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CHAPTER 6

SPECIES: GENETIC RESOURCES FOR DEVELOPMENT

Strong evidence indicates that the planet is

witnessing the start of a mass extinction of species,

which could well prove to be the greatest setback to

life's abundance and diversity since life first emerged

over 3 5 billion years ago There is little that is

inevitable about this process; if we choose to do so, we

can slow and eventually halt it. There is still time.

Species and their genetic materials promise to play

an expanding role in development, and a powerful economic

rationale is emerging to bolster the ethical, aesthetic,

and scientific cases For preventing this mass

extinction. The genetic variability and germplasm

material of species make contributions to agriculture,

medicine, and industry worth many billions of dollars per

year,

Yet scientists have intensively investigated only

one in every 100 of Earth's plant species, and a far

smaller proportion of animal species. If, then, we can

ensure the survival of species, we can look forward to

new and improved foods, new drugs and medicines, and new

raw materials for industry. This the scope for species

to make a fastgrowing contribution to human welfare in

myriad forms 'is the key justification for our expanded

efforts to safeguard Earth's millions of species.
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I. THE PROBLEM: CHARACTER AND EXTENT

By many indications, the world is already

experiencing extinctions rates that are unprecedented in

scale and impact. In Madagascar, for example, until

about mid-century there were 9,500 plant species and

probably around 190,000 animal species, with at least 60

per cent of them endemic to the island's eastern strip of

forest (that is, found nowhere else on Earth). At least

93 per cent of the original primary forest has been
1/

eliminated. This means that at least half of the

original species have already disappeared, or are on the

point of doing so.

Of the Caribbean's 50,000 coral-reef species, whole

communities are at risk because of pollution. One sixth

of the world's oil is produced in or shipped through the

Caribbean; supertankers and offshore oil rigs inject more

than 100 million barrels of oil into that sea each
2/

yea r.

The Pantanal area of Brazil contains 110,000 square

kilometres of wetlands, probably the most extensive and

richest in the world. They support the largest and most

diversified populations of waterfowl in South America.

The area has been classified by UNESCO as "of

international importance". Yet it suffers increasingly

from agriculture, dam construction, and other forms of

disruptive development.3'

Lake Malawi in Central Africa holds 500-plus

cichlid fish species, 99 per cent of them endemic. The

lake is only one-eighth the size of North America's Great

Lakes, which feature only 173 species, fewer than 10 per

cent of them endemic. Yet Lake Malawi is threatened

through pollution from industrial installations and the

proposed introduction of alien species.4'
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Many such ecosystems can be described: rich

biologically, promising in material benefits, and

severely threatened. Uast stocks of biological diversity

are disappearing lust as science is learning how to

exploit genetic variability through the advances of

genetic engineering.

Numerous studies document this crisis with examples

from tropical forests, temperate forests, mangrove

forests, coral reefs, savannahs, grasslands, and arid

zones.5" True, most of these studies are generalized

in their documentation; few offer lists of individual

species at risk or recently extinct. But there are also

particular cases with speciesbyspecies details, such as

the 90 endemic plants and the thousands of associated

animal species discovered only a few years ago on a

20 squarekilometre ridge of western Ecuador and entirely

eliminated today through logging and farming.
6/

Species extinction is not the only threat. The

planet is also being impoverished by the loss of races

and varieties within species. The variety of genetic

riches inherent in one single species can be seen in the

variability manifested in the many races of dogs, or the

many specialized types of corn developed by breeders.7'

Many species are losing whole subunits, in the

form of races and populations, at a rate that quickly

reduces their genetic variability and thus their ability

to adapt to climatic change and other forms of

environmental adversity. For example, the remaining gene

pools of major crop plants such as corn and rice amount

to only a fraction of the genetic diversity they

harboured only a few decades ago, even though the species

therriselves are anything but threatened.
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Thus there can be an important difference between

loss of species and loss of gene reservoirs, While all

species should be safeguarded to the extent thai. this is

technically, economically, and politically feasible, not

all genetic variability can be protected. The genetic

landscape is constantly changing through evolutionary

processes, and there is simply too much genetic

variability to be guarded. So in terms of genetic

conservation, we must be selective, and ask which gene

reservoirs merit protective measures. Science has thus

far concentrated on gene reservoirs of wild plants that

are relatives of agricultural crops, and on primitive

"cultivars" (an abbreviation of "cultivated varieties")

of modern crops.

But before science can focus on new ways to

conserve species, policymakers and the ordinary people

for whom policy is made must grasp the size and the

urgency of the threat. It would be grim irony indeed if,

just as new biological techniques begin to ].et us peer'

into life's diversy and use genes more effectively to

better the human condition, we looked and found little of

this treasure left.

