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The world's troplical rainforests are dis-
appearing at the rate of about 7.3 million
hectares a year, Unfortunately up to half
the world's genetic diversity is concen-
trated on only 6 percent of its land surtace,
mostly in tropical forests. If present trends
are notreversed, humankind may witness

.the elimination of one million out of the
planet’s 5-10 milllon plant and animal
specles by the end of this century. Photo:
SIDA/E Thorning.

The impending extinction of large numbers of species and the resulting decrease in
genetic diversity are among the most serious threats to the future of the planet.
Although other human impacts such as pollution may be reversed within a few
gencrations, a loss of genetic diversity resulting from the disturbance of natural
habitats will take millions of years o correct.

Humenind shares the planet with be-
tween five and ten mullion other species
(1), Some recent rescarch even suggests
that *here could e 30 miion insect
spreeies in tropice, forests alone (2). What.
Cver the true higure. these species repre-
sent wwast geny o oresenoir avarlable to
support human welfare.

Thiogh their genetic resources, these
species provide essential matenals for ag-
riculture. medicine, industry, energy and
other ¢cconomic uses (3). The potential for
further apptlica*s *n has only hegun to be
explored. Scienusts have made cursory ap-
pratse’ of only one plant species in ten: and
e anag. - of endy one in 100 out of
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a total of 250000 plant species. As for the
anintay world, they have hardly made a
<Lt on evaluation. Gonsdering the mani-
told bonefits thet we aready enjoy. the
cenetic reservoir 1s among the most valu-
- ble nuturai resources vith which we can
confrant the unknown “hallenges of the
tuture.

The total number of .pecies is not the
standard by which gencr-c diversity should
Pe qudged Virtually al” species harbor
far greater amcunt of  enctic variahility
than 1y sugaested by the Concept of species
alone. A species comp ises a number of
subspectes, races and pepulations, cach of
which constitutes a distiictive reservoir of

genetic material (4). Although intraspecies
genetie differences are sometimes slight,
they cun often be markedly different, An
1dea of this “genetic plasticity” inherentin
a spectes can be ganed, for evample,
convdering the variability musifested n
the many races of dogs o the many
speciihiced types of corn deseloped by
plaat breeders.

PRESENT EXTINCTION RATE

At least two-thirds of all species occur in
the tropics. These species tend to reveal
greater genetic diversity than those else-
where  Of tropical species, roaghly two.



thirds occur in tropical moist forests. In
other words, more than two-fifths of all
species exist in a biome that accounts for
less than 10 million square kilometers—a
mere seven percent of the earth's surface.
These tropical forests.are undergoing dis-
ruption and destruction at such rapid rates
that it is reasonable to suppose that one
species per day is being lost in these forests
alone (5). Several.other species-rich zones,
notably coral reefs and wetlands. are also
undergoing severe depletion. . .
By the end of this century we may well
lose one million species in these biomes
alone. This postulates an average rate of at
least 100 species per day for the refainder
of this cemury, with great waves of extinc-
tions occurring during the latter part of the,
period as human population increases gen-
erate greater environntental impacts.
Many species are losing sub-units such
as races and populations, at a rate that
greatly reduces their genetic variability.
Even though these species are not being
endangered in terms of their overall num-
bers. they are nndoubtedly suffering a de-
cline in their genetic stocks. 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 har-
bored only a few decades ago. even though
the species themselves are not threatened.

FUTURE RATES OF EXTINCTION

Fhe extinction spasm that we should anti-
cipate for the foresecable future could well
tesemble. in terms of species numbers, the
tive great extinction episodes of the prehis-
ioric past: and in terms of the compressed
tmescale involved. it seems likely to sur-
pass any extinction episode since the
emergence of life 3.6 billion vears ago.
When the dinosaurs and muany of their
contemporary species disappeared some
65 million years ago. their passing ex-
tended over several million vears, whereas
the present phenomenon appears likely to
last little more than one century (6).

In contrast to the cnvironmental dam-
age caused, for example, by pollution or
soil loss which may be reversed over the
long run, a loss for species diversity repre-
sents an essentially irreversible process
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within relevant time scales. Judging by the
recoveries following the *‘species crashes™
which ended the Permian and Cretaceous

" Periods, it would take tens of millions of

years to generate a complement of species
comparable to that which exists today.

