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I have set before thee life and death, blessing and curs-
ing: therefore choose life, that both thou and thy seed
may live.

Deuteronomy 30:19

During nearly all the history of our species man has
lived in association with large, often terrifying, but
always exciting animals.  Models of the survivors, toy
elephants, giraffes and pandas, are an integral part of
contemporary childhood. If all these animals became
extinct, as is quite possible, are we sure that some
irreparable harm to our psychological development
would not be done?

G. Evelyn Hutchinson (1962, p. 74)

ETHICAL CO-EXISTENCE

The ethical obligation of human society to the bios-
pheric life support system is easily stated.  Human soci-
ety benefits from natural capital and the services it pro-

vides, but gives little in return and is damaging the sys-
tem in a variety of ways. Attempts to protect habitat
(e.g., wetlands, tropical rain forests) encounter strong
political resistence.  However, even exemplary protec-
tion does not meet fully human society’s ethical
responsibility for the condition of the biospheric life
support system. Human society must actively care for
the health and ecological integrity of the system. As
Dubos (1980) remarks:
‘Since the humanization of Earth inevitably results in
destruction of the wilderness and of many living
species that depend on it, there is a fundamental con-
flict between ecological doctrine and human cultures,
a conflict whose manifestations are most glaring in
Greece’.
In my view, naturalistic assemblages of plants and ani-
mals can co-exist with human society in a mutualistic
relationship.  The quest for material wealth has impov-
erished the biosphere, and still over half the humans
on the planet exist on the equivalent of a few US $/day
per capita. A society with automobile bumper stickers
that claim ‘He who dies with the most toys wins!’
clearly needs to reexamine its ethics.
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ETHICS IN SCIENCE AND SOCIETY

Successful implementation of sustainability initia-
tives requires that human society have trust in both its
leaders and its scientists.  Trust requires both faith and
some degree of understanding of how the interdepen-
dent web of life works (i.e., the ecological life support
system of which humans are a part). In addition, envi-
ronmental politics must be based on a shared set of val-
ues – an environmental ethos (Cairns 2001)!  Human
society is presently far from trusting the motives of
those espousing sustainability. Bartlett (1997-98) notes
that, at one end of the spectrum, the term sustainable is
used with precision. In the middle of the spectrum, the
term is simply added as a modifier to the names and
titles of beneficial studies in efficiency, etc. that have
been around for years. At the other end of the spec-
trum, the term is used as a placebo. In some cases, the
term may be used mindlessly (or possibly with the
intent to deceive) in order to shed a favorable light on
continuing activities that may or may not be capable of
continuing for long periods of time.  In the United
States, the term environmentalist has almost lost its
meaning since persons who clear cut forests, build
highways through natural systems, etc. now often
claim this title.

Soulé (2001) states that a growing chorus of critics
now believes that the popular sustainable develop-
ment paradigm has done more harm to nature than
good, having set back conservation by a decade or
more, particularly in rainforest areas of the tropics.  In
contrast, Salafsky et al. (1993) believe that a process
they refer to as sustainable exploitation generates local
income without compromising biodiversity values.
Sustainable exploitation includes such activities as
bird watching and other wildlife viewing, local artisan
production or value-added wood products, harvesting
of natural products (e.g., Brazil nuts), and carefully
managed safari hunting. However, Terborgh (1999)
and Oates (1999) note the drastic decline in the cre-
ation of nature reserves and wildlife parks while many
others have essentially ceased to exist.  Brandon (1998)
describes the problems with multiple-use biospheric
reserves and notes that they are unlikely to succeed in
preserving biodiversity unless users agree to: (1) differ-
ent use levels in different zones and (2) the enforce-
ment of sanctions against those breaking the rules.
McDonell & Vacarin (2000) espouse the participation of
local people in such efforts, including both manage-
ment and benefits.