II. EXTINCTION PATTERNS AND TRENDS

1. Past and Present Extinction Rates

Extinction has been a fact of life almost since

life first emerged. The present few million species are

the modernday survivors of the estimated half billion

species that have ever existed. Yet virtually all past

extinctions have occurr'ed by natural processes. Today,

humans are overwhelmingly the main cause of extinctions.

The average duration of a species is some five

million years; as there have been on average 900,000

extinctions every 1 million years during the last 200



million years, the average "background rate" of

extinction has been very roughly one in every one and

one-ninth years.8" The present human-caused rate is

hundreds of times higher, and could easily be thousands

of tirries higher' Yet we have no accurate figures on

the current rates of extinctions, as most of the species

vanishing are those least documented, such as insects in

tropical forests.

Tropical moist forests are by far the richest

biological units in terms of genetic diversity and by far

the most threatened through human activities. But other

major ecological zones are also under threat, as

mentioned earlier. Coral r'eefs, with an estimated half

m"Lllion species in their 400,000 square kilometres, are

being depleted at rates that may leave little but

degraded remnants by early next century. This would be a

great loss, in that coral-reef organisms, by virtue of

the "biological warfare" they engage in to ensure living

space in cr'owded habitats, have generated an unusual

number' and variety of toxins valuable in modern medicine.
10/

I.QPck9t_fti A Special Case

Tropical moist forests cover only 6 per cent of the

Earth's land surface but contain at least half of the

Earth's species (which totals 5 million at a minimum, but

could be as many as 30 million) . They may contain 90 per

cent or even more of all species. The primary tropical

For'ests that still exist cover only 9 million squar'e

kiiometres, out of the 15-16 million square kilometres

that once stood. Between 76,000 and 100,000 square

kilometres are eliminated outright each year, and at

least a further 100,000 square kilometres ar'e grossly

disrupted annually.1" But these figures come fr'om

surveys of the late 1970s, and since then deforestation

rates have accelerated.
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By the end of the century, or shortly thereafter,

there could be little virgin tropical moist forest left

outside of the Zaire Basin and the western half of

Brazilian Amazonia, plus some areas such as the Guyana

tract of forest in northern South America and parts of

the island of New Guinea. These zones are unlikely to

survive beyond a few further decades due mainly to the

expansion of forestiand farmers.

In the southern Brazilian state of Rondonia, for

example, the human population has grown more than tenfold

since 1975, from 111,000 to more than 1.2 million today.

In 1975, some 1,250 square kilometres of forest were

cleared. By 1980, more than 7,500 square kilometres had

been cut, and by early 1985 the total reached almost

16,000 square kilometres.
12/

Western Ecuador is reputed to have once contained

between 8,000 and 10,000 plant species, some 40 and 60

per cent of them erdemic.13' Given that there are

between 10 and 30 animal species for' every one plant

species in similar areas, western Ecuador must have

contained about 200,000 species. Since 1960, almost: all

the forests of western Ecuador have been destroyed to

make way for banana plantations, oil wells, and human

setlements. The number of species thus eliminated is

difficult to judge, but the total could well number

50,000 or more ....all in just 25 years.

21 . Similar figures and a similar story of forest

depletion come from the Atianticcoastal forests of

Brazil and from Madagascar14'. In these three areas

alone, then, the extinction rate could well have reached

an average of several species a day since about 1950,

with a higher rate in more recent years as growth of both

population and economic activity has made itself felt.
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3. Extinction Rates in the Future

The outlook for the future seems a].l the more

adverse, though its detailed dimensions are less clear

than those of the present. Despite this uncertainty, it

is worthwhile delineating the nature and compass of what

could lie ahead, to grasp the extent of the extinction

threat facing the world.

A number of other tropical moist forests are

similarly rich in species and exceedingly threatened.

These include the Mosquiti.a Forest of Central America;

the Choco forest of Colombia; the Napo region in Peruvian

Amazonia, plus six other centres (out of 20-odd centres

of biotic diversity in Amazonia) that lie around the

fringes of that basin and hence are unusually threatened

by settlement programmes and various other forms of

development; the Tai For'est of Ivory Coast; the mountain

forests of East Africa; the r'emining wet forest of Sri.

Lanka; the monsoon forests of the Himalayan Foothills;

Sumatra; northwestern Borneo; certain lowland areas of

the Philippines; and several islands of the South

Pacific. (New Caledonia, only half the size of

Switzerland, contains 3,000 plant species, 80 per cent of
15/

them endemic.)