FACTORS OF EXTINCTION
Population Growth

The tropics, which host_ the greatest
number and diversity of species, also lie
within the developing world, where popu-
lation is projected to be the greatest.
Population growth however is not intrinsic-
ally threatening to species diversity. In
populous countries such as Japan and the
Netherlands, for example, urbanization
has prevented widespread disruption of
wildlife habitat. Developing countries, by
contrast, will not achieve a parallel degree
of urbanization even by the end of the next
century. There will be huge numbers of
people still living in rural arsas and pursu-
ing agricuhural lifestyles.

By the end of the next century there will
be three-fifths more people living in rural
areas in the Third World than there are
today. If they are forced to continue em-
ploying low-grade extensive agriculture,
the tendency will be to spread to the far-
thest corners of what are now natural envi-
ronments. If, on the other hand, they are
able to practice efficient tntensive agricul-
ture they could make sustainably produc-
tive use of relatively limited sectors of
their countries, with reduced impacts on
wildiands.

But they will need technical inputs they
can afford, and this, in turn, requires the
full support of their governments. In short,
the challenge is ne: only technological but
political. As much attention must be paid
to these broader peripectives of land use
in the Third World, as 10 narrowly focus-
sed campaigns to safeguard threatened
species. To reiterate a familiar theme: con-
servation and developn.ent must operate
hand in hand (7).

To visushize the prospect if most Third
World farmers remain subsistence peas-
ants, let us consider Low things would
work out for the Unite | States if it were
still a developing coumnry. Instead of 80

HSIRITHLE Syhivunure, NOow praciiceqa oy some
600 million “poorest of the poor”, may involve one
blltion by the beginning of the next century.
Forced to destroy the resource base upon which
they depend, these subsistence farmers contrib-
ute to the degradation of vast expanses of land as
here in Niger. Photo: Mark Edwards/Earthscan.

percent of its 230 million people occupying
only 2 percent of its territory, at least as
many would be living off the land, and
over-loading  natural  environments,
Hordes of land-hungry peasants would be
clamoring to occupy the country’s parks
and reserves, first the better-watered areas
such as the Everglades (exceptionally rich
in species), then the moderately-watered
areas, and so on. How would the govern-
ment be able to keep cattle herders out of
Yosemite Valley, or timber cutters out of
Yellowstone’s forests?

By way of a real-world parallel, letus
consider thie prospect for Kenya, a country
that has established an outstanding conser-
vation record by setting aside six pegcent
of its territory as parks and reserves in
order to protect its wildlife and threatened
sffecies. Kenya’s present population of 18
million people is pressing so hard on pro-
tected areas that the three leading conser-
vation units are losing portions of territory
to land hunger (8). Yet Kenya is projected
to reach a total of 109 million people be-
. fore its population growth stabilizes in the
year 2115,

The prospects, then, for Kenya's parks
are bleak. Similar population pressures
threaten parks in Uganda, Ethiopia, Zim-
babwe, and several other countries in
which the impoverished peasantry is
forced to draw from a dwindling resource
base. Pratected areas in these countrics
may be eliminated by the early part of the
next century. Other countries such as Tan-
zania, Zambia, Mozambique, Sudan,
Cameroon and at least one dozen other
countries in Africa with valuable genetic
resources will suffer severe prassures on
their protected areas within the first quar-
ter of the next century. The situation is
particalarly severe in sub-Saharan Africa
because of the population growth rates,
which are the highest in the world and are
still increasing: and because of the incr.as-
ing incidence of hunger, which forces rural
agricultural communities to spread into
hitherto undisturbed wildlands (9).

Poverty

Poverty reinforces the detrimental impact
of population buildup. No person causes
greater injury to natural environments
than a hungry farmer. There are already
600 million of these “*poorest of the poor™,
projected to reach at least one billion by
the start of the next century and perhaps
increasing to two billion by the time the
developing world's population comes close
to levelling out at around 10 billion in the
year 2160 (10).

The subsistence peasant is often con-
scious of the fact that by altering soils.
grasslands and forests he is jeopardizing
the resource base which ideally should
provide a livelihood for an indefinite
period of time; vet the urgent food re-
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Oneof t’s_o main causes of habitat destruction is
agricultural expansion, otten at the expense of
sustainable resource management. Here s cugar
cane crop In Kenya has replaced native species-
rich vegetation. Proto: H Sjors.

quirements of the short-term preclude any
conservation measures.

