the people of the Vitiaz-Dampier
islands, the Polynesians, and other
human populations that colonize insular
or unstable habitats also have distinctive
population ecologies.
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changing the distribution of
things, and adding human order and
fantasy to the ecological determinism
of nature.

Many of man’s interventions into na-
ture have, of course, been catastrophic.
History is replete with ecological dis-
asters caused by agricultural and indus-
trial mismanagement. The countries

The author is a professor emeritus of the
Rockefeller University, New York 10021. This
article is the text of the B. Y. Morrison Memorial
lecture, sponsored by the Agricultural Research
Service of the U.S. Department of Agriculture.
The lecture was delivered at the annual meeting
of the AAAS, 29 December 1972, in Washington,
D.C. Reprints may be obtained from Dr. Robert
Nelson, Public Information Office, Agricultural
Research Service, U.S. Department of Agriculture,
Washington, D.C. 20250.

23 FEBRUARY 1973

living -

René J. Dubos

which were most flourishing in antig-
uity are now among the poorest in the
world. Some of their most famous cities
have been abandoned; lands which were
once fertile are now barren deserts.

Disease, warfare, and civil strife have
certainly played important roles in the
collapse of ancient civilizations; but the
primary cause was probably the damage
caused to the quality of the soil and to
water supplies by poor ecological prac-
tices. Similarly today, the environment
is being spoiled in many parts of the
world by agricultural misuse or over-
use, by industrial poisoning, and of
course by wars.

The primary purpose of the recent
United Nations Conference on the Hu-
man Environment, held in Stockholm
in June 1972, was to formulate global
approaches to the correction and pre-
vention of the environmental defects
resulting from man’s mismanagement of
the earth. I shall not discuss the techni-
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ecological health, and can indeed bring
out potentialities of the earth which re-
main unexpressed in the state of wil-
derness.

The disastrous ecological consequen-
ces of many past and present human
activities point to the need for greater
knowledge and respect of natural laws.
This view is succinctly expressed by
Barry Commoner in his fourth law of
ecology: “Nature knows best.” I shall
first discuss the limitations of this law.

When left undisturbed, all environ-
ments tend toward an equilibrium state,
called the climax or mature state by
ecologists. Under equilibrium condi-
tions, the wastes of nature are constant-
ly being recycled in the ecosystem,
which becomes thereby more or less
self-perpetuating. In a natural forest,
for example, acorns fall to the ground
and are eaten by squirrels, which in turn
may be eaten by foxes or other preda-
tors; the dead leaves and branches, the
excrements of animals, are utilized by
microbes, which return their constitu-
ents to the soil in the form of humus
and mineral nutrients. More vegetation
grows out of the recycled materials,
thus assuring the maintenance of the
ecosystem.

When applied to such equilibrated
systems, the phrase “Nature knows best”
is justified, but is in fact little more
than a tautology. As used in this
phrase, the word nature simply denotes
a state of affairs spontaneously brought
about by evolutionary adaptation re-
sulting from feedbacks which generate
a coherent system. There are no prob-
lems in undisturbed nature; there are
only solutions, precisely because the
equilibrium state is an adaptive state.
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But in a given area, there is usually
more than one possible equilibrium
state, and there is no evidence that the
natural solution is necessarily the best
or the most interesting solution. In fact,
it is likely, as I shall illustrate later,
that the symbiotic interplay between
man and nature can generate ecosys-
tems more diversified and more inter-
esting than those occurring in the state
of wilderness.

What is surprising is not that natural
environments are self-sustaining and
generally appear efficient but, rather,
that many of them constitute clumsy
solutions to ecological problems. Many
of these solutions appear inadequate,
even where nature has not been dis-
turbed by man or by cataclysms, and
therefore could have been expected to
reach the optimum ecological state.

