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The world's tropical 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

trate'U on only 6percent of Its land surface, 
mostly In tropical forests. If present trends 
are not reversed, humankind may witness 
the elimination of one million out of theplanet's 5-10 million plant and animal 
species by the bnd of this century. Photo: 

SDAE ThornIng. 

The impending extinction of large numbers of species and the resulting decrease in 
gene c 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 
genrations,a loss of genetic diversity resulting from the disturbance of natural 
habitats will take millions of years to correct.
 

Ilum.,kind share, the planet %sith be-
,%%ecn fise and ten milli,,n other species 
(1) Som- recent rCs.carch es.1n suogests 
thit h*Iere could '.e 30 7 oil',un in,,cct 
si.- cies in trop: .:, f rcst., alone (2). What. 
LA er :'%true fi!ore. tl!e.,e species repre-

,ient gen. c rcer%ot ai lable to*ast 

suppirt human lfare, 
Fi;,, wh their genetic resources, these 

spcci.s provide escntial materials for ag-
riculture. mcdic:ine, industry . energy and 
other economic uses (31. The potential for 
furthci applica, 'n has onN begun to he 
explored. Scien;its have made cursor%ap-
prat,,c' of onl, one plant species in ten: and 
'"'~ '1. . n,,. . of ,nls OT-e in 1M1(0out of 

a totd of 250000 plant species. As for the 
anini,. world, they hase hardly made ;, 
t :rt on ealuation. ,n,idrine the mani-

IL, 1L :,fit, th:-t '.: ,rcad,. enjoy, the 
Levietic reer',otr is arnl ie the mot valu-

hie natural resources v ith which we can 
.mfront the unknown "hallenges of the 
fluture. 

The total number o pecies is not the 
standard hv hich gent: discrsity should 
be judged" Virtual[. il' species harbor a 
far greater am(unt (if enutic variahilitv 
than i sugzested by thc. (incept of specie, 
alone. A ,pecies corup , ia number ct 
subspecies. race.es and p( pulations, each oif 
"hich constitutes a dish ictise reseroir oif 

genetic material (4). Although intraspecies 
gene.c differences are sometimes slight. 
the% c:n often be markedly different. An 
di'a of this "genetic plasticity" inherent in 
a speciCs can he gained, for e,.;,mple. bs 
con-'.,ring the variahilit, ma'ifested in 
thL many rates of dfogL's -t 'he manv 
speci;if,,ed types (if corn d',e,,ped h; 
pla.it breeders. 

PRESENT EXTINCTION RATE 
At least ts, o-thirds of all species occur in 
the tr,)pics. These species tend to reveal 
greater genetic diversity than !! ,Se else
%%here (Of tropical ,pccies, rthls I.,. 
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~-alonunu agricunur., now prmciicea by some
million "poorest of the poor", may Involve one 

billion by the beginning of the next century. 
., " - -  Forced to destroy the resource base upon which1 ,, T they depend, these subsistence farmers contrib

. ute to the degradation of vast expanses of land as- -,here InNiger. 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 peasanis 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-wateredareas, and so on. How would the govern

- "mentS ". be able to keep cattle herders out of- Yosemite Valley, or timber cutters out of 
Yellowstone's forests? 

thirds occur in tropical moist forests. In within relevant time scales. Judging by the 
By way of a real-world parallel, let'usconsider tile prospect for Kenya, a countryother words. more than two. fifths of all recoveries following the -species crashes" that has established an outstanding conserspecies exist in a biome that accounts for which ended the Permian and Cretaceous vation record by setting aside six percentless than 10 million square kilometer-a Periods, it would take tens of millions of of its territory as parks and reserves inmere seven percent of the earth's surface. years to generate a complement of species order to protect its wildlife and threatenedThese tropical forests-are undergoing dis- comparable to that which exists today. specie . Kenya's present population of 18ruption ahd destruction at such rapid rates million people is pressing so hard on prothat it is.reasonable to suppose that one tected areas that the three leading conserspecies per day is being lost in these forests FACTORS OF EXTINCTION

