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Human Carrying Capacity, 

Extinctions, and Nature 

Reserves 

Paul R. Ehrlich 

Humanity has overshot Earth's long-term carrying capacity and is living "on capi- 
tal," and simultaneously we are eliminating other organisms, heedless of the cru- 
cial role they play in supporting society. Only a change of paradigms leading to re- 
duction of human numbers and impacts and a comprehensive system of reserves, 
can prevent catastrophe. (Accepted for publication 16 February 1982) 

With present and foreseeable technol- 
ogies, Homo sapiens has exceeded the 
long-term carrying capacity of Earth, 
which is especially evident in society's 
heavy dependence on a draw-down of 
nonrenewable resources. In order to 
maintain a population of about 4.5 billion 
people-many in a marginal existence- 
our species is squandering capital accu- 
mulated over hundreds of millions of 
years in a matter of decades (see Ehrlich 
et al. 1977 for overview). 

When a politican or economist thinks 
of this destruction of capital, he or she 
normally thinks only of the rapid con- 
sumption of fossil fuels, especially of 
petroleum, and believes that humanity 
will find technological solutions to this 
problem with nuclear power, solar ener- 
gy, synfuels, or other technologies. Most 
economists do not recognize the poten- 
tially serious problem of the dispersal of 
high-grade mineral resources because 
they have been taken in by a mythology 
of infinite substitutability (e.g., Barnett 
and Morse 1963)-the notion that "man 
largely creates his own environment and 
his own resources" (Anders et al. 1978, 
p. 39)-to provide a rationale for acting 
as if perpetual economic growth were 
possible. The most thoughtless and er- 
rant statement to be issued by this West- 
ern equivalent of a "cargo cult" (Catton 
1980) so far was, curiously, published in 
Science. There, in June of 1981, an econ- 
omist informed the world that "the quan- 

tity of copper that can be made available 
to humanity cannot be calculated even in 
principle" because "copper can be made 
from other metals" and that the theoreti- 
cal limit on the amount of copper thus 
obtained would be "the total weight of 
the universe" (Simon 1980, p. 1435). 

But the problems created by accelerat- 
ing use of stocks of fossil fuels (Holdren 
1981) and the impossibility of solving the 
problem of dispersing high-grade min- 
eral resources by infinite substitution 
(Cook 1976, Ehrlich et al. 1977 for envi- 
ronmental constraints) are only the tip of 
the iceberg. Several centuries could pass 
before shortages of these resources 
brought on a crash of the human popula- 
tion. It is more likely that the depletion 
of another nonrenewable resource, the 
biological diversity of our planet, will be 
the prime factor in triggering a decline 
in human numbers so catastrophic that 
it could spell the end of industrial 
civilization. 

WHY PRESERVE DIVERSITY? 

There are three basic arguments for 
preservation of the stock of species that 
now inhabit Earth. One is an esthetic- 
ethical argument-that other species are 
beautiful, unique, and have a "right to 
exist" (e.g., Ehrenfeld 1978; Ehrlich and 
Ehrlich 1981). A second is that other 
organisms already provide humanity 
with a wide variety of direct economic 
benefits and have the potential for pro- 
viding enormously greater benefits in the 
future (Myers 1979). But it is the third 
argument that is of greatest concern to us 

here: that other species are intimately 
involved in providing society with an 
array of indispensible, irreplaceable 
"ecosystem services" without which so- 
ciety in its present form could not persist 
(Ehrlich and Ehrlich 1979). 

Ecosystem services (e.g., Bormann 
1976) include maintenance of the quality 
of the atmosphere, amelioration of the 
weather and regulation of the hydrologic 
cycle, disposal of wastes and recycling 
of nutrients essential to agriculture, gen- 
eration and maintenance of soils, provi- 
sion of food from the sea, control of the 
majority of potential pests of crops and 
vectors of disease, and maintenance of a 
vast genetic "library" from which hu- 
manity can withdraw, among other 
things, some of the germ plasm required 
for the continuance of high-yield 
agriculture. 

Few people are aware of these ecosys- 
tem services. Most do not understand 
that many human activities constitute 
assaults on ecosystems whose integrity 
must be preserved if those natural serv- 
ices are to continue being provided and 
industrial society is to persist. It is, for 
example, the necessity of preserving 
ecosystem integrity that places the 
fundamental constraints on human mobi- 
lization of materials-not the amounts 
theoretically available (Ehrlich et al. 
1977). By using enough energy, the 
oceans could be boiled and granite mined 
to extract the trace elements in both. The 
energy could be mobilized, but the 
inevitable environmental side effects 
of its use on such a scale would be 
catastrophic. 