That the wisdom of nature is often
shortsighted is illustrated by the many
disasters that repeatedly affect plants
and animals in their undisturbed na-
tive habitats. The repeated population
crashes among animal species such as
lemmings, muskrats, or rabbits result
from the defectiveness in the natural
mechanisms which control population
size. These crashes unquestionably con-
stitute traumatic experiences for the ani-
mals, as indicated by the intense be-
havioral disturbances which often occur
among them long before death. The
crashes constitute, at best, clumsy ways
of reestablishing an equilibrium be-
tween population size and local re-
sources, Judging from the point of view
of lemmings, muskrats, and rabbits—
let alone human beings—only the most
starry-eyed Panglossian optimist could
claim that nature knows best how to
achieve population control.

Most surprising is the fact that, even
without environmental changes caused
by human interference or accidental
cataclysms, nature fails in many cases
to complete the recycling processes that
are considered the earmarks of ecologi-
cal equilibrium, Examples of such fail-
ures are the accumulation of peat, coal,
oil, shale, and other deposits of organic
origin. These materials are largely de-
rived from the bodies of plants and
other living things that have become
chemically stabilized after undergoing
only partial decomposition. The very
fact that they have accumulated in fan-
tastic amounts implies that they have
not been recycled. Paradoxically, man
helps somewhat in the completion of
the cycle when he burns peat, coal, or
oil, because he thereby makes the car-
bon and minerals of these fuels once
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more available for plant growth. The
trouble with this form of recycling is
that the breakdown products of the
fuels are so rapidly put back into cir-
culation through air, water, and soil
that they overload contemporary ecolog-
ical systems.

The accumulation of guano provides
another example of recycling failure on
the part of nature. This material, now
used as a fertilizer, consists of the ex-
crements deposited by birds on certain
islands and cliffs. For example, millions
of seabirds use the Chincha Islands
off the coast of Peru as a resting place
and breeding ground; their droppings,
accumulated through centuries or per-

haps millennia, have formed layers of -

guano from 60 to 100 feet (18 to 30
meters) in thickness. Guano, being rich
in nitrogen, phosphate, and potash, con-
stitutes an ideal fertilizer, and its ac-
cumulation therefore represents a spec-
tacular example of recycling failure.
Here again, man completes the re-
cycling process by collecting guano and
transporting it to agricultural fields
where it reenters the biological cycle in
the form of plant nutrient,

Just as it is erroneous to claim that
nature has no waste, so it is erroneous
to claim that it has no junkyards. The
science of paleontology is built from
the wastes and artifacts casually aban-
doned by primitive man. Admittedly,
the accumulation of solid wastes in
technological societies is evidence of a
massive failure of recycling for which
man is responsible. But this ecological
failure is the expression of behavioral
characteristics that have always existed
in human nature. Like the great apes,
man in his primative state was wasteful
and careless of his wastes, and we have
remained so throughout history.

The solid waste problem has become
grave in our times because we produce
more wastes than in the past, and what
we reject is commonly of a chemical
composition not found in natural eco-
systems. Nature does not know how to
deal with situations that have no prece-
dents in the evolutionary past. The so-
lution to the problem of solid wastes,
therefore, cannot be found in the ways
of nature. It requires new technological
methods and changes in the innate
(natural!) behavior of man.

Hailstorms, droughts, hurricanes,
earthquakes, and volcanic eruptions are
common enough to make it obvious
that the natural world is not the best
possible world; man is not responsible
for these disasters, but he suffers from
them as do other living things. Of

greater interest, perhaps, is the fact
that nature is incapable, by itself, of
fully expressing the diversified poten-
tialities of the earth. Many richnesses of
nature are brought to light only in the
regions that have been humanized: agri-
cultural lands, gardens, and parks have
to be created and maintained by hu-
man toil.

Until man intervened, much of the
earth was covered with forests and
marshes. There was grandeur in this
seemingly endless green mantle, but it
was a monotonous grandeur chiefly
derived from immensity and uniform-
ity. The primeval forest almost con-
cealed the underlying diversity of the
earth. This diversity was revealed by
man in the process of producing food
and creating his civilizations. Since an
extensive analysis of the creative trans-
formations of the earth by man would
be impossible here, I shall illustrate it
with one single example, namely, that
of the part of France where 1 was
born and raised.

