata — such as limestone or ultra-basic rocks — tend
to have distinct floras; mountains with rich soils (such as
some volcanocs) often have highly diverse floras spread over
their altitudinal gradients, and older mountains often con-
tain relict floras in their higher clevations.

Climatic changes are likely to affect natural vegetation
much more slowly than they affect agricultural crops, so
areas cstablished to protect high piant diversity could serve
as, **Holocene refugia,” which will provide gene centers con-
taining plants that could bc used to repopulate abandoned
lands. Furthermore, identifying important conservation areas
on the basis of plants will cnable an independent cross-check
to be made on arcas identified on the basis of birds or mam-
mals, and will facilitate greater cooperation between
zoologists and botanists.

WCMC Data on Protected Habitats

The Protected Areas Data Unit of WCMC works closely
with the [IUCN Commission on National Parks and Protected
Arcas in managing an inforn:ation center on protected
habitats. To assist its work, PADU maintains basic infor-
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mation on all major protected areas of the world (sce Box
16 for a list of the data fields held on the database, and Box
17 for information held in text files).

Box 16: WCMC Data Fields
on Protected Areas.

. Name of protected area

. Country it lies within

. Size of arca

. Year of establishment

. IUCN management category
. Category within country

. Biogeographic code

. Latitude and longitude

9. Altitude

10. Text file identification

11. Types of maps on file

12. If management plan on file
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Box 17: WCMC Text Files
on Proicected Areas.

. Name of protected arca

. Country

. Management category

. Biogeographical province
. Legal protection

. Date, history of establishment
. Geographical location

. Altitude

Arca

. Land tenure

. Cultural heritage

. Local human population
13. Physical features

14. Vegetation

15. Fauna

16. Management problems
17. Conservation management
I18. Visitors and visitor facilities
19. Scientific rescarch

20. Principal References

21. Staff and PBudget

22. Local adn:inistration

SO AW —
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On the basis of this information, IUCN publishes periodic
cditions of the United Nations List of Protected Areas (which
lists the arcas, their management category, their size, and
their biogeographic province, plus lists of World Heritage
Sites, Biosphere Reserves, and Wetlands of Internationat Im-

portance). JUCN and WCMC, together with a number of

other agencies, have also produced a number of more detailed

dircctories of protected areas These include directories of

protected arcas of given regions, such as the Afrotropical
Recalm (IUCN, 1987a), of all Biosphere Reserves

79

(IUCN/Unesco. 1987), and of all sites listed under an inter-
national convention, such as the Ramsar Convention (IUCN,
1986). Virtually any other configuration is also possible.

The information for these directories is ¢ollected from the
management agencies in cach country, ¢ ... n through the
mechanism of meetings held by CNPPA in the respective
regions, and from a range of other contacts familiar with the
protected area systems. The information is kept up to date
through correspondence, reviews of published and unpub-
lished literature, and regular meetings in the countries or
regions involved. The process of maintaining this informa-
tion helps encourage national protected area management
authorities to maintain their own databases, and facilitates
the assessment of internatirnal conservation priorities.

WCMC is also working to identify critical sites for the
conservation of biological diversity outside the protected
arcas network. This program commenced with the Protected
Arcas Reviews (IUCN/UNEP, 19864, b, ¢), which on a con-
tinental basis analyzed the representation of the main vegeta-
tion types within the protected areas system. This work has
now been extended by the introduction of a GIS that cnables
geo-referenced biological diversity data to be integrated with
other biogeographical and ecological data sets to produce a
varicty of mapped outputs of practical value for the assess-
ment and management of biological resources. The technique
is now being used by WCMC to digitize the protected areas
network and then to overlay this on the distribution of main
tropical forest types to show the adequacy of their protec-
tion on a global and regional level.

A study recently completed in seven central African coun-
trics — Cameroon, Central African Republic, Congo, Gabon,
Equatorial Guinea, Sio Tomé and Principe, and Zaire — has
produced a database containing infcrinetion on 104 sites
known to be of critical importance for forest conservation;
41 already have some sort of protected status (IUCN, 1989a).
It is likely that as more forest is converted t; other uses or
is brought under intensive management, and as knowledge
of biological resources improves, managers will be increas-
ingly preoccupied with the problems of conserving smaller
forest sites that are subject to varying degrees of :xtractive
use. WCMC's *‘critical sites database’” is designed to
monitor such sites. Results of initial inventories will be made
available in a series of Tropical Forest Resource Atlases,
the first of which will be published in 1990, covering Asia.
The digitized GIS resulting from this work will Le constant-
ly updated, and national and regional critical sites maps will
be published periodically.

Finally, IUCN has just published a three-volume compila-
tion of coral reefs of the world, which identifies the most
important coral reefs for protection and includes detailed in-
formation on all important corals (IUCN/UNEP, 1988).

WCMC Data on Wildlife Trade

The excessive harvesting of wildlife species for commer-
cial gain is one of the main threats to species diversity. The
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international treaty established to regulate this trade is the
Convention on the International Trade in Endangered Species
(CITES), to which some 96 countries are now Parties,

WCMC maintains the database that includes all records of

international trade in species listed in the CITES Appendices

involving a Party state. The Centre conducts analyses of

significant trade in selected listed species (JUCN. 1988b).
and monitors the trade in unlisted species to recommend their

inclusion. It also carries out major surveys of the status of

species of conservation interest and the threat imposed by
illegal trade. This monitoring of the wildlife trade and its
impact is essential for the effective operation of CITES.

WCMC also manages the ivory trade database that
monitors the transactions of African clephant ivory. regulated
under the CITES clephant quota system. Because of the threat
crested by the illegal trade in ivory, the African elephant
is the focus of a major conservation initiative backed by
governments and NGOs. including TUCN. To support this
program, WCMC is developing an elephant database that
will link the ivory trade statistics to the current clephant
populations on a country-by-country basis. Other trade-
related organizations with which WCMC works include the
TRAFFIC Network. the international coordination of which
is managed by the Centre, and the International Tropical
Timber Organization (ITTO) with which the Centre is
undertaking a major analysis of tropical timber species in
trade.

The economic benetits derived from wildlife utilization can
be a powerful argument to promote conservation. WCMC
is now developing a database on sustainable wildlite utiliza-
tion programs that can be analyzed to look for common
features of success or failure. The Centre is also active in
the investigation of sectoral utilization programs. such as
crocodile ranching. butterfly farming. or game meat produc-
tion, and in assessing their significance for conservation,

Information on Legislation

Much iaw — both international and national — exists to-
day throughout the world on the subject of biological diver-
sity and particularly on species of plants and animals,
Development of national law has been stimulated by the adop-
tion of many multilateral, bilateral, and regional conventions
(Anncx 3). which in turn have evolved as States have become
increasingly aware of the need to cooperate in maintaining
biological diversity.

Scientists, administrators, and lawyers throughout the
world need to be able to find at a glance information on the
law relating to species in other regions or States. thereby
enabling national laws to be enforced more effectively. Con-
vention seeretariats need to obtain information on implemen-
tation of conventions through the development of national

law, and rescarchers who map and monitor the status of

species require information on the applicable law in order
to be able to make recommendations for future conserva-
tion measures. Finally, information on species law is required
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by legistators who may wish to see the precise steps that have
been taken elsewhere before deciding on measures to be taken
in their own country or region,

For all these reasons, an index to species mentioned in
fegislation is being compiled by ITUCNs Environmental Law
Centre (ELC). located in Bonn, Federal Republic of Ger-
many. Over 1500 international and national legal instruments
form part of the index. and 10,000 taxa of mammals. birds.,
reptiles. amphibians. fish. and invertebrates are included in
the database. Access to the data can be gained by the taxa
concerned, the type of legal protection provided. the jurisdic-
tion, or any combination of these three.

The ITUCN/ELC index to the species data bank provides
an overview of the legal status of species and higher taxa
in legislation, provided as accurately and concisely as possi-
ble through symbols, notes. and abstracts. Such an overview
has its limitations. and the index is not a substitute for the
full texts: copies of the texts of ali legislation mentioned in
the index are available from ELC (IUCN/ELC, 1984).

Conclusions

Government agencies, local communities. and conservi-
tion organizations all need information to enable them to
manage their biological resources more effectively. Infor-
mation tools that can help meet this need include basic
descriptions of fauna and flora. practical handbooks for field
identification, rapid inventory techniques, and basic com-
puter programs for use with micro-computers.

The information needs in the tropics are particularly im-
portant, because these arcas hold the majority of the world’s
biological diversity and they are losing species at rates that
far exceed the world’s capacity to record them. Highest
priority for basic inventory work should be giver to the sites
of greatest diversity and endemism coupled with the greatest
threat, for the information contained by the species held in
these areas could disappear before humanity even knows what
it is losing (see Chapter VI).

Development assistance agencies should provide support
for national efforts to establish local. sectoral. and national
information management systems. through demonstrating
methodologies, providing training opportunities for tax-
onomists and biologists. and subsidizing publication of status
reports. Universities, research institutions, and NGOs need
to be strengthened so that they can help governments assess
their biological resources. Closer working relationships
should be established between museums and other taxonomic-
oriented institutions and those concerned with conservation
of biological diversity.

Information centers should be developed at appropriate
levels to ensure that the information is available where it is
needed. whether in a single arca (such as a national park),
in a country or region. or at the international level. Land-
use decisions, which can radically affect local biological
resources, are often made at the regional or provincial level;
this must be reflected in the structuring of the national in-
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formation system to ensure that regional resource planners
have access to regional data. In particular, national databases
managing information on the resources of the country should
be implemented as part of a full National Conservation
Strategy.

All agencies managing information on natural resources
at the supranational level should work together to ensure a
minimum of duplication of effort, and to ensure that national
and local sources are not asked by more than one agency
for the same information. The agencies should also work
together to ensure that information from the various sectors
can be brought effectively together, in particular through the
UNEP GEMS and GRID programs.

Agencies involved at the international level in natural
resource database design and function should collaborate to
assist in the establishment and development of local and na-

tional databascs, building on the needs and expectations of

the local users, and building on the experience gained and

initiatives undertaken in the country already. Networks of

such information centers and databases should be developed
to improve standardization and to facilitate exchange of ex-
perience widd methodologies. The decision of WCMC and
The Nature CTonservancy to pool their expertise for the
development of database systems appropriate for develop-
ing countrics is an cncouraging start.

The international agencies with an interest in the conser-
vation of biological resources, including development aid
azencies, governments, the UN system, and various NGOs,
whould collaborate to prepare global overviews on the status
and management of biological resources. These overviews
can be an incentive to action by these agencies, stimulating
greatly increased flows of funds and other Kinds of support.
The objective of their collab~ ation must be to ensure that
land-use decisions affecting biological resources are based
upon reliable, uscable information: ignorance must no longer
be an excuse for environmental degradation,
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Following page: An opening in the canopy of a rain forest in
Costa Rica (photo by C. Isenhart/J. Birmingham).






CHAPTER VI

ESTABLISHING PRIORITIES FOR
CONSERVING BIOLOGICAL DIVERSITY

Problems and opportunities far exceed the resources
available for conserving biological diversity. What methods
are available for deciding what to do first? The guestion will
be answered in different ways for achicving different

objectives.

When governments approved the World Charter for Nature
in the United Nations in 1982, they agreed that all species
and habitats should be safeguarded to the extemt that it is
technically. cconomically, and politically feasible. But
resources for conservation are always limited. so efforts spent
in deciding what to do first are usually well repaid in sav-
ings of time, finances, and personnel,

Determining priorities is a complex task. The genetic land-
scape is constantly changing through evolutionary processes.
and the world contains more variability than can be expected
to be protected by explicit conservation programs. Further.
the capacity of governiments or private organizations to deal
with environmental problems is limited and many urgent
demands compete for their attention. So governments, in-
ternational organizations, and conservation agencies seck-
ing to conserve biological diversity must be selective. and
ask which species and habitats most merit a public involve-
ment in protective measures. In the case of the species and
habitats not given high priority for such treatment, govern-
ments should enact national laws and public policies that en-
courage individual, community, or corporate responsibility
as appropriate.

Further, some habitats may be well conserved with vir-
tually no investment by governments. merely by enabling
local communities to continue to manage their resources in
a sustainable way. **Benign neglect™ may be the best strategy
in such cases. though this can involve an opportunity cost.
such as when a government would earn forcign exchange
from sclling a timber concession in an arca occupied by a
tribal group that harvests non-timber products from the
forest.

No generally accepted scheme exists for establishing
prioritics for the conservation of biological diversity. nor is
it cither possible or advisable for such a scheme to be de-
vised. Different organizations and iastitutions can be expected

to have different ways of establishing prioritics because of

their differing goals.

The various methods of establishing priorities that have
been considered suggest different types of conservation ac-
tion and will result in the conservation of different subsets
of the world’s biological resources. Each system has its own

strengths and weaknesses. with the major point of difference
being the wojective for which the system was devised.
Chapter V discussed the information that is ;i ired as a basis
for determining objectives and priorities, an¢ Chapter VII
will discuss how to apply the priorities. This ch' pter discusses
several approaches to establishing priorities, concluding with
suggestions on how to determine priorities so that resource
allocations can be based on credible criteria.

Establishing Priorities within a Nation

The biological resources contained within each nation need
to be managed in ways that provide sustainable benetiis. With
rising populations. this may require that some naturcal habitats
are converted into agricultural systems, forest plantations,
and other uses that are heavily affected by people. But the
natural value of some areas is so significant that they need
to be converted with great care, or even left in their natural
state.

Arcas of outstanding natural value for hydrological,
geological, scenic, wildlife, or vegetation reasons should be
converted with great care or not at all, and can be termed
Ecologically Sensitive Arcas (ESAs). (A similar concept —
Environmentally Sensitive Areas — has been enshrined in
legislation in the United Kingdom and enables local farmers
aceess to grant aid to conduct traditional farming methods
that are more favorable to conservation than the modern in-
tensive approach is.) They may contain unique features and
processes, such as large aquifers and liakes, cave systems,
headwaters, steep or unstabic slopes, rare plants or animals
and their habitats, or important breeding arcas for wildlife.
Some ESAs are natural. while others have been sigmificant-
ly altered by certain human activities. Nations with tribal
peoples may wish to include tribal homelands as a category
within the ESA framework in order to ensure that the rela-
tionship between culture and nature already discussed is ap-
propriately managed. In terms of management, some ESAs
will prosper with minimal inputs while others will require
intensive management to restore or maintain their natural
values.
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Habitats can be considered ccologically sensitive arcas if

they:

o provide protection of steep slopes. especially in watershed
arcas, against erosion;

® support important natural vegetation on soils of inherent-
ly low productivity that would yield little of value to human
communities if transtormed;

o repulate and purify water flow (as valley forests and
wetlands often do):

¢ previde conditions essential for the perpetuation of species
of medicinal and genetic conservation value:

¢ maintain conditions vital for the perpetuation of species
that enhance the attractiveness of the landscape or the
viability of protected arcas: or

¢ provide critical habitat that threatened species use for
breeding. feeding. or staging.

The last two points traditionally have been used to select
areas protected for conservation purposes. Current networks
of protected arcas will seldom address all criterie for ESAs
however, and such situations as those covered by the first
three points will require additional approaches to manage-
ment. Because ESAs are often proposed for conversion to
other purposes, or are subject to ineffective management,
criteria are required in cach nation to guide decisions on
whether an ESA can be converted to alternative uses, and,
if' so. under what conditions. Such criteria will help ensure
that ESAs contribute 1o the development process in a careful-
ly considered manner. and are not needlessty destroyed
through ignorance or inadvertence,

The productivity of many ESAs has already been reduced
through inuppropriate uses, and miny others face very real
threats. People have shown the capacity to convert almost
any picee of natural habitat into agricultural land that can
produce a crop for at least a few growing scasons. Indeed.
Spencer (1966), in his classic work on shifting cultivation
in Southeast Asia, concludes that virtually all of mainland
tropical Asia has been cleared at one time or another by shift-
ing cultivators over the past 10,000 years, But arcas that are
inappropriate for such use quickly degrade into wastelands.
such as the great expanses of Imperata grasslands found in

much of tropical Asia. Worse, inappropriate conversions of

watersheds, for example by illegal logging, can contribute
to very high human costs downstream through floods,
crosion, siltation, and other external fuctors.

A uscful scale for guiding decision-making is the
ccosystem, a community of organisms interacting with the
lecal living and non-living ¢lements of the environment and
forming & system in which fife-sustaining processes are main-
tained. The functioning of an ccosystem involves the ac-
cumulation, circulation, and transformation of matter and
energy through such biological processes as photosynthesis
and decomposition. The ccological processes often work

though the means of water, which provides a medium of

transfer and storage of energy and materials used by living
organisms within the eccosystem (Siegfried and Davies,
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1982).

The boundaries of an ccosystem are often identified by
changes in vegetation, soil, or lundscape form., The scale of
the ccosystem depends on the purpose of analysis: a small
mountain pond is an ccosystem, and so is the mountain on
which it is located. Almost all ccosystems are connected with
others of various scales. Protected arcas with artificial boun-
daries may be whole or partial ecosystems, depending on
the size of the arca. the scale of analysis, and the form of
the boundary: a protected arca surrounded by forest is a much
different ccosystem than ene surrounded by agricultural land.

Some ccosystems are relatively robust and resist perma-
nent damage. but others are very sensitive to disturbanee asid
may require long periods to recover from disruptions.
Grasslands naturally subject to periodic fires, for example.,
are robust, while mature tropical rain forests may be casily
disturbed and require decades or even centuries to recover
(c.g.. Gomez-Pompa er al., 1972). Particularly sensitive
ccosystems include those that lic on geologically unstable
substrata, such as steep slopes subject to landslides, and those
dependent on influences from outside the system, such as
estuaries and deltas.

How to Identify Ecologically Sensitive Areas

Ecologically Sensitive Arcas alrcady exist in every nation.
Some are well known, others are known on'y to local com-
munities, and a few may not be recognized by anyone. In
order to determine how ESAs are to be managed for their
adequate protection and appropriate use, the logical first step
is a survey of all remaining natural habitats to determine
which have the highest value in their present state and those
with the least value if trunsformed (i.c., the least opportun-
ity cost for conservation); other biological and social
parameters should also be included in the survey, often based
on existing data. Criteria for identifying ESAs need to be
established on the basis of this information, and the mos!
important arcas should be designated for special treatment
(Box 18).

The identification of ESAs outside of existing protected
arcas ideally requives considerable rescarch and information,
but the pace of development is such that it will incvitably
prove necessary to take some relatively arbitrary decisions
on the li.nited information available. In practical terms, and
as a working rule of thumb where complete information is
not yet available. it may be dest to accept the rationale behind
the current processes used by resource management
authorities to select ESAs for particular protection. These
vary considerably from country to country, and from
management authority to management authority: even within
a country, a national parks department may use selection
criteria that are quite different from those used by a water-
shed protection department. In general, this would mean that
first-priority ESAs should include all arcas that are given
legal protection (though recognizing that not all arcas given
legal protection really qualify as ESAs), second-priority
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Box 18: Four Steps Toward a National
System of Protected
Ecologically Sensitive Areas.

Each country will need to design its own approach to
identifying the Ecologically Sensitive Arcas (ESAs) in its
country, as o basis for deciding how to manage the ESAs.
The following general steps may provide a usetul
foundation.

Step . Evaluate patterns of habitats and vegetation,
soils, mineral resources, topography. rivers and
other hydrological features, climate, current
land use, ethnic groups, and population dersity.
Establish criteria for identifying ESAs aad for
providing objective guidelines on appropriate
management regimes.

Based on the criteria established, identify
especially vulnerable locations, areas of high
biological diversity. and arcas of high cconomic
value in the natural state.

Prepare a national strategy for conserving ESAs,
including establishing national objectives, iden-
tifying cconomic relationships, designing any
necessary legislation. and assigning institutional
responsibility for the ESAs.

Step 2.

Step 3.

Step 4.

ESAs should include all arcas proposed for protection or
rchabilitation, and tiird-rriority ESAs should be all other
arcas where natural habitat remains.

Criteria for Designating and
Managing Ecologically Sensitive Areas

In planning a system to protect ESAs for supporting na-
tional development goals, criteria for selection and manage-
ment are essential, A system of criteria will enable a relative-
ly organized comparison of different sites to be made, help
tell decision-makers why certain arcas or policy initiatives
are important, help focus research on the most important
guestions, facilitate the drawing of boundaries for the ESA
by specitying the features that need special management, and
promote public information programs.

The sorts of protective regimes that are most appropriate
for cach major ESA (including. but not limited to, designa-
tion as a protected area) will be determined by the local
social, political, and economic factors that need to be con-

sidered along with the ecological ones. The following set of
model criteria is presented in roughly descending order of

importance, though modifications will be required for adapt-
ing to cach particular situation. Each criterion is presented
as an ideal against which a given site can be considered. No
one site can be expected to meet the ideal. and different
criteria will be relevant to different sectors. In some cases,
it may be appropriate for planning purposes to assign
numerical scores 1o the various criteria,

t9
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1) Criteria that determine the importance of the site to hiuman
sociery:
Economic benefir. The site provides obvious long-term
ceonomic benefits, such as watershed protection or
tourism, and does not involve great opportunity costs.
This will often be the most important criterion for the
production-oriented sectors.
Diversity. The site has a great variety of species and
ceosystems. and is sufficiently large to contain vigble
populations of most species: it contains a variety of
geomorphological features. soils. water regimes, and
microhabitats.
Critical habitat, international. "The site is essential to the
survival of one or more threatened species that oceur in
no other country. contains the only example of certain
types of ccosystems. or contains landscapes of outstand-
ing universal value,
Critical habitar, national. The site is essential to the sur-
vival of one or more species threatened nationally, or con-
tains the nation's only example of certain types of
ceosystems. The ecological functioning of the area is vital
to the healthy maintenance of a natural system beyond
its boundaries (such as habitat for migratory species, an
important catchment area for lowland irrigation systems,
protection of the coast against typhoons, etc.).
Culdtural diversity. The site supports populations of in-
digenous people who have developed mechanisms for liv-
ing in sustainable balance with the natural ccosystems,
and whose continued presence in the ESA would help en-
sure that the diversity of the area is maintained.
Urgencey. Action is required quickly at the site in order
to avert an immediate threat (though it should be real-
ized that this is often a **damage control™* action; it is
usually best to protect far in advance of threat).

Criteria to determine additional elements that enhance
the value of the site:

Demonstration. The site demonstrates the  benefits,
values, or methods of protection, and can show how to
resolve conflicts between natural resource values and
human activities,

Representativeness. The site is representative of a habitat
type. ccological process, biological community, physio-
graphic feature, or other natural characteristic.
Tourism. The site lends itself to forms of tourism com-
patible with the aims of conservation: this criterion is
often related 1o those of economic benefit and social
acceptance.

Landscape. The site has features of outstanding natural
beauty: these are usually also unique. casily destroyed.,
and attractive to tourists, and any alteration would
significantly reduce the arca’s amenity value.
Reereation. The site provides local communities with op-
portunities to use, enjoy, and learn about their natural
environment,
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Research and monitoring. The site can serve as a non-
manipulated area against which to measure changes oc-
curring clsewhere; it can form the basis for assessing any
ceological change. Research has been carried out over
a long period in the site, and magor field studies have been
carried out to provide a strong foundation on which new
rescarch can build. The site represents  ecological
characteristics of regional value so research can yield
arguments that can have impacts far beyond the protected
area.

Awareness. Education and training within the site can con-
tribute knowledge and appreciation of regional values.
The site can serve to exemplify techniques or scientific
methods, making it particularly important for education
purposes.

3) Criteria to help determine the management feasibiliry of

a sue!

Social aceeprance. The site is already protected by local
people, or official protection by the government (par-
ticularly against outside exploitation) would be welcomed.
Opportunism. Existing conditions or actions at the site
lend themselves to further action (such as the extension
of an existing protected area or establishment of a buffer
zone around an existing park).

Availability. The site can be acquired easily, through
inter-departmental transfer, casements, or other legal
forms of control.

Convenience. The site is accessible to researchers or
students for scientific and educational uses.

International Approaches to
Determining Priorities

Just as some ccosystems within a nation have more specics
than others, so do some nations have more specics than others
(usually because they contain more ceological diversity). It
is not suggested that biological diversity should be the only
criterion to guide conservation investments; criteria such as
degree of human need and opportunity for success, also need
to be considered. However, it still seems worthwhile to iden-
tify which parts of the world contain the greatest diversity.
This problem can be approached on at Ieast three differemt
levels: the region, the nation, and the site.

The Regional Approach: Critical Areas in
Tropical Forests and Temperate Areas

It is generally accepted that the greatest threat of species
loss is in the tropical forests, which are thought to contain
at least half the world’s speeies on just 7 pereent of the
world’s Tand surface (Wilson, 1988a). But within this richest
of the world’s biomes. a relatively small number of par-
ticularly rich areas harbor an inordinately large share of the
carth’s biodiversity, featuring exceptional concentrations of
species with exceptional levels of endemism,

The Committee on Research Priorities in Tropical Biology
(NAS, 1980). drawing on very wide consultation with ex-
perts in various ficlds throughout the world, identified 11
arcas in the tropics that, because of their great biological
diversity, high levels of endemism. and the rate with which
their forests are being converted to other purposes, seem to
demand special attention. These are:

o Coastal forests of Ecuador,

® The “*cocoa region™ ol Brazil,

s Eastern and southern Brazilian Amazon,

* Cameroon,

o Mountains of Tanzania,
* Madagascar,

¢ Sri Lanka,

* Borneo,

* Sulawesi,

¢ New Caledonia, and
®

Hawaii.

Insects comprise the largest group of organisms on earth, with
estimates as high as 30 million species (photos by A. Younp).
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'HOTSPOT' AREAS IN TROPICAL FORESTS
A .
&
~ )
K [
05;/‘ e
v"J FEPSS
(S
Hawaii s
Colombian Chocd-2
Western Ecuador~ Atlantic
Forest region Peninsular
of Eastern _ . Malaysia /
/ < - Brazil
‘ J
Uplands of /
Western Amazonia ,—5 Eastern / 7 é,
Madggaesrcar Northern Borneo v P
Source: N. Myers, 1988c

Fig. 5.

Myers (1988c¢) developed the approach to critical areas in
a somewhat different way, identifying 10 tropical forest
“hotspots,” (plus 2 in the developed world — Hawaii and
Queensland) (Fig. S) totalling about 3.5 percent of the

primarv «opical forest remaining (and only 0.2 percent of

the land surface of the pianct) but containing at least 27 per-
cent of the higher plant species found in the tropics; no less
than 13.8 pereent of the world's plants are found only in these
hotspots (Table 10).

Myers was meticulous in pointing out the (imitations of

data that bedevil the conservation biologist attempting to com-
pile data to enable such assessments to be made. While some
figures can be taken as accurate to within five percent or bet-
ter, others are little more than best guesses of specialists who
have worked in the arcas involved for many years. But Mvers
concludes that the overall approach, uneven as it is. is
justified as an analytical exercise that seeks to delineate the
conservation challenge facing the tropical forests.

The focus 9n tropical countries, however, can lead to in-
sufficient attention being given to extremely important
temperate arcas. For example, of the 23,200 species of plants
estimated to oceur in southern Africa (South Africa, Lesotho,
Swaziland, Namibia, and Botswana), 18.560 (i.c., 80 per-
cent) are endemic to the region (Davis et ul., 1986). This
gives the arca the highest species richness (calculated as
species/area ratio) in the world, 1.7 times greater than that
of Brazil. Of these. 2,373 have been reported as threatened,
1,621 of which are in the Cape Floristic Kingdom, which
gives this region the highest concentration of threatened
plants of any temperate region (Heywood, 1989).
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Table 10: ‘‘Hotspot”’ Areas in Tropical Forests.
The last figuze in cach iinc is the percentage of the flora of cach
region that is endernine to that region. the total figure of 13.8 per-
cent is the percentage of the world's flora endemic to these ten

regions.

Area Original  Present Plant Number of
extent primary  species endemics in
of forest in original
forest (1000 ha) original forests
(1000 ha) forest (percentage)

Madagascar 6,200 1,000 6000 4,900 (82)

Atlantic Forest, 100,000 2,000 10000 5000 (50)

Brazil

Western Ecuador 2,700 250 10000 2,500 (25)

Colombian Chocé 10,000 7,200 10000 2,500 (25)

W. Amazonian 10000 3,500 20000 5000 (25)

Uplands

Eastern Himalayas 34,000 5300 9000 3500 (39)

Peninsular Malaysia 12,000 2,600 8500 2400 (28)

Northern Borneo 19.000 6,400 9000 3,500 (39)

Philippines 25000 800 8500 3700 (44)

New Caledonia 1,500 150 1.580 1,400 (89)

220400 29,200 * 34400 (138)

* Itis mot meaningful to total these figures because of overlap between
some areas, notably in Borneo, Peninsular Malaysia, and the Philip-
pines.

Source: N. Myers, 1988c¢.
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The Regional Approach:
Diversity in the Seas

While the tropical forests are thought to still contain
millions of undescribed species. the world’s oceans are also
poorly known and regularly yield major new discoveries:
atotally new phylum, Loricifera, was described only in 1986
(Baker er al.. 1980): a shark over S meters long (known as
“‘the megamouth shark™) has been discovered in the past
decade (Ray, 1988): a species of maessel hiving near hydro-
carbon seeps in the Gulf of Mexico was found to be feeding
on methane (Childress er al., 1986y, deep-sea communities
have been found to be far richer than suspected., with seafloor
sediments at depths of 1.500 to 2,56 meters off the coast
of New Jersey found to contain 898 species in more than
a hundred famities and a dozen phyla (Grassle. 1989); and
entirely new habitats — hydrothermal ocean vents — have
been discovered in the past decade to consist of at least 16
previously unknown families of invertebrates (Grassle,
1985). At the higher taxonomic level of phylum, marine
ceosystems are actually more diverse than either terrestrial
or freshwater biomes, with more phyla and endemic phyla

Table 11: Distribution of Animal Phyla by Habitat.

SYMBIOTIC MARINE
Orthonectida Placozoa Porifera
Dicvemidu Ctenophora Cnidaria
Nematomorpha Gnathostomulida Platyhelminthes
Acanthocephala Kinorhvncha Nemertea

Loricifera Nematoda
Porifera Priapula Rotifera
Cnidaria Pogonophora Gastrotricha
Platyhelminthes Echiura Tardigrada
Nemertea Chuactognatha Mollusca
Nematoda Phoronida Kamptozoa
Rotifera Brachiopoda Sipuncula
Mollusca rinodennata Annclida
Kamptozoa Hemichordata Arthropoda
Annclida Bryozoa
Arthromoda Chordata
Chordata

= |5 (4 endemic)y | = 28 (13 endemic)

= (0 endemic)| = 1 (1 endemic)

Porifera Onychopohora
Cmduria

Platyhelminthes Platyhelminthes
Nemertea Nemertea
Nematoda Nematoda
Rotifera Rotifera
Gastrotricha Tardigrada
Tardigrada Mollusen
Mollusca Sipuncula
Kamptozoa Annelida
Annelida Arthropoda
Arthropoda Chordata
Bryozou

Chordata

FRESHWATLER

TERRESTRIAL
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(Table ). Within this great diversity, Vermeij (1978) has
shown that some areas are considerably richer than others
(Table 12).

The oceans are a great new frontier whose productivity
is just beginning to be harnessed by humans (though already
some arcas show disturbing signs of overexploitation). As
society seeks to exploit this productivity, far greater efforts
are required to ensure that the exploitation is based ¢n a more
complete knowledge of how marme ecosystems function, how
marine biodiversity contributes to productivity, ani what
management activities are required to ensure that the
characteristic diversity of the seas is maintained. Establishing
priorities within this context is a daunting task.

Table 12: Species Richness in ‘Tropical Waters.

Number of Species

Group Indo- Vest Eastern Western Eastern
acific Pacific Atlantic Atlantic
Molluses ..o 0000+ 0. 002400 .. 00 1,200, ... .500
Crustaceans
Stomatopods . ... 150+ .. 40 .. (10 R}
Brachvura ... .. 00+ .. o .. IS L0200
Fishes .. ... ... 1.500 ... 650 .. 900 .. . .280

Source: Vermeij. 1978,

The National Approach:
“Megadiversity Countries”

As deveoped by Mittermeier (1988, Mittermeier and
Werner, 1989). the megadiversity country concept recognizes
that:

¢ although basic scientific information on biodiversity and

endangered ccosystems should be our first step in assess-

ing international conservation priorities, conservation pro-

grams are developed with and by the governments of

sovereign nations; that

biodiversity is by no means evenly distributed among the

world’s 168 countries: and that

o u very small ninber of countries, lying partly or entirely
within the tropics, accounis for a very high percentage of
the world’s biodiversity (including marine, freshwater and
terrestrial diversity), and that these countries require very
special international conservation attention.

The megadiversity concept integrates biological infoima-
tion of many different kinds, but the two main criteria for
inclusion in this category are total species numbers and levels
ol endemism both at the species level and at higher taxonomic
ategories (e.g., genus, family).

Although data are still being gathered on this topic,
preliminary indications are that about a dezen countries
belong ou the megadiversity list. inchuding Brazil, Colom-
bia, Ecuador, Peru, Mexico, Zaire, Madagase v, Auaralia.
China, India, Indonesia and Malaysia, and tha aiese coun-
tries by themselves account for 60 to 70 percent (and perhaps
even more) of all the world's biodiversity. Of these, Brazil,
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Colombia, Indonesia. and Mexico are especially rich in
species numbers (and often have high endemism as well) tor
most groups of organisms on which iidormation is available.
Madagascar and Australia, though usually not as high in total
species numbers (but see Box 19 for reptile diversity in
Australia), belong on the megadiversity list because of their
very high degrees of endemism, both at the species level and
also at higher taxonomic categories like the genus and fam-
ily (Table 13). For example, Brazil, though highest in the
world in towl plant numbers, has no endemic plant familics,
whereas Madagascar has five and Australia 12, Although the
megadiversity countries (.., Brazil, China) are among the
world’s largest and would be expected o have high diversi-
ty simply because of their size, their diversity far exceeds
that of other countries of similar size (¢.g.. Canada, U.S.A,
U.5.S.R.). Furthermore, several of the megadiversity coun-
tries are quite small (¢.g. Ecuador, Madagascar, Malaysia),

Table 13: Number of Endemic Families in

Australia and Madagascar.

