ined academic research with political activism
2 e 3 -
195'gs he became a vocal opponent of above-g .
ch th | Uﬁlite:;! States and the Soviet Union conducted duyri g
ntne L

hich he saw as having an extremely negative effect on t
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ican Bust <
ater are scarce, and the weather is extr
: he has an incredibly intimate understanding of this envit
man can, for example, return after many months and miles of travel to
underground tuber, noted in his previous wanderings, when he needs it for
supply in the dry season. ‘AR
We who call ourselves advanced seem to have escaped from this kind o

ence on the environment. The Bushman must squeeze water from a searck
tuber; we get ours by the turn of a tap. Instead of trackless terrain, we have
grid of city streets. Instead of seeking the sun’s heat when we need it, or shunn
it when it is too strong, we warm and cool ourselves with man-made machines.

this leads us to believe that we have made our own environment and no longer
depend on the one provided by nature. In the eager search for the benefits of
modern science and technology we have become enticed into a nearly fatal illu-
sion: that through our machines we have at last escaped from dependence on the

natural environment.
A good place to experience this illusion is a jet airplane. Safely seated on a

cushion, carried in a winged aluminum tube, streaking miles above the earth, 1
air nearly thin enough to boil the blood, at a speed that seems to make the sun .
still, it is easy to believe that we have conquered nature and have escaped
ancient bondage to air, water, and soil. !
But the illusion is easily shattered, for like the people it carries,
itself a creature of the earth’s ‘environment’. Its engines burn f el
‘the earth’s green plants. Traced a few steps back, ¢
dependent on the enviro




our totg
B tadvanced technology wil] becor
5 O

Polmcal system that depends on it will founder, The ¢
ignal of this approaching catastrophe. . . . .
. i e, these are the environmental cycles which gover
he three great global systems: the air, .the water, and the soil, W;
| \live many thousands of different species of living things. Each specie:
WL Bl Sivionmencl niche, and each, through its life Processes,
icaliand chemical properties of its immediate environment, .
1 living species is also linked to many others, These links are bewilg
ty and marvelous in their intricare detail. An animal, such as
n plants for food; the plants depend on the action of soil bac
nts; the bacteria in turn live on the organic wastes dropped by the
At the same time, the deer is food for the mountain lion. In;

i.es,_of dead plants and animals. A]] this,
les by species in intri
n the earth.

many times mul
cate, precise relationships, makes

relationships and the proc

chemica] environment is eco 2y
ng. For the environment is, so to s D

or living things. It is a young




vents that steer, or govern, the behavior of a system. ’ ‘
tem that also includes the compass, the rudder, and the ship.

. s needle. Observed and interpreted by the helmsman this everft determm% i
a subsequent one: the helmsman turns the rudder, which swings the .Shlp back to«lfs: :
:6rii§inal course. When this happens, the compass needle returns to its orlgugl,;("r)-:.—l

position and the cycle is complete. If the helmsman turns the rudder t?o far in
response to a small deflection of the compass needle, the excess swing of the ship shows

up in the compass—which signals the helmsman to correct his overreaction by an
opposite movement. Thus the operation of this cycle stabilizes the course of the ship.
In quite a similar way, stabilizing cybernetic relations are built into an ecological
cycle. Consider, for example, the fresh-water ecological cycle: fish—organic waste—
bacteria of decay—inorganic products—algae—fish. Suppose that due to unusually
‘warm summer weather there is a rapid growth of algae. This depletes the supply"--cf

- inorganic nutrients so that two sectors of the cycle
1 ce, but in opposite directions. The operation of the ecological cycle, lik
hip, soon brings the situation back into balance. For the excess
€ ease with which fish can feed on them; this reduces the a al
fish waste production, and eventually leads to an increas
> waste decays. Thus, the levels of algae and nus

inal balanced position.

s the course is no

ATy

, algae and nutrients, are Oiit.-"@f £



ra bit population is negatively related

can no longer compensate for it. Suppose, for example, in one parti
:i?hef~rabbit—lynx cycle, the lynx manage to eat all the rabbits (or, for th
all but one). Now the rabbit population can no longer reproduce. As |
lynx begin to starve as the rabbits are consumed; but this time the drop i
population is not followed by an increase in rabbits. The lynx then die .
entire rabbit—lynx system collapses.

This is similar to the ecological collapse which accompanies what i
“eutrophication.” If the nutrient level of the water becomes so high as
late the rapid growth of algae, the dense algal population cannot be long s
because of the intrinsic limitations of photosynthetic efficiency. As the th
of the algal layer in the water increases, the light required for photosyn
can reach the lower parts of the algal layer becomes sharply diminished,
any strong overgrowth of algae very quickly dies back, releasing organic de
organic matter level may then become so great that its decay totally de
oxygen content of the water. The bacteria of decay then die off, for the
Oxygen to survive. The entire aquatic cycle collapses.