Even fewer people realize that billions 
of genetically distinct populations and 
millions of species of organisms are func- 
tional (and often noninterchangeable) el- 
ements in ecosystems. To the degree 
that people are aware of endangered 
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species, they are conscious of the threat 
to prominent organisms like the blue 
whale, black rhino, and California con- 
dor. Their concern is born of compassion 
for and interest in such creatures, not of 
a well-grounded fear that in assaulting 
them society is sawing off the limb on 
which it is perched. 

THE DECAY OF DIVERSITY 

Until the last century or so, the imapct 
of Homo sapiens on Earth's biota was 
little noted. Many populations were, of 
course, exterminated, possibly including 
much of the Pleistocene megafauna (e.g., 
Ehrlich et al. 1981, pp. 109-114, Martin 
and Wright 1967, Van Valen 1969). 
Greek scholars before the time of Christ 
were well aware of the deterioration of 
local ecosystem services resulting from 
deforestation (Hughes 1978), but the dis- 

appearance of other species only began 
to attract attention with the loss or near 
loss of widespread and well-known ani- 
mals like the great auk, northern right 
whale, passenger pigeon, and American 
bison. Such animals were endangered 
directly by overexploitation, and thus an 

early focus of conservationists was to 

protect animals from overhunting and 
overfishing. Parallel to this there devel- 

oped a great concern for the degradation 
of the landscape (e.g., Marsh 1864), but 
the wide recognition of habitat destruc- 
tion as the prime source of the loss of 

organic diversity has been slower in 

coming. 
It has been estimated (Ehrlich et al. 

1977, p. 192) that in the closing decades 
of the twentieth century the rate of spe- 
cies extinction will be some 40 to 400 
times the rate that has prevailed through 
most of geological time. One can guess 
that the rate of extinction of genetically 
distinct populatons will be dispropor- 
tionately higher. The decline of Earth's 
biota can be viewed as an extremely 
rapid depletion of a nonrenewable re- 
source. Speciation mechanisms are not 
capable of replenishing the stock at a 
rate of interest to us, any more than 
geological processes are capable of re- 
storing depleted stocks of fossil fuels or 
high-grade mineral resources. Further- 
more, there is reason to believe that, 
overall, human activities are slowing the 
rate of speciation itself (Ehrlich and Ehr- 
lich 1981, Soul6 1980). 

The decline of diversity contributes to 
a dismal prospect for humanity. Only the 
rapidly increasing threat of thermonucle- 
ar war darkens our future more. As 
nonrenewable (stock) energy and materi- 

als resources are depleted, people will be 
increasingly forced to depend on renew- 
able (flow) resources for sustenance. 
The outlook is all the more unfortunate 
as human behavior in the terminal years 
of what sociologist William Catton (1980) 
calls "the age of exuberance" seems 
bound to become ever more destructive 
of the very systems that are involved in 

supplying flow resources, such as solar 

energy, fresh water, food, timber, medi- 
cines, fibers, and various industrial prod- 
ucts from plants and animals (e.g., 
Myers 1979). 

THE TIDE OF HABITAT 
DESTRUCTION 

Increased human population growth 
and per capita consumption lead to habi- 
tat destruction in diverse ways. Natural 
areas are paved over for housing, roads, 
industry, and shopping centers. More 
and more marginal land is put to the 

plow, destroying entire communities for 
often short-lived agricultural operations. 
Those vast storehouses of species diver- 

sity, the tropical rainforests, are being 
cut down to yield beef for cheap ham- 

burgers, to provide packaging for Japa- 
nese electronic gadgets, and to supply 
firewood and farm sites for burgeoning 
human populations (Myers 1980). At the 
other end of the spectrum from the moist 
forests, many arid regions in North 
America are being chewed up by off-road 
vehicles. Industrial society also degrades 
environments globally with its ef- 
fluents-from chlorinated hydrocarbon 
pesticides and industrial chemicals that 
concentrate in food chains to air pollut- 
ants that generate the acid rains that 

destroy aquatic communities wholesale 
and may have serious deleterious effects 
on terrestrial ecosystems. 

THE ROLE OF NATURE RESERVES 

In any tactical solution to the problem 
of accelerating extinctions, nature re- 
serves clearly must play a central role. 
The technology of reserve design, unfor- 
tunately, is in its infancy (e.g., Gilpin 
and Diamond 1980, Frankel and Soul6 
1981, Wilcox 1980), and the applicability 
of some of the principles of its mother 
science, island biogeography (MacAr- 
thur and Wilson 1967) are still in dispute 
(e.g., Simberloff and Abele 1975). But, 
both because of what we do know and 
because of what we do not know, it is 
clear that every attempt must be made to 
increase the number and size of nature 

preserves. 