Australia Madagascar
Birds 4 3
Mammals 7 5
Angiosperims 12 8

Source: Conservation International, numerous sources.

Table 14: Countries with the Highest Numbers
of Species for Selected Organisms.

MAMMALS BIRDS AMPHIBIANS
1. Indonesia...(515) Colombia .(1721) Brazil..... (514
2. Mexico ....(449) Peru.. ..., (1701) Colombia . . (407)
3. Brazil ... .. (428) Brazil ... .. (1622) Ecuador . .. (358)
4, Zare . ... .. (409) Indonesia .. (1519) Mexico . ... (282)
S China...... (39%4)  Ecuador ... (1447) Indonesia .. (270)
6. Peru....... (361, Venczuela. . (1275) China .. ... (265)
7. Colombia. .. (359) PRolivia .. (4 1250) Peru...... (25D
8. India....... (350) India...... (1200) Zaire...... (216)
9. Uganda ... (311) Malaysia. (£1200) U.S.A.....(205)
10. Taazania ... (310) China .. ... (1195) Venezuela
Australia . .(197)
SWALLOWTAIL ANGIO-
REPTILES BUTTERFLIES' SPERMS? (est.)
1. Mexico..... (717) Indonesia ... (121) Brazil .. (55.000)
2. Australia ... (686) China ... (99-104) Colombia . (45.000)
3. Indonesia . (£600) India........ (77) China .. (27.000)
4. Brazil...... (467) Brazil....... (74)  Mexico . (25.000)
S, India....... (453) Burma....... (68) Australia. . (23.(000)
6. Colombia. .. (3%3) Ecuador..... (64) S. Africa21,000)
7. Ecuador....(345) Colombizx ....(59) Indonesia(20.000)
8. Peru....... (297 Peru...... (58-59)  Venezuela(20.000)
9. Malaysia ... (294) Malaysia . . (54-56) Peru. .. .(20,000)
10, Thailand Mexico...... (52) U.S.S.R.(20.000)

Papua NG..(282)

Source: Conservation International, numerous sources.
'Collins and Morris, 1985.
Davis et. al., 1986.
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Tabie 15: Asian Countries with the Highest
Numbers of Species for Selected Organisms.

MANMDIALS BIRDS AMPHIBIANS
I Indonesia . .. (515) Indonesia .. (1519 Indonesia . . (270)
2. China...... 394 India. ... .. (12005 China .. ... (265)
3. India....... (350)  Malaysia . (+£1200)  Australia. . .(197)
4. Burma .. ... 300) China .. ... (1195)  Papua NG.(183)
5. Malaysia ... (293) Burma. ... .. Vo7 India...... (182)
6. US.S.R....(276) Nepal.... .. (835) Malaysia. .. (171
7. Thailand ... .(263) Thaitand ... .(800) Thailand . . . (101)
& Australia ... (255) U.S.S.R. ... (728) Philippincs .. (77)
9. Vietnam. ... (201 Pakistan ... (612) Burma. .. ... (75
10. Philippines . (165) Philippines  (541) Vietnam . ... (72)
SWALLOWTAIL ANGIO-
REPTILES BUTTERFLIES'  SPERMS? (est.)
1. Australia .. (686) Indonesia ... (121)  China .. (27.000)
2. Indonesia (>600) China ... (99-104)  Australia (23.500)
3. India. ... 453 India........ (77)  Indonesia(20,000)
4. Malaysia ... (299) Burma... .. .. (68) U.S.S.R.(20,000)
5. Thailand (Indochina) (66-69)  Malaysia (15.000)
Papua NG. .(282)
6. China...... (278)  Malaysia . . (54-56) India . .. (14.500)
7.0 turmma. ... (241)  Philippines . .. (49)  Thailand (11,500)
8. Vietnam Nepal. (37 or 38)  Vietnam (11,500
Pailippines .(212)
9. Bangladesh .(129) Papua NG...(37) Philippines (8000)
10. U.S.S.R....(125) Brunci....(35-37) Burma. ...(7000)

Conscrvation International, numerous sources.
!Collins and Morris, 1985.
Davis ¢f. al., 1986.

Source:

with the diversity being due more to topography, climate
and/or long isolation than to surface arca. In any case, large,
small or medium-sized, these countries have great strategic
importance in conservation of biological diversity worldwide.
They themselves have a great responsibility to the world 10
conserve their biological wealth, and the international com-
munity has a special responsibility to them to provide any
assistance that might be required to achieve their conserva-
tion goals.

It should be emphasized that focus on these megadiversi-
ty countries is in no way intended to imply a triage approach
in which the focus is exclusively on a limited number of coun-
tries to the exclusion of all others (sensu Myers, 1979). Ob-
viously, the biological resources of cach and every country
are of critical importance, at least to their own survival and
well-being (even if not particularly important in the global
picture), and therefore worthy of national and international
attention for that reason alone. Rather, the megadiversity
approach is aimed at focusing attention on these highly
diverse, strategically critical megadiversity countries roughly
in proportion to the biological wealth that they harbor and
regardless of how diificult it might be to achieve conserva-
tion within them. Furthermore, it recognizes that if we do
not pay sufficient attention to these megadiversity
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Table 16: African Countries with the Highest
Numbers of Species for Selected Organisms.

MANMNMIALS BIRDS ANMPHIBIANS

. Zaire ... ... 409y Zaire. . ... (1086) Zaire...... (216
2. Uganda ... (311 Kenya..... (1046)  Cameroon. .(190)
3. Tanzania ... (310) Uganda. .. .. (973)  Madagascar (144)
4. Kenya. ... (308) Tanzania....(969) Tanzania...(127)
5. Camervon .. (297) Cameroon. . .(849) Nigeria. . ... (96)
6. 5. Africa ..(279) Ethiopia ... . (827) S. Africa...(93)
7. Angola.....(275) Nigeria. . ... (824) Congo... ..(88)
8. Nigeria. . ... (274 Zambia. .. .. (728) Angola

Gabon. ... .. (80)
9. sudan...... (266) S. Africa. . .(725) Cote d'Ivoire(80)
10. Ethiopia. ... (256) Ghana...... (721) Kenya.... .(79)

SWALLOWTAIL  ANGIO-
REPTTUES BUTTERFLIES'  SPERMS? (est.)
I. S, Africa. . (281, Zaire........ (48) S, Africa(21.000)
2. Zaire ..., (280) Cameroon. .. .(39) Zaire ... (10,000)
3. Madagascar (269) Congo . ... (37-38)  Madagascar(10,000)
4. Tanzania ... (2449 Tanzania. . ... (34)  Tanzania (10,000)
5. Angola..... 217y Uganda Cameroon . (9000)
(W, africai31-32)

6. Camceroos .. (183) Kenya..... .. (30) Gabon....(7900)
7. Namibia Angola ... ... (27) Kenya. ... (6750)

Somalia . . .. (1606)
8. Mozambique (159)
9. Nigeria. . ... (147
10. Uganda . ... (143)
Conservation International, numerous sources.

!Collins and Morris, 1985,
Davis et. ai., 1986.

Gabon ... .(25-3])
C.AR.. . (2429
Zambio .. .. .. (23)

Ethiopia . . (6200)
Mozambique (5000)
Uganda. . . (4500)

Source:

countries, we vill lose @ major percentage of the world's
biodiversity regardless of how successful we are in the other
less diverse countries.

As examples of the critical importance of these meaadiver-
sity countries for different groups of organisms, four of them
(Brazil, Zairc, Madagascar, and Ind~nesia) by themsclves
account for two-thira: o7 all primate species: four (Mexico,
Brazil, Indonesia and Australia) are home to more than a
third of all reptiles; seven (Brazil, Colombia, Mexico, Zaire,
China. Indonesia and Australia) have more than half of all
flowering plants: and three (Brazil, Zaire, Inda esia) have
within their borders roughly half of all the world’s tropical
rainforest. Table 14 presents a summary of the top 10 coun-
trics for mammal, bird, reptile, amphibian and swallowtail
buttertly diversity, (taxa sclected because they are among
the best known and most conspicuous forms of life). Tables
15 1o 17 present the top 10 in each of the major tropical
regions. and Boxes 1Y 1o 25 profile in more detail seven of
the most important megadiversity countries: Brazil, Colom-
bia, Mexico, Zaire, Madagascar, Indenesia and Australia.

The megadiversity approach is an important catalyst that
has already helped gencrate interest and mobilize funas from
new sources, both from within the megadiversity conntrics
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themselves and from the international community, and it has
given these countrics a new awareness of and pride in the
importance of their biological heritage. As a result of this
approich the World Bank, for example, has increased its at-
tention to biodiversity in countries like Brazil and Madagascar
{(without overle sking less diverse countries like Mauritius
and Botswana), and megadiversity thinking has also influ-
enced the investments of international conservation organiza-
tions like Cland WWF. CIL, in particular, is incorporating
the megadiversity concept into its Rain Forest Imperative
Campaign for the critical decade of the 1690s, and is already
making major investments in Brazil. Mexico and
Madagascar.

Of course, to be truly effective the megadiversity approach
cannot stand alone, but should be recognized as a way of
packaging biodiversity priorities in terms of political boun-
daries and realities. In all cases, it needs to be followed up
by site-specitic efforts 1o determine the highest priority
ccosystems, endangered species. cte. within the country in
question and to consider questions that transcend national
boundaries. like conservation of migratory species. Further-
more, we emphasize once again that it should not supplant
cfforts to conserve the biological wealth of other less diverse
countries that also play a role in the global st-ategies to con-

serve biological diversity.

Table 17: Neotropical Countries with the Highest
Numbers of Species for Selected Organisms.

MAMMALS BIRDS AMPHIBIANS
1. Mexico... .(449) Colombia..(1721) Brazil..... (516)
2. Brazil...... (428) Peru...... (1701) Colombia . . (407)
3, Peru....... (361) Brazil ..... (1622) Ecuador ... (358)
4. Colombia...(359) Ecuador...(1447) Mexico....(282)
5. Venczuela . .(305) Venczuela. .(1275) Peru...... 251
6. Ecuador....(280) Bolivia .. (£1250) Venczuela..(197)
7. Bolivia..... (267) Mexico ...(1010) Panama....(159)
8. Argentina. . . (255) Argentina...(942) Costa Rica.(150)
9. Panama ....(217) Panama..... (907) Argentina. . (130)
10. Costa Rica. .(203) Costa Rica..(796) Guyana....(100)

SWALLOWTAIL ANGIO-

REPTILES BUTTERFLIES' SPERMS? (est.)
I. Mexico..... (717) Brazil....... (74) Burazil .. (55.000)
2. Brazil...... (467) Ecuador .. ... (64) Colombia (45.000)
3. Colombia...(383) Colombia....(59) Mexico . (25.000)
4. Ecuador....(345) Peru......(58-59) Venczuela(20.000)
5. Peru....... (297) (C. America)X57-58) Peru. .. .(20.000)
6. Venczuela .. (246) Mexico. .. ... (52) Ecuador.(15,000)
7. Costa Rica..(218) Bolivia .. (43-44) Bolivia . (15.000)
8. Panama ... (212) Argentina . (36-37) Argentina . (8500)
9. Argentina Venezuela . (35-39)  Costa Rica(8000)

Guatemala . . (204)
10. Bolivia..... (180) Guyana Panama. . . (7750)

Suriname. . (30-31)

Source: Conscrvation International, nunierous sources.

'Collins and Mor-i:

1985.

Davis et. al., 1986.
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Box 19: Biological Diversity in Australia.

The country of Australia is not only an entire continent
but along with New Guinca and ncarby islands is
sometimes considered 0 be one of the eight major
biogeographical realms on earth. The distinctiveness of
its flora and fauna, with very high levels of endemism,
resubts from the country's long isolation. It covers an area
o1 7,682,300 km? (Times. 1988), and has a human popula-
tion of 16,820,000 (PRB. 1989).

Although Australia is the driest continent, with a good
portion of its territory consisting of arid zones, it also has
considerable habitat diversity, ranging from the Great Bar-
rier Reef to tropical rainforests of the northeast. Australia
has the planet’s second highest number of reptile species
(686), is fifth in flowering plants (23,000 and tenth in
amphibians (197). More significant, however, is the high
percentage of organisms that occur only in Australia, and
that this endemism extends up to the higher taxonomic
categories of genus and family. Seven families of mam-
mals, including that of the platypus and that of the koala,
four of birds, and twelve of flowering plants are endemic
— far more endemic families than any other country. At
the generic level, 45% of birds and 37 % of mammals are
endemic. At the species level, the mean percentage of
endemism for terrestrial vertebrates and flowering plants
is 81 %, the same figure for Madagascar.

‘The quokka (Setonix brachyurus), one of the werld's smallest
wallabies, is an endemic species found only in a small area
of southwestern Australia (photo by 8.D. Nash).

The northern part of Queensland, the state in the coun-
try’s northcast, is onc of the two areas in the developed
world identified by Norman Myers as a *‘threatencd
hotspot.™" In the past 50 years, approximately half of the
tropical rain forest has been femoved from this specics-
rich habitat, and logging pressures still imperil its sur-

The koala (Phascolarctos cinereus) is the only species of the
Phascolarctidae, a family endemic to Australia (photc. by
R.A. Mittermeier).

vival. Off the coast to the east and southeast of this forest
lics the Great Barrier Reef, the world's largest coral reef
system, and onc of the most diverse in marine organisms,
Although tourism is on the increase in this ecosystem,
most of the region is still pristine, so that well-managed
tourism should have minimal impact.

Nincty-five species of Australia’s vertebrates are listed
by IUCN as under some degree of threat. The highest
number of species at risk for any group of vertebrate is
for mammals, 32 of which are listed. This figure excludes
the 16 that arc believed to have gone extinct within
iistorical times, mainly from the effects of human scttle-
ment and introduced species.

Source: Conservation International, unpublished data,
1989.
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Box 20: Biological Diversity in Brazil.

Brazil, with an arca of 8,511,965 km? (Times, 1988)
and a human population ol 147,393,000 (PRB, 1989), is
perhaps the single richest country in the world in overall
species diversity. It tops the world list in diversity for
many different groups of organisms, among them primates
(55 species: 24 percent of the world total), amphibians
(516 species), terrestrial vertebrates (3,010 specices), en-
dangered and vulnerable vertebrates (310 species)., lower-
ing plants (55.000: 22 percent of the world total),
freshwater fish (more than 3,000 species. three times more
than any other country), and insects (estimated at 10-15
million species, most of them still undescribed by scien-
tists). When not the single richest country, Brazil is usual-
ly not far behind, ranking fourth in reptile diversity (467
species), third in birds (1,622 species) and palms (387
species), and fourth in mammals (428 species).

In addidon, Brazil has by far the most closed tropical
forest in the world, wiin its 357 million ha accounting
for almost 30 percent of the world total and exceeding
that of the second richest country (Indonesia) by three
times. Indeed, Brazil bas more tropical rain forest than
the rest of South and Central America combined, more
than all of Asia, and more than all of Africa. Taking all
Kinds of forest into consideration, Brazil is second only
to the U.S.S.R. in total forest cover.

The largest portion of Amazonian forest (62 percent)
is found within Brazil, and covers 42 percent of the coun-
try, comprising the most extensive tropical forest region
falling within the borders of any one nation. About 80
pereent of it is still intact, but forest destruction over the
past decade has been especially heavy in certain regions
(c.g.. Rondonia, southern Pard), and the trends are not
promising. For example, during 1987 alone, it is estimated
(from satcllite imagery analysis by Brazilian specialists)
that some 8 million ha of primary forest were destroyed.

The Atlantic forest region of eastern Brazil runs from
the states of Rio Grande do Norte and Ceari in north-
castern Brazil in a narrow belt south as far as Rio Grande
do Sul, in the southernmost Brazilian state. It once covered
100 *0 120 million ha, or about 12 percent of the coun-
try. However, it was the first part of Brazil to be colon-
ized, is now the niajor agricultural and industrial center
of the country, and has been largelv deforested — to the
point that only 1 to 5 pereent of the original forest cover
remains.

The Pantanal region of Mato Grosso and Mato Grosso
do Sul is a vast, low-lying swampland in the center of
the continent, and has some of the most spectacular and
visible concentrations of wildlife in all of South America.
Though still largely intact, it is being increasingly
threatened by various kinds of pollution, mining, silta-

tion resulting from deforestation at the headwaters of

rivers feeding into the region, overfishing, poaching, and

ill-conceived development projects.

Source: Conservation International, unpublished data,
1989.

The muriqui (Brachyteles arachnoides), a monospecific genus
of primate found onuly in Brazil’s Atlantic forest (phuto by
A. Young).
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Box 21: Biological Diversity
in Colombia.

The cotton-top tamarin (Saguinus oedipus) is an endemic
primate of Colombia (photo by R. Mast).

Exceedingly high diversity coupled with the high degree
of threat posed by unchecked human (pop. 31,192,000)
(PRB, 1989) development and commercial resource ex-
ploitation places Colombia among the highest conserva-
tion prioritics on carth. Colombia is one of the world’s
richest countries in terms of species diversity per unit = ca
and is second only to Brazil in overall species numbrrs.

Though Colombia’s land arca of 1,138,915 ki? (Times,
1988) accounts for only 0.77 percent of the carth's sur-
face. it is home to approximately 10 percent of the earth’s
species of terrestrial plants and animals. Colombia con-
tains 45,000 to 50,060 higher prant speci-« thus nearly
reaching Brazil’s total in an arca less than onz-seventh
the size. In comparison, only 30,000 species of plants are
found in all of sub-Saharan Africa. Colombia tops the
world list for numbers of orchid species (about 3,500),
amounting to a full 15 pereent of the world's total. More
species of birds live in Colombia than in any other coun-
try (1,721 species, or nearly 20 pereent of the world

total). Colombia contains the third highest number of ter-
restrial vertebrates for any country on ecarth (2,890
species). and more than one-third of all neotropical
primates (27 species). Colombia's documented diversity
will undoubtedly increase substantially with further
biological inventory. especially in groups such as in-
vertebrates and plants.

In addition to its biotic diversity, Colombia is home to
numerous indigenous tribes who still utilize native vegeta-
tion for medicinal and other purposes. Many of the
cconomically important South American plants current-
ly being used in the industrial countries of the world
originated in the forests of Colombia, and ethnobota. cal
rescarch indicates that yet untapped knowledge of in-
digenous peoples of Colombia could yield invaluable data
regarding medicinal and industrially important plants
(Plotkin, 1988).

Colembia’s high species diversity and endemism in
many groups of organisms (c.g., plants, amphibians) can
be attributed largely to the counti, 's geographic position
bridging North and South America, its high precipitation
(reaching 13 meters/yeur in the Choed region, the highest
rainfall on carth) and its mountainous aspect (with three
Andcan chains reaching almost 6,000 meters above sca
level). The effects of altitude and climate have combined
to create a myriad of microhabitats along their slopes, cach
home to its own distinct and unique flora and fauna. In
addition to the high-altitude piramos, superpdramos,
cevergreen, and cloud forests of the Andes, Colombia har-
bors a wide variety of lowland habitats including the arid
deserts of the Guajira peninsula, the rich littoral zones
and smangrove forests on both Atlantic and Pacific coasts,
pristine coral reefs, island environments, Amazonian
forest, and vas* savannas (the llanos) to the cast.

Source: Conservation International, unpublished dzia,

The plate-billed mountain-toucan (Andigena laminirostris),
a speci -~ found within Colombia and northwestern Ecuador
(photo by R. Mast).
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The world’s largest lizard, the komodo dragon (Varanus
komodoensis), only occurs on a small island of Indonesia
(photo by R.A., Mitterneier).

The - endargered Sumatran rhinoceros (Dicerorhinus
sumatrensis) (photo by B. Bunting).

Box 22: Biological Diversity
in Indonesia.

Indonesia is by far the most biolcgically diverse coun-
try in Asiztin almost every fauna! and floral categorv, and
is at or near the top of the world list in several categorics.
This is largely due to the unique biogeography of the coun-
try and its large amount of tropical rain forest. Indonesia
bridges two of the carth’s biogeographic realms (Indo-
malaya and Oceania) and numerous biogeographic prov-
inces, and has within its borders a major transition zone
between these two realms, Wallacea, that includes a large
number of endemics. With 114 millior. hectares of closed
forest. Indonesia possesses more tropica! forest than any
other single African or Asian country and is second only
to Buazil worldwide in tropical forest arca. Within Asia,
Inconesia has more than double the forest ¢ “the next most
forested country,

These species-rich forests are home to the world's
greatest diversity of palm species and an estimated 20,000
species of flowering plants. Many plant species of global
and national economic importance originated in Indonesia.
including citrus fruit. black pepper, and sugar canc.

Indonesia also harbors a rich fauna, including the
greatest mammal diversity on carth (515 species. of which
36 percent are endemic), more psictacine birds (parrots
and macaws) (78 species, 40 percent endemic), the highest
number of threatened bird taxa in the world (126 of In-
donesia’s 1,519 avian species are threatened), more
swallowtail butterfly species than any other country (121
species. 44 percent endemic), and more species of
primates than any other Asian nation (33 species, 18
endemic).

A country of 1,919,445 km? (Times, 1988) with over
13,000 islands, Indonesia covers more marine than ter-
restrial territory, and its largely unstudied marine fauna
is certainly among the earth’s most diverse. Indonesia
possesses the most extensive reef arcas in the 'ndo-Pacific
Ocean and more total marine coastline than any other
tropical country (about 5.500,000 ha). Approximately
7.000 species of marine fishes are described from In-
donesia, and in just onc small arca (the Sangkarang
Archipelago), a recent survey described 262 species, of
hard corals, more than iy, known from srywhere clse in
the Indo-Pacific region.

Indoncsia has the highest human population of all the
profiled megadiversity countries, with 184,583,000 in-
habitants (PRB, !989).

Source: Conservation 'smernational,
unpublisheq data, 1989,
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Box 23: Biological Diversiiy
in Madagascar.

Although this country is only 594,180 km? in area
(Times, 1988). it is & mini-continent with & wide variety
of species found nowhere else on carth. Located only
abe 0t 400 km off the cast coast of Africa, it has been
isolated for a very long time. perheps as long as 200
million vears. As a reaait, it has become a unigue evolu-
tionary experiment, a living laboratory where evolution
has followed a course different from anywhere else on
the planet. As a result of its long isolation, it has some
of the highest levels of species endemism anywhere on
carth, and because of its climate and position it also has
very high species diversity in certain groups of organisms.,
Twenty-cight of Madagascar's 30 species of primates are
restricted to the island, the highest level of primare
endemism found anywhere, and four of the five ramilics
of primates oceurring on the island are found nowhere
clse. Eight of the nine species of carnivores, 29 of the
30 species of tenrees, 237 of the 269 reptiles, 142 of the
144 amphibians, and 128 of 133 palms are restricted to
the island. Though Madagascar’s birds are less endemic
than other groups at the species level (106 of 250), they
include a total of three endemic families — an extremely
high level of famifial endemism matched only by

Australia. Madagascar’s approximately 7,900 species of

flowering plants account for iabout 20 percent of all the
plants in the African region, and 80 percent of them are
endemic, including 5 endemic families. Madagascar has
more species of orchids than all of mairland Africa, in-
spite of the fact that it occupies only 1.9 pereent of the
region.

Madagascar’s reniaining forest ecosystems can be divid-
ed into three broad categories: the southern spiny desert,
the western dry deciduous forest, and the castern rain
forest, each with its own complement of species and each
with very high levels of endemism as well. For instance,
48 percert of the plant genera and 95 percent of the species
found in the southern spiny desert are endemic aot only
to Madagascar, but to just this small region of the coun-
try.

Madagascar’s unique species and ccosystems are highly
endangered. The central plateau of the country, a region
once home to many ilow-extinet species, is almost entirely
detorested, and trends in the other ecosystems indicate
that action is aceded as soon as possible. At least 80 per-
centand s much as 90 percent of Madagoscar's
forestsat.  ady gone, and the remain:ler are being chip-
ped away for iirewood and charcoal, ard being cat down
for slash-and-burn agricufture. In a region of such diverse
species and ccosystems that often occupy only a small

Madagascar has more species of baobab (Adansonia spp.)
than any other eountry (photo by R.A. Mittermeier).

area, the effects of deforestation and other forms of habitat
conversion are usually devastating 1o biodiversity. The
arrival of man some 1500-2000 years ago and the pur-
suant environmental modifications have alrcady resulted
in the extinction of species including a pygmy hip-
popotamus, an ardvark, .t least six genera of lemurs. huge
elephant birds, and at least two giant tortoises. Human
population growth is high at about 3.1 percent per year,
and inhabitans already number 11,602,000 (PRB, 1989).
Pressures on the island’s natural babitats persist, and, if
uncontrotled, are expected to cause further eradication of
many of the planct’s most spectacular organisms.

A conservation strategy has been devziopzad for this
country, entitled, "*An Action Plan for Conservation of
Biological Diversity in Madagascar " and he World Bank
and USAID. among others, are coile>u.ating in ctiorts
1o couserve this country's unmatched natural heritage.

Source: Conscrvation International, unpublished d.ta,
1989,
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Box 24: Biological Diversity in Mexico.

Mexico covers 1972545 km® (Times, 1988) and has
a human populition of 86.740.000 (PRB. 1989). It has
the highest reptile (717 species. of which 33 pereent are
endemic) diversity in the world. is only exceeded by In-
donesia in numbers of mammals (449 species. with 33
percent endemicy, and ranks fourth globally in numbers
of amphibians (282 species, with 63 percent endemic),
It has nearly 30 percent more bird species (1010) than
the U.S AL and Canada together, and is by far the most
important wintering arca for many U.S. and Canadian
migratory bird species. For example. Mexico hosts 51
pereent of i migratory bird species from North America
every year, and these birds spend from six to nine months
of their lives in the country. Migratory species of but-
terflies, fishes. whales. bats. and turtles are additional ex-
amples of these internationally shared resources.

The Mexican flora s also very rich in species diversity
and endennism. with more than 2,000 genera of lower-
g plants alone. and 22.000 known and 30.000 expected
species. More than 15 percent of plant genera and approx-
imately 50 1o 60 percent of plant species are endemic to
the country. These endemics include 50 percent of the
warld’s Phaseolus species (hean family), 82 pereent of
the Agave species. 88 percent of the Salvia species., and
75 pereent of the Scutellaria species, some of them with
medicinal characteristies (e.g.. probably anticancer prop-
erties). to name a few,

This biojogical richness is due to the great habitat varia-
tion and diverse ecological regions. comples topography.,
heterogeneity of soils and climate, geological history . and
peographic location. Like Indonesia. Mexico bridges two
nmijor biogeographic realms of the world — the Nearctic
and the Neotropical - that facititates the exchange be-
tween clements of northern boreal and tropical origins.
This great array of interacting species and organisnis
credles unigue ecosystents of in rnational importance.

Mesico has important marine habitats on both the Atlun-
tic and Pacific coasts. The Sea of Cortes. dividing the Baja
peninsulit from the rest of Mexico, contains the only
breeding ground of the Guadelupe tur seal (Arctocephalus
townsendiiy, and also the endemic harkor porpoise
(cochitoy (Phocoena sinusy. an animal only recently
deseribed with an unknown number of individuals.

Threats to Mexico’s biodiversity mainly come from
conversion of land to agriculture and cattle-ranching. Less
than 4% of the country is stitl considered nataral habitat.
Also,here is anactive trade in wildlife, legal and illegal.
with & huge demand in the United States for cacti and
birds. Fortunately. despite many pressures on Mexico's
habitats. there is - rising interest in conservation and a
good number of professionals. many with backgrounds
in natural history, that can lead the protection of the coun-
ry’'s natural heritage,

Source: Conservation International/ WWFE-US.
unpublished data, 1989,

Seven of the world's cight species of sea turtle nest on the coasts of Mexico, including this Pacific green turtic (Chelonia

agassizii) (photo by R, Nast),
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Box 25: Biological Diversity in Zaire.

Zaire is one of the most important countries in Africa
for the conservation of biological diversity, with more
species of vertebrates than any country on the continent.
Indeed. it is the only megadiversity country on the African
mainland, and has somie of the most important major
tropical forest wilderness areas left on carth. It is also
wealthy in natural resources, being rich in minerals and
ranking third in the world for its amount of closed tropical
forest. Zaire covers an arei of 2.345.410 km? (Times,
1988). has o human population of 34,853,000 (FRB.
1989), and contains the world's second largest river
system (the Zaire River), the second deepest lake (Lake
Tanganyika), and the largest tropical forest park (Salonga
National Park).

Even though the Africotropical realm is generaily less
diverse in overail species than the Neotropical and In-
domaliyan realms. Zaire still appears high on the global
list, being the fourth highest in mammals (409 species)
and probably second in treshwater fish diversity (with an
estimated 70% endemism). Within Africa. Zaire has more
species of mammuals, primates (29-32), birds (1086), am-
phibians (216). fishes, and swallowtail butterrlies (48) than
any ather country. Plant diversity (11,000 species) is sec-
end on the continent after South Africa, and the number
is expected Lo increase as more exploration takes place.

So far, low human population and a low deforestation
rate (.15-.5% /vear) has kept the pressures on Zaire's
forests and resident wildlife to g minimum. However,
poaching is i serious problem, as exemplified by the cur-
rent plight of the African elephant. Zaire has some of the
largest populations of both the forest and savanna
clephant: they have been under siege for many years, and
prospects tor their survival are bleak,

The huge patches of pristine Atrican rain forest in Zaire
deserve special conservation attention, Twenty-one of the
36 mammads of Zaire on [UCN's List ol Threatened
Animals oceur in forest, as do 18 of its 28 threatened
birds. Eastern Zaire contains several forest refugia, arcas
of the planet with remnant populations of more ancient
species, many of which are tound nowhere else. Among
the wildlife of these refugia are globally important species
like the okapi (Okapia johnstoni) and the mountain gorilla
(Gorilla gorilla beringen). Another forest species, the
pvegmy chimp (Pan paniscinsy, man’s closest living
relative, is endemic to central Zaire,

‘The pypmy chimpanzee (Pan paniscus) (photo by R.A,
Mittermeier).

As the cartih’s resources continue to dwindle, human
commercial and subsistence activities will enter those
arcas rich in products like timber, minerals, and game,
that previously were unexploited because of their remote-
ness. The rainforests of Zaire are one of the few remaining
arcas on the plinet where human impact on the land has
not yet been severe, though steps are needed to ensure
the survival of its unique and rich biological diversity.
Sources: Conservation International, unpublished data,

1989,
Goodson, 19K8.
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The southern Guianas: Including the southern portion
of the countries of Guyana and Suriname. and also the
French department of French Guiana. Perhaps the most
important of the three is Suriname. which has a total

163.820 km* (Times, 1989). Fully 95 pereent of the
population lives along the coast. with the vast interior,
making up 80 pereent of the country, inhabited only by
scattered groups of Amerindians and Bushnegroes. An ex-
cellent nature protection system is in place in Suriname
and requires only modest imvestment to continue and ex-

Biological Diversity in Suriname has also been prepared
(Mulone er al., 1990,

Southern Venezuela: Venersuela south of the Orinoco
is also a very important wilderness area. A vast zone that
is only sparsely inhabited by several Amerindian groups,
the terrain is largely undisturbed rain forest. with some
savanna regiens as well, and its mountainous nature makes
road construction very ditficult. Indeed. one attempt 1o
colonize the area has already failed. and the Venezuelan
povernment does not seem to have any immediate plaos
to exploit the southern wilderness. The largest protected
area in South America, Canaima National Park (3 million
hay also falls within this region,

Northernmost Brozil Amaconia: The parts of Brazilian
Anazonia adjacent to the Gaianas and southern Venezuela
are also in fargely pristine condition, including the state
ol Amapi. and northernmost Amazonas iand Roraima. It
is uncertain how long this arca will renuin undisturbed.
however. since plans for the northern perimeter road
(Calha Norte). abundoned in the 1970s, are again under
serious discussion,

human population of 397.000 (PRB. 1989) in an arca of

pand. A five-year Action Plan for Conservation of

Box 26: Major Tropical Wilderness Areas.

Parts of the western Amazonian lowlands of Brazil,
Colombia, Ecuador, Peru and Bolivia: Upper Amazonia
is o vast region that still includes enormous arcas of pri-
mary rain forest. As colonisis spill down from the Andes
and move up from southern and northeastern Bravil
through Acre and Rondonia., it is unlikety that this arca
will remain pristine for much longer. Nonetheless. in its
present state. much of the region still can be considered
a major wild rness.

The centrn Zaire basin, Gabon, and the Congo
Republic: Much of this poruon of equatorial Africa s still
relutively uncisturbed. and has o low human populition
densits . Forinstance. Gabon covers an area of
207,665,000 km? (Times. T988) and has i hunwn popula-
tion of only 1.1 million (PRB. 1989). i population densi-
1y compitrihle to that of Suriname. Centrat Zaire and the
Congo Republic also contain major forests with low
human populations (JUCN, 19894,

The island of New Guinea, including Papua New
Guinea and Irian Jaya: The entire island of New Guinea
is still Targely unaftected by modern forms ol human ex-
ploitation. The Indonesian portion of the island, Trian Java.
his a human population of only 1.4 million and covers
an arca of 345,670 km? (Times. 1988y while the lLarger
castern portion, belonging to the country of Papui New
Guinea, has 3.9 million people (PRB. 1989) in 362 .840)
km? (Times. 1988). Although transmigration schemes
intended to move farge numbers of ethnic Javans to Irian
Java threaten the future of this part ol the island, and
although some development s taking place in Papua New
Guinei. this island still has the Targest tracts of nature
rain forest in the Asian/Pacific region.