THE ETHICAL DILEMMA

The ancient Greeks were an extraordinary culture as
far back as 6th century BC. Yet even during its modest

beginnings, Greek philosophy touched on many veins
of Western scientific thought (e.g., astronomy, law,
political science, physics, psychology, medicine, etc.)
without access to most of the implements on which
modern science depends (e.g., electricity, computers,
telescopes, microscopes, chemical analyses, etc.). Ein-
stein once stated: ‘I did not come to my understanding
of the fundamental laws of the universe through my
rational mind.’ Einstein’s seven years as a minor civil
servant in the Swiss Patent Office afforded him many
hours for thinking about the universal laws in a less
superficial way than present hectic society permits. In
The Republic, Plato inferred that learning was actually
remembering and that humankind is born into some
form of amnesia.

PRACTICES OF HUMAN SOCIETY THAT REQUIRE
HIGHER ETHICAL STANDARDS

To perform any tasks sustainably implies practices
that can continue indefinitely. However, the term
development implies growth (i.e., economic develop-
ment) of material goods or human artifacts to most peo-
ple.  In this context, the ideas of sustainable develop-
ment on a finite planet is an oxymoron.  Sustainable
use, without abuse, can probably be carried out indefi-
nitely and is, thus, more ethically defensible.

An illustrative list of practices of human society that
have profound ethical implications follows:

1. advocating exponential growth on a finite planet;
2. displacing natural systems with anthropogenic arti-

facts (e.g., shopping malls) without seriously consid-
ering alternatives (e.g., neighborhood stores, Inter-
net shopping);

3. not treating the biospheric life support system with
the reverence that a system essential to life deserves

4. failing to recognize (or admit) that anything inherent
in human nature is biologically based and, conse-
quently, that humans have a kinship with other crea-
tures;

5. exploiting the common grounds (e.g., air, oceans,
public land, and water) so that benefits accrue to a
few and the losses are borne by many

6. failing to recognize that individual ”rights” (e.g.,
food, shelter, water) are based on natural capital and
that each individual is a part of, not apart from, the
interdependent web of life;

7. depriving both present and future generations of
ecosystem services through destruction of natural
capital;

8. dismissing rather than discussing the hazard cues
that the environment provides, such as biotic
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impoverishment, endocrine disrupters, evidence of
global warming;

9. dehumanizing oneself by ignoring that compassion
for all humans and other creatures is essential to
sustainable use of the planet;

10. downplaying sound scientific information, which is
essential to sustainable use of the planet.

THE TITANIC HUBRIS

Films such as ‘A Night to Remember’ and other sto-
ries of the ill-fated steamship Titanic enthrall people
long after the event. Even people not yet born when
the ship sank are fascinated by the story.  Individual
dramas are a significant component, but the larger
scale events are the ones that are haunting! Arguably,
they do so because the events on the Steamship Titanic
have remarkable similarity to present events on Space-
ship Earth. The important components are:

1. an unshakable faith in the powers of technology to
shield humankind from all sorts of natural forces;

2. a tendency to believe that human knowledge is suf-
ficient to predict future events and allow time to be
well prepared for them;

3. an extreme reluctance to change human behavior
even when substantial evidence indicates it is no
longer appropriate;

4. a slow and ineffective response to unexpected
problems when precautionary action is needed.

The spatial and temporal scales for a sustainable
planet far exceed those of the Titanic disaster, but the
basic paradigms that influenced the outcome remain
unchanged despite impressive technological advances
and the emergence of the information age. Perhaps
even more important are the many forms of exponen-
tial growth (economic, population, urban sprawl, loss
of rainforests and other natural systems) that dramati-
cally reduce the time to respond to trends and/or pre-
vent ecological damage.