These 20 sectors of tropical moist forests include

only one-tenth of remaining undisturbed forest. Yet

these 20 areas are estimated to harbour 1 million species

(assuming a low planetary total of S million

species) If present land use patterns and

exploitation trends persist, little of these forest

tracts will be left besides degraded remnants by the year

2000 or soon thereafter. Hundreds of thousands of

species will he thus eliminated within the next 20 years.
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Almost 20 per cent of the Eart.h's species are found

in Latin American forests outside of Arriazonia; another 20

per cent are found in forests of Asia and Africa outside
17/

the Zaire Basin. All of these forests may well

disappear by the end of this century or early in the

next. If only half of the species in these forests

disappear, this will amount to at least three-quarters of

a million species.

Over the longer term, at least one quarter,

possibly onethird, and conceivably a still larger share

of species existing today could be lost. If

deforestation continues in Arriazonia at present rates (it

is likely to accelerate) until the year 2000, but then

were to halt completely (which is unlikely) about 15 per

cent of plant species would be lost.
18/

Were

Arnazoni&s forest cover to be ultimately reduced to those

areas now set aside as parks and reserves, 66 per cent

of plant species would eventually disappear', together'

with almost 69 per cent of bird species and similar

proportions of all other major categories of species

At least 20 per cent of tropical forests should be

protected, but to date well, under' S per' cent has been

afforded protection of any sort - and many of the

tropical for'est parks exist only on paper.

iIp1f9ias....and Climate

Even the best parks and protected areas are

unlikely to provide a sufficient answer. In Amazonia, if

as much as half the forest were to be safeguarded in some

way or another but the other half were to he eliminated

or severely d:isrupted, there might well not. be enough

water in the Amazonian ecosystem to keep the remaining

forest moist.
19/

It would steadily dry up until it

became more like an open woodland - with the loss of most



of the species adapted to tropical moist forest

conditions.

Even more widespread climatic changes are likely to

emerge within the foreseeable future as the accumulation

of 'greenhouse gases' in the atmosphere begins to warm

the world's climate early in the next century. (See

Chapter 7.) However, today's network of protected areas

has been established in accordance with present-day

climatic realities. The viability of these parks would

be threatened by global climate change as the climatic

conditions nurturing tropical moist forests moved away

from these areas and parks. Thus the present global

network of protected areas, even with additions, may not

be able to cope with new conditions likely to arise over

the next few decades. Planners of parks and reserves

should work quickly to adapt their policies and

programmes to probable climatic change.20"

III. SOME CAUSES OF EXTINCTION

The tropics, which host the greatest number and

diversity of species, also host most developing nations,

where population growth is fastest and poverty is most

widespread. Population growth need not he intrinsically

threatening to species diversity. In populous countries

such as Japan and the Netherlands, urbanization has

prevented widespread disruption of wildlife habitat. But

developing countries are unlikely to achieve such

urbanization, even by the end of the next century.

Indeed, by the year 2100 there are projected to be

more people living in the Third Jorid countryside than

there are today.21' If they are forced to continue

with extensive agr'iculture, then farming will tend to
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spread throughout remaining wildlife environments. But

if they are helped and encouraged to practise more
intensive agriculture, they could make productive use of
relatively limited areas, with less irripact on wiidlands.

They will riced help; training, marketing support,
and fertilizer's, pesticides, and tools they can afford.
This will require the full support of governments.
Obviously such support should be given for the sake of
the farmers rather than for the sake of plants and
animals, But the point is that species conservation is
tied to development, and the problems of both are more
political than technical.

Population growth is a major threat to conservation
efforts in many developing nations. Kenya has set aside
6 per cent of its territory as parks arid reserves in
order to protect its wildlife and to earn foreign
exchange through tourism. But Kenya's present population
of 20 million people is already pressing so hard on parks
that protected land is steadily being lost to invading
farmers. And Kenya's population is expected to grow

22/fourfold in the next 40 years. The prospects for
that nation's parks are bleak.

Similar population pressures threaten parks in
Uganda, Ethiopia, Zimbabwe, and other countries in which
a growing but impoverished peasantry is forced to depend
on a dwindling natural resource base. Protected areas in
these countries may well be eliminated by the early part
of the next century. Countries such as Tanzania, Zambia,
Mozambique, Sudan, Camneroon, and at least a dozen others
in Africa with valuable genetic resources will suffer
severe pressures on their protected areas by the end of
the first quarter of the next century. Sub-Sahar'an
Africa's population growth rates are the highest in the
world.
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Poverty thus reinforces the impacts of population

growth. Subsistence peasants are often aware that by

altering soils, grasslands, and forests they are

jeopardizing the resource base they must rely on in the

future. Yet urgent short-term food requirements preclude

realistic conservation measures. Already, 600 million

poor Third World farmers face this situation; their

numbers are expected to increase to 1 billion by the
23/

start of the next century.

The Green Revolution in agriculture has enabled

many farmers to grow more on their limited land. But

many poor farmers unable to afford fertilizers and other

necessary 'inputs' have been left out of this revolution,

and often forced onto previously undisturbed marginal

lands less suited to agriculture.24' S:irnilarly,

plantation agriculture, while making intensive use of

croplands, often serves to leave many farmers landless.