Souerce: Conservation Internatic i, unpublished data,
1989,

The National Approach:
Muajor Tropical Wilderness Areas

Major tropical wilderness arcas are becoming inereasing-
ly rare with cach passing day. Simply stated. these are the

few remaining parts of the world where very icrge tracts of

primary forest still existand. because of Tow hunan popula-
tion and Little or s development pressure. are likely to con-
tinue to exist well inte the nexteentury (Fig. 6). As discussed
in Chapter 11, much of the remaining nutaral habitat that
will persistinto the 2 1steentury will be in the form ot forest

“islands ™ protected by Law but surrounded by i mosaic off

degraded lands. agriculture. pasture lands, and urban
development. Such small representative tract, of the major
forest regions that once existed will need careful manage-
ment in order to ensure that the species they were created
to proweet do not disappear. In eftect. this will mean that even
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the evolutionary processes in these will be 1o a considerable
extent controlled by the hand of our own species.

However,in the few major tropical witderness arcas (Box
26) remaining. the situation will be somewhat ditferent. and
these arcas will become increasingly important for a variety
ol resons, They wall:

® be the lastarcas where migor evolutioniry processes can
continue to tahe place with only imited impiacts by humans
(though the threats of pollution and ¢limate change are in-
creasingly pervisivey:

® serve as controls against which the success or failure of
the managed ccosystems - the forest “iskinds™ - can
he mcasured:

¢ be major storchouses of biological diversity, where Targe
numbers of individuals of many different plant and animal
species will continue o exist:
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MAJOR TROPICAL FOREST WILDERNESS AREAS

‘. Southern - \ : .
<u Venezuela :
h ~. - L "
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I M/\ ] ’ v \ \ e
Upper Amazonian
Lowlands

L . Zaire Basin

Source: Conservation International, 1990

Fig. 6.

® play ¢ key role in maintaining local and, because of their the forests along and adjacent to the Albertine Rift; the East
size, gichai climate patterns (Bunyard, 1987); African coastal and montanz relict forests extending south

® be the last urcas where tropical aboriginal human sroups as far as the Eastern Highlands of Zimbabwe; and the forest
can continue to live their traditional lifestyles: and they will patches of the Angolan escarpment.

® have ever-increasing aesthetic, spiritual, and scientific Carrying this approach a step furthey. they identified those
value on an increasingly overcrowded, urbanized planet. specific forests of Africa, Madagascar, and surronnding js-

Although these arcas are clearly not in urgent need of at- lands that would be most important for conserving threat-
tention and do not require the level of funding that must go ened birds (Collar and Stuart, 1988) (Figure 7). A forest was
immediately into more threatened areas, they should not be considered **important” if it fulfilled one of the following
overlocked. Those governments fortunaie enough to possess criteria;
them should be convineed of the value the world gives to o it held (or very probably holds) more than one threatened
such areas. and supported and encouraged 1o maintain them bird species;
as an investment in the future, ® it held only one threatened species, but one that occurs

nowhere clse or only in one or a few much less signifi-
Sites of Outstanding Diversity: cant {or less studied) localities; or
. . . . . ® it held one threatened and one or more near-threatened
Habitats of Threatened Birds in Africa specics.

In their study of threatened birds in Africa and surround- A scoring system was adopted on the basis of the Red Data
ing islands. Collar and Stuart (1985) highlighted the arcas Book category of the bird species involved, ranging from
where more than one threatened bird occurred, recognizing 5 points for an Endangered Species to | point for a Mear-
the economies that are to be had when action aimed at sav- threatened Specices. If a species is endemic to a forest, or
ing a single species becomes a component of action to save cifectively so for practical conservation purposes, its score
an entire ecosystem. They identified five maie regions in con- was doubled. No weighting was given to species with higher
tinental Africa as critically important for threatened hirds: taxonomic distinctiveness (i.e.. endemic genera or families),
the Upper Guinea lowland rain forest block of West Africa; the chief effect of which would be merely 1o expand the score
the montane and adjacert lowland forests of Cameroon and of the island forests.
adjacent areas in Nigeria, Gabon, and Equatorial Guinea; Based on these criteria, they identified a total of 75 forests
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Key to map of forests in Africa and Madagascar important
for the conservation of threatened birds (opposite page):

1. Gola Forest (Sierra Leone)

2. Lofa-Mano proposed natonal park (Liberia)
3. Mount Nimba (Liberia)
4. Sapo National Park (Liberin

S. Grand Gedeh County ‘Grebo National Forest (Liberia)
6. Tui Natonal Park (Cote d'Ivoire)

7. Bi Natwnal Park (Ghina)

8. Obudu Plateau (Nigeria)

9. Korup National Park and Mamtfe region
10, Rumpi Hills

1. Mount Cameroon

12. Mount Kupe

13, Mount Manenguba

14, Mount Nlonako

15. Mount Oku

16. Dja Game Ruserve

17. Forests in Gabon

I18. tendu Plateau (Zaire)

19. lIturi Forest (Zaie)

20. Sembiki (Bwamba) Forest (Uganda)
21. Kibale Forest (Uganda)

22, Kakamega and Nandi Forests (Kenya)
73, Forest west of Lake Edward (Zaire)
24, Impenetrable (Bwindi) Forest (Uganda)
25. Nyungwe (Rugege) Forest (Rwanda)
26. Forest west of Lake Kivu (Zaire)
27. Itombwe Mountains (Zaire)

28. Mount Kabobao (Zaire)

29. Marungu Highlands (Zaire)

3. Lower Tana riverine forests (Kenyu)
3. Sokoke Forest (Kenya)

32 Taita Hills (Kenya)

33, Coastal forests in south-cast Kenya

M. Usambara Mountains (Tanzania)

Nguru Mountains (Tanzania)

1.
36. Ukaguru Mountains (Tanzania)

7.
8.
19,
40.
41
42,
43
44,
45.
46.
47.
48.

Pugu Hills (Tanzania)
Uluguru Mountains (Tanzania)
Uzungwa escarpment (Tanzania)
Southern Highlands (Tanzaniu)
Mount Namuli (Mozambique)
Mount Chiradzutu (Malawi)
Mount Soche (Malawi)
Mout Mulanje (Malawi)
Mount Thyolo (Malawi)
Mount Chiperone (Mozambique)
Gorongosa Mountain (Mozambigue)
Vumba Highlands (Zimbabwe and Mozambigue)
49. Chirinda Forest (Zimbabwe)
50. Coastal forests in Sofala, Mozambigue
. Amboim and adjacent forests, Gabela region (Angola)
52. Bailundu Highlands (Mount Moco) (Angola)
53. Forests of northern Angola and western Zaire
54. Day Forest (Djibouti)
§5. Forests around Neghelli (Ethiopia)
56. Forests of south-western Nigerii
57. Daloh Forest reserve (Somalia)
. Npoye Forest (South Africa)
59. Bush forest north of Tuldar (Madagascar)
60. Zombitse Forest (Madagascar)
61. Ankarafantsika Réserve Naturelle Intégrale (Madagascar)
62. Andohahela RONCL (Parcel 1) (Madagascir)
63. Tsarafidy and Ankazomivady Forests (Madagascar)
. Ranomafuna (Madagascar)
65. Périnet-Analamazaotra Special Reserve (Madagascar)
66, **Sihanaka Forest™ (Madagascar)
67. Tsaratanana Massif’ (Madagascar)
68. Forests around Maroantsetra (Madagascar)
69. Marojejyv Réserve Naturelle Intégrale and Andapa region (Madagascar)
70. Forests in south-west Sio Tomé (Sio Tomé ¢ Principe)
71. Mount Malabo on Bioko (Equatorial Guinea)
72. Mount Karthala on Grand Comoro (Comoro Islands)
73. Central highland rainforest, Mahé (Seychelles)
74. Plaine des Chicots, Réunion (to France)
75. Macchabé/Bel Ombre Nature Reserve (Mauritius)

=

as being important for conserving threatened birds. Collar
and Stuart (1988) recognize that other forests might well
qualify if more were known, but conclude that, in the absence

of full threatened-species analysis for any other class of

vertebrate, birds can scrve very effectively as practical first
indicators of sites of general biological importance (notably
in terms of endemism). The 75 forests they identify are not
considered to represent the minimum number that need con-

servation in Africa. but they are proposed to be part of

whatever that number might be.

The International Council for Bird Preservation (ICBP) is
continuing its efforts to tdentity the most important sites in
the world for birds; combined with the work of SSC te iden-
tify the top pr.ority sites for a number of other taxi, a very
real possibility exists for identitying the sites of great
significance for key species at an international ‘evel,
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Sites of Outstanding Diversity: Plants
The conservation of plant species requires a somewhat dif-

ferent approach from that used to manage animal species.

Plants differ from animals in five important ways:

¢ longevity, cither in the case of long-lived perennials, such
as trees that can live orders of magnitude longer than mam-
mals, or in the case of annuals or other short-lived species
which may possess seed banks in the soil that can survive
for decades or even centuries.

* a sedentary nature, as opposed to more motile animals.
Plants are rooted in place, while many animals require a
range of habitats for breeding, feeding, or for differem
par of thetr hife cycle. In some cases a plant species exists
ava single population with only one habitat.

® reproduction, that does not always require two sexes.
Vegetative reproduction can enable many plant species to
recover even if the population has been reduced to a single
individual.
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Fig. 7: Forests in Africa and Madagascar identified by the International Council for Bird Preservation as important for the conser-
vation of threatened birds (Source: Collar and Stuart, 1988).
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¢ tolerance to inbrecding, so that the disastrous conse-
quences of inbrecuing observed in animals are normally
avoided. A high ievel of homozygosity does not militate
against the vigor ar health of populations of inbreeding
plant species

* i very low ratio of habitat requirement e bodv size. Many
plants can survive for several centuries in a forest niche
scarcely larger than the diameter of its leat rosette.

These key differences between plants and animals in their
habitat requirements clearly affect policies in terms of reserve
selection and size While itis generadly preferable o establish
large reserves, small reserves focusing on piants are i viable
alternative in many cases where large reserve establishment
is not possible.

Specific action to conserve large numbers of plant species
in the tropics requires identification of specific sites where
the action can tuke place, and some sites have extraordinary
fevels of diversity. For example. Mount Kinabalu in Sabah,
Malaysia, has been described as containing **the richest and
most remarkable assemblage of plants in the world™ (Cor-

ner, 1978). including 78 species of figs, 15 species of pitcher
plants, and about 1,000 species of orchids. [UCN (1987d)
is preparine - book on such centers of plant diversity that
will identify some 150 of the world™s most important Blant
habitats (Figure 8). In choosing the sites, it wis recognized
that it is notalways possible to compare individual sites using
asetof rigidly applied objective eriteria because the amount
of information about different sites is so variable. Further-
more, one site may be high in diversity but low in endemism,
while another may have lower species diversity but may con-
tain many endemies (as on islands).

With those provisos. two broad criteria have been
established: first, the site is evidently species-rich, even
though the total number of species present may not be knowi
with great accuracy: second. the site is known to contain a
large number of species endemic to it. Sites 1o be included
in the list must meet at least one of these two criteria. Four
additional characteristics will also be considered in the selee-
tion, and may provide criteria for more detailed site selec-
tion at the local level or within a vegetation type: the site is

8. Zona Protectora La Selva (Costa Rica)
9. Osa Peninsula (Corcovadc National Park,

Costa Rica)

Costa Rica and Panama)

11. Darien province (Darien Nationa! Park, Panama)

. Sierra de Manantlan (Mexico)

. Valle de Tehuacan (Mexico)

. Uxpanapa-Chimalapa region (Mexico)

. Lacandon tropical rain forest (Montes Azules Biosphere Reserve, Mexico)
. Department of Petén (Guatemala)

. Platano River watershed (Rio Platano Biosphere Reserve, Honduras)

. Dry tropical forest (Guanacaste National Park and part
of the Lomas de Barbudal Biological Reserve, Costa Rica)

10. Talamanca mountain range (L2 Amistad Internationat Park,

@—,—V

Fig. 8. Condidate sites of plant diversity in Middle America as identified hy IUCN.
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Amazaonia is the world's largest expanse of tropical forest, much of which is still pristine (photo by R.A. Mittermeier).

threatened or under imminent threat of Turge-scale devasta-
tion. includes a diverse range of habitat types. contains a
significant proportion of species adapted to special edaphic

conditions. or contains an important gene pool of plants of

actual or potential value o people.

The centers of plant diversity approach will certainly help
improve the effectiveness of protected arcas by identifying
a representative selection of those where species diversity
and/or endemism is particularly high. It will also begin a
process that will result in an interactive database that can
respond to development needs of varions countrics.

Sites of Owtstanding Diversity:
Tropical Forests

Objective analysis of the patterns of distribution of total
species diversity is always difficult. and in the case of lughly
diverse moist forest ecosystems it is an objective that can-
not be attained quick enough 10 constitute a comprehensive
tool for planning conservation action. At the same time. all
data available on biologically important sites need to be
apphied systematicalty. Tt will be decades betore conserva-
tion in the tropics can be based upon such a meticulous ap-
praisal of species conservation needs as that which supports
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the National Nature Reserves network in the United Kingdom
(Ratclitte. 1977). A first priority must be to organize such
information as does exist and. while implementing conser-
vation action on the highest prioritics thus identified. pro-
ceed in parallel with the gradual refinement of the informa-
tion base. The TUCN protected arca systems reviews
(IUCN/UNEP, 1986a. b. ¢) constitute a first approximation
that already identifies major arcas where investments in con-
servation management are required.

A recent study undertaken by TUCN in the seven coun-
tries of the central African region (Congo, Zaire. Gabon.
Cameroon. Central African Republic. Sio Tomé and Prin-
cipe. and Equatorial Guinea) tiakes this one stage further.
All sites recognized as being of concern for the conserva-
tion of any group of animals or plants. or sites having other
critical ccological or biological fuctors, were inventoried.,
and data sheets were prepared summarizing the available in-
formation on the present status of the site. threats to its in-
tegrity. and measures required to ensure its conservation.
These data were summarized into a regional action plan that
18 under consideration by the governments concernes! (see
Chapter VID.

The danger of excessive concentration of conservation
resources in these so-called critical sites is that it could divert
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attention and resources away from the larger ecosystems.
To the extent that the sites are often too small in isolation
to constitute viable **conservation units,”" their protection
as islands in a totally transformed landscape would not result
in conserva.ion objectives being met. Thus. while these sites
cain receive bighest priority attention, and while the tech-
niques applied to their conservation can provide a model ap-
plicable to the forest biome at large, it is essential that

measures o protect them be an integral component of
management strategies applied to the entire forest estate of

the nations where they occur. In many moist tropical arcas
the optimum scenario would be a nctwork of small, totally
protected species-rich areas surrounded by much more ex-
tensive areas of managed natural forest.

A systematic approach to the determination of priority sites
for forest conservation throughout the tropics, based on the
most up-to-date vegetation maps and drawing upon a broad
range of conservation expertise within the countries as well
as the data collected for the centers of plant diversity etfort,
is now being prepared by IUCN, in cooperation with British
Petroleum, FAO, and several others. It seeks to prepare a

database, with digitized maps. for all remaining arcas of

tropical forests. The information wili be published in the form
of a scries of Tropical Forest Resource Atlases, beginning
with Asia in October, 1990. In the Amazon region, a
workshop in January of 1990 brought together scientific ex-
pertise to determine key arcas for conservation in this tropical
forest biome. Brazil’s environmental ministry (IBAMA) and
Cl, with coordination from the Royal Botanic Gardens, Kew,
are producing a publication and maps generated by the
meeting’s participants.

One could reasonably imagine a network of 500 carefutly
selected and managed protected zones in the 57 countries

that contain tropical moist forests, with an average size of

200,000 ha, of which 100,000 ha might be in a totally pro-
tected core zone. These 500 reserves would total 100 million
ha, of which 500,000 would be totally protected. This would
represent nearly 9 percent of the 1,200 million ha of moist
tropical forest estimated 1o remain in 1980, a reasonable
target to aim for, (It should be noted, however, that even
this figure is far short of what conservation biologists would
consider necessary to conserve viable populations; many ex-
perts feel that the principal protected arcas should be in the
I million ha range. Such large areas are likely to be feasible
only through a mix of management regimes which control
inappropriate land uses.) Of the 280 miliion ha of tropical
forest that originally existed in the Guinean and Congolian
forest blocks of Africa, for example, a total of just over 10
million ha has been given complete legal protection. This
represents some 8.4 percent of the forest cover remaining
in 1980. Proposals are now under consideration for a fur-
ther 2.5 million ha of reserves, bringing the total to 10.5
percent of the remaining west-central African forests.
Many tropical developing countries already have over 5
percent of their land arca under some form of legal protec-
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tion, and the above targets seem reasonable in light of the
present situation throughout the moist tropics of Asia and
Africa; far larger arcas may be possible in Latin America.
The critical issue is to ensure that the resources are mobil-
ized 1o guarantee the long-term survival of such a network
of reserves (see Chapter VI,

Adcequate management programs for such reserves, in very
general terms, require an initial capital investment estimated
at $5 to $10 per ha and a recurrent budget of $1 to $3 per
ha/year (though these figures will vary widely on the basis
of distance from urbun centers, objectives for tourism
development, uses of adjacent lands, possible resettlement,
and so forth). The hypothetical network of tropical forest
protected arcas could therefore be established for between
$500 million and $1 billion — some of which has already
been invested — and would then require about $100 to $300
million a year to maintain.

Under this ideal scheme. an *average™ tropical country
might require $5 million annually for management, with ap-
propriate figures for establishing any new reserves required.
Such figures are not so far out of line with what is alrcady
being spent on conservation-related programs in at least some
of the countries concerned, though resources are seldom
employed in the most effective wiy and many conservation
agencics are prevented from carrying out their assigned tasks
because of conflicting policies in other sectors (such as
agriculturc and foreign trade).

Conclusion: Guidelines for Determining
Priorities for Conservation Action

Biological resources provide the basis for sustainable forms
of development in all countrics, so strategics need to be
developed for all the countries of the world acting together
in the interests of all humanity. Clearly, the best policy is
to conserve areas of maximum biologiral diversity and at
the same time cnsure that within these arcas endangered
species of plants and animals, or those that are suftering from
severe genetic erosion, are subject to special management
procedures that will ensure their survival.

At the same time, every nation — and every local, national,
or international institution — has only limited resources at
its disposal for dealing with conservation priorities. The
dilemma is how to use these resources in the most effective
way. No single scheme for establishing conservation
priorities can be acceptable to all individuals, organizations,
or nations because different perspectives, values, and goals
influence the importance given to various considerations. But
a decision framework can allow conscious evaluation of the
tradeoffs and value judgments that are made in reaching a
set of priorities. The following elements will often be useful:
° Distinctiveness. To maintain the variety of the world’s life

forms and processes, higher priority would be given to

more distinctive clements of that diversity. A community
containing many widespread species makes a smaller
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contrivttion to the conservation of biodiversity than a com-

munity with many endemic species. A subspecies of a

polymorphic and widespread species deserves less con-

servation concern than a monotypic spezies. or 4 species
that is the only representative of its genus, fan.itv or order.

Similarly, habitats that are rare or contain numerous

endemic species deserve higher priority than habitats that

are widespread or contain species common clsewhere. And
higher priority should go to biogeographic units that have
no or few protected areas than to such units with numerous
protected areas.

® Threat. In variou., regions of the world biodiversity is sub-
ject to threats of very different magnitudes: arcas where
threats are greater should receive higher priority than areas
with lesser threats. Other things being cequal. an en-
dangered spacies should be given priority over a vulnerable
onc; a vulnerable over a rare one; and a rare species over
one that even if it is declining is considered insufficiently
threatened to quality for one of the three IUCN categories.

The major weakness of this approach, as discussed in

Chapter 11, is that inuminence of threat is often a matter

of the state of knowledge about the species, and that in

turn generally becomes less adequate as the number of
species found in the area increases.

® Urility. Different subscls of the world's current biodiver-
sity may be equivalent in the **amount’ of biodiversity
that is maintained, but very different in their current or
future utility. In asscssing priorities, particularly in tropical
countries, highest priority nceds to go to the species whose
loss will have the greatest negative impact on humanity .,

This, admittedly, is an anthropocentric perspective, but

those species most likely to carn the necessary political

support for their conservation will include wild plant
species relaied to domestic food crops, wild relatives or
torms of domestic animals, medicinal plants, species
harvested by people, animal species that are useful
research models, and fodder plants for domestic animals.

Similarly, it is casier to justify the conservation of an

ecosystem *hat protects many threatened species or plays

acritical role as the watershed for a major irrigation pro-
ject than one that provides only indirect ecosystem ser-
vices to humanity,

Each of these three categories contains sub-categories ad-
dressing specific issues. For example, distinctiveness can be
subdivided into categorics of genetic, species, and ecological
distinctiveness. Considerations of threat cen examine the level
of endemism (range) of the species, susceptibility to impacts,
and development pressure. Under utility, a resource can be
assessed to evaluate its current utility, possible future util-
ity, local value, and global value.

A resource can be evaluated for cach element of this set,
with the various components weighted as to their perceived
importance. The scores could then be combined to yield the
relative value of the area’s biodiversity for the purposes of
conservation planning.
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The utility of such a framework lics less in the final
“*score’’ than in the process of arriving at the score. When
greater weight is given to one clement of the set, a planner
reveals the value judgments that are incorporated in the
priorities. For example, if a planner is primarily concerned
with the “*global value™” of biodiversity, this category would
be given higher emphasis than **local value.”” The resulting
priorities would not be more or less correct than a scheme
that provided more weight to the local values of biological
resources; it would simply be based on different value
Jjudgments. The following principles may be useful in help-
ing to guide decisions about priorities for specific project
activities, suitably adapted to the particular needs of the coun-
Iry and agency involved.

¢ Ensure that decisions are based on the best available
assessment of information,
The first requircment for making informed decisons about
priorities is good information. While action should seldom
be delayed by a lack of information, it is essential that such
inforraation as is available be utilized fully. Often. such
information is widely dispersed and unpublished, but
surveys of existing government institutions can lead to
relatively complete information (c.g. . forest surveys sub-
mitted by concessionaires, trade statistics, etc.). At the
international Jevei, the World Conservation Monitoring
Centre and 1JNEP’s Global Environment Monitoring Serv-
ice provide a useful entry point. Inforation on a number
of subjects — including species, habitats, local human
communities, patterns of resource use, population trends,
and local development projects — is necessary to provide
a balanced picture. During the process of collecting in-
formation, gaps can be identified for future rescarch.

¢ Establish objectives for conservation.
Once the available information has been collected, objec-
tives for conservation can be determined. This step, which
scems relatively simple, is often ignored or left unstated;
this can lead to misunderstandings about what is intend-
ed. Determining objectives is best dene as part of a proc-
css of consultation involving those who will be affected
by how a resource is to be managed, so both managers
and consumers should be involved in the process (sce
Chapter VII for further discussion).

¢ Design support activities that build the self-reliance of
the recipient, rather than build dependence.
Earlier discussions have stressed the point that long-term
success in conserving biological resources will depend on
the cooperation of the people who are most directly con-
cerned with those resources. In order to build sustainable
relationships between rural people and their resources,
local communitics must be provided with the tools with
which they can build their own conservation action.
Building the capacity to manage resources is far better than
providing a “‘turn-key"’ gift; for example. a training
workshop on how to prepare management plans for species
or profected areas is usually far better than sending in an
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exnert to prepare such a plan. Activities need to be de-
signed to ensure the long-term economic viability of pro-
tected arcas, including designing systems of sustainable
utilization of biological resources (in arcas that can sup-
port such harvests).

* Ensure that the need for support has been clearly iden-
tified by the recipient.
The worst sort of international support is that which is
foisted upon an unsuspecting tropical recipicnt; the best
sort is that which is identificd by the rclevant authorities
themsclves as being essential to their ability to carry out
their assigned duties more effectively. When the need is
clearly stated. political support for the activity is far more
likely to be forthcoming, as is follow-up action. Incen-
tives may also be required to encourage countries to seek
outside support for conservation action, and to afford bio-
diversity an appropriately high priority in develocpment
assistance programs.

Following page, overleaf: An ocelot (Felis pardalis), one of 36
species of wild cats to be featured in a forthcoming IUCN/SSC
Action Plan for Species Conservation (photo by A. Young).
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CHAPTER VII

THE ROLE OF STRATEGIES AND
ACTION PLANS IN PROMOTING
CONSERVATION OF BIOLOGICAL DIVERSITY

Strategies and action plans can be very useful in present-
ing an agreed agenda for attention by various institutions and
individuals. They are most successful when they are gen-
erated by those who are closest to the problems, and who
are involved in implementing solutions.

Chapter VI suggested a number of approaches to deter-
mining priorities, emphasizing the importance of determin-
ing objectives for conservation of biological resources at the
appropriate level. One of the best ways to ensure that the
various institutions involved in conservation are in general
agreement on priorities is to prepare & strategy that defines
the basic problems and paints a broad picture of appropriate
objectives. Strategies are turned into action through a more
tactical process of planning specific activities to address the
broad strategies: this often involves the preparation of an ac-
tion plan.

Large numbers of strategies and action plans have been
prepared, at local, national, regional, and global levels. Some
have been quite useful (such as the World Conservation
Strategy), while others (such as the Desertification Action
Plan) have fallen far short of expectations. In ficlds that relate
to biodiversity. action plans have tended to be global (such
as the Bali Action Plan (Annex 4), Marine Mammal Action
Plan, and the Tropical Forestry Action Plan), regional (such
as the various protected arca action plans prepared by
IUCN/CNPPA, or the regional plans preparcd by WWF),
or taxonomic {such as the species action plans prepared by
TUCN/SSC).

The biggest problem with strategies and action plans is lack
of implementation, and this relates in turn to the process
through which they are prepared. Experience has
demonstrated conclusively that action plans — whether for
an arca, a species, a nation, or & region — need to be de-
veloped in the closest possible collaboration with those who
arc most directly affected by the action proposed.

This chapter examines a number of the current strategics
and action plans for species and habitats, both to illustrate
the current level of such planning and to provide background
for the preparation of other such plans.

Previous Page Elank

Strategies and Action Plans for
Conserving Species or Species Groups

The Botanic Gardens Conservation Strategy
As discussed ir Chapter IV, botanic gardens have great
potential for contributing to the conservation of plants. In
order to tap this potential. the Botanic Gardens Conserva-
tion Sccretariat has prepared a Botanic Gardens Conserve. -

tion Straicgy. This document, published in 1989:

® recommends that cach individual garden clarify its com-
mitment to conservation in a Mission Statement and adopt
more professional standards of management to achieve its
Mission.

® provides the basis for a more coherent Accessions Policy
that takes account of conservation nzeds and of what plants
arc held in other botanic gardens.

* outlines ways to improve the documentation of plant
records and the verification of plant holdings, including
computerization to improve management of the collection
and to facilitate exchange of data between institutions.

¢ cxplores the relationships between wild and managed con-
servation for botunic gardens’ effons; for wild (in sit)
conservation, outlines the role of the garden in habitat
evaluation, rare species monitoring, **habitat gasdening,™
and management ¢! rrotected arcas; for managed (ex situ)
conservation, proposes strict rules and procedures for the
establishment of reserve collections, gene banks, and other
germplasm collectiors, and outlines methods of sampling
populations to maintain adequate genetic variation.

* cmphasizes the facilities that botanic gardens can offer for
cducating their estimated 150 million visitors cach year.

¢ iccommends that cach garden provide a service to its local
community as a resources and information service.
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® Provides a framework for training of personnel, with em-
phasis on conservation,

Species Action Plans

For some of the most important plants and animals,
TUCN's Species Survival Commission has established more
than 100 **Specialist Groups™ that are working 1o assess the
status and priorities of these taxa (Box 27). Drawing on a
worldwide network of specialists who are working on the
taxa involved, SSC's Specialist Groups cover species groups
such as Antelopes. Primates. Cats, Crocodiles. Cranes (with
ICBP and the International Crane Foundation). and Palms.
Each group is assigned the task of preparing an Action Plan,
which includes conducting a thorough overview of the status

of all the species within their brief, establishing a system of

prioritics. and defining the most relevant projects for address-

ing the priorities. These Action Plans fully involve experts

in the countries where the species live, ang aie supported
by a wide range of organizations, including WWF, UNEP,

Wildlife Conscrvation International, the International Fur

Trade Federation, the Chicago Zoological Society, the U.S.

Fish and Wildlife Service. the Center for Marine Conserva-

tion, the American Association of Zoological Parks and

Aquaria, and Conservation Interpational.

The Species Action Plans serve several purposes:
® by establishing the priorities within a taxon, an Action Plan

ensures that the right actions are addressed first by those

with the ability to deal with the issues raised.

® the Action Plans organize masses of information, some
of it unpublished or obscure, in ways that can be readily
available to other organizations or groups.

® Action Plans are being produced in attractive fornsats,
which can help raise funds for addressing the priority
actions.

* Action Plans enable TUCN to respond quickly to oppor-
tunities for linking conservation of species to other major
development projects, such as tourism, rural development,
agroforestry, and resource management.

® a sct of Action Plans from several groups will enable
**species conservation hotspots™ to be identified, wh ¢
high-priority actions are required for a number of different
taxa; identifying such hotspots can lead to very cost-
cffective conscrvation efforts.

* cach Action Plan is used by the Captive Breeding Spe-
cialist Group to produce its own Captive Breeding Action
Plan for the taxa concerned.

® an Acticn Plan can provide the glue that holds together
specialists working in a wide range of countries and
habitats, bringing the Specialist Group members together
to assess where needs are being met and where scrious
obstacles still exist (Stuart, 1987).

It is too carly to tell how the various Action Plans will
come together to reinforce cach other, and whether they will
indeed combine to identify relatively few **hot spots’” re-
quiring urgent attention. The taxonomically oriented Action
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Plans are being supplemented by regional and national Ac-
tion Plans on biodiversity: those on Venezuela and
Madagascar are at an advanced stage, and work on an
Afrotropical biodiversity strategy is a major emphasis of
SSC’s work during 1989 (sce below).

Being species-specitic, these Action Plans inevitably have
a fairly narrow focus (Box 28). They address only part of
the problem, typically the part that can be addressed by those
who prepared the plan. Thus most plans give heavy emphasis
to additional surveys and rescarch. and to the establishment
and strengthening of protected arcas. While these actions are
certainly necessary to conserve the species in question, they
are not sufficient to do so. Few of the species Action Plans
have addressed the indirect but nonetheless fundamental
causes of species depletion, those that lie in such arcas as
international trade. agricultural policy. lund tenure systems,
and economic equity: instead, they are directed at clarifying

Box 27: IUCN/SSC Action Plans for
Species Conservation.

The current status (as of February 1990) of SSC Action
Plans for species is as follows:
Published

Asian Primates

East African Antelopes

River Dolpins

Dolphins, Porpoises & Whales

African Primates
Duikers

Mustelids and Viverrids
European Bats

Kouprey Soutkern African Antelopes
African Forest Birds Torto.ses & Fresh Water Turtles
Rodents River Dolphins

Astan Rhinos
In final stages of preparation

African Elephants and Rhinos

Final draft being prepared
Asian Elcphants Molluscs
West & Central African Antelopes
African Insectivores and Elephant Shrews

First draft being prepared

Canids Cats

Scals Otters

Procyonids African Rodents

Lagomorphs Pigs & Peccarics

Sireniu Equids

Caprinae Crancs

European Reptiles & North American Plants
Aniphibians Malagasy Lemurs

Neotropical Primates
In concept stage

Australisn Marsupials & Fruit Bats
Mcaoaotremes

Tapirs Hippos

North African & Asian Deer
Antelopes Crocodiles

Parrots Orchids

Marine Turtles Bears

Palms




ing species priorities as a contribution to more broad-based
plans. The implementation of species Action Plans therefore
needs to be closely integrated with broader economic and
social aspects if the plans are to meet their conservation
objectives.

Box 28: A Typical Species Action Plan:
African Primates.

The following is the contents of the Action Plan for
African Primate Conservation 1986-1990:
Introduction
Classification
Priority Ratings of Species and Subspecies for Conser-
vation Action
Distinct Communities and Ecosystems
Recommended Conservation Action
Conclusion
References
Annex I: Species Lists for Countries with 10 or More
Pri.aate Species
Distribution and Status of the Most Threatened
Primate Species

1985.

Annex 2:

Source: Oates

Action Plans for Conserving Habitats

The Tropical Forestry Action Plan

The Tropical Forestry Action Plan was prepared through
the combined efforts of governments, forestry agencies, UN
agencices. and non-governmental organizations. The TFAP
was conceived as a framework and an instraiment for
stimulating commitment and action within forestry and other
sectors to address forest resource management challenges in
developing countric:.. It was intended to act ax a catalyst to
maximize the potential contributions of sustainable use of
forest resources to rural livelihoods, food and energy secur-
ity, income and employment, and other national development
prioritics.

The Tropical Forestry Action Plan was launched in 1985
by FAO's Committee on Forest Development in the Troics,
an inter-governmental body dealing explicitly with questions
of tropical forestry. It has contributed to raising political
awarene=s of the seriousness of tropical deforestation and
has stimulated a broad-based effort to develop nationai forest
strategies. Over 50 countries ncross Africa, Asia, and Latin
America are involved in developing and implementing na-
tional forest strategies. The purpose of the national strategy
excercises is to foster a dialogue among governments, aid
agencies, and NGOs on priority arcas for policy reform and
investment to control deforestation and improve forest
resource management. The World Bank and other multi-
lateral and bilateral aid agencies are increasing their support
in this areca.
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The main issues that require action, identified within the
framework of the Plan, fall within five related priority areas,
of which one is the Conservation of Tropical Forest
Ecosystems. The program on conservation covers the follow-
ing objectives:
® 0 develop and adopt methods that enable the forest to be

uscd for the production of wood, food, fodder, and other

non-wood products in a sustainable manner.

® to sclect and adopt a series of protected arcas covering
the whole range of variation of tropical ecosystems.

® to expand the concept of conservation policy and manage-
ment to include maintenance of intra-specific variation of
species of actual and potential socio-economic importance,
and adopt measures that conserve as much as possible of
other species whose qualities are not yet known.

® to consider national parks and other protected areas within
the context of the general pattern of land use of arcas that
surround them, and to design and operate them in ways
that are acceptable to local people and bring benefits to
them in the short as well as the long term.

® to develop closer links between policies for the conserva-
tion of ccosystems and genetic resources of priority
species, and to promote measures that encourage the
recovery of natural vegetation to provide protection for
soil and water catchment arcas.