CROSSING ONE OR MORE MAJOR ECOLOGICAL
THRESHOLDS

The Associated Press (2001a) has reported that bans
on logging roads may be lifted under the new U.S.
administration, and U.S. President Bush has told the
U.S. Congress that he will not regulate carbon dioxide
emissions from power plants because he does not
believe the scientific evidence for the effects of anthro-
pogenic greenhouse gases is robust (Associated Press
2001b).  In addition, energy shortages in the United
States indicate a high probability that supplies of
energy will be sought more vigorously, even in envi-

ronmentally sensitive areas. Also, U.S. Environmental
Protection Agency chief Christine Todd Whitman is
poised to relax a pollution standard involving reformu-
lated gasoline (Wire Reports 2001).  These considera-
tions are important because the United States, with
less than 300 million people of over 6 billion, uses
approximately one quarter of the world’s energy and is
accounting for almost the same proportion of CO2

emissions (Ehrlich & Ehrlich 2001). Furthermore, the
same report indicates that, to reduce pressure on
human life-support systems, the United States must set
an example for other countries by establishing a popu-
lation policy that halts rapid population growth (13%
since 1990) and by initiating a national dialog on curb-
ing runaway consumption while increasing quality of
life for Americans.

As if the bad news already given were not enough,
Schettler et al. (1999, 2000) note that the intersection
between environmental chemicals and child develop-
ment has produced evidence of the effects of environ-
mental chemicals on a number of important processes
such as: developmental disabilities, including attention
deficit/hyperactivity disorder; autism; and related
neural developmental diseases, all of which affect mil-
lions of American children. Biotic impoverishment, the
loss of biodiversity on the planet, is too well docu-
mented to require any references. Furthermore, the
freshwater supply of the world is being mismanaged in
a variety of ways (e.g., Postel 1999). These examples
are just a few illustrations of adverse anthropogenic
effects on both humans and their ecological life sup-
port system. Not only are these actions being tolerated,
but governments are subsidizing them with tax monies
(Myers with Kent 1998). As historian McNeill (2000)
notes, humans have been reshaping the face of Earth
for millennia, but the 20th century witnessed rates of
environmental transformations at a scale never before
seen – the consequences of which remain uncertain.
Human society is often slow to adapt when their
behavior and practices seriously threaten their ecolog-
ical life support system (e.g., Diamond 1994, 1997). As
a consequence, it seems highly probable, arguably
almost inevitable, that human society will push its eco-
logical life support system past one or more crucial
breakpoints or thresholds. Odum (2001) shares this
view. The increased globalization of the economic sys-
tem also increases the probability that both the spatial
and temporal scales will be vastly increased over the
historic examples already available in the collapse of
civilizations through history over a variety of geo-
graphic areas. It is important to note that natural sys-
tems do not have the homeostatic mechanisms that
result in physiological stability in humans and other
creatures. A natural system pushed over a crucial
breakpoint or threshold may not return to its predistur-
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bance condition or state, but rather to some new equi-
librium condition which may or may not have existed
in the past. With regard to the field of ecotoxicology,
where these thresholds have been studied extensively,
the problem is exceedingly complex (e.g., Cairns
1992). Several outcomes do seem highly probable: (1)
the new ecological equilibrium conditions may not be
as favorable to humans as the present ones; (2) inverte-
brates and disease-causing organisms have shown
themselves remarkably adaptable in such areas as
resistance to pesticides, antibiotics, and the like, and
they are therefore likely to adapt to new conditions
more rapidly than humans; and (3) as Cairns (1994)
notes, human society and natural systems are coevolv-
ing and, while coevolution may appear beautiful in its
final state, there are extremely harsh penalties exerted
on those components or attributes that fail to adjust to
new conditions with sufficient rapidity.

AFTER THE THRESHOLD HAS BEEN CROSSED

Ecological disequilibrium that follows the crossing of
a threshold might well cause political disequilibrium as
well.  Conditions are likely to be markedly less favor-
able than they formerly were. Additionally, many areas
already exist where political disequilibrium might be
further exacerbated by ecological disequilibrium.
Anarchy resulting from either ecological or political
disequilibrium might well preclude a systematic,
orderly, reasoned response to these new conditions.  If
humans survive such circumstances, it will probably be
as a series of petty fiefdoms or tribal units.  If some
degree of societal integrity remains, there are a large
number of possible outcomes, for which a few illustra-
tive scenarios follow.

