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In the C_m Southwest we are dealing with not just a single culture
and collapse, but with a whole series of them (map, p. 142). Southwestern
CHAPTER 4 . : . cultures that underwent regional collapses, drastic reorganizations, or aban-
. donments at different locations and different times include Mimbres
around A.D. 1130; Chaco Canyon, North Black Mesa, and the Virgin Anasazi
in the middle or late 12th century; around 1300, Mesa Verde and the
Kayenta Anasazi; Mogollon around 1400; and possibly as late as the 15th
century, Hohokam, well known for its elaborate system of irrigation agri-
culture. While all of those sharp transitions occurred before Columbus’s ar-
rival in the New World in 1492, the Anasazi did not vanish as people: other
southwestern Native American societies incorporating some of their de-
- scendants persist to this day, such as the Hopi and Zuni pueblos. What ac-
counts for all those declines or abrupt changes in so many neighboring
societies?
Favorite single-factor explanations invoke environmental damage,
drought, or warfare and cannibalism. Actually, the field of U.S. southwest-
ern prehistory isa graveyard for single-factor explanations. Multiple factors
have operated, but they all go back to the fundamental problem that the
U.S. Southwest is a fragile and marginal environment for agriculture—as is
also much of the world today. It has low and unpredictable rainfall, quickly
exhausted soils, and very low rates of forest regrowth. Environmental prob-
lems, especially major droughts and episodes of streambed erosion, tend to
recur at intervals much longer than a human lifetime or oral memory span.
Given those severe difficulties, it’s impressive that Native Americans in the
Southwest developed such complex farming societies as they did. Testimony
to their success is that most of this area today supports a much sparser
population growing their own food than it did in Anasazi times. It was a
moving and unforgettable experience for me, while I was driving through
areas of desert dotted with the remains of former Anasazi stone houses,
~ dams, and irrigation systems, to see a nOwW virtually empty landscape with
just the occasional occupied house. The Anasazi collapse and other south-
western collapses offer us not only a gripping story but also an instructive
one for the purposes of this book, illustrating well our themes of human
environmental impact and climate change intersecting, environmental and
population problems spilling over into warfare, the strengths but also the
dangers of complex non-self-sufficient societies dependent on imports and
exports, and societies collapsing swiftly after attaining peak population
numbers and power.

The Ancient Ones:
The Anasazi and Their Neighbors

Desert farmers @ Tree rings u Agricultural strategies =
Chaco’s problems and packrats w Regional integration =
Chaco’s decline and end & Chaco’s message

f the sites of societal collapses considered in this book, the most

remote are Pitcairn and Henderson Islands discussed in the last

chapter. At the opposite extreme, the ones closest to home for
Americans are the Anasazi sites of Chaco Culture National Historical Park
(Plates 9, 10) and Mesa Verde National Park, lying in the U.S. Southwest on
New Mexico state highway 57 and near U.S. highway 666, respectively, less
than 600 miles from my home in Los Angeles. Like the Maya cities that will
be the subject of the next chapter, they and other ancient Native American
ruins are popular tourist attractions that thousands of modern First World
citizens visit each year. One of those former southwestern cultures, Mim-
bres, is also a favorite of art collectors because of its beautiful pottery deco-
rated with geometrical patterns and realistic figures: a unique tradition
created by a society numbering barely 4,000 people, and sustained at its
peak for just a few generations before abruptly disappearing.

I concede that U.S. southwestern societies operated on a much smaller
scale than did Maya cities, with populations of thousands rather than mil-
lions. As a result, Maya cities are far more extensive in area, have more lavish
monuments and art, were products of more steeply stratified societies
headed by kings, and possessed writing. But the Anasazi did manage to con-
struct in stone the largest and tallest buildings erected in North America
until the Chicago steel girder skyscrapers of the 1880s. Even though the
Anasazi lacked a writing system such as the one that allows us to date Maya
inscriptions to the exact day, we shall see that many U.S. southwestern
structures can still be dated to within a year, thereby enabling archaeologists
to understand the societies’ history with much finer time resolution than is
possible for Easter, Pitcairn, and Henderson Islands.
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we Hro:.mg might contribute to explaining those different outcomes of de-
forestation. Some trends immediately became obvious to us when we just-
eyeballed the data, but we ground the data through many statistical analyses

in order to be able to put numbers on the trends.

What Affects Deforestation on Pacific Islands?