alone (5). Several.other species-rich zones, Population Growth 
vation units are losing portions of territory
to land hunger (8). Yet Kenya is projectednotably coral reefs and wetlands, are also The tropics, which host the greatestundergoing severe depletion. to reach a total of 109 million people benumber and diversity of species, also lie - fore'its population growth stabilizes in theBy the end of this century we may well within the developing world, where popu- year 2115.lose one million species in these biomes latibn is projected to be the greatest. The prospects, then,. for Kenya's parksalone. This postulates an average rate of at Population growth however is not intrinsic- are bleak. Similar population pressuresleast 100 species per day for the r'4 nainder ally threatening to species diversity. Inof this certury, with great waves of extinc-
threaten parks in Uganda, Ethiopia, Zimpopulous countries such as Japan and the babwe, and several other countries intions occurring during the latter part of the Netherlands, for exam~ple, urbanization which the impoverished peasantry isperiod as huinan population increases gen-" has prevented widespread disruption of forced to dlraw from a dwindling resourcecrate greater cnvironnfental impacts. wildlife habitat. Developing countries, by base. Proected areas in these cotirtliesMany species are losing sub-units such contrast, will not achieve a parallel degree may be eliminated by the early part ol theas races and poptilations, at a rate that of urbanization even by the end of the next next century. Other countries such as Tangre;tly reduces their genetic variability. century. There will e huge numbers of zania. Zambia, Mozambique, Sudan,Even though these species are not being people still living in rural a,as and pursu- Camiroon andendangered in terms of their overall num- at least one dozen othering agricuhural lifestyles, countries in Africa with valuable geneticbers, they are !indovbtedly suffering a de- By the end of the next century there will resources will suffer severe pressures oncline in their genetic stocks. For example, be three-fifths more people living in rural their protected areas within the first quarthe remaining gene pools of major crop areas in the Third World than there are ter of the next century. The situation isplants such as corn and rice amount to only today. If they are forced to continue em- parti ularly severe in sub-Saharan Africaa fraction of the genetic diversity they har- ploying low-grade extensive agriculture, because of the population growth rates,bored only a few decades ago. even though the tendency will be to spread to the far- which are the highest in the world and arethe species themselves are not threatened. thest corners of what are now natural envi- still increasing: and because of the incr-as

ronments. If. on the other hand, they are ing incidence of hunger, which forces ruralable to practice efficient intensive agricul- agricultural communities to spread intoFUTURE RATES OF EXTINCTION ture they could make sustainably produc- hitherto undisturbed wildlands (9).The extinction spasm that we should anti- tive use of relatively limited sectors ofcipate for. the foreseeable future could well their countries, with reduced impacts on Povertylesemble, in terms of species numbers, the wildlands.live great extinction episodes of the prehis- Poverty reinforces the detrimental impactBut they will need technical inputs they of population buildup. No person causes:eric past: and in terms of the compressed can afford, and this, in turn, requires thet:ine,cale involved, greater injury to natural environmentsit seems likely to sur- full support of their governments. In short, than a hungry farmer. There are already 
pass any extinction episode rsince (he the challenge is no, onl' technological butemergence of life 3.6 billion %ears ago. political. As much attention must be paid 600 million of these "poorest of the poor",projected to reach at least one billion byWhen the dinosaurs and man% of their to these broader perspective!. of landcontemporary ,pecies diappeared 

use the start of the next century and perhapssonic in the Third World, as io narrowly focus- increasing to two billion by the time the65 million years ago. their passing ex- sed campaigns to safeguard threatened developing world's populatio)n comes co,'tended over severA' million years, whereas species. To reiterate a familiar theme: con- to levelling out at around 1(1 billion in thethe present phenomenon appears likely to servation and developn.ent must operate year 21Wt) (1)).last little more than one century (6). hand in hond (7). The subsistence peasant is often con-In contrast to the Lnvirnmental dam- To vist::tize the prosiect if most Thirdage caused, scious of the fact that by altering soils.for example, by po!lution or World farrmers remain subsistence peas- grasslands and forests he is jCo ardizingsoil loss which may be reversed over the ants, let t, consider 1,,)w things wotld the resource base which idealh' shouldlong run, a loss for species diversity repre- work out for the Unite I States if it were prwide a livelihood for an indefinitesents an essentially irreversible process still a developing counir%. Instead of So) period of time; yet the urgent food re
112 
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,One of tW'e main causes of habitat destruction Is 
agricultural expansion, often at the expense of
sustainable resource management. Here a sagar 
cane crop InKenya has replaced native species
rich vegetation. Photo: H SlOrs. 

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 line does not necessarily relieve the
 
overall problem. insofar as enhanzed ag- - ,
 
riculture for some does not incvitably lead .
to optimum patterns of land use overall. 