Thailand, the Philippines, Indonesia, Brazil, Peru,

Colombia, Kenya, Ivory Coast, Madagascar, and other

nations with an unusual abundance of species already

suffer a massive overflow of farmers from traditional

homelands into virgin territories. These areas often

include tropical forests, perceived by the migrants

encouraged to farm there as 'free' lands available for

unimpeded settlement.

IV. ECONOMIC VALUES AT STAKE

The economic values inherent in the genetic

materials of species are alone enough to justify species

preservation. Many would argue that there are also

equally important aesthetic, ethical, cultural, and

scientific arguments for conservation.
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Many of the nations poorest in conservation

resources ar'e those richest in species; the tropics,

which contain at least two-thirds of all species and a

still greater proportion of threatened species, roughly

coincide with the area generally referred to as the Third

World. Many developing nations recognize the need to

safeguard threatened species hut lack the scientific

skills, institutional capacities, and funds necessary for

conservation. Industrialized nations seeking to reap

some of the economic benefits of genetic resources will

have to help Third World nations to conserve species;

they will also have to find ways to help tropical nations

realize some of the economic benefits of these resources.

Today, industrialized nations reap far greater

financial benefits from wild species than do developing

countries. The former have the scientific and industrial

capacity to convert this material for industrial and

medical use. And they also trade a higher' proportion of

their agricultural produce than do developing nations.

Northern crop breeders are incr'easingly dependent on

genetic materials from wild relatives of corn and wheat,

two crops that play leading roles in the international

grain trade. The U.S. Department of Agriculture

estimates that contributions from plant genetic material

lead to increases in productivity that average around 1

per cent annually, with a farm--gate value of well over $1

billion (1980 values).25"

The U.S. corn crop suffered a severe setback in

1970, when a leaf fungus blighted croplands, causing

losses to farmers worth more than $2 billion. Then

fungusresistant genetic material was found in genetic

stocks that had originated in Mexico.26" More

recently, a primitive species of corn was discovered in a

mountain forest of southcentral Mexico.
27/

This wild
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plant is the most primitive known relative of modern corn

and was surviving in only three tiny patches covering a

mere four hectares in an area threatened with destruction

by farmers and loggers. The wild species is a perennial;

all other forms of corn are annuals. Its cross-breeding

with commercial varieties of corn opens up the prospect

that farmer's could be spared the annual expense of

ploughing and sowing, since the plant would grow again

yearly of its own accord.

The wild corn offers resistance to at least four of

eight major viruses and fungi that have until now baffled

corn breeders.28" These four' diseases cost far'mers

more than $500 million annually. Discovered at

elevations between 2,500 and 3,300 metres, the wild plant

is adapted to cooler and damper habitats than other corn

varieties. This offer's scope for expanding the

cultivation range of corn by as much as one-tenth. The

genetic benefits of this wild plant, discovered when not

more than a few thousand last stalks remained, could

total several billion dollars per year. 29/

Wild species likewise contribute to medicine. Half

of all prescribed drugs have their origins in wild

organIsms,
30/

The commercial value of these

medicines and drugs in the United States now amounts to

some $14 billion a year.31' Worldwide, and including

non-prescription materials plus pharmaceutica].s, the

commercial value exceeds $40 billion a year.32'

One well-known example of a plant source of dr'ugs

is the rosy periwinkle. Originating in Madagascar's

for'ests, the plant harbours alkaloids that yield two

potent therapies against Hodgkin's disease, leukemia, and

other' b].00d cancers. Commercial sales of the two drugs

now total more than $150 million per year. According to

the U.S. National Cancer Institute, there could be
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another five plants in Amazonia containing important

anti--cancer biochernicals.33'

34/
4.5. Industry also benefits from wildlife.

Wildlife . derived materials contribute gums, oils, resins,

dyes, tannins, vegetable fats and waxes, insecticides,

and many other compounds. Many wild plants bear oil-rich

seeds that can help in the manufacture of fibres,

detergents, starch, and general edibles. For instance,

the Fevillea genus of rain-forest vines in western

Arriazonia bear seeds with such a high oil content that a

hectare of such vines in an original forest could produce

more oil than a hectare of commercial oil palm
35/

plantation.

A few plant species contain hydrocarbons rather
36/ . -

than carbohydrates. Certain of these plants can

flourish in areas that have been rendered useless through

such activities as strip--mining. Hence land that has

been degraded by extraction of hydrocarbons such as coal

could be rehabilitated by growing hydrocar'bons on the

surface .Moreover, unlike an oil well, a 'petroleum

plantation' need never run dry.

Such plants have been discovered even though

scientists have examined only 10 per cent of all plant

species, and closely examined only 1 per cent. And they

have scarcely investigated animal species at all.