We do know that many reserves today 
are almost certainly too small to perma- 
nently support the large animals they 
were designed to maintain. Michael 

Soul6 and his colleagues (1979), for ex- 

ample, deduced that most of the large 
animals will be lost from present day 
African game parks in a matter of a few 
hundred years, even if the parks are 

flawlessly protected. Although this may 
seem like an incredibly long time in the 

high-discount world of economists, it is a 
mere instant in evolutionary time and a 
brief interlude in the history of our 

species. 
Perhaps more disturbing, recent work 

by our group (Ehrlich et al. 1980, Mur- 

phy and Ehrlich 1980) indicates that pre- 
vious estimates of the amount of undis- 
turbed area required to guarantee the 

persistence of butterfly populations were 
not sufficiently conservative. Butterflies, 
because of their popularity with amateur 
naturalists, are probably the best indica- 
tor group available for assessing the sta- 
tus of a myriad of herbaceous plants, 
insects, and other obscure organisms 
that play crucial roles in delivering those 

all-important ecosystem services. If the 
butterflies' requirements turn out to be 
more or less typical of herbivorous in- 
sects, then the long-term value of smaller 
reserves (which predominate in Great 
Britain) will diminish greatly, especially 
if they become islands in what are, in 
essence, biological deserts. Although 
with intensive management (e.g., Duffey 
1968) it may prove possible to maintain 

species on undersized reserves, extinc- 
tions will still occur (Duffey 1977); the 
management practices themselves, how- 
ever, may eliminate the possibility of 

regenerating diversity (Soule 1980). 
It is clear, then, that great efforts must 

be made to avoid the development of 
substantial new tracts of land anywhere. 
Wherever suitable areas still exist, they 
should be converted into reserves and 
the resources found to protect and man- 
age them properly so that the impacts of 
humans are minimized. Violation of ex- 

isting reserves is a worldwide problem 
and is especially severe in some tropical 
areas (e.g., Hamilton 1976). Sadly, the 
current Secretary of the Interior, James 
Watt, is determined not to expand wil- 
derness areas and to open up much of the 
current system of reserves "for the peo- 
ple." Little does he realize the ultimate 
consequences for people of such an ap- 
proach to the stewardship of America's 
land! 

Furthermore, everything possible 
should be done to make nonreserve ar- 
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eas more hospitable to other species. 
Native vegetation should be planted to 
replace lawns and manicured parks, con- 
crete lining of streams should cease, 
herbiciding of rights-of-way should be 
forbidden, hedgerows should be planted 
between farm fields (Elton 1958), and so 
on. Ideally, in many cases, corridors of 
restored habitat should be established to 
allow migration between reserves, even 
if it is necessary to condemn the needed 
land. Programs of ecosystem reestablish- 
ment should be started everywhere, re- 
turning to nature marginal farmland, 
overgrazed range, deserted slums, old 
railroad tracks, deserts churned by off- 
road vehicles, and so on. 

All of this, of course, would solve the 
problem only in a context of human 
population control and a great reduction 
in the release of pollutants into the bio- 
sphere. Humanity must move promptly 
toward a slow reduction in its population 
size and quickly find ways to limit per 
capita impacts on environmental sys- 
tems. Failing this, Earth will suffer a 
catastrophic loss of species and geneti- 
cally distinct populations, and civiliza- 
tion will have committed what E. O. 
Wilson recently described as "the folly 
our descendants are least likely to for- 
give us." 

THE STRATEGY OF CONSERVATION 

How could such plans, essential for 
the survival of our society, be imple- 
mented? Obviously they cannot be in a 
world now dominated by "growth- 
mania" and "supply-side economics"- 
a world in which Western commentators 
complain if the Saudi Arabians are not 
pumping their oil "fast enough." The 
situation is especially difficult since trop- 
ical moist forests are the most critical 
ecosystems because they are the greatest 
reservoir of diversity (e.g., Raven 1976). 
These forests generally lie in poor na- 
tions where, quite naturally, conditions 
are not favorable to development of a 
"land ethic" (Leopold 1949). Further- 
more, conservation movements in rich 
nations tend to have a local focus. There 
is too little knowledge or concern over 
the impact of the rich nations on the 
tropical forests. Few Americans, for ex- 
ample, are aware that the assault on 
those forests is reflected in the cheap- 
ness of their hamburgers and the many 
layers of cardboard in which their Japa- 
nese radios come packed. 