® to assemble basic biological information for the conser-
vation of germplasm.

® to raisc awareness, at all levels, of the importance of
ccosystem and genetic resource conservation,

® to train staff to implement the objectives listed above.

The TFAP has been criticized for being insufficiently
critical in its perception of the role of development assistance
in forest lands in the tropics. It failed to point out the serious
shortcomings of past attempts by international agencies to
**develop™ tropical forest resources, instead focusing ex-
cessive attention on the objective of generating more finance
for conventional approaches to forestry. Proponents of the
TFAP now recognize these problems and are putting more
emphasis on qualitative improvements in forest management
and less in quantitative increases in aid. However, conserv-
atism on the part of forestry professionals and inertia in both
national and international institutions is making it difficult
to realize the ccosystem conservation and social benefits to
which the TFAP aspires.

Several opportunities exist for strengthening the TFAP
planning process. First, although the TFAP called for grass-
roots participation in planning, actual participation in TFAP
cxercises has tended to be largely restricted to governments
and external aid agencies. Second, the TFAP exercises have
tended to focus too narrowly on the forestry sector. Many
of the solutions to the problems of deforestation lic in agri-
culure, planning, finance, and other sectors and these must
become involved in the process. Finally, greater emphasis
must be placed on policy reforms, particularly policies out-
side the forestry sector. Often, government policies provide
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strong incentives that encourage deforestation (see. ¢.g..
Repetto and Gillis, 1988). Policy reform to control deforesta-
tion and to promote sustainable forest resource use is essen-
tial if expanded investment and technical assistance programs
are 1o be effective (Hazlewood, 1989; WRI, 1989b).

Action Plans for Protected Areas

Drawing on the WCMC database, and on some 400 cx-
perts in the respective biogeographical realms, IUCN has

conducted detailed reviews of the protected arca system of

the Oceanian (IUCN/UNEP, 1986a), Afrotropical (IUCN/

UNEP, 1986b1, and Indomalayan (IUCN/UNEP, 1986¢)

realms. These reviews, prepared in collaboration with

UNEP, were designed to:

® cvaluate the representational coverage and conservation
importance of the existing pretected arcas system of the
realm;

* identify gaps and shortcomings in the system;

¢ cvaluate the conservation importance of existing and pro-
posed reserves and other arcas of biological richness and
recommend where additional protected areas are needed;

¢ identify prioritics for strengthening protection;

® consider the suitability of the status. boundaries, design,
and cffectiveness of the existing reserve system; and

* identify conservaticn management needs in critical habitats
outside protected arcas.

The reviews evaluated protected area data in terms of: how
much of each biogeographical sub-division is protected:
coverage of the regional and altitudinal range of cuch sub-
division and inclusion of other features (c.g.. physical or
cthnic interests) that need protection; coverage in relation
to species richness, centers of high biological distinctiveness
or endemism and in relation to threats to habitat; coverage
in relation to commercial interest or value of content (e.g..
genepools): the category stawus of the individual protected
arcas: cvaluation of the desigas of prot.cted area systems
on the basis of island biogeographical theory; the effec-
tiveness of management in individual reserves; and con-
sideration of adjacent land-use and critical habitat re-
quirements. In essence, these reviews were exercises in ap-
plied conservation biology.

Since these reviews cover cntire realms, they need to be
supplemente: by national reviews; indeed, one of their ob-
jectives is to help promote such detailed national-level
reviews. Reviews of national systems of protected areas have
been prepared, or are in preparation, in countries as diverse
as Thailand, Saudi Arabia, Sri Lanka, Gabon, Madagascar,
Oman, and Indonesia,

Priorities are determined on the basis of the information
derived from the processes described above. The general
perspective on protected areas was provided by the Bali Ac-
tion Plan, developed at the World Congress on National Parks
held in Bali, Indonesia, in 1982, to provide the guidance to
cnable protected areas to meet the needs of the 1980s (sce
Anncx 4). This Actior. Plan has proved extremely effective

in helping guide [IUCN’s activitics in the international aspects
of protected arcas; CNPPA (1988) has presented a summary
of progress in the first five years of implementing the Bali
Action Plan.

Members of CNPPA have also prepared a set of action
plans tor cach of the four tropical regions (Africa, tropical
Asia. tropical America, the Pacific), cach deriving from a
meeting of protected area managers and scientists from within
the region. Each of the action plans contains a list of objec-
tives and high priority actions for the entire realm, country
nrioritics. and recemmended international actions.

The protected arca action plans have been reasonably ef-
fective in addressing the major problems within the sector,
and a number of the priority activities have been im-
plemented. For example, on the basis of the South Pacific
Action Plan, the government of New Zealund seconded a
full-time park planner to the South Pacific Commission to
help implement the plan. In Africa, the action plan helped
generate considerable support for training etforts. And in
tropical Asia, the action pian helped encourage a number of
governments to join the World Heritage Convention.

Cross-Sectoral Strategies
and Action Plans

SSC has recognized the limitations of its taxa-based ac-
tion plans, so it has embarked on preparing national or
regional biodiversity action plans that seck to bring together
information on all taxa. Venezuela and Madagascar (in final
draft) arc the first two national biodiversity action plans be-
ing prepared; the latter is contributing to work of the World
Bank on conserving biodiversity in Africa. In addition, IUCN
is working with the International Council for Bird Preser-
vation to prepare a biodiversity strategy for the Afrotropical
Realm. The strategy is directed towards decision-makers in
African governments. It secks to distill the many recommen-
dations made by SSC, CNPPA, ICBP, and other institutions
into a short and readable document.

But even these more comprehensive plans still tend to treat
conservation of biological diversity as if it were a scctor.
And indzed, sectoral agencies — such as national parks and
wildlife management departments — do have an important,
cven dominant, role to play. But carlier chapters in this book
have pointed out that significant parts of the real problems
still are not being sufficiently addressed by taxa-oriented or
protected arca plans and strategics.

The World Commission vn Environment and Development
(WCED) has pointed out that environment and development
are not scparate challenges, but arc inexorably linked.
WCED (1987) stated that: ** Development cannot subsist upon
a deteriorating environmental resource base: the environment
cannot be protected when growth leaves out of account the
costs of environmental destruction. These problems cannot
be treated separately by fragmented institutions and policies.
They are linked in a complex systens of cause and effect.™

Many of the problems in conserving biological resources



are related to the fact that responsibilities are divided into
sectoral units, leading to fragmentation, poor coordination,
conflicting directives, and waste of human and financial
resources. This can only be overcoine hy integration, by ex-
amining the impact of decisions in one sector on the ability
of another sector to depend on the same resources. Integra-
tion is not casy, and in some respects it is not very prac-
tical. Still, an optimal balance peint can be found where the
benefit of considering secondary impacts (or externalities)
is overtaken by the cost of doing so. In most cases. this
balance point lies well beyond the current practice of taking
decisions based on a very narrow range of scctoral
considerations.

As one step in this direction, I"ICN's members and col-
lavorators in the Central Africa region kave collaborated in
the preparation of an Actior Plan for the conservation of the
continuous block of forest, the Guineo-Congolean, which ex-
tends into the six countries of the region. This action was
based on the recognition that actions in cach country influ-
enced forest resources in those of its neighbors and that
knowledge and experience of conservation management
could usefully be shared among the countries. The Action
Plan proposes a aetwork of sites of critical importance that

will be brought under conservation management as part of

a $30 million regional program to be funded by the EEC.
In cach site, a critical forest area for biological diversity con-
servation will be safeguarded by developing sustainable
agricultural and forestry practices on surrounding land. Each
project will focus on a different approach to managing these
lands and experience will be shared through annual
workshops that will rotate among the sites. The Action Plan
identifics numerous other critical sites where funding agen-
cies might invest in ceplicating successful approaches, thus
cxtending the network. Complementary policy measures
needed to create conditions favorable to the success of the
program are identified in the Action Plan (JUCN, 1989u).

A Global Strategy for the
Conservation of Biological Diversity

It is apparent from the discussion above that action plans
and strategies, when designed appropriately and implemented
with vigor, can make important contributions to conserva-
tion. As noted carlier, a collaborative cffort of the World
Resources Institute, IUCN, and UNEP, working with other
institutions, is leading to the preparation of A Global Strategy
for the Conservation of Biodiversity, as a companion to the
aew vers.on of the World Conservation Strategy now being
prepared.

The aim of the Strategy is to provide a comprehensive
framework to stimulate urgent, positive, innovative, and
coordinated action to stem the loss and degradation of the
world’s hiological resources and enhance the contribntion
of these resources to human well-being. ‘The Strategy will
be developed by and for national governments, NGOs,
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resource managers, scientists, international institutions,
multilateral banks, and bilateral aid agencies. The develop-
ment of the Globa! Strategy will be centered around a serics
of regional workshops in Asia, Africa. Europe, Latin
America, and North America; several of these will also con-
tribute to Regional Biodiversity Conservation Strategies. The
Global Strategy will include considerations of a varicty of
factors influencing biological resource conservation, such as
international financing, international cooperation, research,
education, training, public awarcness, and ccological restora-
tion. However, the development of the strategy will place
major emphasis on six pivotal issues:

a) Root Causes

Patterns of biological resource use are influenced by the
incentives and disincentives that exist within the framework
of national and international policies pertaining to agriculture,
forestry, land tenure. foreign assistance. trade agrecments,
taritts, defense, and so forth (McNeely, 1988). Nations are
suffering serious eccnomic losses, individual well-being is
declining, and future generations are losing invaluable assets
as a result of incentive structures that often favor unsus-
tainable patterns of resource use (e.g.. Repetto, 1988: Mithar,
1988) and that discourage local adaptation to environmental
conditions. How can biological diversity be assigned ap-
propriate prices. so that cost-benefit analyses can be carried
out as a basis for designing incentive systems? What options
for national and international policy reform are available to
design and implement incentives and disincentives that will
ensure sustainable patterns of resource use? What economic
incentives are available to cncourage conservation of
biological resources by people living around protected arcas?
What is required to ensure that senior government officials
become familiar with economic incentives that might be used
to conserve biological diversity? How might national and in-
ternational institutions be structured to achieve these ends?
b} Sustainable Development

In aperiod in carth’s history that is characterized by very
rapid changes in human land use, technology, climate, and
a serics of other factors, predictions about the future are prob-
lematic at best. Under such conditions, what are sustainable
patterns of biological resource use? At the level of the local
community, what are the obstacles to the development and
persistence of sustainable local production systems and the
opportunitics for the development of policies permitting aud
fostering the development of such systems?

[t appears that the most useful unit of analysis is the local
rural community, because these are the units most directly
dependent on the resources available within a fairly cir-
cumscribed arca for most of their requirements (with many
technological and energy inputs from afar). How can such
communities manage biological resources tc become more
self-reliant, without making undue sacrifices in comparative
standard of living? Clearly, the structure of the incentives
that influence patterns of resource use must be tailored to
the nature of local ecological and social systems. The policy
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framework cannot attempt to dictate specific patterns of sus-
tainable resource use; the variety of ecological and social
systems demands unique solutions for each setting, Instead,
policies must permit and foster the development and per-
sistence of sustainable local production systems, encourage
the search for means of increasing their contribution to human
needs, and encourage innovation and the development of
alternative methods of use of biological rescurces.

Developing patterns of local resource use that are sus-
tainable and that enhance the resource base will require Cat:
® appropriate systems of management responsibility are

established within local communitics;

* the benefits and costs of biological resource use that are
normally external to the nrarket be measured and incor-
porated into economic models and into the public
consciousness;

¢ the substantial knowledge possessed by human cultures
regarding the use of their local resources be maintained
and enhanced as the basis for further development; and

® science and economics be applied to the identification of
new values (products, toods, commodities) that might ac-
crue to local people as a result of biological resource con-
servation (including factors such as marketing and trade
that will ensure the sustainability of resource use).

In support of principles of community self-reliance, na-
tional and international policies are required that will erable
governments, industry, and private enterprise to contribute
to conserving biological diversity; the first step may be ac-
ceptance that local resource-using units are to be shielded
from external interference (or, rather, the conditions under
which such units are to be shiclded). In addition, many of
the problems facing biological diversity are global in rature
— climate change, deforestation, environmental pollution,
species extinctions — and require global solutions.

¢) Science and Its Application
Knowledge of the status of biological resources and

methods for their management represent the foundation on

which policy decisions are made and the means by which
their outcome is monitored (Reid and Miller, 1989). New
approaches are required by which science can:

e greatly accelerate the identification and description of the
millions of species still unknown (and therefore unavailable
for scientific investigation);

® contribute to the identification of methods of increasing
the capacity of systems to provide services to humanity;

* guide the protection, inventory, study. usc, and monitor-
ing of biodiversity and biological resources;

¢ provide the knowled s~ that is necessary for establishing
priorities for action;

* develop biological indicators, or measurements, that can
provide decision-makers with accurate and timely infor-
mation on the effects of policy decisions;

® assess the effects of various forms of habitat management
and utilization of biological resources on the composition
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and diversity of species communities;

* synthesize existing knowledge in forms that can be used
by planners, managers, and local people: and

® develop a research agenda that will meet the needs iden-
tified in the Strategy.
Many local communities alrcady contain an excellent basis
of knowledge of how to manage the resources within their
local ecusystems (Warren er al.. 1989; BOSTID, 1986).
However, they arc unlikely to be aware of innovations from
outside their local systems that could enhance yields of useful
products and increase biological diversity. Science thercfore
has very important contributions to make to local adaptations,
through identifying the ecological functions of the various
components of ecosysiems and the way new and improved
agro-ecosystems can be designed for specific localities.
Science can help mobilize traditional knowledge through:
e preparing guidelines on methods for obtaining, assessing,
and presenting traditional conservation knowledee;
® preparing an inventory of traditional knowledge systems,
highlighting those aspects that can contribute to conser-
vation and development, and giving special attention to
traditional knowledge systems in danger of being lost:

* documenting the role of women in resource utilization in
traditional socicties and ensuring that knowledge held by
women i$ given appropriate recognition; and

e translating traditional means of conservation — sacred
groves, community responsibility, taboos, etc. — into
forms uscful to development planners and managers of
biological resources.

d) Enhancing the Management of Biological Resources

The responsibility for managing the world's biological
resources falls on numerous institutions and individuals.
Various activities pertaining to resource conservation have
different goals and objectives, yet together the spectrum of
land uses and conservation activities — ranging from national
parks to agricultural and grazing land, from multiple-use pro-
tected arcas to private forest land, and from zoos to botanical
gardens to seed banks — must form a stable and integrated
system meeting human needs through sustainable patterns
of resource use. What patterns and types of land use and ex
situ conservation activities will meet these needs? What in-
stitutional and policy framework will provide the necessary
integration between sectors?

In many parts of the world, systems of land and water usc
nced to be developed urgently, to meet long-term develop-
ment goals before key resources and habitats are lost or
degraded. While many natural habitats are being converted
into uses — such as agriculture, aquaculture, and forestry
— that yield greater productivity to humans. the natural value
of some areas is so significant that they need to be converted
with great care, or left in their natural state. Some of these
arcas may prosper through “*benign neglect' while others
will require intensive management to restore or maintain their
natural value. Some areas will require legal designation as



protected arcas, while proper incentive structures may en-
sure the conservation of others in the status of private or com-
mon property.

The Strategy will seek micans to identify the location and
management requirements of arcas important for genetic
materials, the perpetuation of species, and the regulation and
purification of water flows, as well as arcas whose conver-
sion would contribute little to humanity because of their in-
herently low productivity or their susceptibility to erosion.

¢) Information for Action
A vast amount of information regarding biological resource
use and status is available from many sources. While all
recognize the potential value of that information to decision-
makers if it were integrated and continually updated, attempts
to do so have achicved little success. The technological
capacity now exists to link databases together in a network
that can be both integrated and continuously updated by those
who are using the data actively. The demand for such infor-
mation will grow as the importance of biological conserva-
tion issues is demonstrated (a and b. above) and as the way
the information can be applied to solving real-life resource
management problems is shown. Based on the discussion in
Chapter V. the Strategy will address questions such as:
* What information is needed to support policy rcform?
* What information is nceded to help identify sites impor-
tant for conservation?
® What information is needed to manage these sites?
* What information is needed to monitor the biological
resource management policies?
® How should information be packaged so that it has the
desired effect on decision-makers? On local communities?
On the general public?

1) Formulating an Effective Response to Problems Facing
Conservation of Biological Diversity
Detailed analyses of the cause of a problem and definition
of steps toward its solution do not guarantee that the solu-
tion will be adopted. as many failed action plans can attest.
Such action plans and strategies have failed not because of
inappropriate recommendations but because of the failure to
consider issucs of process, constituency, and commitment.
On the other hand, some very positive changes have been
brought about in public and government behavior, often very
quickly. Anti-litter and anti-smoking campaigns have worked
reasonably well in some places, and government responses
to the problems of human-induced changes in the atmosphere
have been dramatic. Based on a critical review of existing
action plans and strategics, and of social movements that have
been reasonably successful, the Strategy will consider:
e How can a stronger constittzency be developed for the con-
servation of biological diversity?
® Where are the real pressure points for conserving
biological diversity: Industry? Commerce? Industrial gov-
ernments” The defense establishment?
* What are the **images™ that need to be packaged to gain

THE ROLE OF STRATEGIES AND ACTION PLANS

more public support for conserving biological diversity?
® What arc the regional mechanisms that will be most ef-
fective in promoting implementation of the Strategy?

Conclusions

Action plans and strategies can be influential mechanisms
for stimulating and coordinating conservation activities.
Among the factors that may contribute to the utility of
biodiversity strategies and action plans, the following seem
particularly important:
® the degree to which the action plans were prepared by those

who will be responsible for implementing them (the
“*bottom-up** approach usually being more etfective than
the *‘top-down™ approach):
® the degree of political and financial support for the plan,
among both governments and other institutions that may
be able to contribute:

® the extent to which the action plan addresses real needs.
cither of the areas or species concerned or the implement-
ing institutions:

® the effectiveness of mechanisms to follow up on the recom-
mended actions. and to generate the necessary funding; and

® the degree to which the strategy or action plan contains
both necessary and sufficient activities to solve the prob-
lems being addressed.

Action plans are required to address the specific needs of
geographic arcas, such as nations or regional scas, and to
address particular topics, such as the global network of pro-
tected areas and groups of species and varicties. National
conservation strategies, environmental profiles, river basin
and regional development plans and other existing approaches
can be amended where necessary to incorporate biodiversi-
ty considerations. Tke regional protected areas strategies of
IUCN, the Bali Action Plan, the Biosphere Reserve Action
Plan of Unesco, and the various Regional Seas action plans
of UNEP all need support in funding and implementation.
Similarly, plans for selected wetlands, the Tropical Forestry
Action Plan, and other ongoing initiatives should receive fur-
ther reinforcement.

All of these strategics and action plans can contribute to
conserving biological diversity, but none of them are likely
to have very great impact by themselves because of the very
complicated nature of linkages between the sectors that af-
fect biological diversity. Even if all of their actions were to
be implemented, most action plans can address only a part
of the problem and often can provide only symptomatic relief.

The Global Strategy for the Conservation of Biodiversity
is designed to take several significant steps farther, in at-
tempting to identify the root causes of the problems of con-
serving biological diversity and suggest ways of mobilizing
resources tor their solution. A very considerable investment
of time, encrgy. and resources will be required to stop the
crosion of our planct’s biological wealth. Careful planning
at both strategic and tactical levels can help ensure that the
investments made will yield the greatest possible return.






CHAPTER VIII

HOW TO PAY FOR
CONSERVING BIOLOGICAL DIVERSITY

While many will agree to the desirability of conserving
biodiversity. governments still have difficulty in finding suf-
ficient financial resources for addressing the problems of con-
servation in a manner commersurate with the needs of soci-
ety. Innovative funding mechanisms are required.

This book has attempted to demonstrate that biological
diversity is a global resource as well as a national and local
one, with conservation bringing benefits to all of humanity.
Yet current threats to biodiversity are greatest in develop-
ing countries that have great bioloyical diversity coupled with
severely restricted financial means for supporting conserva-
tion efforts. At the same time, many governments are pro-
viding heavy subsidies to activities that have severe negative
impacts on biological diversity: subsidized cattle ranching
in Amazonia (Binswanger, 1987) and Botswana (Perrings
et al. . 1988) are notorious examples. Action is therefore re-
quired at both national and international levels to identify
ways to provide additional funding for conserving biological
diversity.

Two programs are currently directly addressing the issue
of international financing of biodiversity conservation. The
International Conservation Financing Program of WRI (sup-
ported by CIDA. MacArthur Foundation. NORAD,
Organization of American States, Pew Charitable Trusts,
UNDP, UNEP. and USAID) recently released a report ex-
amining financial approaches to international conservation
needs, with biodiversity an important component of those
needs (WRIL 1989b). In addition, IUCN and UNEP are
spearheading an effort to develop an international conven-
tion on the conservation of biodiversity. including a funding
mechanism based on the use of biological materials, thai can
contribute to the financing of conservation activities (describ-
c¢d in Chapter IV). The potential contribution of other inter-
national initiatives, such as *“*debt for nature swaps,”* must
be examined as well,

Conservation has brought considerable and sustainable
benefits 1o local communities. But conserving biological
resources requires investments, in staff. in infrastructure,
in benefits postponed, in education, and so forth. These in-
vestments are often very sound, showing high benefit-cost
ratios; the more complete the economic analysis, the higher
such ratios are likely to be (USAID, 1987).

Opposite page: A saltwater crocodile (Crocodylus porosus;.
Crocodiles are increasingly grown on ranches to avoid their
overexploitation in the wild (photo by S.1. Nash).

117

Current conservation programs are usually implemented
th vugh resource management agencies whose budgets are
generaltly insufficiont to implement their mandates etfective-
ly, and are subjeet to considerable fluctuation from year to
year. Such funding difficultics severely hamper the effec-
tiveness of conservation agencies. To produce acceptable
results and become fully operational, conservation agencies
must have sufficient and reliable sources of support.

Unfortunately, in today’s economic climate. the govern-
ment agencies responsible for conservation are chronically
under-funded. leading to abuses of natural resources. Signifi-
cant new funding is clearly required, from both within the
nation involved and from the international community. In-
ternational support is particularly important. Some have con-
tended that far greater benefits from conserving native gene
pools. especially in the wilds of the tropics, will be gained
by wealthy temperate countries than by the often poverty-
stricken nation conserving them (Prescott-Allen, 1986):
agriculture, medicine, and forestry in industrialized coun-
tries arc able to afford the investments required to turn germ-
plasm into profit. Further, those in industrial countries ofien
care more abeut conserving elephants, tigers, and monkeys
in the tropical countries than do the farmers who face daily
conflicts with wildlife that is preying on their crops and
domestic animals,

While protected arcas provide significant local benefits in
terms of watershed protection, tourism, harvest of renewable
resources, and so on, it is a fact that the countries conserv-
ing living natural resources often receive much less benefit
from them than those consuming their products at some
distance. Further, within the tropical countries the people
living on the edges of protected areas, and prohibited by law
from harvesting the resources in the arca, often carn virtually
no benefits even where the protected areas are bringing in
plentiful tourist revenue. Hence. a major incentive for con-
servation is often tacking where it is mosi vital. Clearly, the
cconomic evaluation of conservation needs to incorporate an
1ternational perspective on costs and benefits, and systems
of providing appropriate incentives to local communities need
to be devised (see MeNeely. 1988, for one effort in this
direction),
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Finally, some forms of financial support for conservation
involve bilateral agreements or cooperation with international
agencies, such as food for work programs. In many develop-
ing countries, large externally supported development proj-

ccts can often include elements that support conservation of

biological resources.

In secking to promote more funds for conserving biological
diversity. the following points need to be considered:

® in some cases, community development activities are
already being planned or implemented in communities in
or near areas important for conserving biological re-
sources, in which case elements to promote changed
behavior toward conservation can be incorporated in the
development project with little additional cost (see Reid
et al., 1988, for examples of this).

® it i« apparent that any funding mechanism will need to
ensanate from the competent government authority, (ther
in terms of enabling legislation or administrative fiat; con-
siderable coordination among varicus ministries — from
Finance to Natural Resources — may be required,

* conservaticn needs to pervade all rural-based activities;
it is not something that happens only in national parks and
other protected arcas. Thercfore, economic incentives
aimed at encouraging rural people to conserve biological
resources outside of protected areas can be very cost-
erfective in terms of conservation achievement. While such
incentives miay not bring funding to the conservation
ageney, they may cnable the agency to be more effective
in managing protected arcas (McNeely, 1988).

¢ finally, funding is scldom the only major constraint to con-
servation achievement. While conservation agencies never
have sufficient funding. and additional funding is certain-
ly called for, even generous budgets will not lead to con-
servation if government policies in other sectors are in-
compatible with conservation. Therefore, any new fund-
ing mechanisms need to be part of a package that includes
necessary policy changes in land tenure, energy, frontier
settlement, foreiga trade. transportation, and so on.

The Issue of Property Rights
10 Biological Resources

Many biological resources can be conserved through ac-
tions taken to meet the immediate needs of the rural poor.
But it is incvitable that a gap will exist between the conser-
vation that can be achieved througa its compatibility with
rural development and the action that is desirable for the good
of humanity.

For example, the benefits of the establishment of seed
banks for crops of international importance are enormous.
However, it would not be in the interest of any nation ex-
cept maior agricultural ones to be the sole financier of a seed
bank for such a crop because the benefits for that country
would be relatively small and the :xpense high. Thus, the
financing of a substantial portion of agricultural germplasm
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conservation is best achieved through international
mechanisms such as the Consultative Group on International
Agricultural Rescarch (CGIAR).

Several policy options exist between the extremes of con-
serving biological resources as a by-product of immediate
cconomic considerations and international funding of con-
servation actions. These options center on the issue of prop-
erty rights for certain biological resources.

The property rights issue clouds policy analysis in the arcas
of both genetic and species conservation. International seed
banks. for example, have been subjected to criticism because
new crap varieties produced from germplasim that is provided
without charge by developing countries are then sold back
to the contributing countries for a profit. Developing coun-
tries have argued that the varieties produced from seed bank
material should be made freely available.

The problem could be solved either by increasing inter-
national financing of conservation efforts or by granting prop-
erty rights to countries that implement effective programs
1o conserve their biological resources. This latter option has
not been explored in sufficient detail, but the obstacles to
such an approach are clear. In this era of biotechnology. it
would be virtually impossible for a country 1o know or prove
that genes from one of its species were in use in a given
organism. However, it can also be argued that the issue
would be no more complex than international copyright law
(de Klemm, 1985). The quotation of a small passage from
a book, like the use of a few genes, is not likely 10 be iden-
tified as a copyright infringement whereas the reproduction
of an entire book in infringement of copyright would pro-
vide grounds for recompensation. Considerable work has
been done on promoting the protection of plant varieties and
parts as intellectual property. Williams (1984) concludes,
“*Because more and more private research funds are being
poured into the development of plant varieties, stable and
definitive protection for these varieties and parts thereof is
very important. It remains to be seen whether adequate pro-
tection is available within the framework of the existing pa-
tent statutes or whether new legislation is requiied.”

The essential point is to ensure that those who benefit from
the usc of wild plants pay some of the costs of ensuring that
those species remain viable in the wild, where they can con-
tinue to evolve,

Mechanisms Useful Primarily at
National and Local Levels

Although cach country has its own legislation and its own
ways of raising funds for conservation of biological diver-
sity, the cur-eni period of budgetary restraint cails for in-
novative solutions to old problems. Each country will have
its own history, traditions. and legislation, so funding
mechanisms are likely to be highly variable and will require
adaptation to lecal conditions; those suggested here have hun-
dreds of permutations, and no doubt other mechanisms coald



be identified. Given these provisos, the following potential
sources of funding can be identified (in addition to regular
budgetary allocations from the central government).

Ecotourism in the Galdpagos Islands, Ecuador (photo by R.
Mast).

Charge Entry and Other Fees
to National Parks

Most iourists appreciate the attractions of nature enough
to pay for visiting outstanding natural areas. Galdpagos Na-
tional Park, for example, charges a fee of $40 per foreign
visitor, which is still a tiny proportion of the total price the
visitor is paying for the experience (Ecuadorians pay at a
local scale). Fees charged to park visitors in Costa Rica were
expeceted to generate $168,000 in 1988; foreign visitors are
charged no mere than local visitors, so some scope exists
for increased fees. In Rwanda’s Volcanoes National Park,
famous for its mountain gorillas, a ticket for one gorilla visit
(including three days in the park) currently costs about $180
per person; a second gorilla visit the next day is an addi-
tional $150. **Gorilla tourism'" has now become the third
largest foreign exchange carner for Rwanda, a major incen-
tive for conservation. Poaching «f gorillas and encroachment
on the national park have been greatly reduced as a result
(Vedder, 1989).

Strangely enough, many national parks do not charge en-
try fces, often because they do not want to discourage visitors
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who cannot pay and because they feel that they are providing
a public service: parks are viewed as **merit goods™ to which
access is not denied on the basis of income. However, as
costs of protected arca management rise and budgets fall,
most protected areas will need to consider charging fees.
Other user fees can also be charged, especially for those
requiring maintenance or other management inputs. These
can include campsites, bathing facilities, white-water rafting.
lake cruises. spot-lighting wildlife at night, guided tours, car
parks, and so on.
Cook (1988) quotes a number of arguments in support of
applying user fees:
® the public tends to appreciate more fully those facilitic:,
and arcas for which they are required o pay:
® fees and charges represent a means of having tae user pay
a proportionally greater share than the public at large:
¢ the willingness of the B Hslic to pay for certain activities
or facilities is a useful guide for planning park programs:
® the collection of fees provides an opportunity for direct
contact with the park visitor, increasing the possibilities
for providing information and maintaining surveillance;
and

® park programs may become increasingly limited and
maintenance programs deferred unless additional funding
is made available through user fees.

In determining the fee structure to charge for the various
goods and services available within a protected arca, the
following points should be considered:
® What is the objective for charging fees? To supplement

the regular government appropriation. or to enable the

facility to be totally self-sufficient?

° How should the scale of fees compare with commercial
institutions offering similar goods or services?

® How should the fee structure deal with < ecial groups, such
as children. school groups, senior citizens, low-income
groups (especially local people), and foreign tourists?

The fee can be computed on the basis of actual cost of the
good or service (when this can be determined); direct
operating expenses, inciuging staff time; interest and amor-
tization of investment; support for the efficient management
of the area, including necessary improvements; maintenance
costs; or simply what the market will bear,

Funds thus carned should be returned to the protected area
for management, including support for various cconomic in-
centives irected toward improving cooperation with sur-
rounding communities. Unfortunately, the fees collected in
mnst countries are deposited into the central treasury, and
the funds appropricted for protected area operations or in-
vestments seldom correlate with the income generated by the
protected area system.

Charge for Ecological Services

The ccological services provided by protected areas,
natural forests, and wetlands are usually considered **public
2oods.” but it is also possible to design systems to charge
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for these goods. The provision of high-quality water is prob-
ably the best example. For pretected areas located in hilly
or upland arcas. watershed protection is an extremely
valuable service. For example, Venezuela's Canaima Na-
tional Park safeguards a catchment teeding hydroelectrie
developments that are so important that the government
recently tripled the size of the park to 3 million ha to enhance
its utility for watershed protection; replacing this hydroclec-
tricity with petroleum would cost an estimated $3 billion per
year (Garcia, 1°84).

It would therefore seem appropriate for such areas to
benefit from water-use charges from irrigation projects or
hydroelectric installations whose water comes from the area.
Such a mechanism can be both justifiable and useful. im-
proting cfficiency and equity of water use as well as gen-
crating funds for protecting the watershed. This may require
studies to quantify the benefits the protected arca is providing:
for example, Hufschmidt and Srivardhana (1986) showed that
annual cxpenditures of $1.5 million would be justified in
terms of benefits to the Nam Pong reservoir in northeast
Thailand. In Indonesia, the World Bank invested over $1
million to establish the Dumoga-Bone National Park to pro-
tect a major irrigation project (McNeely, 1987); water
charges could be imposed to ensure that the running costs
of the national park are met from the goods and services it
is providing to the local community.

Additioral examples abound. For instance coral reefs and
mangroves support fisheries, so it would seem reasonable
to return part of the profits from fishing to protecting the
breading grounds of the target fish. In some cases. it may
be feasible to tax fisheries, perhaps in the form of an export
tax (thereby avoiding taxing local consumers): in other cases,
establishing such linkages could help convince fisheries
departments of their need to invest in managing natural
habitats important for fisheries.

Collect Special Taxes

In some countries, such as Costa Rica, special taxes on
biological resources have proved useful. Taxes on timber
extraction, wood trading, trade in wildlife and wildlife prod-
ucts, concession rights, or other activities connected with
the sector can generate income that can then be invested
within the sector. This can be made more flexible by allow-
ing taxpayers to invest the amount in the kind of works that
the tax is intended to promote. Special taxes can be used to
set up development funds or national financing funds, ¢.g.,
for credit. An interesting example from the Caote d’lvoire
involves creating an Environment Fund using taxes imposed
on ships, especially oil tankers, docking in the country; 50
percent of the tax goes to the Fund, which is then used to
purchuse equipment necessary for monitoring ecosystems,
preventing pollution. or improving environmental manage-
ment. Since its inception in 1986, the Fund has brought in
about $300,000. In industrial countries, the dollar amounts
involved can be far larger. For example, Florida's Recovery
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and Management Act cstablishes a Hazardous Waste
Management Trust Fund to finance the correction of pollu-
tion problems should they occur. The Fund is financed by
a4 pereent excise tax on disposal until the acerual reaches
$30 million, and 2 percent thereafter.

In Costa Rica, legislation stipulates that all legal documents
at the municipal level, newly issued passports, exit visas,
first-time auto  registrations,  authenticated  signatures
registered at the Foreign Ministry., and operating licenses
for all bars, nightclubs. dance halls. any other place that sells
liquor, and all places of entertainment such as pool halls,
cinemas, casinos, and public pools require fiscal stamps, with
at least part of the revenue being returned to a Conservation
Fund that supports protected arca management. Additional
fiscal stamps that contribute t¢ conservation are required from
annual vehicle registrations and from wildlife import aud ex-
port permits (Barborak. 1988a).