4.8. The emerging field of genetic engineering, by which

science devises new variations of new life forms, does

not render wild genes useless. In fact, this new science

must be based on existing genetic material and makes such

material even more valuable and useful. Extinction,

according to Pr'ofessor' Torn Eisner of Cornell University,

"no longer means the simple loss of one volume from the

library of nature. It means the loss of a loose-leaf
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book whose individual pages, were the species to survive,

would remain available in perpetuity for selective

transfer and improvement of other species.3" And

Professor Winston Brill of the University of Wisconsin

has noted: "We are entering an age in which genetic

wealth, especially in tropical areas such as r'ainforests,

until now a relatively inaccessible trust fund, is

becoming a currency with high immediate value." 38"

Genetic engineering may mean that agriculture's

Green Revolution will be superseded by a 'Gene

Revolution' . This technology raises hopes of eventually

harvesting crops from deserts, from seawater, and from

other environments that did not previously support

farming. Medical researchers foresee their own Gene

Revolution bringing more innovative advances during the

last two decades of this century than occurred during the
39/previous two centuries.

V. A NEW APPROACH: ANTICIPATE AND PREVENT

The present approach to species preservation is for

the most part a defensive reaction that sets aside parks

rather than altering development patterns to make them

more compatible with the preservation of this extremely

valuable biological diversity. Yet unless economic and

land use patterns are altered, the last areas of wild

resources will eventually be overrun.

A new approach is needed, one that deals with

species depletion at its sources, in development

policies, and that anticipates the obvious results of the

more destructive policies and prevents damage now. A

great deal can be done along these lines without pain.

WO61SR/NM/LT/LS/19. 1.87-5
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Third World governments can stem the destruction of

tropical forests and other reservoirs of biological

diversity without sacrificing economic goals. They can

even conserve valuable species and habitat while at the

same time reducing their economic and fiscal burdens.

Ironically, it is often government policy, not economic

necessity, that drives the over-exploitation and

destruction of these resources. The direct economic and

fiscal costs of this over-exploitation in addition to

those of species extinction are huge.

52. Many tropical countries with large forest resources

have provoked wasteful 'timber booms' by assigning

harvesting rights to domestic and foreign

concessionnaires for royalty, rent, and tax payments that

are only a small fraction of the net commercial value of

the log harvest. They have compounded the incentive by

offering only short-ter'm leases, requiring

concessionnair'es to begin harvesting at once, and

adopting royalty systems that induce loggers to harvest

only the best trees while doing enormous damage to the

remainder. In response, logging entrepreneurs in several

countries have leased virtually the entire productive

forest area within a few years and have over-exploited

the resource with little concern for future productivity

(while unwittingly opening it for clearing by
40/

slash--and--burn cultivators).

53 . The result has been wasteful exploitation of those

tropical forests, the sacrifice of most of their timber

and non-timber values, enormous losses of potential

revenue to the government, arid at the same time the

destruction of rich biological resources. Reforming

forest revenue systems and concession terms could raise

billions of dollars of additional revenues, promote more

efficient, long-term forest resource use, and curtail

deforestation.
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In Central and Latin America, many governments
have encouraged the large-scale conversion of tropical
forests to livestock ranches. Many of these ranches have
proved ecologically and economically unsound, as the
underlying soils are soon depleted of nutrients; weed
species replace planted grasses, and pasture pr'oductivity
declines abruptly. Yet tens of millions of hectares of
tropical forest have been lost to such ranches, largely
because governments have underwritten the conversions
with large land grants, tax credits and tax holidays,
subsized loans, and other inducements. These governments
could save themselves enormous expense arid revenue loss,
promote more sustainable land uses, arid slow down the
destruction of tropical forests by eliminating such
incentives. 41/

Numerous other opportunities can be found to
encourage both species conservation and economic
productivity. Many governments maintain unrealistically
low taxes on rur'ai land, while allowing settlers to
establish title to virginu land by converting it to
farmland. rhus wealthy landowners can keep huge,
under--used estates at little or no cost, while
land-hungry peasants are encouraged to clear forests to
establish marginal holdings. Reforms of tax arid tenure
systems could increase productivity on existing holdings
and reduce the pressures to expand cultivation into
forests and upland watersheds.

The promotion of tropical timber imports into
certain developed countries, through tariffs and trade
restrictions and domestic forest policies, also dr'ives
deforestation. The importing industrial countries
typically allow in unprocessed logs from tropical
countries either duty-free or at minimal tariff rates,
while imposing much higher tariffs and import
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restrictions on processed wood products. This encourages

developed-country industries to use logs from tropical

forests rather than their own, a pattern that is

reinforced by domestic restrictions on the amounts that

can be cut in domestic forests. The situation may be

relieved somewhat by the establishment in 1986 of the

International Tropical Timber Organization, based in

Yokohama, Japan. which will seek to rationalize trade

flows. It is the first commodity agreement that

incorporates a specific conservation component.