What is required to save the remaining 
biotic diversity of Earth is nothing less 

than a dramatic paradigm shift-a transi- 
tion to a "sustainable" or "steady- 
state" society (see summary in Ehrlich 
and Ehrlich 1981, pp. 242-250). Not sur- 
prisingly, the solution to this problem is 
intertwined with the solutions to other 
major human problems-economic ineq- 
uity, racism, and, above all in the short 
term, the avoidance of nuclear war. 
Those who claim that all this is too 
idealistic must carefully consider the 
alternatives. 

ACKNOWLEDGMENTS 

I thank A. H. Ehrlich, R. W. Holm, 
N. Johnson, H. A. Mooney, D. D. Mur- 
phy, F. Odendaal, and B. Wilcox (Stan- 
ford University); T. Eisner (Cornell Uni- 
versity); and J. P. Holdren (University 
of California, Berkeley) for reading and 
commenting on the manuscript. This 
work was supported in part by a grant 
from the Koret foundation of San Fran- 
cisco, CA. 

REFERENCES CITED 

Anders, G., W. P. Gramm and S. C. Maurice. 
1978. Does resource conservation pay? 
IIER Original Paper, no. 14. International 
Institute of Economic Research, Los 
Angeles. 

Barnett, H. J. and C. Morse. 1963. Scarcity 
and Growth: The Economics of Natural 
Resource Availability. Johns Hopkins Uni- 
versity Press, Baltimore, MD. 

Bormann, F. H. 1976. An inseparable link- 
age: conservation of natural ecosystems 
and the conservation of fossil energy. Bio- 
Science 26: 754-760. 

Catton, W. R. 1980. Overshoot: The Ecologi- 
cal Basis ofRevolutionary Change. Univer- 
sity of Illinois Press, Urbana. 

Cook, E. 1976. Limits to the exploitation of 
nonrenewable resources. Science 191: 677- 
682. 

Duffey, E. 1968. Ecological studies of the 
large copper butterfly, Lycaena dispar 
Haw. batavus Obth. at Woodwalton Fen 
National Nature Reserve, Huntingdon- 
shire. J. Appl. Ecol. 5: 69-96. 

. 1977. The re-establishment of the 
large copper butterfly Lycaena dispar ba- 
tava Obth. on Woodwalton Fen National 
Nature Reserve, Cambridgeshire, England, 
1969-73. Biol. Conserv. 12: 143-158. 

Ehrenfeld, D. 1978. The Arrogance of Hu- 
manism. Oxford University Press, New 
York. 

Ehrlich, P. R. and A. H. Ehrlich. 1979. The 
snail darter and us. Mother Earth News, 
May-June. 

. 1981. Extinction: The Causes and 
Consequences of the Disappearance of 
Species. Random House, New York. 

Ehrlich, P. R., A. H. Ehrlich, and J. P. Hol- 
dren. 1977. Ecoscience: Population, Re- 

sources, Environment. W. H. Freeman, 
San Francisco. 

Ehrlich, P. R., D. D. Murphy, M. C. Singer, 
C. B. Sherwood, R. R. White, and I. L. 
Brown. 1980. Extinction, reduction, stabil- 
ity and increase: the responses of checker- 
spot butterfly (Euphydryas) populations to 
the California drought. Oecologia 46: 101- 
105. 

Elton, C. S. 1958. The Ecology of Invasions 
by Plants and Animals. Methuen, London. 

Frankel, O. H., and M. E. Soul6. Conserva- 
tion and Evolution. Cambridge University 
Press, New York. 

Gilpin, M. S., and J. M. Diamond. 1980. Sub- 
division of nature reserves and the mainte- 
nance of species diversity. Nature 285: 
567-568. 

Holdren, J. P. 1981. Energy and the physical 
environment. In G. Goodman, L. Kristofer- 
son, and J. Hollander, eds. The Transition 
Away from Oil: Societal Impacts and Con- 
straints on Energy Policy. Academic Press, 
London. 

Hamilton, L. S. 1976. Tropical Rainforest 
Use and Preservation. Sierra Club, New 
York. 

Leopold, A. 1949. Sand County Almanac. 
Oxford University Press, New York. 

MacArthur, R. H. and E. O. Wilson. 1967. 
The Theory of Island Biogeography. 
Princeton University Press, Princeton, NJ. 

Marsh, G. P. 1864. The Earth as Modified by 
Human Action. Scribner's, New York, 

Martin, P. S. and H. E. Wright. 1967. Pleisto- 
cene Extinctions: The Search for a Cause. 
Yale University Press, New Haven, CT. 