Deforestation is more severe on:
dry islands than wet islands;
cold high-latitude islands than warm equatorial islands;
old volcanic islands than young volcanic islands; ~
islands without aerial ash fallout than islands with it;
islands far from Central Asia’s dust plume than islands near it;
islands without makatea than islands with it; .
low islands than high islands;
remote islands than islands with near neighbors; and
small islands than big islands.

It turned out that all nine of the physical variables did contribute to the
outcome (see the table above). Most important were variations in rainfall
E.a latitude: dry islands, and cooler islands farther from the equator (at
higher latitude), ended up more deforested than did wetter equatorial is-
lands. That was as we had expected: the rate of plant growth and of seedlin
establishment increases with rainfall and with _ﬁaﬁmamgn. When osm
chops trees down in a wet hot place like the New Guinea lowlands, within a
year new trees 20 feet tall have sprung up on the site, but tree growth is
much slower in a cold dry desert. Hence regrowth can keep pace with mod-
erate rates of cutting trees on wet hot islands, leaving the island in a stead
state of being largely tree-covered. ’

Three other variables—island age, ash fallout, and dust fallout—had ef-
mQ.um that we hadn’t anticipated, because we hadn’t been familiar with the
scientific literature on the maintenance of soil fertility. Old islands that
hadn’t experienced any volcanic activity for over a million years ended up
more deforested than young, recently active volcanic islands. That’s because
soil derived from fresh lava and ash contains nutrients that are necessary for
plant growth, and that gradually become leached out by rain on older is-

lands. One of the two main ways that those nutrients then become renewed -

on Pacific islands is by fallout of ash carried in the air from volcanic explo-
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sions. But the Pacific Ocean is divided by a line famous to geologists and
known as the Andesite Line. In the Southwest Pacific on the Asian side of
that line, volcanoes blow out ash that may be wind-carried for hundreds of
miles and that maintains the fertility even of islands (like New Caledonia)
that have no volcanoes of their own. In the central and eastern Pacific be-
yond the Andesite Line, the main aerial input of nutrients to renew soil fer-
lity is instead in dust carried high in the atmosphere by winds from the
teppes of Central Asia. Hence islands east of the Andesite Line, and far
om Asia’s dust plume, ended up more deforested than islands within the
‘Andesite Line or nearer to Asia.

Another variable required consideration only for half a dozen islands
that consist of the rock known as makatea—Dbasically, a coral reef thrust
into the air by geological uplift. The name arises from the Tuamotu island
. of Makatea, which consists largely of that rock. Makatea terrain is absolute
hell to walk over; the deeply fissured, razor-sharp coral cuts one’s boots,
: feet, and hands to shreds. When I first encountered makatea on Rennell Is-
land in the Solomons, it took me 10 minutes to walk a hundred yards, and I
was in constant terror of macerating my hands on a coral boulder if
I touched it while thoughtlessly extending my hands to maintain my bal-
ance. Makatea can slice up stout modern boots within a few days of walk-
ing. While Pacific Islanders somehow managed to get around on it in bare
feet, even they had problems. No one who has endured the agony of walking
' on makatea will be surprised that Pacific islands with makatea ended up less
- deforested than those without it.

That leaves three variables with more complex effects: elevation, dis-
' tance, and area. High islands tended to become less deforested (even in their
"lowlands) than low islands, because mountains generate clouds and rain,
. which descends to the lowlands as streams stimulating lowland plant
growth by their water, by their transport of eroded nutrients, and by trans-
- port of atmospheric dust. The mountains themselves may remain forest-
- covered if they are too high or too steep for gardening. Remote islands
' became more deforested than islands near neighbors—possibly because is-
Janders were more likely to stay home and do things impacting their own
environment than to spend time and energy visiting other islands to trade,
raid, or settle. Big islands tended to become less deforested than small is-
_ lands, for numerous reasons including lower perimeter/area ratios, hence
fewer marine resources per person and lower population densities, more
centuries required to chop down the forest, and more areas unsuitable for

. gardening remaining.

r
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Our understanding of southwestern prehistory is detailed because of two
advantages that archaeologists in this area enjoy. One is the packrat midden
method that I'll discuss below, which provides us with a virtual time capsule
of the plants growing within a few dozen yards of a midden within a few de-
cades of a calculated date, That advantage has allowed paleobotanists to
reconstruct changes in local vegetation. The other advantage allows archae-
ologists to date building sites to the nearest year by the tree rings of the site’s
wood construction beams, instead of having to rely on the radiocarbon
method used by archaeologists elsewhere, with its inevitable errors of 50 to
100 years. .