Before human occupation, the fle de
France was a land without any notable
characteristics. The hills have such low
profiles that they would be of little
interest without the venerable churches
and clusters of houses that crown their
summits. The rivers are sluggish and
the ponds muddy, but their banks have
been adapted to human use and their
names have been celebrated so often in
literature that they evoke the enchant-
ment of peaceful rural scenes. The sky
is rarely spectacular, but painters have
created a rich spectrum of visual and
emotional experiences from its soft lu-
minosity.

Ever since the primeval forest was
cleared by Neolithic settlers and medie-
val farmers, the province of the ile de
France has retained a humanized charm
that transcends its natural endowments.
To this day, its land has remained very
fertile, even though part of it has been
in continuous use for more than 2000
years. Far from being-exhausted by in-
tensive agriculture over such long peri-
ods of time, the land still supports a
large population and a great variety of
human settlements.

What I have just stated about the

fle de France is, of course, applicable

to many other parts of the world. Ever
since the beginning of the agricultural
revolution during the Neolithic period,
settlers and farmers have been engaged
all over the world in a transformation
of the wilderness. Their prodigious la-
bors have progressively generated an
astonishing diversity of man-made en-
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vironments, which have constituted the
settings for most of human life. A typi-
cal landscape consists of forested moun-
tains and hills serving as a backdrop for
pastures and arable lands, villages with
their greens, their dwellings, their
houses of worship, and their public
buildings. People now refer to such a
humanized landscape as “nature,” even
though most of its vegetation has been
introduced by man and its environ-
mental quality can be maintained only
by individualized ecological manage-
ment.

Just as nature has not been capable
by itself of giving full expression to the
potential diversity of our globe, like-
wise it is not capable of maintaining
man-made environments in a healthy
state. Now that so much of the world
has been humanized, environmental
health depends to a very large extent on
human care. Forests must be managed,
swampy areas which are under culti-
vation must continually be drained,
the productivity of farmlands must be
maintained by crop rotation, irrigation,
fertilization, and destruction of weeds.
From historical times, the Campagna
Romana has been infested with mos-
quitoes and devastated by malaria every
time men have lacked the stamina to
control its marshes. Similarly, farm-
lands that have been economically pro-
ductive and esthetically attractive for
a thousand years are invaded by brush
and weeds as soon as farmers neglect
to cultivate them. The rapid degrada-
tion of abandoned gardens, farmlands,
and pastures is evidence that humanized
nature cannot long retain its quality
without human care. k

It is true that many ancient civili-
zations have ruined their environment
and that a similar process is going on
now in certain highly industrialized
areas, but this is not inevitable. In-
tensive agriculture has been practiced
for a thousand years in certain lands
without decreasing their fertility or
ruining their scenery. Man can create
artificial environments from the wilder-
ness and manage them in such a man-
ner that they long remain ecologically
stable, economically profitable, estheti-
cally rewarding, and suited to his physi-
cal and mental health. The immense
duration of certain man-made land-
scapes contributes a peculiar sense of
tranquility to many parts of the Old
World; it inspires confidence that man-
kind can act as steward of the earth
for the sake of the future.

Lands could not remain fertile under
intense cultivation unless managed ac-
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cording to sound ecological principles.
In the past, these principles emerged
empirically from practices that assured
the maintenance of fairly high levels
of humus in the soil. But scientific
knowledge of soil composition and tex-
ture, of plant physiology, and of animal
husbandry is providing a new basis for
agricultural management. During the
past century, the sound empirical prac-
tices of the past have been progressively
replaced by more scientific ones, which
include the use of artificial fertilizers
and pesticides. Scientific agriculture has
thus achieved enormous yields of plant
and animal products. Furthermore, ex-
perimental studies have revealed that
many types of lands can remain fertile
for long periods of time without or-
ganic manure, provided that they are
continuously enriched with chemical
fertilizers in amounts and compositions
scientifically determined.