In addition, Costa Rica collects excise taxes on arms and
ammunition and income from fiscal stamps. These are poten-
tially important. but have declined drastically in recent years.
The stamp prices were set by law in 1977 and have not been
increased since then, because a new law would have to be
passed by the legislature to vary the amounts. The Costa
Rican colon is now worth only 11.4 percent of its dollar value
in 1981, and this devaluation has been accompanied by
significant rampant inflation. The dollar value of fiscal stamp
receipts in 1982 was over $86.000, nearly three times that
expected for 1988. Much of the 1987 revenue had to be used
1o pey for a new issue of the stamps. Despite this difficulty,
the funding mechanism of using fiscal stamps and excise taxes
to support conservation would scem to hold promisc for many
tropical nations.

Industrialized nations also use revenue stamps to raise
money for conservation. In the USA, for example, all duck
hunters are required to purchase Federal Duck Stamps each
year; these colorful stamps are extremely popular even with
non-hunters, and have raised an average of $50 million per
year over the past several years. The receipts are devoted
to the Migratory Bird Conservation Fund, and are used to
acquire habitat for the national system of refuges. The Duck
Stamp program has proved so successful that some individual
states have developed similar mechanisms.

Additional tax mechanisms, based on tourism involving
natural areas, may include bed taxes for tourist hotels, depar-
ture taxes at airports, and many others.

Build Funding Linkages with
Large Development Projects

Where major investments are made in rural development
projects, linkages with conservation can often prove
beneficial. In 1$86. the World Bank promulgated a major
new policy regarding wildlands. with clements specifically
designed to build components into large projects — primarily
for agriculture, livestock, transportation, water resources
development, and industrial projects — for ensuring conser-



vation of biological resources (sce Annex 5). These com-
ponents can include cconomic incentives for local ~om-
munities affected by the project (Goodland, 1988).

Major hydroclectric projects. for example, can often build
in a significant component to establish a protected area in
an upland watershed. In Sri Lanka, USAID provided $5
million for a project to establish five new protected arcas
as part of a major effort to develop the agricultural resources
of the Mahaweli river basin. Such support was not for
altruistic motives; on the contrary, the protected arcas were
seen as essential to the success of the downstream develop-
ment projects (McNcely. 1987).

One important linkage that might be established between
conservation and major development projects might be an
““environmental maintenance tax. " Projects to build dams,
irrigation networks, and roads might include explicit alloca-
tion of funds for thoroughly assessing the diversity of the
arca (thereby also supporting the development of local capac-
ity to carry out such surveys). identifying and managing pro-
tected areas, and establishing a self-sufficient **endownent
fund™” for the continued management of the area.

A variant of such linkages is the obligatory investient of

a pereentage of the total costs in lurge-scale works that de-
pend for their existence on environmental protection (water
resources developments being the outstanding example).
Sometimes an additional 10 pereent allocated to reforesta-
tion and conservation works can lower the annual operating
costs by increasing the useful life of the works and reducing
requirements for maintenance.

Project support from development assistance agencies is
often feasible when the living conditions of rural people are
to be improved (recalling that many of these are the **poorest
of the poor™ and therefore of particular concern to many
bilateral government agencies, and to various church, popula-
tion, and hunger-related PVOs). A major point here is that
effective incentives packages seldom require major funding,
but rather effective funding aimed at very specific targets.
Therefore, development assistance agencies may need to ag-
gregate a significant number of community-level projects in
order to attain the project magnitude that is administratively
attractive. The major drawback to this approach is that it may
breed dependence rather than self-reliance unless the sup-
port is provided with great sensitivity.

Return Profits from Exploiiation of
Biological Resources

Biological resources carn profits from tourism and
harvesting, so creative ways and means need to be found 1)
censure that a fair share of these profits are returned to the
focal people who are paying the opportunity cost of not
harvesting the resource themselves. Kenya, Zimbabwe, and
Zambia (Box 29) have all developed appropriate funding
mechanisme based on the principle that protected arcas should
carn a fair return on the money they bring into the economy.
Many of these are already heing tapped by governments to
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Box 29: How Profits Reduced Poaching
in Zambia’s Luangwa Valley.

In Luangwa Valley of Zambia, a Wildlife Conserva-
tion Revolving Fund was established in 1983 to cnable
the National Parks and Wildlife Service to employ addi-
tional staff beyond the Government-approved civil ser-
vants. Income to the Fund comes from the harvest of hip-
pos and from auctions among safari hunting companies
for the rights to hunt in the Lower Lupande Game
Management Arca, with terms or the auction including
quotas on animals that could be taken and minimum levels
of employment from the local communities. Forty per-
cent of the proceeds from the auction was handed over
to the local Chiefs for community projects of their choos-
ing and 60 percent was devoted to wildlife management
COosts.

Results have been remarkable. Personnel increased
from 11 to 26 from 1985 to 1987, and the number of field-
days by staff increased from 176 to 717. Annual mortal-
ity of elephant and black rhino, expressed as the number
of poached carcasses found per year per hundred hectares,
decreased by 90 percent in the same period. In 1987, the
total earnings for the Revolving Fund were $48,620, of
which $4,840 was devoted to wildlife management, in-
cluding $4.410 for the village scout program. Overall
iceurr at costs of wildlife management for the year was
$9.870. considerably less than was carned by the Revolv-
ing Fund. Villagers started supporting the National Parks
and Wildlife Service management effort, and local tribal
lcaders established security comm’iteces to prevent
poachers from cntering their arcas (McNeely, 1988).

Once economic benefits started to flow to the local
villages., the reduced poaching of elephants led to an in-
crease of their populations to the level where sustainable
harvests could far exceed the total costs of effective
management programs. In addition, about half the costs
of supporting the village scouts was equivalent to the total
derived from revenue from ivory collected by scouts from
clephants that died naturally. Whil: this source of revenue
did not go back into the Revolving Fund, it does illustrate
to the government the magnitude of funds that could be
recovered by this form of local involvement in wildlife
management.

In summary, the Wildlife Fund in Zambia acts as a legal
mechanism for charging concession fees, selling wildlife
products, and engaging in commercial ventures related
to wildlife development. The Fund can then direct the in-
come into appropriate channels to serve the interests of
managing the biological resources of the area, as well as
the interests of local communities co-existing with the
wildlife. It therefore reduces the need to depend on Cen-
tral Treasury for funds, which in recent years has been
unable to meet the growing cost of conservation,
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cover other expenditures: the point is that a niore equitable
return needs 1o go to conserving the biological resources that
are bringing in the funds. even when the benefits of conser-
vation are indireet.

Trophy hunting in many countries of Africa has brought
in considerable funds, some of which have been returned to
managing the resource. In response 1o increased poaching,
some governments have banned trophy hunting. but this is
primarily a political response, which often has a negative
impact on the wildlife. In conservation terms. an absolute
ban on sport hunting is often a misguided strategy because
healthy populations of wildlife produce a harvestable surplus.,
because the number of animals taken by legal hunting is only
a small fraction of those taken illegally, because the carn-
ings from game hunting can compensate local populations
for any sacrifices they make in the name of conservation.
and because the presence of fegal hunting partics can deter
illegal hunting. The sale of between 100 and 200 licences
to forcign hunrers to shoot clephants in Zambia would have
raised a sum equivalent to the external support provided to
the country by donors. even ignoring the value of the ivory
or meat for local people (Leader-Williams and Albon, 1988).

In other countries, mechanisms have been established for
returning funds from logging activities to reforestation ef-
forts. In Indonesia. for example, a levy of $4 per cubic meter
of timber is collected from timber concession holders, to be
repaid when they have reforested their concession arca (un-
fortunately. this **deposit™ is usually forfeited because it is
cheaper to write off the loss than to reforest the concession).

Build Conditionality into
Concession Agreements

This mechanism can be an effective instrument in coun-
trics that have such extensive timber or fisherics resources
that concessions are sold to private investors. As part of such
agreements, the concession hoider could be required to pro-
vide support to various incen’ive programs aimed at main-
taining the long-term productivity of the area being logged
or fished. Where concessions are given for forest use,
governments must ensure that they realize a significant pro-
portion of forest rents and that, at a minimum, a proportion
of such rent is returned to managing the forest to ensure its
long-term productivity. In general. governments should
design incentive systems that encenrage sustainable use of
the biological resources of the forest ecosystems.

Profits carned from non-extractive concessions as from
hotels. tours, and restaurants, can often provide sufficient
funds for running a protected arca. Such concessions should
be granted on the basis of conditions that do not detract from
the natural values of the protected arca, and the profits from
such concesstons should be returned to the resource manage-
ment agency. Such concessions might also be required from
tour companies bringing tourists into protected arcas. cven
if' they do not stay overnight: this could supplement admis-
sion fees.

o
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Seek Support from the Private Sector

In many countries, the private sector carns considerable
ceonemic benefit from biological resources and may be able
to provide voluntary support to conserving those resources.
Contributions from enterprises involved in resource extrac-
tion or in non-consumptive uses of biological resources (such
as tourism) can be effective, though such voluntary support
is difficult 1o predict and incorporate in planning efforts. Such
voluntary support might be particularly appropriate where
a number of tourist enterprises rely on protected arcas for
their livelihood.

Thr private sector often provides significant incentives for
conservation by providing grants to activities that lead to
enhanced management of biological resources. One outstand-
ing example is the Internationai Trust for Nature Conserva-
tion, established by the Tiger Mountain Group (a nature
tourism organization operating, primarily in Nepal). This trust
was designed to recycle a portion of the profits from nature
tourism into activities that would promote the protection of
wildlife and its habitat.

Onc of the principal activitics has been a conservation
cducation program aimed at the villages that surround Royal
Chitwan National Park. where Tiger Tops Hotel is the flag-
ship of the Tiger Mountain Group. More recently, the scope
of the Trust has been expanded to include more general con-
cern with sustainable development in the areas surrounding
the Group's operations. The Trust is putting irto practice
its belief that wildlife must increasingly pay for itself if it
is to survive in today's crowded world (Roberts and Johnson,
1985).

A variant of such support involves donations from multina-
tional corporations investing in resource-based activities in
developing countries. Such multinationals can contribute to
conservation activities, both to protect their own investments
and to contribute to host-country conservation goals. Such
donations are often facilitated if the government conserva-
tion agency, or a private institution, has established a
mechanism for receiving them; experience has shown that
private industry is less eager to provide volun.ary funds to
regular government programs than to an independ=nt foun-
dation (especially if the donations are tax-deductible).

Establish Foundations for Conservation

In some cases, foundations established by or for a pro-
tected arca or protected area system can be a useful stimulus
for generating non-governmental sources of funding (many
of which might come from sources discussed above). In In-
donesia. for example, the Indonesian Wildlite Fund is sup-
ported by voluntary contributions from the timber trade. It
was established by the Ministry of Forestry but operates in-
dependently under a board of directors that allocates the funds
in support of various conservation projects. In Zambia, in
contrast, an essential element in the success of its Wildlife
Fund has been its establishment within the National Parks
and Wildlife Service.



Some foundations have international linkages. For exam-
ple, the Charles Darwin Foundation, established in 1960,
collects funds from a variety of foreign donors and was
responsible for managing Galdpagos National Park until the
carly 1970s, when the National Park Service of Ecuador took
over that responsibility. The Foundation continues to main-
tain the Charles Darwin Research Station and conduct
rescarch on a wide range of topics of great interest to the
management of the Park (WWF, 1986). Similarly, the
Seychelles [slands Foundation, under an international Board
of Trustees and with funding from international sources. has
responsibility for managing Aldabra Strict Nature Reserve;
it also receives an annual grant from the government of
Seychelles.

Collect Interest from Invesiments
Made by a Protected Area

In many cases. a major protected arca can establish an en-
dowment fund. to be managed either by the management
authority or by an appropriate NGO. Janzen (1988) suggests
that tropical conserved wildlands can diversify their endow-
ment portfolios through the ownership of agricultural lands
adjacent to the protected area; the agricultural profits would
support management of the area. This has the ancillary
benefit of the protected area controlling the kinds of agri-
cultnre carried out on adjacent lands, thereby providing a
public showcase on the relationship between protected arcas
and agriculture.

Mechanisms Useful Primarily at
the International Level

As noted ca.lier, funds generated at the national level r.eed
to be supplemented by funds from international sources. A
number of mechanisms are available for transferring funds
from industrialized nations to the tropics.

Use International Conventions to
Provide Financial Support

A number of internatioral conventions provide some fund-
ing for conserving biodiversity, usually through the
mechauism of projects. The World Heritage Convention, for
example, gives over $1 million per year to projects in natural
sites of great international importance for biological diver-
sity. Project funding under the Convention on Wetiands of
International importance amounts to about $600,000 per
year. Several of the Regional Scas Conventions established
by UNEP involve Trust Fund agreements that provide signifi-
cant funding to conservation aclivities.

The draft convention on the conservation of biological
diversity developed by IUCN and now under consideration
by UNEP, contains a major clement on funding. Under the
convention, an International Fund for the Conservation of
Biological Diversity would be established. The Fund would
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be used 1o advance the objectives of the Convention (broad-

ly, to enhance the conservation of biological diversity). It

could draw on four main sources. based on the principle of

enabling those who benefit from biological resources to pay

the costs of ensuring that such resources are used sustainably:

® levies on activities that us~ a resource within the biosphere
as a dispersion system (t- v example, for carbon dioxide
from fossil fuel combustion);

® levies on general trade in natural living materials or prod-
ucts derived directly from them:

® lcvies on patentable new genetic material, or on synthetic
products derived from wild sources; and

* voluntary contributions, gifts. or bequests made by any
state, inter-governmental organizations (including develop-
ment aid agencies), or public or private bodies or
individuals.

While voluntary contributions could be earmarked for
specific projects or areas, no political conditions would be
attached to contributions to the Fund. Further, governments
would agree that the Fund would be tax-exempt and freely
transferrable from country to country. The Fund would be
administered by a Conference of the Parties, with a Board
established by the Conference. Payments from the fund will
be made to the State from which the biomaterial (or species)
originated. with \0se payments being applied to the con-
servation of biological diversity. In addition, payments would
be made to States requiring financial support for the conser-
vation of biological diversity. with prioritics based on a long-
term conservation program adopted by the Conference and
on criteria established by the Conference.

A key element in the success of such a fund is persuading
those paying the money that the charge is equitable and would
be used in an cffective fashion from which they would
benefit, perhaps based on the principle that development is
dependent on ensuring that biological resources are used sus-
tainably, and that depletion of such resources is an external-
ized cost. The proposed charges for conservation would then
be seen as an inteinalization of cost, and as a provision for
future welfare and benefit. Establishing the administrative
machinery within user countries would probably be most ef-
fective, with the monices being transferred via an iaternational
fund to conservation efforts in the countries of or.gin. Target
industries might include timber (the European timber iraders
have clready proposed a voluntary import duty, with the pro-
ceeds 1o be administered by ITTO), seeds, pharmaceuticals,
fossil fuel burners, and tourism.

Any system of funding an international convention must
be equitable and publicly acceptable, operate in a straight-
forward way, be compatible with the General Agreement on
Tariffs and Trade, raise funds on an appropriate scale (in
the hundreds of 'nillions of dollars per year), provide benefits
to the payer, and raise funds in industrialized countries but
provide expenditure for genuinely relevant and properly
monitored projects in developing countries.
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Seek Direct Support from
International Conservation Organizations

People living in industrialized countries carn considerable
benefits froni biological resources in tropical countries., and
often ha. » considerable interest in conservation that can be
expressed through donations to conservation organizations,
These donations can be allocated 1o conservation activities
in the tropics, and have often involved significant contributions.

Such support has tended to focus on biological resources
rather than on people, but this is beginning to change, and
organizations such as WWF, Conservation International.
New York Zoological Society. Frankturt Zoological Soci-
cty, The Nature Conservancy, and many others are now
becoming more aware of the linkages between people and
conservation, and indeed Conservation International’s
Ecosystem Conservation approach focuses mainly on these
linkages. Such groups can often provide at Jeast seed fund-
ing 1o get appropriate incentives projects started. JUCN,
through its work in National Conservation Strategies, may
be able 1o promote funding mechanisms being developed for
incentives packages. Finally, private conservation agencies
may have access to blocked funds owed to private companies
operating in developing countries. and be able to apply such
funds to conservation work.

A variant of this approach is a new initiative from IUCN
and the International Union of Directors of Zoological
Gardens known as tiie **Heritage Species Program.™ It is
based on the premise that certain species are special, cither
because they are highly endangered or are of particular im-
portance to people. A few of these will be designated
“Heritage Species™ and will be adopted by designated
“*Heritage Species Centers™ that will assume special respon-
sibility for raising funds to support conservation action.
especially in the country or region where the species
originates. The action proposcd for cach species will be
developed with the best available technical advice from
IUCN’s Species Survival Commission and other relevant
organizations.

Arrange Debi-for-Nature Swaps

The growing international debt held by developing coun-
tries is having scrious consequences for econoniic develop-
ment, political stability, and resouice conservation. Par-
ticularly in Latin America. where debt burdens are highest.
cconomies are stagnating and fiscal reform measures in
several countries have stimulated public protests. The
pressure of meeting debt payments has contributed to the rate
of biological resource degradation in many countries. Forest
lands arc often managed for immediate export returns,
depleting what should be a renewable resource. Similarly,
the conversion of forest land to agricultural and ranching land
is often subsidized in part to support export sales; in the long
run, this depletes the resource and economic base of these
countries.
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The debt-swap mechanism involves a conservation
organization (WWF, Conservation International. The Nature
Conservancy. and others have been involved) buying a coun-
try’s debt notes that are being discounted on the secondary
market (Box 30). These notes are presented to the debtor
country in exchange for local currency in the amount of the
face value of the debt. with the local currency being invested
in conservation uader the management of local national in-
stitutions. While this mechanism is most useful in countries
whose debts are heavily discounted (and therefore penalizes
debtor countries that have sound financial management), it
is stll useful in a number of countries with significant
biological resources. However, they are sometimes perecived
as yet another type of conditionality imposed from abroad.

Box 30: Arranging a Debt-for-Nature
Swap.

Arranging a debt-for-nature swap involves g number
of stages and a broad spectrum of variables that, with per-
sistence, can be fine-tuned o orchestrate an agreement
satisfactory to everyone. The first step is to obtam ap-
proval in principle from the debtor country — specitical-
ly. from the government. the central bank, and a private
conservation organization that will receive the funds and
manage the conservation program. The host country must
decide what exchange rate to apply in converting debt into
local currency. what conditions of payment to use in ex-
change for the debt, and whom to designate or aceept as
a local agent to control the funds and dispense the pro-
ceeds. The conservation program is established based on
local priorities: it may include site-specific projects or a
list of genceral conservation activities (for example, train-
ing of park managers) to be undertaken when the local
agent deems them appropriate.

Next, the debt to be acquired must be identified. Poten-
tial swappers must shop for debt notes that are of the right
denomination, are accepsable to the debtor-country
government, and have an aceeptable maturation schedule.
If the debt is not donated, it must be purchased — itself
a technically complex transaction — at an acceptable
discount.

Once olbtained, the debt must be converted into a local
currency instrument by the host government’s central
bank, in the manner specified in the agreement. Finally,
the actual conservation program can begin.

Source: WWE-US, 1988, and Conservation International,
1989.

Ecuador is a small South American country with extraor-
dinary levels of biological diversity. containing nearly twice
as many species of plants and animals as all of North
America. As with many Latin American countries, Ecuador
is suffering from significant external debt: its debt balance



has increased eightfold in the past decade. Ecuador is hav-
ing such difficulties repaying the debt that the lending banks
slashed the price in half in the last six months of 1988, Afier
examining the situation, a small group of Ecuadorian pro-
fessionals mobilized a private foundation, Fundacion Natura,
to use the debt crisis as an opportunity to attract financial
resources to be invested in conservation of biological diver-

sity (Sevilla, 1988). Fundacién Natura will be in charge of

obtaining funds abroad through donations in hard currency:
WWE-US has played @ major role in supporting the effort.
With these funds, a fraction of the Ecuadorean external debt
will be purchased at discount value on the secondary finan-
cial market (flectuating between 30 and 38 pereent of the
face value). 7 he debt notes thus obtained will be exchanged
by Fundacion Natura for stabilization bonds; the interest from
these bonds will be invested in conservation projects. The
first year's proceeds from the interest-bearing fund creaied
by the agreement are targeted to implement a National Con-
servation Strategy. with special emphasis on Sangay National
Park, Yasuni National Park. and Cotacachi-Cayapas
Ecological Reserve.

The first ever debt-for-nature swap was negotiated with
Bolivia by Conservation International in 1987. Since then,
similar debt swaps have been arranged for Costa Rica, the
Philippines, Madagascar, Zambia, and clsewhere, often with
support from U.S.-based NGOs such as WWF, Conserva-
tion International, The Nature Conservancey. and the National
Wildlife Federation. The mechanism could also be adapted
1o debts contracted by Third World governments with
multilateral financial institutions such as the World Bank,
the International Menetary Fund, the Interamerican Develop-
ment Bank; with bilateral aid agencies such as USAID,
CIDA, SIDA; and with other governments. Debt swaps
cnable the lender to write off debts if the debtor guarantees
to invest the same amount of funds in projects aimed at con-
serving biological resources.

Use Restricted Currency Holdings

In many countries, excess profits or local currency held
by multinational corporations, or even by foreign govern-
ments, must be spent within the country. Given proper
mechanisms, such profits can be allocated to conservation.
For example, funds derived from PL 480 (a U.S. Public Law
that enables certain nations to pay in local currency for food
imports fromthe U.S.A., with the local currency to be spent
in the importing nation) and other public sector international
assistance operations can often be used to support conservi-
tion cfforts, including incentives packages. Kux (1986) has
pointed out that for USAID. at least. it shoald be relatively
pairdess to increase investments in conservation considerably
through greater use of local currencies generated from sales
of agricultural commodities provided by the U.S.A. to some
developing countries. These funds could be used for activities
such as the purchase of land for protected arcas, inventories

)
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of tropical forests, education and training, and support for
alternatives to destructive land-use practices.

Rent ““‘Conservation Concessions’’

Such concessions. parallel to those for forestry or min-
ing, might be provided to international conservation organiza-
tions for arcas of outstanding international importance, in
exchange for a rent that would be provided to the resource
management agency for funding other arcas. The conces-
sion agreement would specify standards of management, ac-
cess to the public, permissibie developments (usually non-
extractive), ete., and the international agency would assume
full responsibility for living up to the concession agreement.

A major problem with this approach is possible charges
of ““iraperialism’ or outside influence (which ignores the
fact that outside influence is the major factor involved in the
averexploitation of most local ecosystems). One way to over-
come this concern would be for development agencies to con-
sider providing st pport to local NGOs or other local agen-
cies for purchasing concessions on a few outstanding arcas
of local interest, and using them as a demonstration of how
an arca can be developed so that its biological resources can
be managed in an economically sustainable manner. Obvious-
ly, this would require the local NGO to have demonstrated
its competence in managing its own affairs, and to have the
capacity to manage a small natural arca: universitics manag-
ing demonstration: natural areas for rescarch might be one
appropriate model.

As a variant, property rights for species or protected areas
of cutstanding importance might be issued to conservation
organizations or relevant UN agencies, with payments be-
ing made to the government and the concession holder be-
ing required to manage the species or area to a high inierna-
tional standard (and subject to a contractual agreement with
the government).

Conclusions

In general, conservation should be supported to the max-
imum cxtent possible through the marketplace, but the
marketplace nceds to be established through appropriate
policies from the central government. One problem faced
by all the funding mechanisms described above is that they
face opportunity costs; any funds carned might be used by
the government in other ways that the government considers
of higher priority. The attraction of the methods suggested
is that the income is being carned by the biological resources,
and some of the funding is being provided by the public in
expression of their support for non-consumptive uses of
biological resources.

The mujor requirement from government policy makers
is that they recognize the many values of biolog ~l resources,
and take advantage of opportunitics to invest in the continued
productivity that such resources require. They also need to
be persuaded 10 create conditions whereby the private or
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NGO sector can assume total management control of impor-
tant biological resources or areas and seek their own fund-
ing in an attractive tax climate. Through the use of innovative
funding mechanisms, backed by compatible government
policies, one of the major obstacles to progress in conserva-
tion can be overcome.

The funding of the conservation of biological diversity
needs urgent and realistic discussion by experts able to
negotiate proposals that governments will accept as part of
an overall convention or other binding international agree-
ment. Such experts should pay particular attention to:
¢ the need to place an appropriate economic value on

biological resources, properly reflected in inventories of

national capital wealth and properly accounted for in na-
tional revenues when the resources are used;

¢ the need to provide economic incentives for the conser-
vation of biological diversity, at the international level (by
tr-asfer of resources), nationally, and locally by ensur-
ing that local communities benefit from the biological
diversity of their regions;

* the prospects for charging and taxing systems linked in
various ways to the use of biological diversity;

¢ machinery for ensuring that the poorest countries, or those
with very limited commerce based on biological diversi-
ty, are excmpted from charging systems;

® the case for an International Fund (supported by such
charges), administered under a Convention; and

¢ the case for voluntary contributions to such a Fund,
possibly assessed in proportion to the economic benefits
the contributing countries derive from the exploitation of
biological diversity.
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Following page, overleaf: A young red-bellied lemur (Lemur
rubriventer), from Ranomafana in the southeastern rainforest
of Madagascar. Like most of Madagascar’s plant and animal
species, it is found nowhere else (photo by R.A. Mittermeier).
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CHAPTER IX

ENLISTING NEW PARTNERS
FOR CONSERVATION OF
BIOLOGICAL DIVERSITY

Conservation makes fundamental contributions to sustain-
ing society, but while the benefits are widely shared, only
a few institutions are given responsibility for conservation.
A far wider range of collaborators is required, involving all
ministries and departments that depend directly on biological

resources.

Earlier chapters have presented evidence that an essential
foundation of development is improved resource manage-
ment aimed at ensuring a sustainable flow of goods and serv-
ices from natural ccosystems. This will often involve main-
taining arcas under relatively natural vegetation, but such
arcas need to be supplemented by improved resource use in
the fields of agriculture, iimber production, fisheries, coastal
zonc management, and so forth.

It is apparent from the preceding chapters that the more
strictly protccted areas — nature reserves, national parks,
and monuments (IUCN categories I, Il and 11I) — need to
be managed far more effectively, and to be brought into the
mainstream of overall rural development without destroy-
ing the values for which they were established. In addition,

the categories of protected arcas that include extraction of

biological resources as a management objective need to be
implemented widely to provide goods and services to the local
communitics — and "he world at large — on a sustainable
basis. This will require increased resources, and Chapter VIII
suggested some sources of additional funding.

However, in addition t. these, new partners in conscrva-
tion need to be sought among the line agencies. This chapter
suggests the benefits that could flow to such partners if they
became more active in conserving the natural resource base
upon which their prosperity depends.

The Contributions of Biological Resources
to ‘‘Non-Conservation’’ Sectors

Why should a ministry of agriculture, defense, or health
worry about conserving biological resources? Some argu-
ments were presented in Chapter I1. The following examples
further illustrate the point, though of course specific applica-
tions will vary from country to country and community to
community.

Previcus Page Blank

Watershed management. MacKinnon (1983) examined the
condition of the water catchments of 11 irrigation projects
in Indonesia for which development loans were being re-
quested from the World Bank. The condition of the catch-
ments varicd from an almost pristine state to areas of heavy
disturbance duc to deforestation, logging, or casual set-
tlements. By using standard costing for the development of
the protected arcas, reforestation where necessary, and any
resettlement of families required, the costs of providing ade-
quate protection for the catchments were estimated. These
ranged from less than 1 per cent of the development costs
of the individual irrigation project in cases where the catch-
ment was more or less intact, to 5 percent where extensive
reforestation was needed, and to a maximum of about 10 per-
cent in cases where resettiement and reforestation were re-
quired. Overall these costs were trivial compared with the
estimated 30 to 40 per cent drop in efficiency of the irriga-
tion systems cxpected if catchments were not properly
safeguarded.

Tourism development. Natural arcas — mountains, rivers,
wetlands, forests, savannas, coral reefs, deserts, beaches —
arc major attractions for tourists. Tourism can bring
numecrous socio-economic benefits to a courtry, in terms of
creating local employment, stimulating local cconomies,
generating foreign exchange, stimulating improvements to
local transportation infrastructure, and creating recreational
facilitics. Positive cffects on the environment often derive
from these socio-economic benefits (Goldsmith, 1975:
McNeely and Thorsell, 1987).

Agricultural development. While many, even most, agri-
cultural development projects deal primarily with farmsteads
or arable lands, the success of agricultural development will
often involve linkages with natural areas important for
biological diversity. Each agricultural village is part of an
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ccosystem. This ecosystem varies widely — from the broad
expanses of river deltas where year-round irrigation is possi-
ble, to arcas where seasonally irrigated fields are interspersed
among forests, to arcas where rain-fed crops dominate.
Legumes, medicinal plants, other cereals, tubers, tree crops,
livestock, wild animals (such as pigs, monkeys. and rats),
and fish all play important roles in most agriculural villages.,
so agricultural development projects need to consider all these
factors. Further, cach agricultural community has ceological
relationships far beyond the village. For example. Sattaur

(1987) points out that in the hills of Nepal, cach hectare of

farmland needs 3.48 hectares of forest to support ii. Many
Nepalese forests are ecologically sensitive, requiring expert
management if they are to continue providing benefits in
terms of fodder, firewood, construction materials, fruit, and
medicinal plants. Agricultural development projects that in-
corporate means of protecting the larger ccosystem within
which agricultural communities survive and flourish are far
more likely to succeed than those that are 100 narrowly based.
Such considerations will often involve ensuring that the rele-
vant communities are given management responsibility for
the natural areas upon which their coutinued prosperity
depends.

Conserving crop relatives. Responsibility for protecting
arcas that harbor extremcly important populations of wild
relatives of domestic plants often needs to be assigned to the
appropriate arm of the Ministry of Agriculture. These arcas
can be extremely important, such as the location in India that
supported the sole known population of the wild rice Orvza
nivara, the only source of resistance to erassy stunt virus.
Wild populations of rice that are salt-tolerant could help adapt
the crop to saline soils or brackish irrigation water, and long-
stemmed populations of floating rice may help adaptation 1o
the deeper waters that may come with rising sea levels.
Natural arcas important for wild relatives of domestic plants
or animals, or for protecting wild populations of insccts
useful in integrated pest control, should be established and
managed by agriculture ministries to ensure that all wild
relatives of domestic plants are conserved as a basis for adapt-
ing to future changes.

Fisheries. The estublishment and management of protected
areas in coastal and marine habitats is still in its infancy, with
most such arcas being mercly an extension scaward of ex-
isting terrestrial protected areas, such as Ujung Kulon in Java.
However, many critical habitats in the coastal zone need pro-
tection so that they can provide services to humanity on a
continuous basis; in addition 10 shoreline protection (as in
the Sundarbans of Bongladesh) and sustainable harvesting
of construction materials, such areas can be especially im-
portant as fish breeding grounds (particularly when the sur-
rounding waters are over-harvested)(Hamilton and Snedaker.,
1984; Ketchum, 1972). Virtually all wetland habitats are im-
portant for fisheries, but of particular relevance are inland
floodplains that are often affected by development projects
(Goulding, 1980). Dams, irrigation systems, and other
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measures affect both inland and coastal wetlands important
for fisherics, and alternative means of managing these
systems need to be developed. Fisheries departments need
1o take a far more active role in managing such areas, in-
cluding allocating some habitats for strict protection.

Energy. While energy is typically scen as a highly
technelogical field, much of the energy needs of rural
houscholds in the tropics are still met by traditional sources,
and many of these come from natural habitats important for
conservation of biological resources. In addition 1o the
hydroelectric implications of natural arcas mentioned above,
many forests provide firewood to local people: for exam-
ple, over 90 percent of the energy needs of Nepal, Tanzania,
and Mzlawi are still met by firewood (Pearce, 1987a). In
1983, over 1.6 billion cubic meters of fuelwood were con-
sumed in the world, amounting to some 54 percent of total
roundwood production from forests (FAO, 1985), While the
traditional cuergy scctor is not commercialized. it still can
form an important part of national energy policies, and im-
proved regimes for managing natural forests to provide
firewood may bring major benefits to rural people: the
management of natural forests is therefore of considerable
interest to ministries involved in energy.

Public health. Many tropical countries remain highly
dependent on medicinal plants (some 5,000 medicinal plants
have been catalogued in China, 2,500 in India, and 6,500
in Southeast Asia), and many of these are found in natural
forests. The World Health Organization estimates that 80 per-
cent of the people in the Third World depend for their
primary health care on medicinal plants. either grown locally
or collected from nature (Farnsworth, 1988). Since most
rural people still depend on traditional medicines to some
cxtent, protecting the sources of medicinal plants could be
a productive part of rural health projects. In Sri Lanka, the
Ministry of Traditional Medicine has established a series of
special small reserves to protect arcas important for local
medicinal plants.

Industry. In addition to the hydroelectric energy bencfits
mentioned above, natural habitats can also contribute a wide
range of raw materials for industrial processes. Tropical
forests produce gums. fats, oils, starches, resins, rattans,
fibers, dycs. tannins, and many others. Coral reefs and other
marine habitats produce hundreds of products useful to in-
dustry. Ensuring the sustainable production of such products
should be of considerable concern to those industries depen-
dent on products avaiiable from nature, and this may require
investments to be made by industry in protecting certain arcas
of particular value. These areas may help sustain an industrial
base that can be largely self-sufficient in terms of raw
materials, and since such industries are often highly profit-
able, this provides a mechanism for the costs of production
1o be internalized.