Of course we can always hope for sig-
nificant advances in agricultural technolo-

" gy, of a quality and scale enabling large
numbers of farmers to practice improved
forms of agriculture. But progress along
these lines does not necessarily relieve the
overall problem. insofar as enhanced ag-
riculture for some does not inevitably lead
to optimum patterns of land use overall,
The Green Revolution now permits many
farmers to make much better use of their
croplands. But because of associated
socioeconomic problems, the Green Rev-
olution tends to “marginalize” the majori-
4y of less fortunate farmers. pushing them
off traditional farmlands and into previ-
ously undisfurbed marginal zones which
are less suited to agriculture (11). Similar-,
ly, plantation agriculture, while making in-
tensive use of croplands, often serves to
‘leave multitudes of farmers landless (12).
In Thailand. the Philippines, Indonesia,
Brazil, Pcru, Colombia, Kenya, Ivpry.
Coast, Madagascar. and a string of other
nations  with  unusual  abundance of
species, we can plready observe a myssive
overflow of farmers from  traditional
homelands Mto virgin territories. These
territories often include tropical forests,
perceived by the migrant peasantry as
“free” lands available for unimpeded set-
tlement. They can also include woodlands,
with, their diverse witdlife, savannahs with
their rich arrayss of herbivores, montane
zones with their concentrations of endemic
species, and wetlands (both coastal and
inland water bodies) with their unique
communities of species.

Tropical moist forests, covering only 7
percent of Earth's land surface, harbor at
least two-fifths of all species. Many of
these species are unusually susceptibie to
summary extinction. At least one in ten
enjoys only limited distribution (ie is en-
demic). Ina single patch of montane forest
in the Taita Hills of Kenva. more than 50
insdets known nowhere clse have been dis-
covered. Many other species feature ex-
treme ecological specializations, notably
their integration with complex food webs
and communities, which makes them vul-
nerable to even moderate disruption of
their life-support svstems. When these
species are eliminated their passing tends
to precipitate a process of “linked extine-
tiony™, with “shatter effects™ throughout
their ecosystems (13},

Consumerism

Besides the subsistence farmer, the agent
“whois neat most capable of environmental
~-tiucion s the person at the other end
rae Cwelfare scale™: the super-affluent

<t who seeks more goods at “fair”

: Communities in North America,
eoneeraed about increases in the cost of
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beef, foster, albeit un vittingly, the de-
forestation of Central America in order to
supply ostensibly cheap beef for fast foods
such as hamburgers (14). Beef seekers in
Western Europe are starting to promote
similar  “deforestation  linkages” in
Amazonia. They also stimulate deforesta-
tion in Thailand through marketplace de-
mand for inexpensive food supplements in
the form of cassava for feed-lot cattle; and
they foster a spredd of commercial ranch-
ing into savannah zones of Kenya, Botswa-
na and other countries of Africa with an
eve to the beef-export trade (15}. These
cconomic-ecologic linkages between the
developed and the developing worlds seem
likely to become more numerous, and
‘more extensive in their impact as the glob-
al ¢conomy becomes increasingly inte-
grut::d (16). Thus the problem of species
extinction reflects not only growth in hu-
man numbers, but growth in human con-
sumerism—an aspect of the situation that
is occasionsly accorded less than due
attention by persons preoccupied with the
hasic issue of population explosion.

PROTECTED AREAS AND CLIMATIC
CHANGE

The present network of protected areas
has been established in accordance with
present needs. The goal is to try to ensure
that all biotic provinces, some 200 of them
all together, are represented. Still, many
biomes lack adequate representation in
the network of protected areas. In fact, the
total territory of protected areas needs to
be increased about three times. or to about
100 million square kilometers, if it is to
constitute a representative sample of the
Earth’s ccosystems (17). Of the tropical
forests at least ten, ang possibly 20 per-
cent, should be protected according to
some ccologists. Though the efforts at es-
tablishing protected areas 1 date are laud-
able, it must be recognize 1 that many cs-
tablished areas are little m e than “paper
parks™. Still. estabhishm:2at of protected
arcas should remain a hign priority while
worthwhile areas are still aailable.

Even if sufficient areas ire set aside for
protection, climatic chang. may threaten
their viabiiity (18). As 1 result of the
greenhouse effect™ due o increases in

aimospheric CO,, vegetation zones are
predicted to shift outward from the
equator. Such a shift would alter unique
ecosystems within both forest and arid
land parks. More local types of climatic
disruption may also occur. Even if 10 per-
cent of tropical forests are preserved, the
destruction of the remaining Y0 percent
would result in decreased viability in the
reserved areas. For example, a decline in
rainfall due to deforestation in the unpro-
tected 90 percent would gradually dry out
the protected 10 percent, reducing its
effectiveness as a refuge for the original
forest species.

In short, the present global network of
protected areas, even with additions, may
prove incapable of meeting newly emery-
ing nceds even within the next few dec-
ades. Present day planners of parks and
reserves should re-adapt their policies and
programs to allow for the possible altera-
tions of-the next century.