Arid and semi--arid lands harbour only a very small

number' of species, compared with tropical forests. But

because of the adaptations of these species to harsh

living conditions, they feature many potentially valuable

biochemicais, such as the liquid wax of the jojoba shrub

and the natural rubber of the guayule bush. In Southern

Africa alone there are 20,000-plus plant species -- over

half of them endemic and most of them dryland species
42/

almost 2,400 of which are under threat.

The Southern African nation of Botswana exports

more than half its beef output overseas, two--thirds of

which goes to the EEC, which has a shortage of lean

(grass-fed) beef.'3' So EEC development-aid programmes

heavily subsidize the beef-export business in Botswana,

where cattle are rapidly replacing wildlife. Wildebeest

have dwindled in numbers through loss of habitat until

they now total only 10 per cent of their once vast

total.44' A similar pr'ocess of savannah degradation

and wildlife depletion can be seen in several other

African countries where the spread of ranching is

subsidized by foreign aid.

Despite its droughts, the Sahel continues to gr'ow

more agricultural produce each year. But most of it is

commodities for export, not food for local consumption.
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The cash-crop trade is supported by virtually all

Sahelian governments on the grounds that it attracts

support from development aid programmes and commercial

investment from Europe. In 1984, the Sahel harvested

almost seven times as much cotton as in 1961, and it

imported almost nine times as much cereal grain.45"

The expansion of cotton and peanut production has driven

many subsistence farmers onto marginal lands too dry for

farming, turning semiarid land to desert with often

disastrous results both for humans and for other species.

All this is not to say that exports of commodities

from the developing world to industrial countries should

be discouraged. In fact, developing countries have too

often penalized commodity exports through overvalued

exchange rates, export taxes, and levies imposed by crop

marketing boards, severely restricting returns to farmers

as we].]. as production urgent].y required to earn foreign

exchange. There is no general tendency for exportable

crops to be more environmentally damaging than

subsistence crops. Many export crops are perennials and

tree crops, which, when gr'own with grasses underneath,

afford better protection against soil erosion than row

and root crops such as cassava, maize, and millet. But

it is essential that all crops be grown on suitable soils

using appropriate techniques.

Species conservation, as indicated, is seldom seen

as an activity that contributes to the main goal of any

nation: economic advancement. But conservationists are

discovering that ecosystem conser'vation can be seen as

contributing to the predominant goals of sustainable

development. Safeguards for critical tracts of wildiands

can serve also to safeguard agricultural land, for

example. This is particularly true for upland forests of

the tropics, which protect valley fields from floods and

erosion, and waterways and irrigation systems from

siltation.
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A case in point is the Dumoga-Borie Park in northern

Sulawesi, covering some 3,000 square kilornetres of upland

forest. It protects large populations of most of

Sulawesi's endemic mammals, and many of the island's 80

endemic bird species. It also protects the World Bank1s

Durnoga Valley Irrigation Scheme in the flatlands below,

set up to achieve a tripling of rice production on more
46/

then 13,000 hectares of prime agricultural, land.

Similar examples include the Canairna Park in the

Amazonian sector of Venezuela, which protects domestic

and industrial water supplies for the capital city of

Caracas and for a major hydropower facility.

One conclusion from this connection is that

governments could think of 'parks for development',

insofar as parks serve the dual purpose of protection for

species habitats and development processes at the same

time. National efforts to anticlpate and prevent the

consequences of development policies in any of these

areas would surely yield much more for species

conservation than all the measures of the past 10 years

in support of park building, ranger patr'ols,

anti-poaching units, and the other conventional forms of

wildlife preservation.

VI. INTERNATIONAL ACTION FOR NATIONAL SPECIES

Species and their genetic resources whatever

their origins - plainly supply benefits to all human

beings. Wild genetic resources from Mexico and Central

America serve the needs of corn growers and consumers

globally. The principal cocoa--growing nations are in

West Africa, while the genetic resourses on which modern

cocoa plantations depend for their continued productivity

are found in the forests of western Amazonia.
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Coffee growers and drinkers depend for the health

of the crop on constant supplies of new genetic material

from coffee's wild relatives, principally located in

Ethiopia. Brazil, which supplies wild rubber germplasm

to Southeast Asia's rubber plantation, itself depends on

germplasm supplies from diverse parts of the world to

sustain its sugar-cane, soybean, and other leading

crops. Without access to foreign sources of fresh

gerrnplasm year by year, the nations of Europe would

quickly find their agricultural output declining.