Efficiency, however, cannot be mea-
sured only in terms of agricultural
yields. Another criterion is the amount
of energy (measured in calories) re-
quired for the production of a given
amount of food. And when scientific
agriculture is judged on this basis its
efficiency is often found to be very low.
Paradoxical as this may sound, there
are many situations in which the mod-
ern farmer spends more industrial cal-
ories than the food calories he recovers
in- the form of food. His caloric ex-
penditure consists chiefly of gasoline
for powering his equipment and of elec-
tricity for producing chemical fertiliz-
ers and pesticides—let alone the caloric
input required to irrigate the land and
to manufacture tractors, trucks, and
the multifarious kinds of machines
used in modern farming.

Needless to say, modern civilizations
would be inconceivable if the energy
(calories) now required by agriculture
had to come from human muscles in-
stead of from gasoline and electricity.
But it is a fact, nevertheless, that if
fossil fuels were to remain the most im-
portant source of power, the sheer size
of the world population would make it
impossible to continue for long the
energy deficit spending on which agri-
culture depends in prosperous indus-
trialized countries. And there would be
no hope of extending these modern
agricultural practices to the develop-
ing countries, which constitute the
largest part of the world.

No matter how the situation is ra-
tionalized, the present practices of sci-
entific agriculture are possible only as
long as cheap sources of energy are

available. After the world supplies of
fossil fuels have been exhausted, the
modern farmer, like the modern tech-
nologist, will become ineffective unless
energy derived from nuclear reactions,
geothermal sources, or solar radiation
can be supplied in immense amounts
at low cost. Thus, the future of land
management is intimately bound to the
development of new sources of energy,
as are all other aspects of human life.

Of the 70 to 100 billion people who
have walked the surface of the earth
since Homo sapiens acquired his bio-
logical identity, by very far the largest
percentage have lived on the man-made
lands that have been created since the
agricultural revolution.

In every part of the world, the inter-
play between man and nature has com-
monly taken the form of a true sym-
biosis, namely, a biological relationship
which alters somewhat the two com-
ponents of the symbiotic system in a
way that is beneficial to both. Such
transformations, achieved through sym-
biosis, account in large part for the im-
mense diversity of places on earth and
for the fitness between man and en-
vironment so commonly observed in
areas that have been settled and have
remained stable for long periods of
time.

Furthermore, the reciprocal transfor-
mations of man and environment have
generated various new situations, each
with its own human and environmental
characteristics. For- example, the agri-
cultural techniques, social policies, and
behavioral patterns in the various is-
lands of the South Pacific are deter-
mined not only by geologic and climatic
factors but even more by the cultural
attitudes of the early settlers—Poly-
nesians, Melanesians, or Indonesians—
and then later of the Western and
Oriental people who colonized the is-
lands. Cultural attitudes, more than nat-
ural conditions, are responsible for the
profound differences between Fiji, Ta-
hiti, and the Hawaiian islands. The
Pacific Islands were initially settled by
different groups of people and, in addi-
tion to these early human influences,
they exhibit today the more recent in-
fluences respectively of their English,
French, or American colonizers.

The shaping of nature by culture can
be recognized in many other parts of
the world. As the process of humaniza-
tion of the earth continues, however, it
will increasingly be influenced by the
fact that most of the globe will soon
be completely occupied and utilized.
This colonization process began, of
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course, long before the days of modern
technology. But the difference is that
men now occupy and utilize all land
areas except those that are too cold,
too hot, too dry, too wet, too inacces-
sible, or at too high an altitude for
prolonged human habitation.

According to the United Nation’s
Food and Agricultural Organization
(FAO), practically all the best lands
are already farmed; future agricultural
developments are more likely to result
from intensification of management
than from expansion into marginal
lands. There probably will be some in-
crease in forest utilization; but, other-
wise, land use will soon be stabil-
ized. In fact, expansion into new lands
has already come to an end in most
developed countries and is likely to be
completed within a very few decades
in the rest of the world. A recent FAO
report states the probable final date as
1985.

The U.N. Conference on the Human
Environment came therefore at a criti-
cal time in man’s history. Now that the
whole earth has been explored and oc-
cupied, the new problem is to manage
its resources. Careful management need
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not mean stagnation. In many places,
as already mentioned, the interplay be-
tween man and nature results in cre-
ative symbiotic relationships that facili-
tate evolutionary changes. Man con-
tinuously tries to derive from nature
new satisfactions that go beyond his
elementary biological needs—and he

‘thereby gives expression to some of

nature’s potentialities that would re-
main unrecognized without his efforts.