Scenario #1. An important ecological threshold is
crossed but the system’s integrity is not destroyed and
sufficient ecological resiliency remains to enable a
return to some semblance of earlier conditions

The assumption in this scenario is that the threshold
is crossed, but there is a realization of the crossing
before ecological integrity has been destroyed or
severely impaired. Corrective actions are taken to
remove anthropogenic stress, permitting the system to
return to some degree of its predisturbance state.  An
example of this scenario is the work on the Kissimmee
River in Florida, which was thrown into ecological dis-
equilibrium by the construction of a canal by the U.S.
Army Corps of Engineers. As noted by the National
Research Council (1992), the ecological consequences
of the canal construction were severe and apparent to
the general public.  Demands were made and imple-
mented by the political system to restore at least some

of the preexisting ecological conditions. Because
prompt remedial action was taken and because recolo-
nizing species were readily available, the restoration
and recovery of the system were dramatic and, again,
readily apparent to the general public. There are
numerous other examples of the recovery and restora-
tion of ecologically damaged regional ecosystems (e.g.,
Cairns et al. 1977), but, if the anthropogenic stress
involves such characteristics as global climate change,
these scenarios are unlikely to be common, especially
with systems as large as the oceans.

Scenario #2. An ecological threshold is crossed,
resulting in severe disequilibrium conditions followed
by a new equilibrium condition substantially different
from the one preceding the disturbance

In these cases, ecological restoration to the original
equilibrium condition may not be possible for a variety
of reasons, including: (1) no adequate sources of recol-
onizing species, (2) difficulty in restoring antecedent
chemical, physical, and habitat conditions, (3) political
will for restoration is not sufficiently strong, (4) political
will is strong but financial and other resources are
inadequate, and (5) exotic species have colonized the
disturbed area and have become so firmly established
that dislodging them would require an enormous effort
and the outcome would be uncertain and problematic.
Unless precautionary action is taken early in the 21st

century to diminish present rates of biotic impoverish-
ment and ecological damage, this scenario is likely to
be the most common one.  Ironically, had human soci-
ety been sufficiently adaptive to build a harmonious
relationship with natural systems before irreparable
damage occurred, the even more drastic adaptations
required after an ecological threshold has been crossed
would not be necessary.  Preventative adaptation is far
more easily implemented than adapting to a new set of
equilibrium conditions unlike the ones to which human
society has been accustomed for most of human his-
tory.

Scenario #3. A crucial ecological threshold is
crossed, reducing the carrying capacity of Earth for
humans with a consequent severe and abrupt reduc-
tion in population size

The surviving humans selected for their adaptive
capabilities and ingenuity might well build a more har-
monious relationship with natural systems even in
their new, unfamiliar condition

Scenario #4. A crucial ecological threshold is crossed
and the new equilibrium conditions are unsuitable for
human habitation

This scenario would resemble, in some ways, the
great biological extinctions of the past in which some
species survived and speciation resulted in a diverse
but different biota over geological time.
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THE PLANETARY CEMETERY

Although burial places for human remains are
becoming increasingly scarce in urban areas, the
entire planet is becoming a vast cemetery for non-
human species without burial markers or even very
many mourners. Worse yet, the space occupied for mil-
lions of years by myriad life forms is now increasingly
covered by human artifacts such as shopping malls and
highways. As motorists speed over these sacred
grounds, talking on their cell phones and raging at
other motorists, it is unlikely that they grieve about the
role they have played in the disappearance of these
other creatures.  If the death penalty for individual
humans is increasingly abhorrent in many societies,
why is the anthropogenic death sentence for entire
species not a colossal sin against life itself? If other
species had the power to conduct a Nuremberg trial on
planetary death camps for ‘lower forms or life’ exe-
cuted with little regret by human society, what would
humankind’s defense be? It is indeed curious that
destruction of the planet’s ecological life support sys-
tem, which supplies essential ecosystem services
(Table 1) and is required for sustainable use, receives
so little respect. As Wilson (1984) remarks, ‘the one