The time may be coming when the Earth's endowment

of species will be seen as an asset to be conserved and

managed for the benefit of all humanity. This will

necessarily add the challenge of species conservation to

the international political agenda. It implies two forms

of responsblity. First, all nations have the duty to

safeguard species within their territories, on behalf of

everyone. Second, all humanity has the duty to offer

whatever support is required - finance, skills, and so on

to enable individual nations to discharge their duties.

Settinq Priorities

A first priority is to establish the problem of

disappearing species on political agendas as a major

resource issue, perhaps through formal policy commitments

on the part of governments and in international forums

such as the UN General Assembly.

Governments should investigate the prospect of

agr'eeing to a 'Species Convention', similar' in spirit and

scope to the Law of the Sea Treaty and other

international conventions reflecting principles of

'universal resources'. A Species Convention should

articulate the concept of species and genetic variability
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as a common heritage that is of legitimate and

significant interest to all humankind and to the entire

community of nations, deserving to be maintained on

behalf of all, now and forever. It should reflect the

species issue with respect to processes of sustainable

development: Whereas species can contribute markedly to

sustainable development, they are being eliminated almost

entirely through inappropriate policies and practices

that lead to unsustainable development in areas such as

agriculture, forestry, population, settlement and trade.

Collective responsibility for the common heritage

would not mean collective international rights to

particular resources within nations. This approach need

not interfere with concepts of national sovereignty. But

it would mean that individual nations were no longer left

to rely on their own isolated efforts to protect species

within their borders, but could look for assistance from

the community of nations.

Such a Convention would riced to be supported by a

Trust Fund, to which all nations would contribute

according to their means and inclinations, and by which

a].l nations would be assisted to maintain stocks of

species. To accomplish its task, such a Trust Fund may

well have to total several billion dollars a year for the

next 10 years at least.

But the cost of expanding the present network of

protected areas to cover most species would probably run

to $1 billion a year' for at least 10 years; after which

operating and maintenance costs would decrease sharply.

And the present range of protected areas will fail to

meet the new needs of a warming biosphere. The network

of protected areas that the world will need by the year

2050 must include much larger areas brought under some

degree of pr'otection and a sophisticated degree of
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flexibility in management techniques. The cost of

protected areas to serve long-term needs could rise to as

much as $2 billion annually, or even twice as much.

Mor'e funds will also be required for conservation

activities outside protected areas: wildlife management,

education campaigns, and so on. Other approaches of a

less expensive sort include the conservation of wild gene

reservoirs of special significance through 'genetic

conservation areas' in countries well endowed with

genetic resources

International development agencies -. the World Bank

and other major lending banks, UN agencies, and bilateral

agencies -. should give comprehensive and systematic

attention to the problems and opportunities of species

conservation. To date, the economic values inherent in

species and genetic variability have been generally

disregarded, in large part because the resources in

question are not traded in the marketplace, and hence are

perceived as valueless. Possible measures include

environmental impact analyses of development projects

with particular attention to species ' habitats and

life-support systems, identification of crucial

localities that feature exceptional concentrations of

species with exceptional levels of endernism and that face

exceptional degrees of threat, and special "windows of

lending and aid opportunity" to support species

cons er vat, ion.

2. Some Current Initiatives

A number of international measures are already

being tried. But they are limited in scope, only

partially successful, and reactive in nature.

UNESCO operates a clearing-house for information on

natural areas and genetic resources. Its World Heritage
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Fund supports the management of a handful of exceptional

ecosystems around the world, but all these activities

receive trifling budgets. UNESCO has sought to establish

a global system of Biosphere Reserves representing the

Earth's 200 'biotic provinces' and harbouring sample

communities of species. But only one-third of the needed

reserves have been established, even though instituting

and operating the rest would cost only about $150 million
48 /

a year.

UN agencies such as FAO and UNEP run programmes

concerned with threatened species, genetic resources, and

outstanding ecosystems . But their combined activities

are tiny in the face of the large needs . Among national

agencies, the U.S. Agency for International Development

leads the field in recognizing the value of species

conservation. Legislation passed by the U.S. Congress in

1986 will make available $2.5 million a year for this

purpose.49' Again, this should be considered an

important gesture compared with what has been done to

date by bilateral agencies, but trifling compared with

the needs and opportunities.

