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Then God said, “Let us make man in our image,
after our likeness. And let them have dominion
over the fish of the sea and over the birds of the
heavensand over the livestock and over all the
earth and over every creeping thing that creeps on

the earth.”

10 March 1967, Volume 155, Number 3767

The Historical Roots of
Our Ecologic Crisis

A conversation with Aldous Huxley

Lynn White, Jr.

helped to exterminate the monster

not infrequently put one at the receiv- mammals of the Pleistocene from

SCIENCE

nating in our own time in the reclama-
tion of the Zuider Zee. What, if any,
species of animals, birds, fish, shore
life, or plants have died out in the
process? In their epic combat with Nep-
tune have the Netherlanders overlooked
ecological values in such a way that
the quality of human life in the Neth-
erlands has suffered? I cannot discover
that the questions have ever been
asked, much less answered.

People, then, have often been a dy-
namic element in their own environment,
but in the present state of historical
scholarship we usually do not know
exactly when, where, or with what ef-
fects man-induced changes came. As
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THE ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

PUESERVATION OF FAVOURED BAUES IN THE SThDu
. POR LIY)

the “economy of nature”

By CIARLES DARWIN, M.A, y ) -
Chapter4 — “...for as all organic beings are

striving to seize on each placein the economy
of nature, if any one species does not become
modified and improved in a corresponding
degree with its competitors it will be
exterminated.”

LOXDON Chapter4 — “...we should then have places in
et R A e the economy of nature which would assuredly
be better filled up, if some of the original
o L inhabitantswere in some manner modified “



Science, 1977

Economic Models in Ecology

The economics of resource allocation provide a

framework for viewing ecological processes.

David J. Rapport and James E. Turner

Ecological processes have traditional-
ly been studied from several vantage
points. One approach focuses on energy
flows through ecological communities
from primary producers to consumers at
higher trophic levels (/). Another ap-
proach considers species interactions in

These developments have occurred in
a number of diverse areas of ecology,
including models of optimal foraging (6—
8, 11,12,15, 16, 21), reproduction strate-
gies (9, 12, 19, 20), territoriality (10),
altruism (20), and social caste systems
{17V Viewad ac a oranin thaca and ~thar

inquiry into a general study of the give
and take, the effort, accumulation and
consumption in every province of life”
(22, p. 961).

In the history of science, biological-
economic analogies have played a signifi-
cant role. Malthus (23) borrowed from
“‘the laws of natural increase in the ani-
mal and vegetable kingdom™’ in forecast-
ing a dismal economic future for man-
kind. Darwin (24), as is well known,
received a critical inspiration for formu-
lating his theory of evolution by means
of natural selection from a reading of
Malthus’s essay on population. It oc-
curred to Darwin that not only man, but
all other species too, are engaged in a
struggle for existence owing to their re-
quirement for limited resources, and that
those species that evolved ways to use
resources more efficiently would be fa-
vored in their struggle for survival.

ThiconticBad wwidéth $ha cwend 2 __ _p



McAfee K, 1999

"Selling nature to save it? Biodiversity and green
developmentalism"

Environment and Planning D: Society and Space
17(2) 133-154



The New 2002

ECONOMY
oF NATURE

The Quest to Make Conservation Profitable

Gretchen C. Daily

Katherine Ellison
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ECOSYSTEMS
AND HUMAN
WE LIL-BEING the benefits people

obtain from ecosystems

ecosystem services:

Synthesis
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Figure A. Linxaces sBerweeN Ecosystem Semvices anp Human WeLL-sEinG

This Figura depicts the strength of inkages between categones of ecosystem senices and components of human welkbeing that are commondy
encountered, and inchedes indicabions of the exient o which it is possible for socioeconomic factors to mediate the linkage. (For esample, i it is
possibla fo purchase a substitute for a degraded ecosystem senice, fhen thene is a high potenbal for medation ] The strength of the inkages
and the pofeniial for mediabon differ in different ecosystems and regions. In addition to the influence of ecosystem sanices on human weltbeing
depicted here, other factors—including other emvironmental factors as well &= economic, social, techmological, and culfural factors—infisence
Fumian welkbeing, and scosystems are in turn affected by changes in human welbsing. [See Figure B
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ECOLOGICAL
ECONOMICS

ELSEVIER Ecological Economics 25 (1998) 3-15

The value of the world’s ecosystem services and natural capital’