process now going on that will take millions of years to
correct is the loss of genetic and species diversity by
the destruction of natural habitat. This is the folly our
descendants are least likely to forgive us.’ Dubos (as
quoted in Piel & Segerberg 1990, p. 269) puts it some-
what differently: ‘Although the earth is but a tiny
island in the midst of vast reaches of alien space, it
derives distinction from being a magic garden occu-
pied by myriad different living things that have pre-
pared the way for self-reflecting human beings.’ If one
assumes that natural capital (i.e., the ecological life
support system) is essential to sustainable use of the
planet, then the basic scientific question should be:
‘What is necessary to preserve self-maintaining natural
systems?’ For those requiring information on natural
capital and ecosystem services, the volume by Hawken
et al. (1999) has numerous references and case histo-
ries.

Scientific inquiry requires more than a lofty general-
ization such as sustainable development or sustainable
use of the planet.  Moreover,  the goals and conditions
must be stated for the entire system (Cairns 1997), not
just isolated components such as sustainable agricul-
ture, although these are also essential.  Finally, as
Cairns (1997) notes, a single person can write an article

about sustainability, but an organization,
tribal unit, or society is needed to practice
it.

Paradigm-shifting catastrophes. National
Academy of Sciences (NAS) President
Bruce Alberts (2000–2001) remarks that a
fear of spreading irrationality is perhaps
the strongest motivator for the NAS to
giving a high priority to what undergrad-
uates understand about science.  The
NAS has long been active in the battle for
a more rational society, and this battle
becomes even more important as global-
ization of human society, its economies,
and its effects on natural systems become
ever more evident. Just one major inap-
propriate or irrational decision on such
things as global climate change and
atmospheric ozone depletion will almost
certainly have destabilizing effects on
both natural systems and human society.
Some months ago, two momentous
events were given scant attention in the
news media. The first was the discovery
by an ice breaking Russian cruise ship
steaming towards the North Pole during
the Arctic summer that miles of open
water has replaced previously evident
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Table 1.  Illustrative ecosystem services

1. Capture of solar energy and conversion into biomass that is used for food,
building materials and fuel

2. Breakdown of organic wastes, such as sewage, and storage of wastes that
cannot be broken down, such as heavy metals

3. Maintenance of a gas balance in the atmosphere that supports human
life; absorption and storage of carbon dioxide and release of oxygen for
breathable air

4. Regeneration of nutrients in forms essential to plant growth (e.g., nitro-
gen fixation) and movement of those nutrients

5. Purification of water through decomposition of wastes, regeneration of
nutrients, and removal of sediments

6. Storage of freshwater, retention and release of water after rains that pro-
vides flood peak reduction, and ground water recharge

7. Distribution of freshwater through rivers

8. Generation, maintenance, and binding of agricultural soils

9. Control of pests by insectivorous birds, insects, bats, and others

10. Pollination of agricultural crops by birds, insects, bats, and others

11. Development and archiving a genetic library for development of new
foods, drugs, building materials, and waste treatment processes through
both Mendelian genetics and bioengineering

12. Development and archiving a variety of ”replacement” species, prevent-
ing expected disturbances such as fire, flood, hurricanes, and droughts
from disrupting the provision of other ecosystem services