The dynamic behavior of a cybernetic system—for example, the

L Q§C'lla§:ions, the speed with which it responds to external

- of operation—depends on the relative rates of its

0 produce, for example, the ship’

S8 ¢




i s increased artificially
; e water. Now the decay bacteria are supplied with o
much higher level than usual; because of their rapid metabolism they e 1o
qulckly on the increased organic load. As a result, the rate of OXygen const ipaon e
the decay bacteria can easily exceed the rate of oxygen production by the alga aﬁﬁ
its rate of entry from the air) so that the oxygen level goes to zero and the SYStﬁ
collapses. Thus, the rates of the separate processes in the cycle are a natural state of
balance which is maintained only so long as there are no external intrusions on the
system. When such an effect originates outside the cycle, it is not controlled by the
self-governing cyclical relations and is a threat to the stability of the whole system.
Ecosystems differ considerably in their rate characteristics and therefore vary a
great deal in the speed with which they react to changed situations or approach the
point of collapse. For example, aquatic ecosystems turn over much faster than soil
ecosystems. Thus, an acre of richly populated marine shoreline or an acre of fish pond
produces about seven times as much organic material as an acre of alfalfa annually.
The slow turnover of the soil cycle is due to the rather low rate of one of its many
steps—the release of nutrient from the soil’s organic store, which is very much slower
than the comparable step in aquatic systems. g
The amount of stress which an ecosystem can absorb before it is driven to col
is also a result of its various interconnections and their relative speeds of re
The more complex the ecosystem, the more successfully it can resist a s
mple, in the rabbit-lynx system, if the lynx had an alternative so
tight survive the sudden depletion of rabbits. In this way, bran
ternative pathways—increases the resistance of
Stems are so complex that the cycles are not simple
s to form a network or a fabr

[




+ carthworms the DDT level will rise to at
inqﬂe ﬁcz about ecosystems—everything is
s stabilized by its dynamic self-compensating p
, can lead to a dramatic collapse; the co

1o h‘owlong, without collapsing; the ecological network is an
perturbation in one place may have large, distant, long-delayed

The Second Law of Ecology:
Everything Must Go Somewhere

simply a somewhat informal restatement of a basic law |

tructible. Applied to ecology, the law emphasizes th
@
a “waste.” In every natural system, what is excreted

taken up by another ag food. Animals release carbo




mgamsm in whnch it becomes, ;
present environmental crisis is that great amouti@‘,

‘ﬁom the earth converted into new forms, anc

hel ,,m natute, they do not belong.
]

'

The Third Law of Ecology:
Nature Knows Best

In my experience this principle is likely to encounter considerable resistance, for it
‘appears to contradict a deeply held idea about the unique competence of human beis

One of the most pervasxve features of modern technology is the notion that it is i
—to provnde food, clothm , shelter, and means of comm @ev(

im“lmprove on nature”

ave found it useful to explain this principle by means of an anal
pen_the back of your watch, close your eyes, and poke a pen
' almost certain result would be damage to the watch.




e organ
e formefi-. anism that is forced to sustain
»rds, like the watch, a hvm'g org drodicnrt o
oo s almost certain to be damaged rather improv
in its organization is is the same—a great deal of “R & D.” In effect
g me"exP;;?a?lO'l;m of ‘R & D” behind every living thing. In thar ¢
aresometwotoilefeef nel:, izdividual living things have been produced, afford

‘m“ﬁl:l;t:mgniw to try out the suitability of some random genetic

il change damages the viability of the organism, it is likely to kill it befo
< can be passed on to future generations. In this way,

) 'dtganization of compatible parts; those possible
ible with the whole are screened out over the
e of apresent living thing or the org

living things accumy
arrangements that
long course of evolution.
anization of a current natural e
“best” in the sense that it has been so heavily screened for di

nents that any new one s very likely to be worse than the pre

inciple particularly relevant to the field of organic chemistry. Li
many thousands of differen organic compounds, and it is

that the varieties of

chemical substances




L a new —‘madépor'g'a"nic substance is syn esize« f.'
at departs significantly from the types whi.ch occur m e

, "‘aégmdative enzyme exists, and the material tend? to accumu :

Given these considerations, it would be prudent, I believe, to regard ‘
made organic chemical not found in nature which has' a strong af;tlon o i
organism as potentially dangerous to other forms of life. Opt.aratl?nally-r, 1s
means that all man-made organic compounds that are at all active biologically ou: :
to be treated as we do drugs, or rather as we should treat them—prudently, cau*
tiously. Such caution or prudence is, of course, impossible when billions of pounds
of the substance are produced and broadly disseminated into the ecosystem where
it can reach and affect numerous organisms not under our observation. Yet this is
precisely what we have done with detergents, insecticides, and herbicides. The often
catastrophic results lend considerable force to the view that “Nature knows best.”

The Fourth Law of Ecology:
There Is No Such Thing as a Free Lunch

In my experience, this idea has proven so illuminating for environmental problems
that [ have borrowed it from its original source, economics. The “law” derives from
astory that economists like to tel| about an oil-rich potentate who decided |
new wealth needed the guidance of economic science. Accordingly he or




M oby Dick. Mark Twain is not onl:'

of the environment of the United !
- ; rather incisive critic of the irrelevan
realities of life. As the critic Leo Marx |

e work of the classic American writers (I am

‘ evettheless, most of them were takcn unawares by the envi

 understand, apparently, that Thoreau’s woods, Mark
oceans are today under attack.

IC ‘- lave already emerged from perceptive hu
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4. What does Commoner mean by “eutrophication”? How can |
~ collapse of an ecosystem? |

_ What determines the amount of stress that a system can absorb’
when a system is no longer able to absorb stress?

. Why does Commoner say that there is no such thing as waste? Whét :
materials that we commonly refer to as waste substances?

|s human intervention always detrimental to an ecosystem? Why is it mo

be detrimental than beneficial?

MAKING CONNECTIONS

1. How would Charles Darwin (p. 314) interpret the rabbit-lynx dynamic th

discusses? Is Commoner ultimately explaining an evolutionary system? 2

2. Do Commoner’s observations about DDT confirm or challenge the a
Rachel Carson (p. 328)? Would Carson agree that DDT moves up th

3 Like William Paley (p- 311), Commoner uses the metaphor of a watch |
u,gggm_ral world. In what ways are the two watch metaphors similar? H
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are familiar with, such