THE ULTIMATE EXTINCTION
OUTLOOK

£lthough projections of future extinction
are speculative, they are helpful in gaining
a better idea of the problems we‘confront,
Professor Daniel Simberloff of Florida
State University has looked at the case of
Latin America, and he concludes that if
deforestation continues at present rates
(they are likely to accelerate) until the
year 2000, but then were to halt complete-
ly. we should anticipate a loss of about 15
percent of all plant species. When one
plant «pecies disappears, it is likely to take
with it between 10 and 30 associated ani-
mal species that depend upon it, in one
way or another, for critical parts of their
life cycles (19). Were Latin America's
forests to be ultimately reduced to those
areas seu aside as varks and reserves, we
should anticipate that 66 percent of plant
species would eventually disappear. to-
gether with almost 69 percent of bird
species. We may learn how to manipulate
habitats to enhance survival prospects, we
may learn how to propagate threatened
species in captivity, and we may be able to
apply other emergent conservation tech-
niques, all of which will help the situation.
In addition, and for reasons of “ecological



equighriation” (delaved fall-out effects),
some extinctions may not occur until well
into the 22nd century, or even further into
the future. But the damage will have been
. done. .
This writer hazards a best-judgement es-
timate that we may eventually lose a full
quarter of all species that now share-the
Earth with us. This is an optimistic prog-
nosis; it is possible that we will lose one-
third, and conceivable that we will lose
one-half of all species. Surviving specices
may lose a great part of their genetic varia-
hilitv. This would be a biological débicle
greater, m its compressed timescale, than
any during the entire course of evolution,
That.we will suffer severely in economic
terms, through the loss of vast stocks of
uniquely valuable natural resources is be-
yond dispute. What is far less certain is
whether a mass extinction of species will
not inflict serious ecological injury on that
part of the planetary ecosystem that sur-
vives through the end of the next century.
Some think a luck of genctic diversity in an
ecosystein s associated with a loss of sta-
bility. What 15 not known is how much
diversity loss the glohal ecosystem can en-
dure before critical damage to our entire
“life support svstem™ oceurs (20). .

A FUTURE OUTBURST OF
SPECIATION?

While we are plainly on the verge ofean
extinction episade. we are probably on the
verge, also, of an outburst of speciation.
As species disippear i farge aumbers,
thetr passing will open up miny ecological
niches, allowing new subspecies and then
species to emerge more rapidiv than usual.,
An aceeleramon in the procgss of specii-
tion, however. will not remotely match the
compressed phenomenon of mias. extine-
tion. The time reuired to Kill of? @ species
is much shorter than that required to de-
velop a new cne. A compensatory increase
in speciatien will not occur within our tune
honzon of concerh.

We should. however. prepare for &
rapid increase in numbers of opportunistic
species which capably exploit newiy vacant
niches. The adaptability of these species
mav allow them o become so successful
hat they will become pests. Present exame
ples of such species include the house fly,
the rat, and the rabiit, as well as many

Uweed” plants,

A trend favoring opportunistic species is
not. intitself. harmtul. Since these species
are slow to settle into specialized niches
they retan potential for tuture evolution-
ary adaptation. In this sense the genetic
Aariability of opportunistic species may be
constdered greater than that of niore es-
tablished or “developed™ species. The
spectali t species however, espectally the

« parasites and predators, serve to it the
populstions  of opportunicic  specics—
especially those most likaiv to become
pests. To date, probihly less than five per-
cent of all inseet species deserve to rank as
pests, thanks to the attenuons of thar
natural enemies. But if extinction patterns
favor opportunistic species the result could
be a situation in which harmful species
increase until they exceed the capacity of
natural enemies to control them.

DEGENERATIVE REPERCUSSIONS
FOR EVOLUTION

The extinction of large numbers of species
will not be the ultimate effect of the above
scenarios. Rather, a potengially irrevers-
ible disruption of evolutionary processes
that have steadily developed since the first
flickerings of life could occur. The tropical
forests, coral reefs and wetlands which are
among the most threatened ecosystems are
also the most sensitive and the most dy-
namic in terms of evolutionary processes.

Hence the impending extinction spasm
could have far reaching consequences not
only for Eurth's array of species, but for
the future course of evolution itself. As
has been graphically stated: “Death is one
thing: an end to birth is something else™
(21). Yet we are allowing this basic disrup-
tion of evolution to proceed—with impli-
cations that could extend for millions of
vears into the future—with alarming com-
placency (22).
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