The tree ring method depends on the fact that rainfall and temperature
vary seasonally in the Southwest, so that tree growth rates also vary season-
ally, as true at other sites in the temperate zones as well. Hence temperate
zone trees lay down new wood in annual growth rings, unlike tropical rain-
forest trees whose growth is more nearly continuous. But the Southwest is
better for tree ring studies than most other temperate zone sites, because
the dry climate results in excellent preservation of wooden beams from
trees felled over a thousand years ago.

Here’s how tree ring dating, known to scientists as dendrochronology
(from the Greek roots dendron = tree, and chronos = time), works. If you cut
down a tree today, it’s straightforward to count the rings inwards, starting
from the tree’s outside (corresponding to this year’s growth ring), and
thereby to state ﬂr& the 177th ring from the outermost one towards the
center was laid aoés in the year 2005 minus 177, or 1828. But it’s less
straightforward to attach a date to a particular ring in an ancient Anasazi
wooden beam, because at first you don’t know in what year the beam was
cut. However, the widths of tree growth rings vary from year to year, de-
pending on rain or drought conditions in each year. Hence the sequence of
rings in a tree cross-section is like a message in the Morse code formerly
used for sending telegraph messages; dot-dot-dash-dot-dash in the Morse
code, wide-wide-narrow-wide-narrow in a tree ring sequence. Actually, the
ring sequence is even more diagnostic and richer in information than the
Morse code, because trees actually contain rings spanning many different
widths, rather than the Morse code’s choice between only a dot or a dash.

Tree ring specialists (known as dendrochronologists) proceed by noting
the sequence of wider and narrower rings in a tree cut down in a known re-
cent year, and also noting the sequence in beams from trees cut down at
various unknown times in the past. They then match up and align ring
sequences with the same diagnostic wide/narrow patterns from different

Y
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eams. For instance, suppose that this year (2005) you cut down a tree that

roves to be 400 years old (400 rings), and that has an especially distinctive

equence of five wide rings, two narrow rings, and six wide rings for the 13

ears from 1643 back to 1631. If you find that same distinctive sequence

tarting seven years from the outermost ring in an old beam of unknown

elling date with 332 rings, then you can conclude that the old beam came

& from a tree cut down in 1650 (seven years after 1643), and that the tree be-

an to grow in the year 1318 (332 years before 1650). You then go on to

lign that beam, from the tree living between 1318 and 1650, with even

Ider beams, and you similarly try to match up tree ring patterns and find a

eam whose pattern shows that it comes from a tree that was cut down after
318 but began growing before 1318, thereby extending your tree ring
ecord farther back into the past. In that way, dendrochronologists have
onstructed tree ring records extending back for thousands of years in some
parts of the world. Each such record is valid for a geographic area whose ex-
ent depends on local weather patterns, because weather and hence tree
growth patterns vary with location. For instance, the basic tree ring chro-
nology of the American Southwest applies (with some variation) to the area
from northern Mexico to Wyoming,.

A bonus of dendrochronology is that the width and mcvmﬁEanm Om each
ring reflect the amount of rain and the season at which the rain fell during
that particular year. Thus, tree ring studies also allow one to reconstruct
past climate; e.g., a series of wide rings means a wet period, and a series of
narrow rings means a drought. Tree rings thereby provide southwestern ar-
= chaeologists with uniquely exact dating and uniquely detailed year-to-year
> environmental information.

The first humans to reach the Americas, living as hunter-gatherers, arrived
in the U.S. Southwest by 11,000 B.c. but possibly earlier, as part of the colo-
. nization of the New World from Asia by peoples ancestral to modern Native
- Americans, Agriculture did not develop indigenously in the U.S. Southwest,
because of a paucity of domesticable wild plant and animal species. Instead,
it arrived from Mexico, where corn, squash, beans, and many other crops
- were domesticated—corn arriving by 2000 B.C., squash around 800 B.c.,
" beans somewhat later, and cotton not until A.D. 400. People also kept do-
mestic turkeys, about which there is some debate whether they were first
" domesticated in Mexico and spread to the Southwest, or vice versa, or
whether they were domesticated independently in both areas. Originally,



southwestern Native Americans just incorporated some agriculture as part .
of their hunter-gatherer lifestyle, as did the modern Apache in the 18th and
-19th centuries: the Apache settled down to plant and harvest crops during
the growing season, then moved around as hunter-gatherers during the rest
of the year. By a.p. 1, some southwestern Native Americans had already

taken up residence in villages and become primarily dependent on agricul

around A.p. 1117,

At least three alternative types of agriculture emerged, all involving &w
ferent solutions to the Southwest’s fundamental problem: how to obtain
enough water to grow crops in an environment most of which has rainfall

so low and unpredictable that little or no farming is practiced there today.