Robert Costanza *"*, Ralph d’Arge ¢, Rudolf de Groot ¢, Stephen Farber ¢,
Monica Grasso °, Bruce Hannon !, Karin Limburg &, Shahid Naeem ",
Robert V. O’Neill !, Jose Parueloi, Robert G. Raskin ¥, Paul Sutton !,

Marjan van den Belt ™

. For the entire biosphere,

et) 15 estimated to be in the range of US$16—54 trillion (10'%) per vyear,
ecause of the nature of the uncertainties, this must be considered a

the value (most of wheeT 15 outside the
with an average ¢ US$533 tnllion per year.
minimum estimate.
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The Nature Conservancy
beginning 2012

Protecting nature, for people today and future
generations.
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“Because of the expanding human footprint,
these infested and novel ecosystems will be
valued, and not shunned as somehow
unworthy” (Kareiva in R. Lalasz, 2011, p. 8).



Peter Kareiva:

Failed Metaphors and A New Environmentalism for the 2 s 9 < 0O

JObS vs. nature




Peter Kareiva:
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Alas, there are limits to growth.....



Carnot Cycle

Adiahat MOt Jsutiwam

Cool

Isotherm Adlabint

Sadi Carnot 1796- 1832 Vv

Rudolf Clausius version of the 2"% law of thermodynamics:

“Heat can never pass from a colder to a warmer body without some other change,

connected therewith, occurring at the same time.”
Planck’s version: “Every process occurring in nature proceeds in the sense in which

the sum of the entropies of all bodies taking part in the process is increased.”
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“That the increase of population is
necessarily limited by the means of
subsistence,

That population does invariably increase
when the means of subsistence increase, and,

That the superior power of population is
repressed, and the actual population kept
equal to the means of subsistence, by misery
and vice”
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Forinstance, humans extract

massive amounts of energy from

WASTED burning, usually converting
chemical energy to heat energy
and then to mechanical energy,
each step causing enormous

ot Ot Consmmution losses of material and energy,

Challenges the Planet much of it to the atmosphere

RuB HENGEVEI_U (e.g., CO,), with up to 60% lost
at each step.
E.g.—incandescent light bulb —

only 5% of energy is used as light;
other 95% lost as heat.




Total world production of coarse grain, 1961-2004
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Norman Borlaug,
“father of the Green
Revolution”
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A Bierra Ohab- Baltantise Book

Paul Ehrlich, Julian Simon, and
P T
“2‘,{%’?}%”0%‘{{{,,325 " Our Gamble over Earth’s Future

THE
POPULATION
B“MB PAUL SABIN

WHILE YOU ARZ READING THESE WORDS
FOUR FEOPLE WILL MAVE DIED FHOM
STARVATION, MOST OF THEM CHILDREN,

DR. PAUL R. EHRLICH



Figura 3. CoMversion OF TERRESTRIAL Bioses®

(Adapied from C4, S10)

It 5 not possibie to estimate accurately e exient of diferent biomes. prior o
significant human impact, i | 1= possibie o determine: the “potential area of biomes
based on soll and cimatic condiSons. This Figure shows how much of hat potential
ed E estimated to have been comgerted Dy 19650 (medium centainty), how much
was Comveried between 1950 and 1990 {medhim certaimty), and how much would

be converted under the: four WA scenarios (iow carainty) betwean 1950 and 2060.
Mangroves are not Includesd hers Decause he ared was 100 smal to be acourately
FEsessed. Most of the conversion of thes: Diomes IS 1o cultivated systems.
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FEATURE

Vol 461|24 September 2009

A safe operating space for humanity

|dentifying and quantifying planetary boundaries that must not be transgressed could help prevent human
activities from causing unacceptable environmental change, argue Johan Rockstrom and colleagues.

climate change

SUMMARY

e New approach proposed for defining preconditions for human
development

e Crossing certain biophysical thresholds could have disastrous
consequences for humanity

e Three of nine interlinked planetary boundaries have already been
overstepped




Figure 4. Srecies Exrincrion Rares (Adapted from C4 Fig 4.22)
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Chapter 25 2013
Ecosystem Services: Is a Planet Servicing
One Species Likely to Function?
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Table 1. Grossr Starus oF Provisiosrec, REciarmc, anp Cuorromar Ecosvsres Senvices Evaruaren oy THE MA

Siatus indicates whather the condftion of e senvice globally has been enhanced (f the peoduciive capacity of the senvice has been Increased, for exam-
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Fig. 1. Relationships between per capita energy use and per capita GDP: (a) Across countries, with each point representing the average energy consumption and the average
GDP from 1980 to 2005; (b) over time, with each arrow showing the net change from 1980 to 2005. Note that per capita energy consumption scales as the 0.76 power of
GDP (a), and the changes in energy consumption over the 25 years (b) parallels this scaling relationship. Replotted using data compiled by Brown et al. (2011).
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“progress trap”
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Natural selection: individual or group-level?