- -.-''- .-The Green Revolution now permits many i., .. ' ' , .
 .
farmers to make much better use of theircroplands. But because of associated beef, foster, albeit un ittingly, the de- atmospheric CO,, vegetation zonessocioeconomic problems, the Green areRev- forestation of Central America in order to p:'edicted to shift outward from theolution tends to "marginalize'" the majori- supply ostensibly cheap beef for fast foods equator. Such a shift would alter uniquey of less fortunate farmer.. pushing them such as hamburgers (14). Beef seekers in ecosystems within both forest andoff traditional farmlands and aridinto previ- Western Europe are starting to promote land. parks.ously undisjurbed marginal zones More local types of climaticwhich similar "deforestation linkages" in disruption may also occur. Even if 10 perare less suited to agriculture (II). Similar-, Amazonia. They also stimulate deforesta-ly. plantati6n agriculture, while making in- tion in Thailand through marketplace de-
cent of tropical forests are preserved, the 
destruction of the remaining 90Jpercenttensive use of croplands, often serves to mand for inexpensive food supplements in
Jleave multitudes of-farmers landless (12). 
would result in decreased viability in the
the form of cassava for feed-lot cattle; and reserved areas. For example, a decline inIn Thailand. the Philippines, Indonesia, they foster a spred of commercial ranch- rainfal due to deforestation in the unpro-Brazil, Peru, Colombia, Kenya, hpry. ing into savannah zones of Kenya, Botswa-
Coast, Madagascar. and a string of other na ar 
tected 90 percent would gradually dry out
other countries of Africa with the protected 10 percent, reducing itsan
rutions with unusual abundance of eve to the beef-export trade (15). These effectiveness as a refuge'for the originalspecies, we can ilreadv observe a m,jssive economic-ecologic linkages between the forest species.
overflow of farmers from tradi:ional develo1 ,ed and the developing worlds seem 
 In short, the present global network ofhomelands into virgin territories. These likely to become more numerous, and protected areas, eventerritories often include with additions, mavtropical forests, -more extensive in their impact as the glob- prove incapable of meeting newly emer-l.perceived by the migrant peasantry as al economy becomes increasingly inte- ing needs even within the next few"free" lands available for unimifededset- grat decd (16). Thus the problbm of species ades. Presefit day planners of parks andtlement. They can also include woodlands, extinction reflects not only growth in hu- reserves should re-adapt their policies and"%ith.their diverse wildlife, savannahs with man numbers, but growth in human con- programs to allow for the possible alteratheir rich arrays, of herbivores, montane sumerism-an aspect of the situation that tions of-the next century.zones with their concentrations of endemic is occasionwly accorded less than due
species, and wetlands (both coastal 
 and atention by persons preoccupied with the THE ULTIMATE EXTINCTIONinland water bodies)- with their unique basic issue of population explosion. T LON 

communities of species. OUTLOOKTropical moist forests, covering only 7 ,l-though projections of future extinctionpercent of Earth's land surface, harbor at PROTECTED AREAS AND CLIMATIC are speculative, they are helpful in gainingleast two-fifths of all species. Many of CHANGE a better idea of the problems we'confront.these species arc unusually susceptible to The present network of protected areas Professor Daniel Simberloff of Floridasummarv extinction. At least one in ten has been established in accordance with State University has looked at the case ofenjt;ys only limited (listribution (ieis en- present needs. The goal i,,
demic). In asingle patch of montane forest 

to try to ensure Latin America, and he concludes that if
that all biotic provinces, some 21) of them deforestation continues at present rates
in the Taita Ilills of Kenva. more than 50 all together, are represented. Still, many (they are likely to accelerate) until the
instcts known nowhere else have been dis- biomes lack adequate representation incoveied. Many other species feature 
year 200(0, but then were to halt completeex- the network of protected areas. In fact, the ly, we should anticipate a loss of about 15treine ecological specializations, notably total territorv of protected areas needs to percent of all plant species. When onetheir integration with complex food wcbs be increased about thee times, or to about plant ,pecies disappears, it is likely to takeand communities, which makes them vul- 101(0million square kilometers,

nerable if it is to with it between 10 and 3(I associated anito even moderate disruption of constitute a representative sample of the mal species that depend upon it,intheir life-support systems. \When these Earth's ecosystems (17). Of the tropical way 
one 