Pollution control. Some natural arcas, notably wetlands
near urban centers, are cffective natural sewage treatment
centers, For example, Calcutta’s sewage has been naturaily
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purified in the 4,000-ha **Salt Lakes’’ marshland east of the
city for over 50 years. The wetlands serve as highly effi-
cient oxidation ponds and support a thriving fishery that pro-
vides employment for 20,000 fishermen and produces an an-
nual catch of 6,000 tons. Coliform bacteria from feces are
reduced by 99.9 percent in the well-stocked onds (Maltby,
1986). The Salt Lakes therefore make an extremely impor-
tant economic contribution to the people of Calcutta, and
similar functions are served by numerous wetlands through-
out the world. Investing in the maintenance of such systems
can often muke far more economic sense for a ministry of
public health or sanitation than developing expensive new
sewage treatment plants,

Disaster prevention. Natural arcas important for conserv-
ing biological resources often help prevent disasters such as
landslides and avalanches (arcas in mountain forests) or
dampen the impacts of typhoons (coastal mangroves). Since
prevention is often far less expensive than disaster relief,
especially in terms of human costs, appropriate investments
in protecting such arcas can often be included as part of
disaster prevention programs.

Land titling. Land tenure governs the use and disposal of
land and its products so that the use of the land can be stabil-
ized. When villagers do not have secure title to their land,
they have little incentive to make investments that would en-
sure sustainable use, and insecure tenure may bias the choice
of crops against perennials, tree crops, and forest plantations.
Villagers lacking secure tenure are therefore forced to clear
new land continually, often destroying natural arcas and !cav-
ing little but wasteland behind. Land titling projects therefore
have an important contribution to make to conserving natural
arcas (Kennedy, 1980).

The Special Case of the Military

In most parts of the world the defense services are a domi-
nant force politically, socially, and economically. While their
primary task is to defend the nation’s political viability, the
defense services are increasingly coming to recognize that
political, economic, and ecological viability are closely inter-
related. Yet they have seldom been sysiematically approached
to provide thetr support for positive action in conservation
of biological resources. Indications that such an approach
would be both useful and productive include the following
(realizirg that considerable variations cxist from country to
country).
® The officer corps of the military is the source of many

government leaders who make fundamental decisions that

affect conservation and sustainable development (this is
most obviously the case during periods of direct military
rule, but also holds in most developing countrics
generally).

 The military controls large arcas of land, as training
facilitics, military reservations, border **buffer zones,’
ctc., and such arcas are often of considerable biological
and ccological value,
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* In many countrics, the military is an active participant in
rural development programs, providing logistic. , labor,
and stability.

* The military includes large numbers of impressionable
post-adolescent males as recruits, who are put through in-
tensive training programs that could easily incorporate
social and ecological considerations; military training pro-
grams continue throughout an individual's military career,
with increasing sopbistication through staff colleges.

® The defense services have access to excellent inf_rmation
on landforms, vegetation, and other geographically based
information useful for conservation purposes.

* Some i~ternational legislation relevant to conservaticn,
such as the Law of the Sea, can only be enforced with
military support.

* Many individuals in the defense services are from rural
arcas and have particular affinity for nature and the out-
doors, making them well predisposed for conservation;
properly motivated, such individuals working in remote
arcas can make significant contributions to both in sitv and
ex situ conservation of biological diversity.

¢ The military is concerned primarily with national secur-
ity, and it is increasingly apparent that many threats to
national sccurity have their roots in inappropriate ways
and means of managing natural resources; the military
might therefore reasonably be expected to have a serious
interest in resource management issucs.

* As conflicts between people and resources increase in the
coming years, the military will require detailed understand-
ing of the biological, ecological, social, and economic
issues involved if they are to deal effectively with these
conflicts.

In short, the various national military establishments
operatc for the benefit of their respective nations. Since con-
servation of biological resources is essential to the well-being
of a nation, the military should also support conservation and
sustainable devclopment in the name of national sccurity.
That they have seldom done so, at least explicitly, could well
be duc to a lack of the right approach being made to them.

One approach might be to develop a series of case studies
in which the military arc having a positive influence on con-
servation of biological resoirces (possibilities include Burma,
China, India, Madagascar, Pakistan, Peru, Sri Lanka,
Venczucela, and Zimbabwe). A plan might be prepeied for
influencing the military, including actions such as develop-
ing conscrvation-oriented curriculum materials for recruit
training programs, providing top military leaders with
material demonstrating how conservation affects national
sccurity, and developing guidelines and manuals on how to
manage arcas under military control for conservation objec-
tives. A group of military leaders who have demonstrated
a sensitivity to environmental issues might be brought
together with censervation professionals, to recommend how
the defense services can be approached mest effectively to
promote conservation interests,
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New Approaches to Managing
Areas for Sustainable Production
of Biological Resources

A number of examples linking natural arcas important for
conserving biological resources to various types of develop-
ment projects have been presented in this chapter. Many more
could be provided, but the sample is sufficient to indicate
that the long-term suceess of development projects — in other
words, their sustainability — very often depends on ensur-
ing that natural arcas are sufficiently well managed to pro-
vide a continuous flow of benefits to society. New approaches
to management may be required to ensure that these benefits
are actually delivered to local communities and to the global
community at large.

The various sectors that depend directly on the biological
resources of natural arcas need to become more responsible
for ensuring that these arcas are managed to deliver sus-
tainable benefits. While national parks and wildlife depart-
ments should be strengthened. they need to concentrate their
cfforts on the arcas most important tor conserving biological
diversity. In addition, numerous sectors need to be involved
in managing natural habitats. Thus. national parks depart-
ments should to be joined in habitat management by a wide
range of other institutions to represent all interests.

Furthermore, other line agencies need to develop the
capacity to manage biodiversity of particular relevance to
their respective missions. Forestry departments need to en-
sure that annual felling plans incorporate conservation ac-
tivities: fisheries departments need to be concerned with
natural nurseries in mangroves; tourism departments need
to be concerned about the guality of coral reefs: departments
of industry and commerce need to be concerned about their
sources of raw materials; departments of health need to be
concerned about the wild sources of medicinal plants; irriga-

tion departments need to be concerned about the source of

water; and the list goes on.

A major cffort is therefore required to develop sufficient
technology and expertise in the line agencics so that they can
manage the areas for which they are responsible, and thereby
ensure the sustainability of their own development efforts,
In many cases, a high-level coordinating and oversight body
may be required to ensure that the management plans of the
various line agencies are prepared in accordance with na-
tional objectives for conserving biological diversity.

Conclusions

The governments of many nations have recognized the con-
tributions of natural arcas to their development programs.
Wetlands, coral reefs, mangroves, mountains, and tropical
forests are important for social, cconomic, political, and
ethical reasons, and with proper management they can sup-
port sustainable resource use in sectors ranging from forestry
to tourism to rural development.
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However, many natural areas are being abused rather than
nurtured, and a number of general policy changes are re-
quired to enable dhe most important arcas 1o be identified,
and for the most appropriate management regimes to be
designed and implemented. Each nation will have its own
particular opportunities and constraints. No recipe book will
automaticatly provide the right answers. But the basic prin-
ciple should be that the distribution of costs and benefits of
both conservation and exploitation should be equitable and
should lead to long-term sustainable use. Local support for
protecting naturai arcas must be increased through such
measures as education, revenue sharing, participation in deci-
sions, complementary develepment schemes adjacent to pro-
tected areas, and, where compatible with conservation, ac-
cess 1o resources.

New approaches to linking protected areas to surrounding
lands are required if the appropriate benefits are to flow to
society, involving a wide range of government and private
institutions in managing natural arcas of various management
categories. Concrete steps can be taken to ensure that such
areas are managed in ways that will bring sustainable benefits
to people, thereby contributing to forms of development that
will be durable in the long run.

The elements now exist that will reverse the trend toward
the biotic impoverishment of the world. Novel approaches,
new financial mechanisms, and new policies need to be ap-
plied at the appropriate level of responsibility to translate
the good intentions into a reality of improved human well-
being and a secure biotic heritage.

The 1990s may be the last decade during which decisions,
activities, and investments can bz made to ensure that many
of the world's species and ccosystems are maintained, cx-
amined for their material and ecological value, and promoted
for sustainable use to support new and innovative approaches
to development. The combination of maintaining the max-
imum possible biological diversity, the maximum possible
cultural  diversity, and the greatest possible scientific
endeavor would seem the most sensible approach toward
dealing with the dynamic future facing humanity.

We are at a crossroads in the history of human civiliza-
tion. Our actions in the next few years will determine whether
we take a road toward a chaotic future characterized by
overexploitation and abuse of our biological resources, or
take the opposite road — toward maintaining great biological
diversity and using biological resources on a sustainable
basis. The future well-being of human civilization hangs in
the balance.



ANNEX 1:
CLASSIFICATION GF LIFE ON EARTH BY PHYLUM

KINGDOM: PROKARYOTAE
Phylum: Methanocreatrices
Halophilic and Thermoacidophilic Bacteria
Aphragmabacteria
Spirochactae
Thiopneutes
Anacrobic Phototrophic Bacteria
Cyanobacteria
Chloroxybacteria
Nitrogen-fixing Acrobic Bacteria

KINGDOM: PROTOCTISTA

Phylum: Caryoblastca
Dinoflagellata
Rhizopoda
Chrysophyta
Haptophyta
Euglenophyta
Cryptophyta
Zoomastigina
Xanthophyta
Eustigmatophyta
Bacillariophyta
Phacophyta
Rhodophyta
Gamophyta

KINGDOM: FUNGI

Phylum: Zygomycota
Ascomycota
Basidiomycota

KINGDOM: ANIMALIA

Phylum: Placozoa
Porifera
Chnidaria
Ctenophora
Mesozou
Platyhelminthes
Nementina
Gnathostomulida
Gastrotricha
Rotifera
Kinorhynca
Loricifera
Acanthocephala
Entoprocta
Nematoda
Nematomorpha
Ectoprocta

KINGDOM: PLANTAE

Phylum: Bryophyta
Psilophyta
Lycopodophyta
Sphenophyta
Filicinophyta
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Pseudomonads
Omnibacteria
Chemoautotrophic Bacteria
Myxobacteria

Fermenting Bacteria
Acroendospora

Micrococci

Actinobacteria

Chlorophyta
Actinopoda
Foraminifera
Ciliophora
Apicomplexa
Cnidosporidia
Labyrinthulomycota
Acrasiomycota
Myxomycota
Plasmodiophoromycota
Hyphochytridiomycota
Chytridiomycota
Oomycota

Decuteromycota
Mycophycophyta

Phoronida
Brachiopoda
Meollusca
Priapulida
Sipuncula
Echiura
Annclida
Tardigrada
Pentastoma
Onychophora
Arthropoda
Pogonophora
Lchinodermata
Chaetognatha
Hemicherdata
Chordata

Cycadophyta
Ginkgophyta
Coniferophyta
Gnetophyta
Angiospermophyta



ANNEX 2:
THE WORLD CHARTER FOR NATURE

The General Assembly of the United Nations

Reaffirming the fundamental purposes of the United Nu-
tions, in particular the maintenance of international peace
and security, the development of friendly relations among
nations and the achicvement of international cooperation in
solving international problems of an economic. social,
cultural, technical, intellectual or humanitarian character.

Aware that:

a) Mankind is a part of nature and life denends on the
uninterrupted functioning of natural systems which ca-
surc the supply of cnergy and nutrients.

b) Civilization is rooted in nature. which has shaped human
culture and influenced all artistic and scientific achieve-
ment, and living in harmony with nature gives man the
best opportunities for the development of his creativity,
and for rest and recreation.

Convinced that:

a) Every form of life is unique, warranting respect regardless
of its worth to man, and to accord other organisms such
recognition man must be guided by a moral code of action.

b) Man can alter nature and exhaust natural resources by
his action or its consequences and therefore, must fully
recognize the urgency of maintaining the stability and
quality of naturc and of conserving natural resources.

Persuaded that:

a) Lasting benefits from nature depend upon the maintenance
of essential ecological processes and life support systems,
and upon the diversity of life forms, which are jeopar-
dized through excessive exploitation and habizat destruc-
tion by man.

b) The degradation of natural systems owing to excessive
consumption and misuse of natural resources, as well as
to failure to establish an appropriate economic order
among peoples and ameng States, leads to the breakdown

of the cconomic, social and political framework of

civilization.

¢) Competition for scarce resources creates conflicts, where-
as the conservation of nature and natural resources con-
tributes to justice and the maintenance of peace.

Reaffirming that man must acquire the knowledge to main-
tain and enhance his ability to use natural resources in a man-
ner which ensures the preservation of the species and eco-
systems for the benefit of present and future generations.

Firmly convinced of the need for appropriate measures.,
at the national and international, individual and collective,
and private and public levels. to protect nature and promote
international cooperation in this ficld.

Adopts, to these ends, the present World Charter for
Nature, which proclaims the following principles of conser-
vation by which all human conduct affecting nature is to be
guided and judged.

I. GENERAL PRINCIPLES

1. Nature shall be respected and its essential processes shall

not be impaired.

The genetic viability on the carth shall not be com-

promised; the population levels of all life forms, wild

and domesticated, must be at least sufficient for their
survival, and to this end necessary habitats shall be
safeguarded.

3. All areas of the carth, both land and sea, shall be sub-
ject to these principles of conservation: special protec-
tion shall be given to unique areas, to representative
samples of all the different types of ecosystems and to
the habitats of rare or endangered specices.

4. Ecosystems and organisms, as well as the fand, marine
and atmospheric resources that are wtilized by man, shall
be managed to achicve. and maintain optimum sustainable
productivity but not in such a way as to endangzr the
integrity of those oiher ecosystems or species with which
they coexist.

5. Nature shall be secured against degradation caused by
warfare or other hostile activitics.

(g%

II. FUNCTIONS

6. In the decision-making process it shall be recognized
that man’s needs can be met only by ensuring the prop-
er functioning of natural systems and by respecting the
principles set forth in the present Charter.

7. In the planning and implementation of social and
cconomic development activities. due account shall be
taken of the fact that the conservation of nature is an
integral part of those activitics.

8. In formulating long-term plans for economic develop-
ment, popuition growth and the improvement of stand-
ards of living, due account shall be taken of the long-
term capacity of natural systems to ensure the subsistence
and settlement of the population concerned. recogniz-
ing that this capacity may be enhanced through science
and technology.

Y. Theallocation of arcas of the carth to various uses shall
be planned. and due account shall be taken of the
physical constraints, the biological productivity and
diversity and the natural beauty of the areas concerned.



10. Natural resources shall not be wasted, but used with a

12,

13.

restraint appropriate to the principles set forth in the
present Charter, in accordance with the following rules:
a) Living resources shall not be utilized in excess of their
natnral capacity for regencration;

The productivity of soils shall be maintained or
enhanced through measures which safeguard their
long-term fertility and the process of organic decom-
position, and prevent erosicn and all other forms of
degradation;

Resources, including water, which are not consumed
as they are used, shall be reused or recycied;
Non-renewable resources which are consumed as
they are used shall be exploited with restraint, tak-
ing into account their abundance, the rational pos-
sibilitics of converting them for consumption, and
the compatibility of thei: zxploitation with the func-
tioning of natural systems.

b)

c)

d)

. Activities which might have an impact on nature shall

be controlled, and the best available technologics that
minimize significant risks to nature or other adverse ef-
fects shall be used. In particular:
a) Activitics which are likely to cause irreversible
damage to nature shall be avoided:;
Activities which are likely to pose a significant risk
to nature shall be preceded by an exhaustive examina-
tion; their proponents shall demonstrate that expected
benefits outweigh potential damage to nature, and
where potential adverse effects are not fully under-
stood, the activities should not proceed;
Activiies which may disturb nature shall be preced-
ed by assessment of their consequences, and en-
vironmental impact studies of development projects
shall be conducted sufficiently in advance, and if they
are to be undertal:en, such activities shall be planned
and carried out so as to minimize potential adverse
effects;

Agriculture, grazing, forcstry and fisheries practices

shall be adapted to the natural characteristics and con-

straints of given areas;

Areas degraded by human activities shall be re-

habilitated for purposes in accord with their natural

potential and compatible with the well-being of af-
fected populations.

Discharge of pollutants into natural systems shall be

avoided and:

a) Where this in not feasible, such pollutants shall be
treated at the source, using the best practicable means
available;

b) Special precautions shall be taken to prevent discharge
of radioactive or toxic wastes.

Measures intended to prevent, control or limit natural

disasters, infestations and discases shall be specifically

directed to the causes of these scourges and shall avoid
adverse side-effects on nature.

b)

)

d)

e)
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III. IMPLEMENTATION

14,

15.

17.

18.

20.
21.

22,

23.

The principles set forth in the present Chziter shall be
reflected in the law and practice of cach State, as well
as at the international level.

Knowledge of nature shall be broadly disseminated by
all possible means, particularly by ecological education
as an integral part of general education.

. All planning shall include, among its essential elements,

the formulation of strategies for the conservation of
nature, the establishment of inventories of ecosystems
and assessments of the effects on nature of proposed
policies and aciivities; all of these elements shall be
disclosed to the public by appropriate means in time to
permit cffective consultation and participation.
Funds, programs and administrative struztures necessary
to achieve the objective of the conservation of nature
shall be provided.

Constant efforts shall be made to increase knowledge
of nature by scientific research and to disseminate such
knowledge unimpeded by restriction of any kind.

- The status of natural processes, ecosystems and species

shall be closely monitored to enable early detection of
degradation or threat, ensure timely intervention and
facilitate the evaluation of conservation policies and
methods.

Military activities damaging to nature shall be avoided.
States and, to the extent they are able, other pubic
authorities, international organizations, individuals,
groups and corporations shall:

a) Cooperate in the task of conserving nature through
common activities and other relevant actions, in-
cluding information exchange and consultations;
Establish standards for products and manufacturing
processes that may have adverse effects on nature,
as well as agreed methodologies for assessing these
effects;

Implement the applicable international legal provi-
sion for the conservation of nature and the protec-
tion of the environment;

Ensure that activities within their jurisdictions or con-
trol do not cause damage to the natural systems
located within other States or in the areas beyond the
limits of national jurisdiction;

Safeguard and conserve nature in areas beyond na-
tional jurisdiction.

Taking fully into account the sovereignty of States over
their natural resources, each State shall give effect to
the provisions of the present Charter through its com-
petent organs and in cooperation with other States.
All persons, in accordance with their national legisla-
tion, shall have the opportunity to participate, individual-
ly or with others, in the formulation of decisions of direct
concern to their environment, and shall have access to
means of redress when their environment has suffered
damage or degradation.

b)

c)

d)

¢)
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24. Each person has a duty to act in accordance with the
provisions of the present “harter; acting individually,
in association with others or through participation in the
political process, cach person shall strive to ensure that
the objectives and requirements of the present Charter
arc met.
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ANNEX 3:
INTERNATIONAL LEGISLATION
SUPPORTING CONSERVATION OF
BIOLOGICAL DIVERSITY

Since international relations often work best
within a framework of agreed legal instruments,
considerable effort has been devoted to develop-
ing a series of conventions and other international
instruments that promote the conservation of bio-
logical diversity. This annex bricfly describes the
main components of the existing international legal

systen.

THE SCOPE OF EXISTING CONVENTIONS

At global level, the Ramsar Convention on Wetlands of

International Importance especially as Waterfow! Habitat and
the Paris Convention on the Protection of the World Cultural
and Natural Heritage deal with aspects of habitat conserva-
tion. A number of regional measures also touch on or cover
this field, notably:
a) the Convention on Nature Protection and Wildlife
Preservation in the Western Hemisphere (Washing-
ton, 1940);
b) the Antarctic Treaty, with its subordinate Agreed
Measures on Conservation of Antarctic Flora and
Fauna;
¢) the Convention on the Conservation of Mature in the
South Pacific (Apia, 1976);
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Nature and Natural Resources (Algicrs, 1968);
¢) the Convention on the Conservation of European
Wildlife and Natural Habitat (Berne, 1976): and
f) certain Europcan Community Dircctives, notably on
the conservation of bird habitats.

Of these, the World Heritage Convention is of special value
in giving added status and some additional supporting
resources to outstanding sites that are already protected, but
it has so far placed more emphasis on cultural than on natural
sites and it is not designed as an instrument for the protec-
tion of the world's biological diversity per se. The Ramsar
Convention has been the means of designation of over 400
sites covering some 30 million hectares, although these too
are invariably listed after they have gained protection under
national legislation. The Conveation covers fresh water.
estuarine, and coastal marine habitats that are important for
both the diversity of wild species they support and as the
location of relatives of key cultivated plants (notably ricc).
As it has developed, the application of the Ramsar Conven-
tion has been broadened and it has become the most impor-

the African Convention on the Conservation of

tant global measure concerned with habitat protection, but
it is clearly only able to cover a small part of the world’s
total biological diversity. In a similar way, while the regional
conventions listed above and the designation of Biosphere
Reserves under a Unesco program provide valuable protec-
tion or public recognition of a range of sites, taken collec-
tively they meet only a fraction of the needs we identify in
the text.

Various other international measures conserve particular
species or groups of species or protect the living resources
of designated marine arcas. At global level these include the
Convention on International Trade in Endangered Species
of Wild Flora and Fauna (Washington, 1973) and the Con-
vention on Conservation of Migratory Species of Wild
Animals (Bonn, 1979), and on a narrower geographical scale:

a) the Convention on Conservation of Antarctic Marine
Living Resources (Canberra, 1982); and

b) various agreements preserving species or classes,
etc., e.g.:

* International Convention for the Regulation of Whal-
ing (Washington, 1946), establishing the Intcrnational
Whaling Commission;

® agreements protecting birds (International Conven-
tion for the Protection of Birds (Paris, 1950); Benelux
Convention on the Huniing and Protection of Birds
(Brussels, 1970));

® agreements concerning measures for protection of
marine and polar region species (Prawns, Lobsters
and Crabs (Oslo. 1952); Fur Seals (Washington,
1957); Antarctic Scals (London, 1972): Convention
on Fishing and Conservation of Living Resources in
the Baltic Sea and the Belts (Gdansk, 1973): Polar
Bears (Oslo, 1973); Salmon (Reykjavik, 1982)); and

® agreements protecting vicuia (Lima, 1979).

Since the biological diversity of the carth is also at risk
{rom pollution, notice also needs to be taken of the substan-



CONSERVING THE WORLD'S BIOLOGICAL DIVERSITY

tial numb.er of agreements 1n this field. At global level these
include:

a) the Convention on the Prevention of Marine Pollu-
tion by Dumping of Wastes and Other Matters (Lon-
don, 1972); and

b) the Convention on the Protection of the Ozone Layers
(Vienna, 1985), with its Protocol on the regulation
of the manufacture and use of chlorofluorocarbons
(Montreal, 1987);

and at regional level a substantial number of mecasures in-
cluding the Convention on Long-Range Trans-Boundary Air
Pollution in the European region (Geneva, 1979, with proto-
cols), Conventions on the prevention of marine pollution in
the waters of the north-cast Atlantic (Oslo, 1972), and in the

Baltic (Helsinki, 1983), the Regional Scas Conventions of

UNEP, and a host of specific measures undertaken especially
in Europe and North America.
The Regional Seas Conventions prepared under UNEP

auspices embrace both the protection of particular areas of

the marine environment, the safeguarding of marine and
coastal species there, and the coordination and strengthen-
ing of action against marine pollution in these areas. As such
they extend across all three of the categories noted above,

DETAILS OF THE MAJOR INTERNATIONAL IN-
STRUMENTS FOR CONSERVING BIODIVERSITY

The four major international instruments that make signifi-
cant contributions to conserving biodiversity are so impor-
tant that they deserve some expansion. The following high-
lights the main clements of these conventions.

1. The Convention on Wetlands of International Importance
especially as Waterfowl Habitar (Ramsar, 1971).
Depositary: Director-General, Unesco. Secretariat: Pro-
vided by IUCN, with a branch at International Water-
fowl Rescarch Bureau headquarters in the United
Kingdom (currently five permanent staff).
®* The only global nature conservation convention

designed to cover a particular broad habitat type (in-
land, coastal, and marine wetlands).

* Broad in scope, as wetlands are defined to encom-
pass a wide variety of arcas including rivers, lakes,
swamps, coastal areas, tundra, floodplains, and areas
of the sca that are less than 6 m deep at low tide.
This breadth in scope is both a strength and a weak-
ness of the Convention, as management approaches
vary so widely with the habitat type that it is difficult
for all relevant agencies to be represented at
meetings.

* Contracting Partics undertake to use wisely all wet-
land resources under their jurisdiction (the wise use
requirement has been suhject to much analysis by a
Conference of Parties with guidelines developed for
national implementation policies); Contracting Parties
also agree to designate for conservation at least one
wetland of international importance, under criteria
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provided by the convention for identifying such
wetlands,

¢ By January 1989, the 54 Contracting Parties had
designated 421 sites (covering almost 30 million hee-
tares) onto the List of Wetiands of International Im-
portance; no site has been remioved from the List
despite the possibility to do so in *‘urgent national
interest.”’

® Requires the establishment of rescrve arcas for
wetlands whether or not included on the List.

¢ Monitoring procedure adopted by Standing Commit-
tee for secretariat to review status of listed sites and
assist Contracting Parties in maintaining ecological
character of sites.

¢ Requires cross-border cooperation for shared wetland
resources and international cooperation along flyways
for migratory waterfowl.

¢ Financial regime cstablished as from 1 January 1988
based upon mandatory and voluntary contributions
from Contracting Partics. Annual budget of SF;
600,000 plus project funding gives annual turnover
in the magnitude of SFr 1 million.

The Convention Concerning the Protection of the World

Cultural and Natural Heritage (Paris, 1972). De-

positary: Director-General, Unesco. Secretariat: Provid-

ed by Unesco, with specialist assistance provided by

IUCN and the International Council on Monuments and

Sites.

¢ Currently has 109 State Parties, the most of any con-
servation convention.

¢ Unique in its use of international NGOs (ICOMOS
and TUCN) as technical ‘‘arbitrators.”’

® Recognizes the obligation of all states to protect
unique natural and cultural areas, and recognizes the
obligation of the internaticnal community to help pay
for them. The combination of both cultural and natural
sites makes the Convention more comprehensive, but
also weakens its focus; participation in meetines has
tended to be far stronger from the cultural side than
the natural side.

¢ Establishes exceptional World Heritage Sites, of
which the natural properties (as opposed to cultural
properties, which are far more numerous) protect wild
animals and plarts and their gene pools in those sites;
convention is rcinforced by national legislation in
some countries, esp~rially those with Federal systems.

¢ Includes on the list several of the most biologically
diverse sites in the world, including Manu National
Park (Peru), Queensland Rainforests (Australia), Dja
National Park (Cameroon), Serengeti National Park
(Tanzania), Great Smokies National Park (U.S.A.),
Iguagu (Brazil), and Sinharaja Forest Reserve (Sri
Lanka).

¢ Establishes the World Heritage Fund to ensure that
arcas are not lost becanse of a local lack of money



or skills (the Fund dlisperses nearly US$ 2 million per
year). Each Party must contribute to the Fund, cur-
rently calculated at | percent of their contribution to
the annual budget of Unesco.

The Convention on Iternationel Trade in Endangered
Species of Wild Fauna and Flora (CITES) (Washington,
1973). Depositary: Government of Switzerland. Sec-
retariat: Provided by UNEP; currently located in
Lausanne, with cight full-time staff.

* As of March 1989, some 99 States Parties to the
convention.

¢ Establishes lists of endangered species for which in-
ternational trade is to be controlled via permit systems,
as a 1..cans of combating illegal trade and over-ex-
ploitation; revised appendices (listing protected
species) now include 406 animals and 146 plants on
Appendix I (which prohibits trade), and about 2,500
animals and 25,000 plants on Appendix II (which
monitors trade).

¢ Encourages international cooperation between govern-
ments and organizations to control such trade, par-
ticularly through informal consultations at the regular
meetings ol the Parties.

¢ Establishes a network of national Management
Authorities (to deal with mechanics of trade), and
Scientific Authorities (to deal with biological aspects
of trade) which operate in direct communication with
each other and the secretariat,

® Recommends that multilateral and bilateral develop-
ment agencies assist development countries on reqiiest
and facilitate exchange of administrative and scien-
tific experience among trading countries.

* Provides for a Trust Fund (established in 1979 under
UN procedures) to finance the Secretariat and
meetings of the Conference of the Parties.

¢ Directed at species rather than habitats, so has neither
the goal nor the cffect of protecting large areas of the
environment from degradation.

* Has sometimes been criticized for being counter-
productive in preventing tropical countries from
marketing their wildlife products in industrialized
countries, even though the species in question are
under effective management regimes,

* Supported by technical advice from IUCN's Wildlife
Trade Specialist Group, from WWF's TRAFFIC net-
work, and from trade data managed by WCMC's
Wildlife Trade Monitoring Unit.

The Convention on Conservation of Migratory Species

of Wild Animals (Bonn, 1979). Depositary: Government

of the Federal Republic of Germany. Secretariat: Pro-

vided by UNEP: currently located in Bonn, FRG, with

a full-time staff of one.

* As of August 1988, 24 State Parties had joined.

* Convention addresses a wider range of threats to
migratory species than is to be found in any other
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global convention. Obligates parties to protect en-
dangered migratory species and to endeavor to con-
clude international conservation agrecments for the
conservation of migratory species.

Provides a framework for (1) international coopera-
tion between range states for the conservation of cer-
tain species of wild animals that regularly migrate
across or outside national boundaries, and (2) co-
ordinated rescarch, management, and conservation
measures such as habitat protection and hunting reg-
ulation under regional and/or species-specific
agreements.

Provides an important adjunct to wetlands and water-
fowl conservation because of the high number of
species of waterfow] that are migratory,

Provides an important species-by-species complement
i0 a comprehensive scheme for the conservation of
biological diversity, as international conventions are
the only effective means of protecting animals that
cross national boundaries.

Limitations include: insufficient Parties, lack of finan-
cial support, does not deal with fisheries.



ANNEX 4: THE BALI ACTION PLAN

How 1o Enable Protected Areas to Meet the Needs of the 1980s

By

IUCN’s Commission on National Parks and Protected Arcas

INTRODUCTION

The World National Parks Congress met in Bali, Indonesia.
from 110 22 October, 1982, with the primary objective to
define the role of national parks and other protected areas
in the process of social and economic development. The Bali
Action Plan builds on the reports of working groups from
the world’s eight biogeographic realms on priorities for cach
realm. The Plan recognizes that most countries already have
competent government agencies whose responsibility is the
management of national parks and other categories of pro-
tected arcas. and that cach of these agencies is already car-
rying out a program of work relevant to the needs and
priorities of the country involved; the total budgets of these
agencies exceeds $2 billion. However, the 450 prof.ssionals
attending the Congress also recognized that there was a
serious lack of understanding of management tools (bio-
geography. zoning, monitoring. training procedures, pro-
tected arca cconomics, ctc.), that budgets arc not always
allocated to the most important priorities, that clear objec-
tives cxist for relatively few protected areas, thut manage-
ment plans are the exception rather than the rule, that rele-
vant information is not flowing as well as it should, that train-
ing is lagging far behind needs. and that government officials
and the public generally undervalue the role of protected
arcas ir environmentally sound development.

The Bali Action Plan aims to provide guidance and
assistance to those national agencies which are seeking to
improve th:ir own management cffectivencess in meeting the
objectives for which their protected areas were established.
Clearly. this is not the work of the IUCN Secretariat alone:
it must involvc all parts of the Union — State Parties,
Government Agencies, and Non-Governmental Organiza-
tions — as well as IUCN's major international partners in
conservation: UNEP, Unesco, FAQ, and the World Wildlife
Fund.

‘The Bali Action Plan has ten Objectives. Under each ob-
Jective is a series of Activities, and under cach activity is a
series of Priority Projects; the lists of projects are far from
exhaustive, but they do indicate the sorts of projects that will
be necessary for the activity to be carried out.
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THE BALI ACTION PLAN

Objective 1. TO ESTABLISH BY 1992 A WORLDWIDE
NETWORK OF NATIONAL PARKS AND PROTECT-
ED AREAS, TO COVER ALL TERRESTRIAL ECO-
LOGICAL REGIONS.

Activity 1.1 Develop and muke available to all respon-
sible for protected areas, tools and guidelines for the iden-
tification and sclection of natural arcas critical for meeting
the objectives of conservation and for supporting
development.

Priority Projects

[.1.1. Preparation and publication of Managing Pro-
tected Areas, an IUCN publication on the concepts of
protected arca management, based on a workshop held
at the World National Parks Congress.

I.1.2. Preparatory workshop and publication of an
IUCN document on identifying and selecting natural
areas for conservation, (a practical, ficld-level manual
for direct application on the ground).

1.1.3. Resecarch to develop more detailed criteria for
identification and selection of each of the cight IJCN
categories for protected arca management.

Activity 1.2 Promote neccssary technical, scientific and
financial support for the identification, sclection, plan-
ning and management of protected areas which fit
strategically into the world network.

Priority Projects

1.2.1. Identification of priority arcas which require

additional support.

1.2.2. Focusing support on priority countries and

regions (tropical forests, arcas threatened by deser-

tification, wetlands, and tundra environments).
Activity 1.3 Further develop and distribute a biogeo-
graphical classification system for use in the global
analysis of protected area coverage.



Priority Projects

1.3.1. Conplete final development of the TUCN
global system of biogeographic provinces.

1.3.2. Publish an Atlas of Biogeography. based on
the work under 1.3.1 and 2.3.1.

Activity 1.4 Develop and distribute a more detailed

biogeographical classification system with a flexibility of

scale which can be used in the analysis of protected area
coverage at a varicty of regional and national levels.

Priority Projects
1.4.1. Consultancy to develop a biogeographical
classification system which can be widely applied at
the country level for conservation purposes.
1.4.2. Application of the IUCN biogecographical
classification system to selected priority countries.
1.4.3. Application of the TUCN biogeographical
classification system to selected priority countries.
1.4.4.  Review of all resource maps in Latin America
and preparation of a comprehensive review of the
biogeography of the Neotropics for resource planning
purposcs.
Activity 1.5 Promote the detailed cevaluation at the
regional and country level of protected area coverage.
Priority Projects
1.5.1. Examination of protected arca coverage in
selected priority countries.
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2.1.6. Preparation of a guide for protected area
managers and planners, showing in clear and concise
terms the importance of protected arcas for conserva-
tion of coastal and marine genetic resources.