Man has now succeeded in human-
izing most of the earth’s surface but,
paradoxically, he is developing simul-
taneously a cult for wilderness. After
having been for so long frightened by
the primeval forest, he has come to
realize that its eerie light evokes in
him a mood of wonder that cannot be
experienced in an orchard or a garden.
Likewise, he recognizes in the vastness
of the ocean and in the endless ebb
and flow of its waves a mystic quality
not found in humanized environments.
His response to the thunderous silence
of deep canyons, the solitude of high
mountains, the luminosity of the deserts
is the expression of an aspect of his
fundamental being that is still in res-
onance with cosmic events.

Drug Abuse: Methadone Becomes
the Solution and the Problem

New York. In recent months patterns
of narcotics addiction and drug abuse
have changed drastically in New York
and other East Coast cities. In the face
of a highly successful federal crack-
down on suppliers, the use of heroin
has fallen sharply.

At the same time, methadone, the
synthetic heroin substitute, has emerged
both as the primary mode of treatment
for addicts and as a major black-market
commodity. Thousands of addicts are
now enrolled in methadone mainte-
nance clinics; thousands more buy a
daily dose from their local pusher.

Although there are some hazards and
disadvantages associated with metha-
done (see box), the substitution of a
methadone addiction for a heroin ad-
diction is, in most cases, clearly an
advantage for the drug abuser and for
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the public at large. Officials here are
talking optimistically for the first time
in the history of New York’s heroin
epidemic. “We're overtaking the prob-
lem,” exclaims Health Services Admin-
istrator Gordon Chase, head of the
city drug treatment programs, and he
points to the following indicators:

» The incidence of the type of crime
often attributed to addicts, such as
apartment break-ins and street mug-
gings, has fallen sharply.

» Police are arresting fewer addicts.

» There is less demand for drug
treatment facilities.

» The numbers of overdose and re-
lated narcotics deaths are dropping.

New York, as the home of nearly
half of the nation’s estimated 300,000
heroin addicts, serves as an obvious in-
dicator of the problem, and the situa-

As was mentioned earlier, nature is
not always a good guide for the manipu-
lation of the forces that affect the daily
life of man; but undisturbed nature
knows best—far better than ordinary
human intelligence— how to make men
aware of the cosmos and to create an
atmosphere of harmony between him
and the rest of creation.

Humanizing the earth thus implies
much more than transforming the wil-
derness into agricultural lands, pleasure
grounds, and healthy areas suitable for
the growth of civilization. It also means
preserving the kinds of wilderness where
man can experience mysteries tran-
scending his daily life, and also re-
capture direct awareness of the cosmic
forces from which he emerged. It is
obvious, however, that man spends his
daily life not in the wilderness but in
environments that he creates—in a man-
made nature. Let me restate in conclu-
sion my belief that by using scientific
knowledge and ecological wisdom we
can manage the earth so as to create
environments which are ecologically
stable, economically profitable, estheti-
cally rewarding, and favorable to the
continued growth of civilization.

tion here is reflected to varying degrees
in changes across the country. The
positive trends come at a time when
the public is fed up enough with junkies
and addict crime to be receptive to
Governor Rockefeller’s plans to put all
drug salesmen—even people convicted
of selling as little as a gram of hash-
ish—away for life without parole. Al-
though judges, police officials, and
nearly everyone involved in drug treat-
ment have all condemned the plan, the
state legislature appears certain to take
some sort of stringent action, even if it
is not as harsh as what Rockefeller has
proposed.

The current heroin epidemic certainly
did not break out because of softness
in the penalties for possession or sale
of narcotics, however. And the encour-
aging trends now being noted stem, not
from a reduction in the addict popula-
tion, but from a massive switch to
methadone.

During the past 2 years, local and
federal officials have dropped their op-
position to the methadone maintenance
therapy developed by Vincent Dole and
Marie Nyswander at Rockefeller Uni-
versity in the early 1960’s and have ac-
cepted it as the main form of treatment
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