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henever a disturbance or perturbation such as a road violates an
established ecosystem, aggressive and invasive weeds like thistle
and broom take over bare ground and spread quickly, establishing tem-
porary primacy. These opportunistic species are suited to what are
sometimes called “immature” systems. The plants compete for sun-
light in order fo capture the maxirmum available energy while trying
to cover the raw earth as quickly as possible. In such a System, energy
is wasted, diversity is minimal, and the plants are generally of lower
quality and usefulness. Their life cycles are short, being mostly annu-
als; while their output is prodigious, their use of resources is not very
efficient. As anyone who has observed, day by day, the changes on a
patch of land cleared in the spring knows, this colonization can hap-
pen within weeks. ‘ ' :
The constant transformation of ecosystems by organisms is the
subject. of ecology. Plants and organisms do not simply occupy an
environment; they alter and transform it creating increasingly varied
and complex forms of organization. The second law- of thermody-
namics informs us that as energy is dissipated, systems tend to descend
into reduced states of organization and ultimately to chaos and
catropy. Only life prevents entropy from extending to all things in
nature: the intricate, mysterious interaction of organisms that captures
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sunlight and evolves into higher levels of order and complexity. This
state of organization and succession, the opposite of entropy, is called
negentropy. It is this evolving order that should humble us respectfully

before nature. While the origins and “meaning” of life may be.

unknown, the way nature transforms the non-living to the living, the
simple to the complex, the inefficient to the efficient, is better known
and understood. All industrial systems and designs pale when com-
pared to the efficiency of natural systems of production. N othing does
more with less. This knowledge makes nature the logical exemplar for
an increasingly evolved:form of commerce.

An ecosystem evolves from pioneering, immature states that -

emphasize growth, through several intermediate stages, until it evolves
into mature systems that are highly efficient and resource-conserving,
Mature, climax systems comprise an association of organisms that
reach a state of equilibrium which leaves the habitat largely unchanged
from year to year. Because no environment remains unchangcd, even
climax communities do not last forever, but they are the most diverse,
stable, and complex of communities, and are thus more resilient to
disturbances in the greater environment. ‘
Through their complex -interchanges of nutrients, gases, and
information, mature systems create the greatest amount of biomass
with the least amount of resources. Pioneer systems create the foun-
dation for more mature ecosystems because they stabilize the soil,

check erosion, bring trace elements up from the subsoil, and prevent -

further deterioration of the area, Once a.pioneer state is established,
the initial colonizers are succeeded by increasingly complex organ-
isms and relationships. This process continues until the most adapted
system the setting will allow is reached. The differences between pio-
neer and climax systems are instructive. In immature systems, most
- energy is used to create new growth, so that bare soil is quickly cov-
ercd. In a climax system, the greater part of energy is devoted to the
continuation of the existing plant and animal communities, since all
of the ecosystem is, in fact, colonized and inhabited. All present agri-
culture, whether it is stash-and-burn or sdd—breaking, involves the
reversion of a climax system to a pioneering one. 'We exchange stabil-
ity and sustainability for short-term abundance and production.

In ecological terms, our present industrial economy is an imma-
ture ecosystem. Environmental scientist David Wann states this bluaty
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- when he says: “It may not be flattering to our national concept, but

the present American culture is still the bare field full of colonizing
weeds; struggling toward something more sophisticated, interwoven,
and permanent. Until now we’ve consistently chosen the resource-
hungry path of least resistance.” At the dawn of the Industrial Revolu-

~ tiom, a vast pew world of apparently unlimited natural resources

became available for the taking., By constructing an économy that
demanded ever-increasing supplies of all resources, but particularly

- energy—specifically, sunlight stored in the form of timber, plants, and

fossil fuels—humans successfully mimicked the processes of a newly
formed ecosystem. Like pioneer plants, we were aggressive and comi-
petitive. We- emphasized untrammeled growth and didn’t Wworry about
efficiency, conservation, or diversity. In technical terms, we set up a
“linear” industrial ecology of low information quality.

Less than two centuries later, the environment for économic
growth changed dramatically, for that vast array of natural resources is
dwindling. We have watched economic indexes climb, as measured in’
gross mational product, but-we have not yet formulated a nationally
accepted index of what that progtess is costing on the environmental
side. Despite the fact that environmental issues are now accepted
internationally as the most pressing problem of our age; the insdtu-
tions that embody and guide our economic progress have hardly
responded at all, '

To change. this state of affairs, business will have to deal directly

_with the three issues of what it takes, what it makes, and what it

wastes. ‘This chapter deals with our methods of taking.