or another, for critical parts of theirspecies are eliminated their passing tends forests at least ten, anAd possibly 2(0 per- life cycles (19).to precipitate a process of "'linked eXtine- Were Latin America'scent, should he protected according t) forests to be ultimatelv reduced to thosetions", with "shatter effects'' throughtut solm, ecologists. Though the efforts at c- areas set aside as oarks and reserves, wetheir ecosystems (13). tablishing protected areas i )date are laud- should anticipate that 66Consumerism percent 'f plantable, it must be recognize I that many es- species would eventually disappear. to",iblished areas are little m ire than ''paper gelher with almost 69 percent of birdBesides, the subsistence farmer, the agent parks". Still. estabrishm:it of protected species. We may learn how to manipulate%', ;snxl most capable of environmental areas should remain a hiet, priority while habitats to enhance survival prospects. we.':o11,n is the person at the other end worthwhile areas are.still %ailable.tile "welfare scale": the super-affluent Even if sufficient areas ire set aside for 
may learn how to propagate threatened
species in captivity, and we may be able to.%ho seeks more good% at "fair" protection. climatic cllanl.', may threaten apply other emergent conservation tech..'tfnmunities in North America, their iabiiitv (18). As i result of the niques, all of which will help the situation..:one r:;td about increases in the cost of "greenhouse eff,.ct"'due i,'increases in In addition, and for reasons of "ecological 3) 
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equi',.iriation' (delayed fall-out effects).
some extinctions n t ccurland,

ay not occur until well 
into the 22nd century, or even further into 
the fu:ure. But the damage will have been 
Sdone.


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 ve will lose one-
third, and conceivable that we will lose 
one-half of all species. Surviving species 
may loe a great part of their genetic varia-
bilit%. "his wo uld be a hiolo ica debicle 
greater, in its compressed timescale. ihan any during tht: course of evolution,entire 

That.we will suffer severely in economic 
terms, through the loss of vast stocks of" 

uniquely valuabile natural resources is be-
yond dispute. What is far less certain is 
whether a mass extinction of species will 

S('annot inflict serious ecological injury on that 
part of the planetary ectisystem that sur-
vives through the end of the next century. 
Some think a lack of cenetic diversity inan 
ecosystem is associated with itloss of sta-

bility. What is,not knos\i is huw much 
di, ersity lo,;s can en-the gltibal ecosystem 
dure bef)re critical ilttnl e toour entire 
"life support Io.sten" ccurs (201). 

A FUTURE OUTBURST OF 

SPECIATION? 
W ile we re plainly )n tihe ani v'rge ofu 
extinctitn ewpi,,ide, we are proihably tin the 
ver,e. also, rif an outburst of speciation." 

A s species'dlisappear ii large lum bers. 

their pa,sing %ill ipen up mall; silical'. ecnt 
niche,, allowing new, subspecies and then 
species to energe tiore r.rpidlv than usui. 

An accelerahion in tic prtwcs, titspccia-

t .rti,tmevcr. %%illtiiit reiteIy imiatch hche 
cilinpre sed phentomilei nonof is, cxtinc-

tiurn. The time rclquired ti kill off,a species 
is niuch slit,ter than that required to ,IC-
'ehipa ne\\ (,.ic.A c(inipensit(iry ilicreie 

In speciatitun %%illnot orccur \ithin ()tlrtil.e 
hi,t/on trf c'irnccrri. 

We should. how\\ever. prepare for a 

rapid increase in numbers oif opportunistic-
specie,, sshich caipably explrit• nes,.:v vacarit 
niches. The ad,ntahilit% of these spec,*, 


mrt\ tilos% them :rm become so iuccesful 

DEGENERATIVE REPERCUSSIONS 
FOR EVOLUTION 
Tle extinction of large numbers of species 
will not he the ultimate effect of tileabove 

scenarios. Rather, a potentially irrevers-
ible disruption of evolutionary processes 
that have steadily developed since the first 
flickverings of life could occur. The tropical 
forests, coral reefs and wetlands which are 
am(,ng the most threatened ecosystems are 
also the most sensitive and the most dy-
namic in terms of evolutionary processes. 

lence the impending extinction spasm 
could have far reaching ctnsequences not 
only for Earth's array of species, but fortilefuture course of evlution itself. As 

has been graphically st':ted: 'Death is one 
thing: ait end to birth is something else" 
(21). Yet we are allowing this basic disrup-
tin if evolutittn to proceed--with impli-
cations that could extend for millions of 
years into the future-with alarming com-
'plaeuiency(22). 
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