... selfish individuals will
produce the most offspring and
come to dominate the group

When groups compete,
groups with more
selfless individuals...

...will beat groups of selfish individuals,
so the proportion of selfless individuals
increases in the overall population even
though it decreases within groups
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FIGURE S-1 The South Florida ecosystem, which shares the same boundaries as the South Florida
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Everglades ecosystem.
NOTE: The yellow line in (@) outlines the historical Everglades ecosystem, and the yellow line in (b)
outlines the remnant Everglades ecosystem as of 1994.




Pre-drainage Flow Current Flow Restored Flow

FIGURE 2-1 Water flow in the Everglades under (a) historical conditions, (b) current conditions, and (c)
conditions envisioned upon completion of the Comprehensive Everglades Restoration Plan (CERP).



CLIMATE CHANGE
EVIDENCE &CAUSES

An overview f'rom the Royal Socxe and the
US National Academy of Sciences

THE
ROYAL
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Figure 5-1: Projected global rise in sea level in comparison with historical records. The future projections
show median estimates and likely ranges for future sea level rise for the low emissions scenario (RCP2.6;

blue) and the high emissions scenario (RCP8.5; red).
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Figure 5-5. Land loss in Everglades National Park based on two feet of sea-level rise (the intermediate scenario for 2100 in Figure 5-4), (a)
assuming existing topography and (b) assuming complete loss of peat soils, which leads to substantially greater land loss. Neither scenario
considers new sediment accretion.




Scenes of street flooding, like this one on Alton Road in Miami
Beach in November, are becoming increasingly common.

Angel Valentin for The New York Iimes

New York Times, yesterday, May 8, 2014



But three prominent Florida Republicans — Senator
Marco Rubio, former Gov. Jeb Bush and the current

governor, Rick Scott — declined repeated requests to be

interviewed on the subject. Mr. Rubio and Mr. Bush are
viewed as potential presidential candidates. Political
analysts say the reluctance of the three men to speak
publicly on the issue reflects an increasingly difficult
political reality for Republicans grappling with the
issue of climate change, particularly for the party’s
lawmakers from Florida. In acknowledging the
problem, politicians must endorse a solution, but the
only major policy solutions to climate change — taxing
or regulating the oil, gas and coal industries — are
anathema to the base of the Republican Party. Thus,

New York Times, yesterday, May 8, 2014



Figure 6-5. Old World climbing fern completely blanketing a tree island in the Arthur R. Marshall
Loxahatchee Wildlife Refuge.




Figure 6-7. A Burmese python in Everglades National Park.



APPROXIMATE DISTRIBUTION OF PYTHONS IN SOUTH FLORIDA
FROM THE 1990s TO 2009

® 1995-2000 ® 200:-2006 2007-2009 " Urban area
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Figure 6-8. Approximate distribution of Burmese pythons in South Florida from the 1990s to 2010,
indicating rapid spread throughout the area.
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Figure 6-1. Laurel wilt damage to swampbay trees on an Everglades tree island (left), which is caused
by the redbay ambrosia beetle (right). Note the scale; the adult insect is less than 3 mm long.



Figure 6-9. Argentine black-and-white tegu.



AR

F _t\.!o N
<3 ;/w...rs :

LAY

LYY
e

"ess

—

Figure 6-10. A wild hog in the Everglades.
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Fig. 1. Recent world: population history A.D. 1 to
1990 (solid line) (53) and 1992 population projec-
tions of the UN (7 7) from 1990 to 2150: high (solid
line with asterisks); medium (dashed line); and low
(dotted line). Population growth was faster than
exponential from about 1400 to 1970.
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Fig. 2. Inanimate energy use from all sources from
1860 to 1991: aggregate (solid line with asterisks)
(54) and per person (dashed ling). Global popula-
tion size is indicated by the solid line.
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