2.1.7.  Preparation of case studies to provide infor-
mation on establishing and developing coastal and
marine resources to planners and managers, particular-
ly in the Pacific. Central America. and the Caribbean,

Activiry 2.2 Develop a classification system for cat-
cgories of marine, coastal and freshwater protected arcas.

Priority Projects
2.2.1.  Further development and publication of JIUCN

system of categories of coastal and marine protected
arcas.

Activity 2.3 Further develop and distribute biogeograph-
ical classification systems for marine, coastal and fresh-
water protected areas. at both the global level and at the
regional/national level.

Priority Projects

2.3.1. Complete final development of the IUCN
global system of coastal and marine biogecographic
provinces.

..... Consultancy to develop a coastal and marine

biogeographical classification system which can be
widely appliced at the country and region level for con-
servation purposes.
2.3.3.  Application of the IUCN coac@l and marine
biogeographical classification system to »elected prior-
ity countries and regions (Indonesia, Melanesia, Ant-
arctica, Caribbcan, UNEP Regional Seas).

Objective 2, TO INCORPORATE MARINE, COAST-
AL AND FRESHWATER PROTECTED AREAS INTO

wivitye D . . crlant et ane C M
THE WORLDWIDE NETWORK. Activity 2.4 Incorporate scientists. managers, admin

Activity 2.1 Develop and distribute concepts and tools
for the establishment of protected areas in marine, coastal
and freshwater environments.

Priority Projects

2.1.1. Preparation and publication of Managing
Ceastal and Marine Protected Areas, an IUCN publi-
cation on the concepts of protected arca management
in marine habitats.

2.1.2.  Preparation and publication of an IUCN docu-
ment on establishment and management of protected
arcas in freshwater environments.

2.1.3. Organization and holding of Marinc Sanc-
tuaries Symposium, to develop further the scientific
tools for the establishment of marine protected arcas.
2.1.4. Design and stimulation of rescarch programs
directed at functioning of marine ccosystems, the paths
and cffects of pollutants, and how to utilize such
knowledge in management.

2.1.5. Preparation and publication of marine re-
sources and conservation atlases for the North Sea and
the Baltic.
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istrators and supporters of marine, coastal and freshwater
conservation into the protected areas community.,

Priority Projects

2.4.1. Identification of those professionally involved
in aquatic conservation, for inclusion into IUCN Com-
missions, CDC Consultant Roster, 1TUCN project
screening and programme development procedures,
and other work of the Union.

2.4.2. Promote the inclusion of advisers from non-
governmental organizations interested in the Antarc-
tic environment on national delegations of the Antarc-
tic Treaty Powers, and establish close working rela-
tionships between TUCN and SCAR.

Activity 2.5 Promote the establishinent of marine, coastal
and freshwater protected arcas by all states, including the
extension of all currently protected littoral arcas into the
aquatic ecnvironment.

Priority Projects

2.5.1. Survey of legal and administrative procedures
required to extend currently protected littoral areas into
the aquatic environment.
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2.5.2.  Identification of all currently protected littoral
areas which could be extended into the aquatic
environment,

2.5.3. Preparation and publication of document for
decision-makers encouraging the extension of currently
protected littoral arcas into the aquatic environment.
2.5.4, Promotion of establ;shment, under the Law of
the Sea, of large sanctuaries in the open sea.

2.5.5 Development of model » .ucation programme
focused on the significance of marine protected arcas,
the need for the wise use of marine resources, and an
increased awareness of human relationships with such
areas.

2.5.6. Planning and establishment of marine reserves
in the Mediterranean.

Activity 2.6 Promote cooperation between neighboring
nations sharing resident and migratory species to establish
networks of protected arcas and Gther regulations to meet
the critical needs of those species, with special priority
for threatened and =ndangered species.

Priority Projects

2.5.1. Development of political, administrative, and
legal means for promoting cooperation beiween neigh-
boring nations, in the contzat of the Law of the Sea,
UNEP’s Regional Seas Programme, and FAO's
Marine Mammal Plan.

..... Promote appropriate measures to ensure that
effective eradication or control measures are under-
taken in regard to introduced species in protected arcas.

Activiry 3.3 Document the living resources contained in
protected areas, including preparing and disseminating in-
ventories of wild species and populations of known or like-
ly value as genetic resources.

Priority Projects

3.3.1. In East Africa, national inventory of eco-
systems, in particular mangroves and other coastal
wetlands, lagoons and coral reefs; national inventory
of threatened or endangered coastal and marine species
and descriptions of related critical habitats with pro-
posals for preserving them.

3.3.2 Documentation of living resources contained
in protected arcas in priority tropical forest countrics.
3.3.3. Documentation of plant genetic resources in
priority countries identified under the Plants
Programme.

3.3.4. Based on 3.3.2 and 3.3.3. review the extent
to which wild genetic resources are adequately main-
tained by existing protected area systems.

Activity 3.4 Develop and implement a system of report-
ing on protected arcas under particular threat.

Priority Projects
3.4.1. Development of system of reporting on pro-
tected areas under particular threat.

Objective 3. TO IMPROVE THE ECOLOGICAL AND
MANAGERIAL QUALITY OF EXISTING
PROTECTED AREAS.

3.4.2. Preparation and publication of annual [UCN
List of Threatened Protected Arcas.

Activity 3.1 Develop and make available tools and guide-
lines for the cvaluation of the ecological capacity of pro-
tected areas to maintain living resources, and the evalua-
tion of aiea management to ensure that appropriate
measures are being applied.

Priority Projects

3.1.1.  Further development of ecolonical theory of
protected area desigr.

3.1.2. Decvelopment and publication of methodology
for determining carrying capacity of key wildlife
specics.

3.1.3. Design a system for evaluating protected area
management, for application by managers.

Activity 3.2 Promote the development of concepts and
methods which will lead to scientific principles for
management and support the continuous analysis of con-
servation requirements for each area.

Priority Projects

3.2.1. Establishment and operation of task force to
develop ways and means of applying scientific prin-
ciples to protected area management.
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Activity 3.5 Support a systematic approach to the prep-
aration of area and system management plans which pro-
vide for management and development to be in accordance
with an appropriate range of conservation objectives.

Priority Projects

3.5.1. Preparation of guidelines for designing sys-
tems plans and area management plans,

3.5.2. Support to preparation of management plans
in priority countries.

Activiry 3.6 Reinforce measures to reduce the external
threats to protected areas.

Priority Projects

3.6.1. Design of model legislative and administrative
measures regarding environmental impact assessments
prior to project finalization.

3.6.2. Design of model measures to safeguard the in-
tegrity of the environment when a development proj-
ect which affects a protected area is deemed acceptable
in principle.

3.6.3. Promotion of measures of sustainable social
and economic development which will relieve the
pressures of local populations around protected areas.



3.6.4. Promotion of rehabilitation of degraded lands
and the regeneration and recovery of damaged natural
arcas through reforestation and other programs.
3.6.5. Preparation of manuals for guidance of plan-
ners, managers, and decision-makers outside the pro-
tected arca system describing integrated environmen-
tal approaches and other techniques for enhancing the
security of protected arcas.

ANNEX 4

Priority Projects

4.4.1. Prepare a model plan of an in sitt gene bank
in one of the biogeographic realms.

4.4.2. Prepare plans for the establishment of in situ
genc banks, including as appropriate the zoning of
existing protected areas and the designation of new
ones.

Objective 5. TO PROMOTE THE LINKAGE
BETWEEN PROTECTED AREA MANAGEMENT

Objective 4. TO DEVELOP THE FULL RANGE OF .
AND SUSTAINABLE DEVELOPMENT.,

WILDLAND MANAGEMENT CATEGORIES.

Activity 4.1 Develop and make available the concepts

and tools necessary for the design and implementation of

cach category, in both terrestrial and aquatic habitats.

Priority Projects

4.1.1. Elaboration of design of cach of the IUCN
Categorics for both terrestrial and aquatic habitats.
4.1.2. Preparation and publication of guidelines for
implementation of cach of the IUCN categories.
4.1.3.  Promotion of the World Heritage Convention,
including technical evaluation of nominations and pro-
motion of additional nominations.

4.1.4. Preparation of management guidelines for
natural World Heritage Sites.

4.1.5. Cooperation with the Council of Europe on the
Palacarctic protected areas.

Activity 4.2 Establish pilot protected arcas for cach
category, within each realm, to demonstrate to political
leaders and local peoples the importance of these alter-
natives for supporting social and economic development
through sustainable approaches to resource management,

Priority Projects

4.2.1. ldentify and sclect appropriate arcas for
establishing pilot protected areas in each category (both
terrestrial and marine) in cach realm (total of 160
areas).

4.2.2. Establishment of pilot protected arcas in each
category in cach realm.

Activity 4.3 Include all 10 wildland management cat-
cgorics on the Unite ~ Mations List of National Parks and
Protected Areas.

Priority Projects

4.3.1. Establishment of network to report on cat-
cgories not currently included on the UN List
(categorics V, VI, VII, and VIII).

4.3.2.  Preparation and publication of UN List of Pro-
rected Areas.

Activity 4.4 Provide for the establishment of in siti gene
banks.

143

Activity 5.1 Develop and mike available the tools for
the survey of ecological processes, habitat requirements,
and other components of protected area integrity to enable
managers to critically examine the context for area con-
servation, and be able to associate conservation with
development in adjacent lands.

Priority Projects

5.1.1 Development of easily applicd methodology for
determining population status and trends and habitat
requirements of wildlife specices.

5.1.2 Development of easily applied methodology for
assessing ecological processes within protected arcas.

Activity 5.2 Work with governments and development
assistance agencies to achieve the incorporation of pro-
tected arca considerations and support within development
projects.

Priority Projects

5.2.1. Preparation of guidelines on incorporating pro-
tected arca considerations within development projects.
5.2.2. Cooperation with development assistance
agencies to incorporate protected area concerns within
development projects, including in Sri Lanka
(Mahaweli), Ivory Coast (Tai), and others to be iden-
tified.

5.2.3. Revicew of all major national and international
projects in the Afrotropical Realm in order to select
a limited number which could most profitably benefit
from IUCN input.

5.2.4. Preparation of a Consultant’s Roster which
would facilitate the provision of appropriate expertise
when required for protected area matters.

Activity 5.3 Develop policy guidelines and legal in-
struments regarding the usc of protected arcas for re-
search, environmental monitoring and the collection of
scientific materials.

Priority Projects

5.3.1. Development of model guidelines for pro-
moting and managing research in protected arcas.
5.3.2. Development of model legislation regarding
rescarch, environmental monitoring and the collection
of scientific materials.
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Activity 5.4 Develop tools and guidelines for the prac-
tical incorporation of new objectives for protected area
management of particular relevance to sustainable de-
velopment, including environmental monitoring and
genetic resources conservation,

Priority Projects

5.4.1.  Determination of technical feasibility of mak-
ing genetic stocks available from protected areas.
5.4.2. Determination of legal and policy guidelines
based on technical feasibility identified in 5.4.1.
5.4.3. Determination of administrative guidelines
based on 5.4.1 and 5.4.2.

5.4.4. Develop guidelines for controlled wildlife crop-
ping in Category IV arcas.

Activity 5.5 Investigate and utilize the traditional wisdom
of communities affected by conservation measures. in-
cluding implementation of “oint management arrangements
between protected area authorities and societies which
have traditionally managed resources.

Priority Projects

5.5.1 Further investigation of the role of traditional
societics in the management of living resousces.
5.5.2. Preparation and publication of case studies on
the role of traditional societies in protected arcas.
5.5.3. Pilot projects to implement involvement of
traditional socicties in conservation management.

Activity 5.6 Carry out rescarch to determine ways to
foster appropriate recreation and tourism in protected
arcas for which tourism has been deemed an objective,
and to minimize the adverse impacts of such activitics.

Priority Projects

5.6.1. Preparation of guidelines for management of
tourist activities in the Antarctic.

5.6.2. Assessment of effects of tourism on East
African national parks.

Activity 5.7 Develop ways and means of promoting
greater public support for protected arcas.

Priority Projects

5.7.1. Provision of assistance — financial, technical,
and information — to voluntary conservation organiza-
tions for enlisting public support for protected arcas
5.7.2. Promotion of youth activitics in support of pro-
tected areas (including tree-planting campaigns, work-
study camps, ficld studies. and curricular clements).
5.7.3.  Develop model interpretive programs for wide
dissemination and adaptation to local conditions which
emphasize the social and scientific values of protected
areas, giving specific attention to issues of public
concern.
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Objective 6.  TO DEVELOP THE FULL CAPACI-
TY TO MANAGE PROTECTED AREAS.

Activiry 6.1 Promote the establishment and recognition
of protected area management as a professional career of
vital relevance 1o society.

Priority Projects
6.1.1. Pub'ication of Training Protected Arca Per-
sonnel. based on workshops held at World National
Parks Congress.

Activity 6.2 Develop and promote training seminars,
courses and workshops at the regional and local levels
for protected arca managers.

Priority Projects

6.2.1. Continued support for International Seminar
on National Parks.

6.2.2. Design model training seminars/workshops on
new area cstablishment/evaluation of arca manage-
ment/working with people in adjacent lands.

6.2.3. Holding of training seminars and workshops
in the tropics.

Activiry 6.3 Strengthen support to regional and national
training schools,

Priority Projects

6.3.1.  Promote the implementation of proposed train-
ing programs in the Neotropics.

6.3.2. Provision of support to regional training
schools in Africa and Asia.

Activity 6.4 Promote the establishment of local, in-

service training efforts for all personnel.

Priority Projects
6.4.1. Development of model curricula and training
methods for all levels of protected area personnel.

Objective 7. 'TO DEVELOP ECONOMIC TOOLS FOR
SUPPORTING PROTECTED AREAS.

Activity 7.1 Develop and distribute tools for the analysis
of values, tangible and non-tangible, monetary and non-
monetary, associated with protected natural arcas.

Activity 7.2 Promote the quantification of values which
relate conservation to development, specifically watershed
protection but also including genetic resources, pollution
control, soil formation, amelioration of climate, provi-
sion of recreation and tourism, and others of nature's
services.

Activiry 7.3 Explore and publish concepts and tools
which relate ecology and economics to promote a more
consistent perspective for analyzing and explaining the
role of protected arcas in sustaining development.



Objective 9.
COOPERATION MECHANISMS.

Objective 8. TO IMPLEMENT AN EFFECTIVE

INVENTORY AND MONITORING SERVICE.,

Activiry 8.1 Expand and develop the Protected Areas
Data Unit (PADU) and related components of the Worid
Conservation Monitoring Center (WCMO). 1o previde in-

formation on protected areas, guide the determination of

prioritics, und support development agencies (both na-
tional and international) in relating the design of develop-
ment projects to critical protected areas.

Priority Projects
8.1.1. Provide support to the Protected Arcas Data
Unit at WCMC.

Activity 8.2 Publish and distribute realm-based diree-
tories and periodic reports to inform and support national
and international organizations in their planning activities

Priority Projects
8.2.1.
one realm-based directory per year.

..... Preparation of snecial reports to inform and
support national and international organizations in their
planning cfforts.

Activiry 8.3 Promote arrangements by international

organizations, governments, and regional associations of

nations for the long-term development and use of data col-
lection systems, such as satellite remote sensing, cover-
ing all protected arcas.

Priority Projects
8.3.1. Consultancy to apply satellite remote sensing
techniques to protected arca needs.

Activity 8.4. Promote and implement methodology for
implementing monitoring systems.

TO IMPLEMENT INTERNATIONAL

Activiry 9.1 Integrate and strengthen ties between pro-
tected arcas management and the Man and the Biosphere
Programme, the Global Environmental Monitoring
System, and the World Heritage Convention. to realize
the fll potential of these instruments for the common ob-
jectives of conservation and sustainable development,

Priority Projects
9.1.1.  Participation in World Heritage Committee
meetings.

Activity 9.2 Encourage and udvise all States on the prep-
aration, use, and, where required. updating of interna-
tional legal instruments which support protected areas.

Priority Projects

9.2.1.  Preparation ol concise descriptive material on
the international legal instruments which support pro-
tected arcas.

Preparation of data sheets and publication of
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9.2.2.  Preparation of guidelines on the implications
of the Law of the Sea for coastal and marine protected
areas.

Activity 9.3 Explore and promote the development of
tools and mechanisms for the tair sharing of costs and
benefits associated with protected arcas management, both
among nations and between protected areas and adjacent
communitics.

Priority Projects

9.3.1. Consultancy to advise on ways and means 1o
develop mechanisms for the fair sharing of costs and
benefits associated with protected arca management.

Activity 9.4 Explore the potential for new agreements
and instruments needed to turther strengthen international
cooperation, particularly in relationship 1o genetic
resourees.

Objective 10. TO DEVELOP AND IMPLEMENT A
GLOBAL PROGRAMME TO SUPPORT PROTECTED
AREA MANAGEMENT.

Activity 10.1 - Design and implement regional action pro-
grams to ensure practical accomplishments close to the
ground. taking into account relevant cultural and institu-
tional diversity, and the necessary responsiveness to local
needs.

Priority Projects

10.1.1. Provision of support to IUCN Regional
Councilors and CNPPA Regional Vice-Chairman to
prepare and coordinate regional action plans.

Activity 10.2  Provide technical and scientific guidance
through the publication of a series of documents on prac-
tical subjects ! global concern to protected arca manage-
ment such as those noted in the preceding items.

Priority Projects

10.2.1.  Publication of Proceedings of the World Na-
tional Parks Congress

10.2.2. Publiction of reports and documents result-
ing from the Bali Action Plan.

Activity 10.3  Establish a communications network with
the global community responsible for or supporting pro-
tected arcas to ensure the flow of information and sup-
port the identity of the protected area profession.

Priority Projects

10.3.1.  Investigate the ways and means available to
establish and operate an international protected arcas
communication network.,

10.3.2. Maintain the publication of Parks magazine
(in English, Spanish, and Frenchy as one of the best
means for communication among those involved or in-
terested in protected arcas.
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Activity 10.4  Build the institutional support necessary
to carry out these activitics as follow up from the
Congress.

Activity 10.5 Initiate steps for the celebration of the
next World Congress on National Parks in 1992, with
intermediate international, regional and national events
designed to further the Bali Action Plan.

Activity 10.6  Charge the [UCN to monitor the im-
plementation of this Plan and to report on progress at
the next Congress.
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ANNEX 5: THE WORLD BANK
WILDLANDS POLICY — WILDLANDS:
THEIR PROTECTION AND MANAGEMENT
IN ECONOMIC DEVELOPMENT

(Effective June 1986)

INTRODUCTION

The maintenance of specific natural land and water arcas
ina state virtually unmaodified by human activity, hereafter
termed wildland management, is an important subset of the
broad environmental concerns addressed in **Environmen-

tal Aspects of Bank Work™ (1984). The conversion of

wildlands to more intensive land and water uses (through land
clearing, inundation, plantations, or other means) continues
1o meet important development objectives, and is an element
of certain World Bank-supported projects. At the seme time,
wildlands are rapidly diminishing in many Bank member
countries. The remaining wildlands can often contribute
significantly to cconomic development, particularly in the
longer term, when maintained in their natural state. The
Bank’s policy therefore is to seek a balance between pre-
serving the environmental values of the world's more im-
portant remaining wildlands, and converting some of them
lo more intensive, shorter term human uses.

The World Bank already has considerable experience of

wildland management in Bank-supported projects. This
policy codifies existing practices and provides operational
guidance concerning conservation of wildlands.

JUSTIFICATION

There are two principal justifications for wildland manage-
ment. First, wildlands serve to maintain biological diversity
(i.c.. the full range of the world’s biota). Second, wildlands
provide environmental services important to society. In ad-
dition, certain wildlands are essential for maintaining the
livelihood of tribal peoples,

Biological Diversity

Wildland management is necessary to prevent the untimely
and often irreversible loss of a large proportion of the world’s
remaining biota, including the more visible plant and animal
species. Because their wildland habitats are today rapidly
disappearing, a large and growing number of plants and
animals face extinetion. Appropriate, low-cost wildland
management measures can greatly reduce current extinetion
rates to much lower (perhaps almost **natural™) levels,
without slowing the pace of economic progress. By presery-
ing the integrity of the biotic community and its plant and
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animal species, wildlands are important for the replenish-
ment of surrounding degraded or abandoned arcas.

Preserving biological diversity is important to development
because of the economic potential of species that are cur-
rently undiscovered. undervalued. or underutilized. Many
previously unknown or obscure. and ofien threatened. species
have turned out to have major economic benefits. But less
than 20 percent of the world's plant and animal (largely in-
vertebrate) species have ever been inventoried. and even
fewer screened for possible human uses. They therefore pres-
ent valuable development opportunities if they are not irrever-
sibly destroyed. In addition. there are important scientific,
aesthetic. cthical, and practical reasons to avoid or minimize
the extinction of the remaining biotic stock. While some
species can be conserved ex sine (such as in zoos or sced
banks), wildland management is the only technically and
cconomically feasible means of preserving most of the
world’s existing biological diversity.

Environmental Services

In addition to maintaining biological diversity, many
wildlands also perform important **environmental services,”
such as improving water availability for irrigated agriculture,
industry, or human consumption: reducing sedimentation ol
reservoirs, harbors, and irrigation works; minimizing floods,
landslides. and coastal erosion (and possibly droughts in some
regions): improving water quality: and providing essential
habitat for cconomically important fishery species. Despite
their cconomic value and importance in meeting human
needs, such environmental services are not always accord-
ed adequate attention because they are usually public goods
that tend to be poorly understood, undervalued, and even
overlooked. When environmental services are lost due to
wildland elimination, remedial measures are almost always
far more expensive than prior maintenance. While many en-
vironmental services can also be maintained by establishing
more intensive water and/or land use systems (c.g.. bio-
oxidation sewage treatment, tree plantations). wildland
management is frequently more cost-eftective.
Wildlands of Special Concern

Wildlands of special concern are areas that are recognized
to be exceptionally important in conserving biological diver-
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sity or perpetuating environmental services. They can be
classified intc two types. First are wildlands officially
designated as protected arcas by governments. sometimes
in collaboration with the United Nations or the international
scientific community. These are National Parks. Biosphere
Reserves, World Heritage Natural Sites, Wetlands of Inter-
national Importance. arcas designated for protected status
in national conservation strategies or master plans, and
similar **wildland management arcas™ (WMAs). i.c., arcas
where wildlands are protected and managed to retain a
relatively unmoditied state.

Second are wildlands as yet unprotected by legislation, but
recognized by the national and/or international scientific and
conservation communities, often in collaboration with the
United Nations, as exceptionally endangered ccosystems,
known sites of rare or endangered species. or important
wildlife breeding. feeding. or staging arcas. These include
certain types of wildlands that are threatened throughout
much of the world, yetare biologically unique. ecologically
fragile. or of special importance for local people and en-
vironmental services. Wildlands of special concern often oc-
cur in tropical forest. Mediterrancan-type  brushlands,
mangrove swamps. coastal marshes, estuaries. sea grass
beds. coral reets. small oceanic islands, and certain tropical

freshwater fakes and riverine arcas. Within the spectrum of

tropical forest. lowland moist or wet forest are the most

species-rich and often the most vulnerable. Wildlands of

special concern also oceur in certain geographical regions
that have been reduced to comparatively small patches and
continue to undergo rapid attrition. As a result, these regions
harbor some of the most threatened species in the world.

THE BANK'’S INVOLVEMENT TO DATE
During the last 1S years, the World Bank has assisted with
financing of upwards of 40 projects with significant wildland
management components. Most of them have involved
establishment or strengthening of WMAs. Bank-supported
WMAs include national parks. nature reserves, wildlife sanc-
tuaries. and those forest reserves managed primarily for their
waltershed or biological values. rather than for wood harvest.
Other wildland management components of Bank projects
have involved management of wildlife and the humans that

utilize it. including anti-poaching measures, management of

water tlows from reservoirs to maintain wildlife habitat, and
relocation of certain species.

Wildland management componeats have two principal ob-
jectives: first, to prevent, minimize, or partially compensate
for wildland elimination. thereby conserving biological diver-
sity: second. to preserve or improve the environmental serv-
ices provided by wildlands. thereby enhancing the project's
cconomic or social benefits. Most Bank-supported projects
emphasize one or the other objective: however some Bank-
assisted projects have wildland components seeking both
objectives,
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Cost of wildland management components in Bank-assisted
project have typically been low. They have normally ac-
counted for less than three percent ol total project costs. and
in half"of the cases for less than one percent. In many in-
stances, it is difficult to separate out the cost of the wildland
component because of its integration with other components,

Inone case. wildland management was the sole objective,
thus accounting for 100 percent of project costs. At the other
extreme, a large number of Bank projects have achieved
significant wildland management objectives at zero additional
cost. For example, manipulation of a hydroelectric project’s
water release schedule costs little or nothing. even though
it provides major downstream benefits for wildlite. as well
as for people and cattle.

Wildland management components require additional Bank
staftime and can increase project complexity. but they have
rarely caused significant delays at any stage of the project
cycle. Morcover, the fdure to incorporate adequate wildland
components can result in much greater delays and complex-
ity later on. Furthermore, the failure to incorporate adequate
wildland components can substantially reduce project benefits
and might result in project failure. As wildland management
components within Bunk-supported projects become more
routine. the additional staft effort required to manage them
successfully is expected 1o decrease further.

The Bank’s track record in implementing wildland manage-
ment conzponents is encouraging. According 1o project com-
pletion reports or environmental post-audits, implementation
of only three out of 43 wildland components has been
markedly slower than for most other projects components.
In at least four cases, the wildland component has been im-
plemented with less difficulty than other project components.

Lessons Learned

A number of important fessons have emerged from the
Bank’s experience with wildland management to date. First,
wildland management components should be routinely and
systematically incorporated into certain types of Bank proj-
¢ecia. Up to now, this has not always been done and some
projects which would have benefitted from wildland com-
ponents have not included them.

Second. wildland components should be incorporated as
carly as possible within the project cycle to minimize costs
and facilitate implementation. While inclusion of wildland
components in later stages of the project cycle may at times
be necessary because of unforeseen circumstances. it is more
effective and less costly to incorporate them as carly as possi-
ble in the project cycle.

Third. meeting wildland management goals requires ef-
fective management “*on the ground. ™ not simply on paper.
Colonists and resource extractive companies have rapidly
moved into suck **paper parks™ (parks existing only on a
legal document or map. rather than on the ground) unless
they were inaccessible for other reasons. The wildland
management objectives have to be translated into specific



mcasures with a budget for their implementation, These
measures include hiring and training of personnel. provision

of necessary infrastructure and equipment. development of

a scientifically sound management plan for cach particular
wildland. and a policy environment — legal. economic and
institutional — which supports the wildland preservation ob-
Jective. The mere declaration of intent to protect wildlands
or wildlife. or even the designation of WMASs on a map. does
not ensure effective management unless specific supporting
measures are implemented.

Fourth. the multiple objectives of wildland management
are most suceessfully attained i the WMA is carciully
designed. For example. a WMA cannot preserve biological
and genetic diversity. evolutionary processes, and en-
vironmental services i it is oo small. While some Bank-
supported WMAs clearly appear sufficiently large to ac-
complish most or all of their objectives, others are so small
that their ability to conserve biological diversity or provide
environmental services or other benefits is questionable.
Besides size. the specific location and shape of a WMA can
be important factors in determining its suceess. Appropriate
WMA design features are best determined for cach case by
a conservation specialist.

Finally. the success of a WMA, as of other project com-
ponents, is contingent upon government commitment. This
in turn, often depends upon the degree of financial support
provided by some direct support for establishing or
strengthening WMAS by the bank. Most ol the Bunk-
supported wildland components have provided some direct
support to establishing or strengthing WMAs. However. in
some cases, the costs of the WMA establishment were as-
sumed entirely by the Government, and the Bank took no
specific measures to ensure the continued availability of such
financing. By taking measures to ensure counterpart financ-
ing. or by providing the financing itself, the Bank can help
ensure the availability of the relatively modest sums necessary
for WMA cstablishment and continuation.

Financial support is usually not sufficient. however. It is
often also necessary to maintain dialogue with governments,
affected local people. and environmental advocates about the
importance ol conservation and the benefits of WMAs
(tourism. watershed protection, ete.) and to include local peo-
ple in the planning and benefits, Government commitment
to the WMA is fostered by such dialogue, by supervision.,
by monitoring of national legal provisions. and by loan con-
ditionality. In addition. two complementary and parallel ac-
tivities contribute te WMA success: (1) rural development
investments that provide larmers and villagers in the vicin-
ity of the WMA an alternaiive to further encroachment. and
(2) coherent national and sectoral planning and policies that
promote wildland conservation,

POLICY GUIDANCE
The World Bank's general policy regarding wildlands is
10 seek to avoid their elimination and rather to assist in their
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preservation. Specifically, (1) the Bank normally declines
to finance projects involving conversion of wildlands of
special Coneern even if this conversion occurred prior to the
Bank being invited to consider financing. (2) When wildlands
other than those of special concern may become involved.
the Bank prefers site projects on lands already converted
(c.g.. logged over. abandoned. degraded. or already
cultivated arcas) sometime in the past. rather than in anticipa-
tion of a Bank-financed project. Deviations from this policy
must be explicitly justitied. (3) Where development of
wildland is justified. then less valuable wildlands should be
converted rather than more valuable ones. (4) When signifi-
cant conversion (e.g.. 100 sq km. or a significant propor-
tion of the remaining wildland area of a specific ccosystem,
if smaller) of wildlands is justified. the loss should be com-
pensated by inclusion of wildland management components
in the project concerned, rather than in some future project.
This component should directly support preservation ol an
ccologically similar arca. This policy pertains to any proj-
cet in which the Bank is involved, irrespective of whether
the Bank is financing the project component that affects
wildlands.

The success of projects that do not eliminate any wildland
often depends on the environmemal services provided by
wildlands. In such cases. the Bank's policy is to require bor-
rowers to include a project component to conserve the rele-
vant wildland in a WMA . rather than leaving its preserva-
tion to chance. In arcas without remaining wildlands, aler-
native conservation measures may be needed to provide
similar project benefits. In other cases, where the wildlands
do not direetly benefit or serve the objectives of the project,
the project may be improved by supporting management of
wildlands to provide socio-cconomic benefits in the general
project arca. Projects with wildland management as tke sole
objective should also be encouraged.

Types of Projects Needing Wildland Management
Components

Based upon these criteria, projects with the lollowing
aspects should normally contain wildland components:
a)  Agriculture and livestock projects involving: wildland
clearing, wetland elimination, wildland inundation lor
irrigation storage reservoirs: watershed protection for
irrigation: displacement of wildlife by fences or domestic
livestock: fishery projects involving climination of jim-
portant fish nursery. breeding. or feeding sites: over-
fishing or introduction of ecologically risky exotic
species within aquatic wildlands; forestry projects involv-
ing access roads, clear-lelling or other intensive logging
of wildlands. wildland elimination.
Transportation  projects  involving:  construction  of
highways, rural roads. railways. or canals which
penctrate wildlands. thus casing access and facilitating
spontancous settlement: channelization of rivers for

b)
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fluvial navigation; dredging and filling of coastal wet-
lands for ports projects.

Hydro projects involving: large-scale water development,
including reservoir, power. and  water  diversion

)

schemes: inundation or other major transformation of

aquatic or terrestrial wildlands: watershed protection for
cnhanced power output: construction of power transmis-
sion corridors.

Lrdustry projects involving: chemical and thermal pollu-
tion which may damage wildlands: wildland loss from
large-scale mining: wildland conversion for industrial

d)

fuels or feedstocks.

Txpes of Wildiund Management Components

The most effective type of wildland management compo-
nent is support for the conservation of ecologically similar
wildlands in one or more WMAS, In cases where a WMA
already exists in the same type of ecosystem that is to be
converted by a Bank-supported project. it may be preferable,
for administrative or biological conservation reasons. to
enlarge the existing WMA, rather than to establish a new
one. The government’s wildland agencies. local university
wildlife departments. and various international organizations
can often advise in such judgments,

A wildland management component could also involve the
creation of wildlife habitat, in addition to or rather than
preservation of already existing habitat. For example,
marginal land on the fringes of irrigation projects could be
converted to wildlife reserves by taking advantage of the
water supply created by the projects. Natural depressions or
seasonal swamps could be exploited by diverting water Irom
the canal systems (probably a very small part of the total

supply). Such reserves attract significant numbers of

migratory and residential waterfowl with minimal additional
project costs and land.

A usetful option is to improve the quality ol managecment
ol existing WMAs. Many *WMAs in Bank member coun-
tries receive insufficient on-the-ground management, due to
lack of adequately paid stafi, training. staff housing. other
infrastructure, equipment  spare parts. fuel, or a well-
deveioped management plin through which efficient resource
allocation decisions can be made. Small components can
often help correct these deficiencies. In countrizs where ef-
fective management s clearly lacking. it is generally
preferable to improve the management of existing WMAs
than to create new units ““on paper.”” thereby further over-
extending the limited capabilities of the responsible agen-
cies. Whenever a new WMA s established as a project com-
ponent, provisions are needed to ensure effective manage-

ment. Since many wildland agencies (e.g.. departments of

national parks or wildlife) are not as operationally cffective
as necessary, institutional strengthening (particularly support
for training) should be an important clement of Bank-
supported wildland management components.
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The establishment or strengthening of WMAy is particular-
ly effective when the Government includes these wildland
areas in a national conservation or land use plan. A growing
number of Bank member governments have undertaken some
tvpe of systematic land use planning for wildlund nunage-
ment. Such planning can take various forms. ranging from
“master plans™ for a system of national parks and other
WMAS. to ““National Conservation Strategies™ which ad-
dress wildland management as only one component of a broad
range of natural resource planning concerns, and in which
policy intervention such as economic incentives are used to
influenc * resouree utilization. Bank assistance with such plan-
ning efforts greatly strengthens wildland management at the
natior:al level, When member governments agree to develop
appropriate land use plans, it is import: . for the Bank to
refrain from supporting projects which involve eliminating
wildland and run counter to these plans.

In those relatively few Borrower countries in which
wildland elimination pressures are still ininor, the require-
ment of a compensatory wildland component can be inter-
preted more flexibly to involve measures other than the
establishment or strengthening of one or more WMAs, Such
alternative options include careful project siting 1o avoid con-
verting the more environmentally sensitive wildlands. sup-
port for research on and management ol particularly sensitive
species. stoport for land use planning clforts. or institutional
strengthening of the government’s wildland management
ageney., and training in ecology, hiological conservation, and
wildland management.