Murphy, D. D. and P. R. Ehrlich. 1980. Two 
California checkerspot butterfly subspe- 
cies: one new, one on the verge of extinc- 
tion. J. Lepid. Soc. 34: 316-320. 

Myers, N. 1979. The Sinking Ark. Pergamon 
Press, New York. 

. 1980. Conversion of Tropical Moist 
Forest. National Academy of Sciences, 
Washington, DC. 

Raven, P. H. 1976. The destruction of the 
tropics. Frontiers 40: 22-23. 

Simberloff, D. S. and L. G. Abele. 1975. Is- 
land biogeography theory and conservation 
in practice. Science 191: 285-286. 

Simon, J. L. 1980. Resources, population, 
environment: an oversupply of false bad 
news. Science 208: 1431-1437. 

Soul&, M. E. 1980. Thresholds for survival: 
maintaining fitness and evolutionary poten- 
tial. Pages 151-169 in M. E. Soul6 and 
B. A. Wilcox. Conservation Biology. Sin- 
auer, Sunderland, MA. 

Soul6, M. E., B. A. Wilcox, and C. Holtby. 
1979. Benign neglect: a model of faunal 
collapse in the game reserves of East Afri- 
ca. Biol. Conserv. 15: 259-272. 

Van Valen, L. 1969. Late Pleistocene Extinc- 
tions. Proc. North Amer. Paleontol. Con- 
vention: 469-495. 

Wilcox, B. A. 1980. Insular ecology and con- 
servation. Pages 95-117 in M. E. Soul6 and 
B. A. Wilcox. Conservation Biology. Sin- 
auer, Sunderland, MA. 

May 1982 333 


	Article Contents
	p.331
	p.332
	p.333

	Issue Table of Contents
	BioScience, Vol. 32, No. 5 (May, 1982), pp. 301-376
	Front Matter [pp.301-368]
	Letters
	Creation Stories [p.306]
	Woodburning and POMs [p.306]

	Opinion
	Economic Conundrums [p.307]

	Features and News
	Biological Control: Entomologists Probe Chemical Defenses and Natural Enemies [pp.308-311]
	Report from Washington: Congress Debates Clean Air Amendments [pp.312-316]
	Academia and Industry Discuss Biocommerce Guidelines [pp.316-317]

	Biological Field Stations
	The Importance of Biological Field Stations [p.320]
	For Love of Nature: Exploration and Discovery at Biological Field Stations [pp.321-326]
	The Role of Field Stations in the Preservation of Biological Diversity [pp.327-330]
	Human Carrying Capacity, Extinctions, and Nature Reserves [pp.331-333]

	Commentary: Why Not Teach Creationism in the Schools? [pp.334-335]
	Research
	Larval Diapause Variation in a Tree-Hole Mosquito [pp.337-338]
	Locomotor Patterns in Actinopterygian Evolution [pp.338-339]

	Annual Report: AIBS Programs: 1981 [pp.341-342]
	Books: Special Book Issue
	Knowledge, Resources, and the Future [pp.343-344]
	Cronquist's Treatise on Angiosperm Systematics [pp.344-345]
	Vanished Species [p.345]
	Definitive Reference on Mammals [p.345]
	A Brave New Model of Human Behavior [p.346]
	Mitochondria and Micronosomes [p.346]
	Major Review of Vertebrate Evolution [p.347]
	Advances in Plant Breeding [p.347]
	At Last, a Sound Diet Book [p.348]
	Physiology for Nonscientists [p.348]
	Endangering Species and Ourselves [p.349]
	Aspects of Evolution [p.349]
	Science and Technology Outlook [p.350]
	Hawaiian Communities [p.350]
	A History of Evolutionary Theory [p.351]
	Recommended Reading on the Extracellular Matrix [p.351]
	The Biology of Circulation [p.352]
	untitled [p.352]
	A Second-Level Ethology Text [p.353]
	Experimental Methods for Plant Tissue Culture [p.353]
	A Short Introduction to Bacteria [p.353]
	Metamorphosis [p.354]
	Human Evolution: New Data, New Thoughts [pp.354-355]
	Introduction to Enzymes [p.355]
	Readings in Evolutionary History [p.356]
	Marine Paleoecology [p.356]
	Wastes in the Waters [p.357]
	Fire in Australia [pp.357-358]
	The Role of Government in Human Genetics [p.358]
	Essential for Bacterial Taxonomy [p.358]
	New Titles [p.360]

	People and Places [pp.369-374]
	BioBriefs [p.374]
	Back Matter [pp.375-376]