13. Storm protection through physical dispersal of wind and waves by plants

14. Control of both microclimate and macroclimate

15. Recreation and aesthetic satisfaction
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thick ice.  The presence of sea birds, where none have
been seen before, was an indication that this open
water had existed for more than a day or two. The sec-
ond event, at the opposite end of Earth in Antarctica,
confirmed that the hole in the ozone layer over the
Antarctic continues to grow and is now three times the
size of the United States.  The casual way in which
both events were treated by the new media suggests
that nothing short of a major ecological/societal cata-
strophe will cause a paradigm shift into a series of sus-
tainable use of the planet practices. A catastrophe of
this size could easily be irreversible. Hardin (1998) has
superbly addressed the task of overcoming denial of
the tough ecological issues of population, economics,
and ethics. A central issue is the consequences of total
freedom in a world of limits.  Hardin further notes that,
in the arrangements of nature, freedom is relegated to
an operational position that is secondary in importance
to survival and concludes that, in a competitive world
of limited resources, total freedom of individual action
is intolerable. Hardin (1998) remarks that scientists
favor consequential ethics, which is less interested in
historical origins and more concerned with the future
consequences of present acts. Almost certainly, a major
ecological/societal catastrophe would produce a sys-
tem of consequential ethics. Motivational ethics might
still triumph because, in times of societal disequilib-
rium, a return to past conditions can be very attractive.

Motivational ethics will probably create still more
catastrophes and, ultimately, the survivors, if any, will
turn to consequential ethics. It is interesting to specu-
late on what consequential ethics might emerge in en-
vironmental politics, if taken in a sustainability context.

1. The free market as now defined will almost cer-
tainly cease to exist, as will individual freedom as
now interpreted.

2. Any actions seriously damaging the planet’s eco-
logical life support system will result in drastic con-
sequences for the individuals or organizations
causing this damage, even if they plead that they
were unaware of the outcome of the actions or that
there was uncertainty about the outcome.

3. Extravagant, disproportional use of the planet’s
resources, which is  now characteristic of the United
States of America and a number of other countries,
will be considered aberrant and, therefore, unac-
ceptable behavior.

4. There will be a systematic and orderly allocation of
resources between the planet’s ecological life sup-
port system and human society.  It is not clear, and
probably it will never be entirely clear, exactly how
much space and protection is necessary to preserve
ecological integrity and result in self-maintaining
ecological life support systems. The precautionary

principle advocates erring on the side of prudence
or, stated another way, providing more than the
minimal amount of resources in the event that the
projection of resource needs of natural systems
might be short of the mark.

5. The ecological life support system must be given
the respect and reverence now accorded the eco-
nomic system, as a very minimal requirement.  The
term minimal is deliberately used because the nat-
ural systems have been badly abused, and many of
their components (i.e., species) have been extir-
pated.  Thus, the ecological systems will be in
recovery for at least a century and perhaps longer
and, thus, need more protection and respect than if
they were robust and normal.

6. It will be essential to improve ecological quality
control monitoring to provide early warning signals
of impending deleterious effects or the occurrence
of deleterious effects or, if not an early warning,
detecting the deleterious effects before they have
had substantial impact. Ecosystems are dynamic,
pulsing systems so both design of the systems and
interpretation of the evidence they provide will
require much skill and judgment.  In the early
stages of the development of these monitoring sys-
tems, false positives and false negatives will be a
major source of irritation. As the systems become
more robust, the frequency of false negatives and
false positives will diminish but not disappear.

CONCLUSION

It is easy for most humans to forget that they are only
one of millions of species in the ecological ‘theater’ and
have not been on the ‘stage’ as long as many others,
are not as numerous as many others, and do not have
the biomass of many other species. As Gorbachev
(2001) noted, ‘nature will not wait,’ and environmental
experts warn that many environmentally damaging
trends are now too far advanced to achieve real sus-
tainability by means of gradual change; they believe
human society has 30 to 40 years in which to act. Time
is short, and humankind is already lagging behind.
However, the impetus for rapid change in human soci-
ety is almost always a catastrophe as a consequence of
inappropriate practices. The captain of the Titanic
could easily have taken precautionary action, which
would have made the crossing less memorable but less
costly in lives. Human nature is prone to take risks and,
when the consequences are literally unimaginable, the
risks are taken more lightly than they should be.
Nature will persist whatever humans do. It is human
society that may not persist whatever humans do!
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