DESIGN OF WILDLAND
MANAGEMENT AREAS

Design Considerations

WMA design features include size. shape, and siting. Be-
cause an optimal design may vary greatly in dillerent
ccosystems, it is best determined in cach case by a conser-
vation specialist.

The size of a compensatory WMA should be sufficient to
maintain the biological diversity or other important values
present in the area to be converted. A WMA which is large
enough to encompass a viable population of the lurgest local
predator (e.g.. cagle. tiger). or the seasonal “erritories and
migration routes of the largest local herbivore, vill most like-
ly preserve all other pertinent ecological values. These ob-

Jectives would most likely be achieved in a WMA larger than

1.000 sq km. Many values are conserved in moist forest
WMAS of 500 sq knv although possibly not aii in perpetuity.
Interim WMAGS of less than 100 sq km can be usetul short-
term expedients for subscquent expansion into surrounding
degraded arcas. In general, the larger the WMA. the greater
the number of ccological interdependencies and gene pools
that will be preserved. Both are necessary to a healthy and
seli-perpetuating ccosystem. It is recognized that conflicting
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pressures for more intensive land use often make the
estublishment of large WMAS difficult, In any case. com-
pensatory WMASs should be no smaller than the wildland arca
converted by the project,

The optimal shape of a WMA will depend upon its objec-
tives. A more circular shape may preserve more biological
diversity than other shapes of the same crea. Shape is also
determined by the location of centers of endemism and other
wildlife resources. Boundaries are more effective when they
coincide with natural surficial features. such as a river or
watershed.

To ensure that the compensatory WMA is ccologically
similar to the area to be converted, it is obviously necessary
to site the WMA in the same ccosystem as the area to be
converted. Morcover, siting the WMA some distance away
from the converted area (separated by a managed buffer zone
for example) helps reduce pressures for encroachment upon
the WMA from people living in the converted arca.

Management Categories

A varicty of different use related categories can be used
in establishing WMAs. The choice of category depends upor
the particular objectives being accorded priority for manage-
ment. The system of categories devised by IUCN indicate
the variety of WMAs appropriate  under differem
circumstances.

Personnel and Training Needs

The need for well-t-ined personnel in the proper manage-
ment of WMASs cannot be overemphasized. Without adequate
numbers of such trained people. WMAS cannot effectively
serve their intended national or societal functions. Bank-
supported wildland project components should therefore pro-
vide for staffing levels and training activities that ensure com-
petent management of WMAS. The appropriate number and

types of WMA personnel depend upon the category of

WMA, its size and its intensity of management. The
minimum adequate permanent staff size for a “*modest to
average” WMA is usually about cight,

Equipment, Infrastructure, and Budgetary Needs

Designation of WMAs on a map in no way ensures that
they will be managed to provide their greatest possible
benefits to society. Effective on-the-ground management re-
quires a varicty of physical inputs. In Bank-supported
WMAGs, efforts should be made to ensure that these inputs
are provided as a project component in adequate supply and
on a timely basis. Some types of WMAS will require a variety
of additional inputs. according to specific management
objectives.

The budgetary requirements for establishing and operating
WMASs will vary according 1o size and the amounts of need-
ed infrastructure, equipment, and personnel. The com-
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paratively large (3.200 sq ki Bumoga-Bone National Purk.,
financed by the Indonesia Irrigation XV Project. cost roughly
USST million for establishment and initial operating costs:
most smiller WMAS can be expected to cost considerably
less.

In somie instances, establishment or enlareement of WMASs
may require additional funds for purchasing land from private
or tribal owners. It may at times also be necessary to reset-
tle and compensate people living within the boundaries of
a newly-established WMA. Usually, however, WMAS are
established on wholly  government-owned propertics on
which people have not settled.

The largest recurrent cost of WMAs is usually staff
salaries. [tis important to maintain salaries at levels that en-
courage high productivity and a degree of permanence, and
discourage corruption. Spare parts for machinery, while
usually a relatively small budget item, are also a vital recur-
rent expenditure. Without a reliable supply of spare parts
for often remote WMA arcas, necessary equipment will often
lie idle or may become cannibalized to provide spare parts.
In some cases. salaries, spare parts. fuel. and other recur-
rent costs can be fully or partly met by fees collected from
tourists, persons engaged in some form of harvesting, or
scientific researchers. Otherwise., small annual outlays from
the national or other government budget will be needed.

Management Plans

Wildland management arcas typically need well-developed
management plans to ensure efficient allocation of the scarce
financial and skilled human resources devoted to their
management. A management plan is a written document
which guides and controls the use of the resources of 8 WMA
and directs the design of subsequent programs of manage-
ment and development. A thorough management plan will:

a)  Describe the physical. biological, social. and cultural
features of the WMA within a national, regional. and
local context;

b) Identify those items of particular concern from which
the objectives for managing specitic areas of the WMA
are derived:

¢) Describe appropriate uses of the entire WMA through
zormg; and

d) List in chronological order the activities to be carried

out to realize the proposed management programs.

Preparation and implementation of management plans are
carried out by the government wildland agency. Project staff
should ensure that Bank-supported WMAG cither have ade-
quate management plans or will develop them carly in the
project. Some parts of a management plan can be completed
in a few days. while others may take vears to refine. While
4 longer-term management plan is being developed as soon
as possible after loan signing. an *“interim management plan®*
or “‘operational plan™ may be used. PPDES can be of
assistance in these matters,
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Legal Considerations

The success of a WMA may depend upon how its design
fits into an overall national legal framework concerning
natural resources management in general and wildland
management in particular. To maintain their legitimacy in
the eyes of policy-makers and local populations, WMAs must
have a firm legal foundation. National legislation, sometimes
accompaniced by regulations from the Head of State. is often
needed 1o establish @ WMA. Depending upon the pait:. alar
situation, such legislation needs 1o establish precise WMA
boundaries: specific management zones within the WMA,
including buftfer zones: a central management authority (at
the national or sub-national level) with unambiguous respon-
sibilities: and mechanisms to channel local participation in
WMA management decisions. Bank staft should ensure that
Bank-supported WMAG s are established and managed within
a compatible legal and policy context.
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ANNEX 6:

Alien: Belonging to another place: a foreign organism.

Allele: Any of all possible forms of the genetic code tor
a specific trait in organisms.

Allopatrie: Having separate or mutually exclusive areas
of geographical distribution (compare sympatric).

Autochthonous: From within: independent of external
sources: sclf-produced. pertaining to the ¢cosystem (see Eco-
system).

Biological Diversity: The variety and variability among
living organisms and the ecological complexes in which they
oceur (OTAL 1987); often shortened to “hiodiversity.™”
“*Species diversity™" refers to the number of species founsd
within a given arca. while **genetic diversity ™ refers to the
varicty of genes within a particular species. variety. or breed.

Biological Resources: Living natural resources, including
plants, animals, and microorganisms, plus the environmen-
tal resources to which species contribute. Biological resources
arc the practical target of activities aimed at the principle
of conscrving biological diversity: they have two importan,
propertics. the combination of which distinguishes them from
non-living resources: they are renewable if conserved. and
they are destructible if not conserved (IUCN, 1980).

Buffer Zone: An arca on the edge of a protected arca that
has land-use controls that allow only activities compatible
with the objectives of the protected area: appropriate activitics
might include tourism, forestry, agroforestry. ete. The ob-
jective of such zones is to give added protection 1o the
reserve. and to compensate local people for the loss of ac-
cess to the biodiversity resources of the reserve (Oldfield.
1988).

Carrying Capacity: The maximum number of organisms
that can use a given area of habitat without degrading the
habitat and without causing social stresses that result in the
population being reduced. When applied to humans, the max-
imum number of users that can be sustained by a given set
of land resources at a particular level of technology.

Conservation: The management of human use of the
viosphere so that it may yield the greatest sustainable benefit
to present generations. while maintaining its potential to mect
the needs and aspirations of future generations. Thus con-
servation is positive, embracing preservation. maintenance.
sustainable utilization, restoration. and enhancement of the
natural environment (IUCN, 1980).

Consumer Surplus: The difference between the total
amount of money a consumer would be prepared to pay for
some quantity of a good, and the amount the consumer ac-
tually has 1o pay. In economic analysis. consumer surplus
is a consideration when the output of the project causes the
market price of the product to full. Those consumers
previously paying the higher, old price (what they are will-
ing to pay) will reap a benefit (consumer surplus) from the
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lower, new price. which must be added to the benefits ac-
cruing to the new consumers (USAID, 1987).

Cost-Benefit Analysis: The analytical technique used to
appraise projects with quantifiable benefits and costs over
a finite planning horizon. In project analysis. costs are goods
or services used in a project that reduce the benefits of the
project: benefits are any goods or services produced by a
project that advance the project’s objective, In economic
analysis, benefits increase the national income of the soci-
ety while costs reduce the national income of the society.
A benefit forgone is a cost just as much as a cost avoided
is a benefit. Costs and benefits ma; be cither tangible (land.
labor, materials, equipment are tangible costs and increased
production of a good or service is a tangible benefit) or in-
tangible (which by definition cannot be directly valued.
though they may be quantified in some form).

Debt Swap: Mechanisms by which part of the external debt
of a nation is purchased at a discount and is then sold back
1o the government in local curreney. with the proceeds be-
ing used for conservation purposes.,

Discount Rate: The interest rate used to determine the
present value of a future value by discounting. The oppor-
tunity cost of capital is often taken as the discount rate. The
social discount rate.”" which expresses the preference of
a society as a whole for present returns rather than future
returns, is used in cconomic analysis to discount the in-
cremental net benefit stream.

Disincentive (for conserving biological diversity): Any in-
ducement or mechanism that discourages governments, local
people, and international organizations from conserving
biological diversity.

Ecology: A branch of science concerned with the inter-
relationships of living organisms with each other and their
environment.

Economic Rent: A value in excess of the costs of produc-
tion, including & return on the necessary investment. Highly
relevant in forestry. where rents collected by concession-
holders can be a powerful incentive for increasing
production.

Ecosystem: The totality of factors of all kinds that make
up a particular environment; the complex of biotic commun-
ity and its abiotic. physical environment, functioning as an
ccological unit in nature,

Ecotone: A transition (arca) between two adjacent eco-
logical communities.

Endemic: Native, restricted or peculiar to a locality or
region.

Environment: All the physical. chemical, and biological
factors impinging on a living organism,

Environmental Resource: Resources such as clean air,
clean water, and scenice values that are not considered assets:
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as a result. most interest is on activities involved in using
these resources and to the ways in which the actions of some
users atfect the well-being ol others.

Externality: A cost that is generated by that person, but
not paid for by him: for example. extracting iogs from a
hillside may cause increased sedimentation of streams. the
cost of which is borne by the downstream farmers insteud
of the logger. In project analysis, an effect of a project felt
outside the project and not included in the valuation of the
project. In general. cconomists consider an externality to exist
when production or consuniption of a good or service by one
cconomic unit has a direct effect on the wellare of producers
or consumers in another unit. without compensation being
paid. Detrimental externalities arise it the action is hermtul
and the agent who carried it out is not charged tor the damage
done: beneficial externalities ariae il the action is heneficial
but the agent who carried it out receives no (or insutficient)
payment for the benefit. When an externality is quantiticd
in money terms and added o the project accounts. it is said
to have been “internatized.™

Extirpation: Local extinction: a species or svbspecies
disappearing from a locality or region without becoming ex-
tinct throughout its range.

Extinction: ‘The evolutionary termination of a species
caused by failure to reproduce and death of all remaining
members of the species: the natural failure to adapt to en-
vironmental change.

Fauna: The total animal lite of an arca: usually the total
number of animal species in a specitied period. geological
stratum,  geographical  region,  ccosystem.  habitat,  or
Communiy.

Flora: The total plant life of an area: usually the total
number of plant species in a specified period. geological
stratum, - geographical  region,  ccosystem,  habitat.  or
community.,

Food Web (Chain): Arrangement of the living organisms

on ccological communities according 1o the order of

predatory activity. in which cach group of organisms uses
the next members as a food source: e.g.. carnivores eat herb-
ivores. which cat plants.

Gene: A section of a chromosome containing enough DNA
to control the formation of one protein: a gene controls the
transmission of o hereditary character.

Gene Pool: The total of the alleles in a population of

organisms.

Genetic Drift: Changes in the genetic composition of a
population ol an organism due to chanee preservation or ex-
tinction of particular genes especially pronounced in smali
populations.

Genetic Resource: A genetic resource is the heritable
characteristics of a plant or animal of real or potential benefit
1o people. The term includes modern cultivirs and breeds:
traditional cultivars and breeds: special genetic stocks
(breeding lines. mutants, ete.): wild relatives of domesticated
species: and genetic variants of wild resource species. A

“wild genetic resource™ s the wild relative of a plant or
animal that is alrcady known to be of cconomic importance.
The reasons for conserving such a resource are evident, pro-
viding direct and immediate economic benelits: but the
genetic material conserved by such a resource must be made
available to the people who require it to improve the pro-
ductivity, quality. or pest resistance of wtilized plants or
aninals.

Geneties: That part of biology that deals with variation
and heredity.

GIS: Geographic Information Svstent. an information
technology that stores. analyzes. and displays both spatial
and non-spatial data. A GIS can transform data held in a
database to produce new information internally: for exam-
ple. fish population sizes. productivity levels access. and
other factors can be combined in i model to establish catch
limits (Parker. 1988).

Habitat: The place or type of site where a plant or animal
naturally and normally lives and grows: its home.

Herbivore: An animal that cats piants or parts of them.,

Heredity: The organic relationships between successive
generations of a population or species.

Hydrology: That branch of knowledge that deals with the
properties. distribution. and circulation of water on the sur-
face ol the land. in the soil and underlving rocks. and in the
atmosphere.

Incentive (for conserving biological diversity): An incen-
tive is that which incites or motivates desired behavior; in
this context, an incentive is that which incites or motivates
governments, local people, and international organizations
to conserve biological diversity. More broadly, an incentive
is any induceinent on the part of government that attempts
io temporarily divert resources such as land, capital, and
labor toward conserving biodiversity, and facilitates the par-
ticipation of certain groups or agents it. work that will benefit
biodiversity.

Indigenous: Having originated in and being produced.
growing, or living naturally in a particular region or environ-
ment: native.

Limnology : That branch of knowledge that deals with the
physics, chemistry. biology. and ceology of inland waters
(rivers, lakes, artificial lakes. swamps and so on),

Management: The cfforts of humans to select. plan,
organize and implement programs designed to achieve
specified goals: activities can range from protective measures
to ensure that nature remains uninterrupted by human in-
fluence. on into ever-more manipulative (active) tasks re-
quired to maintain diversity. install facilities. control popula-
tions, or eradicate aliens.

Monotypic: A taxor that has only one unit in the im-
mediately subordinate category. ¢.g.. a genus comprising
only one species or a species not divisible into subspecies.

Mutualism: A relationship  between two  unrlated
organisms (different species) in which both of them benefit.
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Natural Resource: Includes renewable (forests, water.
wildlife. soils, ete.) and non-renewable (oil, coal. iron ore.
cte.) resources that are natural assets.

Natural Selection: The dilterential reproduction of in-
dividuals: the tendeney for some individuals (plamts or
animals) to produce more successtul offspring than others.
Natural selection is generally acknowledged to be the primary
foree responsible for evolution.

Niche: The sum total of all physical and biological re-
quirements for a species: different species occupying different
niches: the ceological role of an organism in a community.,
especially in regard to food consumption. Literally, the * pro-
fession™ of the species.

Opportunity Cost: The benefit forgone by using a scarce
resource for one purpose instead of for its best alternative use.

Organism: Any living thing. animal or plant, that i
capable of carrying out life processes.

Parasite: An organism living in. or on. another unrelated
organism from which it obtains benefits and that it usually
injures. sometimes fatally.

Perverse Incentive (regarding biological diversity): Any
incentive that induces behavior leading to the reduction in
biological diversity: obviously, **perverse’ depends on the
perspective. and most perverse incentives are designed to
achieve positive policy objectives and the perversity is usually
an external factor,

Photosynthesis: The process by which simple carbo-
hydrates (sugars. starches) are formed from carbon dioxide.
water, and essential nutrients in special plant cells, using
sunlight as the energy source.

Pollination: Tiic process involving the transfer of pollen
from a stamen (male organ) to an ovule (female cell), pro-
moting the production of fertile seeds in plants.

Pollinator: the agent (usually ammal) responsible for
pollinating flowers.

Popnlation: A somewhat arbitrary grouping of individuals

of a species. which is circumseribed according 10 a set of

specific criteria: usually taken as all the individuals of a
species in a given time and place,

Predator: An organism that preys upon and cats another
organism (the prey).

Primary Productivity: The rate at which energy from light
is absorbed and atilized together with carbon dioxide. water.
and other nutrients in the production of organic matter in

photosynthesis. Net production is given by the amount of

organic matter formed in excess of that used in respiration.

[t represents food potentially available to the consumers of

an ccosysten: it can be measured approximately by sampling
vegetation at intervals and measuring the dry mass produced
per unit arca per unit time. (As opposed to secondary pro-
duction, the amount of consumer (animal) tissue produced
per unit area per unit time in any ccosystem),

Protected Area: Any arca of land that has legal measures
limiting human use of the plants and animals within that arca:
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includes national parks, game reserves, multiple-use arcas,
biosphere reserves, cte.

Resouree: A feature of the environment that contributes
to an organism’s fitness. Also, often used to describe a source
of natural wealth or revenue which can be biotic and
renewable (e.g. . tish stocks in the ocean) or abiotic and non-
renewable (e.g.. gold).

Species: A group of actually or potentially interbreeding
living organisms more or less isolated from other such
groups: in simple terms, a Rind™ of plant or animal.

Subsidy: Government ecconomic assistance granted directly
or indirectly to individuals or administrative bodies to en-
courage activities designed to satisty the needs of the public.
[tis discretionary and revocable. and is conditional upon cer-
tain rules being observed. In contrast to grants, subsidics are
usually much more institutionalized and are primarily aimed
less ata particular, specific activity than at encouraging works
in the public interest.

Sustainable Development: A pattern of social and strue-
tural economic transformations (i.c.. ““development ) that
optimizes the economic and other socictal benefits available
in the present without jeopardizing the likely potential for
similar benefits in the future.

Symbiosis: The living together in more or less close asso-
ciation of two dissimilar organisms, in which one or both
derive benefit from the relationship.

Sympatric: Having the same or overlapping arcas of
geographical distribution (compare allopatric).

Taxon: (plural: taxa) A term for any category used in
classification. Taxonomy is the science of the classification
of plants and animals. The fundamental taxon in biology is
the species, which represents a real biological entity: this
category can be defined generally in objective terms, whereas
all other taxa are either subdivisions of the species or group-
ing of species. which cannot be defined except in terms in-
volving subjective judgments,

Terrestrial: Of, or relating to, the land.

Vegetation: The total plant cover of an arca.

Vertebrate: Any of a major group (Vertebrata) of animals
(fish, amphibians. reptiles. birds and mammals) with a
scgmented spinal column (backbone).

Watershed: Arca bounded peripherally by waters parting
and draining to one or more watercourses: a dividing point
or line.

Wetland: Temporarily or permanently inundated terrestrial
systems bordering on aquatic systems and including shallow
systems such as estuaries, salt marshes, bogs. sponges, mires,
swamps, floodplains. and many coastal lakes and lagoons:
systems that essentially are driven by littoral processes.
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International Fur Trade Federation, 110
International Species Inventory System (1SIS). 63
International Tropical Timber Organization (ITTO), 80
International Trust for Nature Conservation (Nepal), 122
International Union for Conservation of Nature and Natural
Resources (IUCN), 77, 112
cthical foundation for conservation produced by, 25-26, 27
global conservation strategy involvement by, 21-22, 68-69.
113,117
focation and conservation of wild crop relatives encouraged
by, 29
mini-reserves project supported by, 61
plant diversity sites in book prepared by, 102-3
protected arcas review by, 103
protected categories of, 91, 97, 105
Species Action Plans of, 110-11
International Union of Directors of Zoological Parks, 63

Java, botanic gardens in, 65

Kenya, profits from resource exploitations of protected arcas
returned to local people in, 121

Kesterson National Wildlife Refuge, 66

Kouprey Action Plan, 63

Land tenure, sustainable investment encouragement through
giving rural people, 55, 131
Land use. policy shifts promating biodiversity of, 55-56, 60
Latin America
land area protected in (by percentage), 104
see also South America; individual countries in
Legislation
biodiversity protection. 56, 66, 80, 137-39
pollution control, 66. 130-31
species and habitat protecting, 56-57
see also individual statutes
Linkages
between development and conservation funding, 120-21
between international systems on status of biological
resources, 75
between various policy sectors’ effect on biodiversity,
55-56, 112-15
biodiversity-threatening economic, 37-39, 47-49
see also Cooperation, International
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Madagascar
biodiversity richness in. 95
germplasm exchange by, 57
major human-caused exunctions on, 20
National Action Plan of. 110, 112
Malawi. consumptive use values in, 28
Malawi Lake, biodiversity in. 46
Malaysia
consumptive use values in, 28
non-consumptive benefits from conservation in, 32
Management
of conservation data, 75-81
of Ecological Sensitive Arcas, 85-86
cconomics of priority arca, 104
1o cnsure survival of existing species, 18-19, 20
local information, 75-76
national conservation, 76
necessity in “natural” habitats of, 51
new approaches for sustainable biological resource, 132
objectives and categories of protected arcas. 59-62
of protected areas that exclude people, 51
responses to pollution and climate change. 66-68
requirements for a global conservation strategy., 114-15
traditional strategies of in sine crop, 50
Marinc ecosystems, 88, 110
Market price. as an accurate representation of the value of
natural resources, 31, 48
Mauritius, 61
Media, natuse’s abstract importance communicated by, 25-26
Megadiversity. country concept, 88-99
Megadiversity countries
concept and workings of, 88-90
profiles of important, 91-97
Mexico
biodiversity richness in, 96
germplasm exchange by, 57
Military. promoting conservation interests in, 131
Models
lack of attention given to non-monetary values in standard
biological resource conservation, 25, 47-49
for sustainable land use in tropical forests, 50
Montreal Protocol on Substances That Deplete the Ozone
Layer. 66
Myers, Norman, 87, 91

National Conservation Strategy (NCS). 56
National Nature Reserves network (U.K.), 103
National Marine Fisheries Service, U.S.. 31
National Parks. See Protected Arcas
Nepal

consumptive use values in, 28

non-consumptive benefits from conservation in, 32
Netherlands Antilles, national CDC center in, 76
New Zealand, major human-caused cxtinctions in, 20



Nigeria, consumptive use values in, 28
Non-governmental organizations (NGOs)
Conservation Strategy input from, 56, 80-81
global strategy input of, 113-15
incentives for conservation provided by, 122
North America
major human-caused extinctions in, 20
see also individual countries in

Oceania
Action Plan, 112
major human-caused extinctions in, 38, 40-41, 51
Occeans. See Marine ccosystems
Overexploitation
ceonomic factors causing biological resource, 38-39, 4749
of wildlife stimulated by consumptive use value, 28-29

Peru, economics of forest uses in, 21
Plants
biodiverse sites of, 100-3
cost of ensuring evolution of wild species of, 118
see also Agriculture
Policy
biodiversity maintenance through changes in non-
biological, 19-20, 113-15
biological resources investment, 125-26
effect on Action Plan success, 113
guidelines for conservation, 104-6
maintaining ¢x site continuity needed in, 62
new sustnable production, 132
other resource managemeant issues” impact on biodiversity
conservation, 38, 39, 47
shifts encouraging biodiversity. 19-20, 55-56
Pollution, chemical
biodiversity maintenance and, 38
management action in response 0. 66-6s
Population
increase and biodiversity maintenance, 38-39
managing captive breeding animal, 63
Prioritics
biodiversity conservation, 14, 83-106
establishing national. 83-86
international approaches to determining a system of,
86-104
Property rights. for biological resources, 118
Private sector. See Non-government organizations (NGOs)
Protected arcas
abuse of arcas surrounding. 49
Action Plans for, 112
altitudinal range of global, 67-58
categories and mianagement objectives of, 59-62
designed to conserve traditional land use, 50
entry ana other user fees to finance, 119
funding IUCN strategies for, 115

returning profits to local people from exploitation of,
121-22
WCMC data on, 77-80
where they are and where they ~re needed. 58
Puerto Rico. National CDC in, 76

Rain Forest Imperative Campaign (CI)
megadiversity concept’s use in, 90
Red Data Books (IUCN), 41-42, 43, 77-78. 97, 99-100
Regional Seas Programs, 58
Royal Botanic Gardens, 104
Rwanda, “*gorilla tourism’ in, 119

Scientific knowledge, required to conserve biodiversity,
71-73, 114
Senegal, consumptive use values in, 28
Sced banks, wild relatives of major crops held in, 65-66
South Africa, biodiversity in, 46
South America
forest products economic value to, 30
major human-caused extinctions in, 20
national data information center in, 76
see also individual countries in
Species
action plans of [UCN. 110-11
biodiversity maintenarce and introduced, 38
dimension of biodiversity loss among, 39-47
estimates on number of global, 18
integrated approach to protecting, 56-62
management to ensure biodiversity, 18-19
strategics and action plans for conserving, 109-11
WCMC data on, 77-78
Species Survival Commission (SSC) — IUCN, action plans
of, 63, 110-11
Sri Lanka
botanic gardens in, 65
Strategics
biodiversity-promoting action plans and, 14, 109-15
cross-sectoral promotion, biodiversity enhancing, 55-56,
113-15
developing global biodiversity conservation, 21-22, 112-15
see also Action Plans; individual strategies
Subsidies
encouraging deforestation, 55
negative impacts on biodiversity from government, 117
see also Incentives

Tanganyika, Lake, biodiversity in, 46
Tanzania
consumptive use values in, 28
non-sustainable hunting results in, 33
Technologics
contributing to increased biodiversity, 56
data management, 72, 73
remote sensing, 73
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Thailand
forest products trade by, 44
national data information center in, 76
non-consumptive benefits from conservation in, 32
The Nature Conservancy (TNC)
debt-for-nature swaps involvement by, 124, 125
nationai data center cstablishment work by, 76
Tiger Mountain Group, 122
Tropical Forestry Action Plan, funding and implementation
of, 115
Trade, wildlife, 79-80
TRAFFIC Network, 80
Training
need for increased professional systematists, 18
see also Education
Tropical Forest Resource Atlases, preparation of, 104
Tropical Forestry Action Plan (TFAP) — FAOQ, establish-
ment and workings of, 46, 111-12
Tropical Wilderness Areas, national approach to managing
major remaining, 98
Tropics
government-promoted overexploitation of forests in, 49
nced for international help to conserve species in, 21
priority for basic inventory work in, 80-81
rescarch centers to train personnel in, 72
undescribed species in, 18, 39

Unesco, global conservation strategy involvement by, 21-22,
58
United Kingdom
Environmentally Sensitive Arcas in, 83
national park features in, 59
United Nations Development Programme (UNDP), global
conscrvation strategy involvement by, 46
United Nations Environm2nt Programme (UNEP), 58, 81,
110
biodiversity convention promoted by, 68-69
conservation database aid by, 76
deforestation estimates by, 44
funding and implementation of Regional Seas action plans
of, 115
Global Strategy for the Conservation of Biodiversity work
by, 21-22, 113, 117
United States (U.S.)
forest products economic value to, 30
germplasm exchange by, 57
non-consumptive benefits from conservation in, 32

Values
consumptive use, 28-29
of biological diversity, 11-12, 25-35
existence, 34
non-consumptive use, 3i-33
option, 33-34
prodr:tive use, 29-31
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Venczuela, National Action Plan of, 110, 112
Victoria, Lake. biodiversity in, 46

Wetlands, species diversity within, 46
Wildlife, trade data involving, 79-80
Wildlife Conservation International, 110
Wilson, Edward O., 22
World Bank
biodiversity considerations in projects of, 95, 112 120
global conservation strategy involvement by, 21-22, 46
loan justified by non-consumptive benefits, 32
policy on wildlands, 58, 120-21, 147-52
World Charter for Nature (U.N.), 25, 68,
cthical commitment for biodiversity conservation in, 27
principles, functions, and implementation of, 134-36
societal changes called for by, 51
Woodlands. see Fore. ts
World Commission on Environment and Development
(WCED)
cross-sectoral policy shifts encouraging sustainable use of
biological resources indicated by, 55-56
forest cover loss estimates by, 44
linkages and, 112-13
socictal changes proposed by. S
sustainable development recognition by, 19
World Conservation Monitoring Centre (WCMC)
priority input by, 105
protected F-bitat data of, 78-79
species data of, 77-78
wildlife trade data by, 79-80
World Conservation Strategy (WCS) — IUCN, 19, 35, 113
preparation and implementation of, 21-22
societal changes called for by, 51
World Resources Institute (WRI)
global conservation strategy involvement by, 21-22, 46,
113, 117
World Wildlife Fund (WWF), 110
biodiversity attention given to projecis of, 90
conservation database aid by, 76, 77
debt-for-nature swaps involvement by, 124-25
global conservation strategy involvement by, 21-22
location and conservation of wild relatives encouraged by,
29
mini-resc. ves project supported by, 61

Yellowstone National Park, 51, 58
profits from resource exploitation of protected areas re-
turned to local people in, 121

Zaire
biedivesity richness in, 97
consumptive use values in, 28
Zambia
Wildlife Fund economics, used in 121, 122
research needs in, 75



Zimbabwe
profits from resource exploitation of protected arcas re-
turned to local people in, 121
research needs in, 75
Wildlife Fund economics used in, 121
Zoological gardens
contributions to biodiversity conservation by, 62-64, 124
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AAAS

AAZPA

ADB
AIDB
BOST'D

BGCS

CATIE

CcDC
CGIAR

Cl
CIDA
CITES

cm
CMEA
CNPPA

DANIDA
EEC

EIA

ELC

ESA

est.

FAO

. INNIDA
FRG
GATT
GDP
GEMS

GIS
GNP
GRID
GTZ

ha
IBAMA

LIST OF ACRONYMS
AND ABBREVIATIONS

American Association for the Advancement
of Sciences

American Association of Zoological Parks
and Aquaria

Asian Development Bank

African Development Bank

Board on Science and Technology for Inter-
national Development of National Research
Council

Ptanic Gardeiis Conscrvation Secretariat of
IUCN

Centro Agrondomico Tropical de Investigacion
y Enscnanza (Tropical Agricultural Rescarch
and Training Center, Costa Rica)
Conservation Data Center

Consultative Group on International
Agricultural Research

Conservation International

Canadian International Development Agency
Convention on International Trade in En-
dangered Species of Wild Fauna and Flora
centimeter

Council for Mutual Economic Assistance
Commission on National Parks and Protected
Arcas of [UCN

Danish International Development Agency
European Economic Community
Envirommental Impact Assessment
Environmental Law Centre of IUCN
Ecolegically Sensitive Arca

estimated

Food and Agriculture Organization of the
United Notions

Fir ish International Development Agency
Feder.d Repubiic of Germany

General Agreement on Tariffs and Trade
Gross Domestic Product

Global Environment Monitoring System of
UNLP

Geographic Information System

Gross National Product

Global Resource Information Database
Deutsche Gesellschaft fiir Technische
Zusammenarbeit (German Agency for
Technical Cooperation)

hectare

Instituto Brasileiro de Recrusos Naturais
Renovaveis ¢ Mceio Ambiente (Brazilian Ia-
stitute of Renewable Natural Resources and
Environment)

IBPGR
IBRD

ICBP
ICOMOS

ICSU
IDA
IDB
IGBP

IIED

IMF
IPAL
IRRI

ISIS
ITTO
IUDZG

IUCN

kg

km

m

MS

mt

NAS
NCS
NESDIS

NG
NGO
NOAA
NORAD
ODA
OECD
OTA
PADU
PCBs

PVO
RDB

International Board tor Plant Genetic
Resources

International Bank for Reconstruction and
Development

International Council for Bird Preservation
International Council on Monuments and
Sites

International Council of Scientific Unions
International Deveilepment Association
InterAmerican Development Bank
International Geosphere Biosphere Project of
ICSU

International Institute for Environment and
Development

International Monetary Fund

Integrated Project on Arid Lunds (Kenya)
Iniernational Rice Research Institute
(Philippines)

International Species Inventory “ystem
International Tropical Timber Urganization
International Union of Directors of
Zoological Parks

International Union for Conservation of
Nature and Natural Resources

kilogram

kilometer

meter

Manuscript

metric ton

National Academy of Scicnees

National Conservation Strategy

National Environmental Satellite, Data, and
Information Service

New Guinea

Non-Governmental Organization

National Occanic and Atmospheric
Administration

Norwegian Agency for International
Development

Overseas Development Agency of the United
Kingdom

Organisation for Economic Co-operation and
Development

Office of Technology Assessment of the US
Congress

Protected Areas Data Unit of WCMC
Polychlorinated biphenyis

Private Voluntary Organization

Red Data Book of IUCN



SADCC

SFr
SIDA
sq km
SSC
TFAP
TNC
TPU
UK

UN
UNDP
UNEP

Unesco
US£ID

USFWS
USNPS
WCED

WCMC
wCS
WHO
WMA
WRI
WWF

yr

Southern African Development Coordination
Conference

Svass franc

Swedish International Development Authority
square kilometer

Species Survival Commission of IUCN
Tropical Forestry Action Plan

The Nature Conservancy

‘Threatened Plants Unit

United Kingdom of Great Britain and Northern
Ireland

United Nations

United Nations Development Programme
United Nations Environment Progrmame
United Nations Educational, Scientific, and
Cultural Organization

United States Agency for International
Development

United States Fish and Wildlife Service
United States National Park Service

World Commission on Environment and
Development

World Conservation Monitoring Centre
Waorld Conservation Strategy

World Health Organization

Wildland Management Arca

World Resources Institute

World Wide Fund for Nature (previously
Waorld Wildlife Fund, and still World Wildlife
Fund in the United States)

year
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