One of the three solutions consisted of so-called dryland agriculture, which

meant relying on rainfall at the higher elevations where there really was
enough rain to promote growth of crops in the fields on which the rain fell,
A second solution did not depend on rain falling directly on the field, but
instead was adopted in areas where the water table in the ground reached
close enough to the surface that plant roots could extend down into the wa-

ter table. That method was employed in canyon bottoms with intermittent

or permanent streams and a shallow alluvial groundwater table, such as in
Chaco Canyon. The third solution, practiced especially by the Hohokam
and also at Chaco Canyon, consisted of collecting water runoff in ditches or
canals to irrigate fields.

While the methods used in the Southwest to obtain enough water to
grow crops were variants on those three types, people experimented in dif-
ferent locations with alternative strategies for applying those methods.
The experiments lasted for almost a thousand years, and many of them
succeeded for centuries, but eventually all except one succumbed to envi-
ronmental problems caused by human impact or climate change. Each al-
ternative involved different risks.

One strategy was to live at higher elevations where rainfall was higher, as
did the Mogollon, the people at Mesa Verde, and the people of the early
agricultural phase known as the Pueblo I phase. But that carried the risk
that it is cooler at high than at low elevations, and in an especially cool year
it might be too cold to grow crops at all. An opposite extrere was to farm at
the warmer low elevations, but there the rainfall is insufficient for dryland
agriculture. The Hohokam got around that problem by constructing the
most extensive irrigation system in the Americas outside Peru, with hun-

ture with ditch irrigation. Thereafter, their populations exploded in num-
bers and spread over the landscape uritil the retrenchments beginning
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dreds of miles of secondary canals branching off a main canal 12 miles

ong, 16 feet deep, and 80 feet wide. But irrigation entailed the risk that hu-

man cutting of ditches and canals could lead to sudden heavy water runoff
from rainstorms digging further down into the ditches and canals and in-

cising deep channels called arroyos, in which the water level would drop be-

= low the field level, making irrigation impossible for people without pumps.

Also, irrigation poses the danger that especially heavy rains or floods could

wash away the dams and channels, as may indeed eventually have happened

to the Hohokam.

Another, more conservative, strategy was to plant crops only in areas

with reliable springs and groundwater tables. That was the solution initially
adopted by the Mimbres, and by people in the farming phase known as

Pueblo II at Chaco Canyon. However, it then became dangerously tempting
o expand agriculture, in wet decades with favorable growing conditions,
into marginal areas with less reliable springs or groundwater. The popula-
: tion multiplying in those marginal areas might then find itself unable to
: grow crops and starving when the unpredictable climate turned dry again.
That fate actually befell the Mimbres, who started by safely farming the
- floodplain and then began to farm adjacent land above the floodplain as
their population came to saturate the floodplain’s capacity to support it.
- They got away with their gamble during a wet climate phase, when they
were able to obtain half of their food requirements outside the floodplain.
- However, when drought conditions returned, that gamble left them with a
population double what the floodplain could support, and Mimbres society
collapsed suddenly under the stress.

Still another solution was to occupy an area for only a few decades, until
the area’s soil and game became exhausted, then to move on to another
area. That method worked when people were living at low population den-
sities, so that there were lots of unoccupied areas to which to move, and so
- that each occupied area could be left unoccupied again for sufficiently long
- after occupation that its vegetation and soil nutrients had time to recover.
Most southwestern archaeological sites were indeed inhabited for only a few
decades, even though our attention today is drawn to a few big sites that
were inhabited continuously for several centuries, such as Pueblo Bonito in
Chaco Canyon. However, the method of shifting sites after a short occupa-
tion became impossible at high population densities, when people filled up
the whole landscape and there was nowhere left empty to move to.

One more strategy was to plant crops at many sites even though rainfall
is locally unpredictable, and then to harvest crops at whichever sites did get
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enough rain to produce a good harvest, and to redistribute some of that
harvest to the people still living at all the sites that didn’t happen to receive
enough rain that year. That was one of the solutions eventually adopted at
Chaco Canyon. But it involved the risk that redistribution required a com--
plex political and social system to integrate activities between different sites,
and that lots of people then ended up starving when that complex system
collapsed. : , .