The World Wildlife Fund, working in conjunction

with IUCN, has been able to mobilize more than $120

million since its founding in 1961, a magnificent

contribution from the general public. But according to

the Tropical .Forests Action Plan of the World Bank and

World Resources Institute, traditionaltype conservation

needs in tropical forests alone require outlays of $170

million a year for at least five years.50'

This record confirrris that species problems tend to

be perceived largely in scientific and conservationist

terms rather than as a leading economic and resource

concern. Thus the issue lacks political clout. The

Tropical Forests Action Plan is an attempt to change
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this. It is a collaborative effort involving the World

Bank, the Wor'ld Resources Institute, UNDP, and FAO. This

broadbased effort proposes the formulation of national

forestry reviews, national forestry plans, identification

of new projects, enhanced cooperation between development

aid agencies at work in the forestry sector, and

increased flows of technical and financial resources into

forestry and related fields such as smal].holder

agriculture

Establishing norms and procedures with r'espect to

resource issues is at least as important as increased

funding. Precedents for such norms include the

Convention on Wetlands of International Importance, the

Convention on Conservation of Islands for Science (both

of which safeguard prime habitats and their species), and

the Convention on International Trade in Endangered

Species. These three precedents all help, although the

first two are essentially reactive attempts to devise

'species refuges'.

VII. SCOPE FOR NATIONAL ACTION

As indicated earlier, governments need to follow a

new approach in this field one of anticipating the

impact of their policies in numerous sectors and acting

to prevent undesirable consequences. They should review

programmes in areas such as agriculture, forestry,

settlement, and the like that serve to degrade and

destroy species' habitats. Governments should determine

how many more protected areas are needed, especially in

the spirit of 'parks for development', and make further

provision for protection of gene reservoirs (for

instance, pr'imnitive cult.ivars) that may not normally be

preserved through conventional protected areas.
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In addition, governments need to reinforce and

expand existing strategies. Ur'gent needs include better

wildlife and protected-area management, more protected

areas of a non-conventional type (such as the ecological

stations that are proving successful in Brazil), more

game cropping and ranching pr'ojects (such as the

crocodile schemes in Zimbabwe, India, Thailand, and Papua

New Guinea), more promotion of wildlife-based tourism,

and stronger anti-poaching measures (even though only a

few species are threatened by poaching, compared with the

vast numbers threatened by habitat loss).

Other measur'es governments could take to confront

the crisis of disappearing species, recognizing that it

constitutes a major resource and development challenge,

include consider'ation of gene conservation needs and

opportunities in land-use planning and explicitly

incor'porating their genetic resource stocks into their

systems of national accounting, establishing a

natural-resource accounting system that directs

particular attention to species as high-value yet

little-appreciated resources. Finally, they should

support and expand programmes of public education to

ensure that the species question receives the attention

it deserves throughout the entire population.

Every nation has only limited conservation

resources at its disposal. Even if resources were to be

increased several times over, no country could hope to

save all its species that appear' doomed to disappear.

The most conservationist-minded nations support only a

fraction of all their species at risk. The question then

is how governments can most efficiently allocate scarce

funds in order to safeguard the most valuable species.

We have unfortunately reached a stage where there is

merit in determining which species ar'e most deserving of
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continued space on the planet. Agonizing as it will be

to make such choices, planners need to make conservation

strategies as systematically selective as possible. No

one cares for the prospect of consigning threatened

species to oblivion. But insofar as choices are already

being made, unwittingly, they might as well be made with

selective discretion.

VIII. SIGNS OF HOPE

Species are disappearing rapidly; our present park

systems are too little too late. But there are signs

that the mass extinction of species is starting to be

perceived as a phenomenon that carries pragmatic

implications for all citizens around the world, now and

for generations to come.

The recent rise in public concern can be seen in

such developments as the growth in Kenya's Wildlife

c:iubs, now numbering more than 1,300 school clubs with
51/

around 70,000 members. A parallel development in

conservation education has occurred in Zambia. In

Indonesia some 400 conservation groups have banded

together under' the banner of the Indonesian Environmental

Forum and exert strong political influence.52" In the

United States, membership of the World Wildlife Fund has

expanded from 58,000 in 1981 to 172,000 in 1985, while

annua]. donations have soared from under' $4 million to
53/

almost $14 million.

In response to this popular concern, governments

have been moving to help species threatened within their

borders, primarily thr'ough the establishment of

additional protected areas. Today, the worldwide

networ'ks total more than 4 million square kilometres,
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roughly equivalent to the United States east of the

Mississippi, or twice the size of Indonesia. In terms of

continental coverage, protected areas in Europe (outside

the USSR) amounted by 1985 to 3.9 per cent of territory;

in the USSR, 2.5 per cent; in North America, 8.1 per

cent; in South America, 6.1 per cent; in Africa, 6.5 per

cent; in Asia (outside the USSR), 4.3 per cent; and in
54/

Australia, 4.3 per cent.

Since 1970, the networks have expanded in extent by

more than 80 per cent, around two-thirds of which are in

the Third World. But a great deal more remains to be

done; a consensus of professional opinion suggests that

the total expanse of protected areas needs to be

increased at least three times, if it is to constitute a

representative sample of Earth's ecosystems.55"

There is still time to save species and their

genes. Our failure to do so will not he forgiven by

future generations.
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