A business is similar to an organism insofar as it takes food and
energy from the environment. However, creatures in their natural habitat
consumg only renewable resources: leaves, nuts, seeds, grass, ‘water,
berries, insects, fungi, bark, fish. Companies consutne renewables, too, in
addition to nonrenewable resources, including oil, coal, and natural gas.
While, use of renewables can theoretically be sustained perpetually,
resources such' as fuels and minerals are irreplaceable. And renewables,
if over-consumed or depleted, can become nonrenewsble. The ability
to over-exploit the earth’s storéd—up supply of resourcesis what we
call economic progress. One statistic makes clear the demand placed

~on the earth by our economic systemn: every day the worldwide econ-

omy burns an amount of energy. the planet required 10,000 days to cre-
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ate. Or, put another way, 27 vears worth of stored solar energy is'burned
and released by utilities, cars, houses,. factoxies,"and~farrr15--every 24 hours.
Another measure of our wholesale plunder of the ecosystem is

provided by estimating the net primary production {NPP) of the

planet, defined as the sum of all photosynthetic production minus the
encrgy required to maintain and support-those plants. The annual fig-
ure arrived at is in the area of 225 billion metric tons of wood, ‘grass,
fiber, and food. Of this total; 60 percent is produced on land and 40
percent in the oceans. An oft-quoted study ‘suggests that our human
economy currently utlizes, consumes, converts, burns or ‘cléar cuts
annually 40 percent of the total NPP on land..In shert, one species—
our own—out of 5 to 30 million species (no-one- is sure how many

there are) is direcdy and indiré.cdy claiming 40 percent of the earth’s |
- production for itself. This fact alone should give businesspedple pause

when they think their taking of water, forests, land, or minerals has
minimal impact. If, as predicted, our population doubles sometime in
the next forty or fifty years, we will usurp 80 percent of the primary
production of the planet, assuming no increase in the standard of hv—
ing. If our standard of living doubles in the next forty years—the
accepted projection—we will quadruple our impact, a physical impos-
sibility, U

*In fact, we may have alteady reached the diminishing point. We
are already seeing many dangerous signs of this usurpation of planetary
production, foremost of which:is the loss of other forms of life—
extinctions. Before we reach 60 or 70 percent utilizétion of the NPP,
we will witness an ecological ¢rash. Hundreds of thousands of species
will vanish, because they will not be able to.compete with us for food.
These newly depleted ecosystems will be reduced to soil substrates

. into which we will have to force increasing amounts of chemicals to

grow decreasing amounts of food. :

Every natural system in the world today is. in declme In the past -

twenty years, the world’s forests have been reduced by 120 million
hectares (296 million acres). In 1991 alone, 17 million hectares were
cut or destroyed, the highest rate. of reduction in the history of
humankind. The burning associated with the clearing: of tropical
forests placed 52 trillion kilograms. of CO, into the' atmosphere last
year, an amount that is equal to 40 percent of all industridl emissions.
According to the United MNations Environment Programme, sirice
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1945, we have been losing 108 milkion acres of productive agricultural
land to degradation yearly, a total of 4.85 billion acres worldwide.
Since 1950 world agriculture has tripled its use of irrigation, a practice
that depletes groundwater and also decreases long-term fertility
because of the excessive buildup of salts in the soil. Despite surpluses
in industrial nations and isolated increases in the Third World, overall
world production of food is declining in relation to world population.
Graim production per person has peaked in every area of the world

b except for Asia, where it has slowed substantially. Much of the increase

witnessed in grain production from 1950 until 1984 was the result of 2
ninefold: increase in the use of fertilizer, But as every farmer knows,
constant increases in fertilizer usage do not produce equal gains in
production, for-a point is reached where additional increments pro-
duce little or no ‘benefit. Worldwide crop losses due to-pollution are
already estimated at between 5 and 10 percent and continue to rise, .
. There are many other examples—locally, regionally, and glob-
ally—where demand is exceeding supply, causing a deterioration of
the Living systems that provide our present standard of living. We are -
drawing down resources that took millions of years to create in order
to supplement current consumption. This is the ecological perspective
of the industrial age; we cannot hold onto it indefinitely, in fact, -
industrialism itself may not last for even one more human lifetime. At
present, to compensate for the limitations placed on production by the
carrying capacity of the environment, we are speeding up the rate at
which we fish, farm, deforest, and extract. In other words, rather than
facing the creative challenges posed by ecosystem limits, we are temn-
porarily. bypassing the problem by harvesting resources more rapidly,
by drifmetting, mechanical deforestation, and factory farming. Science
and common sense both dictate that such extravagance must eventu-
ally lead. to- disaster. It not.only borrows from._the future, thus threat-
ening human societies in the long term, but it also. puts intense pres-
sure on other species in these ecological niches which depend on the
same resources. As a consequence, habitats are destroyed, species
become extinct, and in the process, the productive health of the envi-
ronment is. compromised and decreased. ' '
Human populations are already being severely affected by damage
to the environment due to depletion and degradation of resources. For
decades, scientists and experts such as Robert Heilbroner, Paul