The remaining strategy was to plant crops and live near permanent or
dependable sources of water, but on landscape benches above the main
floodways, 50 as to avoid the risk of a heavy flood washing out fields and vil-
lages; and to practice a diverse economy, exploiting ecologically diverse
zones, so that each settlement would be self-sufficient. That solution,
adopted by people whose descendants live today in the Southwest’s Hopi
and Zuni Pueblos, has succeeded for more than a thousand years. Some
modern Hopis and Zunis, looking at the extravagance of American society
around them, shake their heads and say, “We were here long before you
came, and we expect still to be here long after you too are gone.”

All of these alternative solutions face a similar overarching risk: that a
series of good years, with adequate rainfall or with sufficiently shallow
groundwater tables, may result in population growth, resulting in turn in
society becoming increasingly complex and interdependent and no longer
locally self-sufficient. Such a society then cannot cope with, and rebuild it-
self after, a series of bad years that a less populous, less interdependent,
more self-sufficient society had previously been able to cope with. As we
shall see, precisely that dilemma ended Anasazi settlement of Long House

Valley, and perhaps other areas as well.

The most intensively studied abandonment was of the most spectacular and
largest set of sites, the Anasazi sites in Chaco Canyon of northwestern New
Mexico. Chaco Anasazi society flourished from about A.D. 600 for more
than five centuries, until it disappeared some time between 1150 and 1200.
It was a complexly organized, geographically extensive, regionally inte-
grated society that erected the largest buildings in pre-Columbian North
America. Even more than the barren treeless landscape of Easter Island, the
barren treeless landscape of Chaco Canyon today, with its deep-cut arroyos
- and sparse low vegetation of salt-tolerant bushes, astonishes us, because the
canyon is now completely uninhabited except for a few National Park Ser-
vice rangers’ houses. Why would anyone have built an advanced city in that
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wasteland, and why, having gone to all that work of building it, did %m&

then abandon it?

When Native American farmers moved into the Chaco Canyon area
around A.D. 600, they initially lived in underground pit houses, as did other
contemporary Native Americans in the Southwest. Around A.p. 700 the
Chaco Anasazi, out of contact with Native American societies building
structures of stone a thousand miles to the south in Mexico, independently
invented techniques of stone construction and eventually adopted rubble
cores with veneers of cut stone facing (Plate 11). Initially, those structures
were only one story high, but around a.p. 920 what eventually became the
largest Chacoan site of Pueblo Bonito went up to two stories, then over the
next two centuries rose to five or six stories with 600 rooms whose roof sup-
ports were logs up to 16 feet long and weighing up to 700 pounds.

. Why, out of all the Anasazi sites, was it at Chaco Canyon that construc-
tion techniques and political and societal complexity reached their apogee?
Likely reasons are some environmental advantages of Chaco Canyon, which
initially represented a favorable environmental oasis within northwestern
New Mexico. The narrow canyon caught rain runoff from many side-
channels and a large upland area, which resulted in high alluvial ground-
water levels permitting farming independent of local rainfall in some areas
and also high rates of soil renewal from the runoff, The large habitable uﬂnh
in the canyon and within 50 miles of it could support a relatively high
population for such a dry environment. The Chaco region has a high diver-
sity of useful wild plant and animal species, and a relatively low elevation
that provides a long growing season for crops. At first, nearby pinyon and
juniper woodlands provided the construction logs and firewood. The earli-
est roof beams identified by their tree rings, and still well preserved in the
Southwest’s dry climate, are of locally available pinyon pines, and firewood
remains in early hearths are of locally available pinyon and juniper. Anasazi
diets depended heavily on growing corn, plus some squash and beans, but
early archaeological levels also show much consumption of wild plants such
as pinyon nuts (75% protein), and much hunting of deer.

All those natural advantages of Chaco Canyon were balanced by two
major disadvantages resulting from the Southwest’s environmental fragility.
One involved problems of water management. Initially, rain runoff would
have been as a broad sheet over the flat canyon bottom, permitting flood-
plain agriculture watered both by the runoff and by the high alluvial
groundwater table. When the Anasazi began diverting water into channels
for irrigation, the concentration of water runoff in the channels and the
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x&nma:m of vegetation for agriculture, combined with natural processes, re-
“sulted around a.p. 900 in the cutting of deep arroyos in which the water

level was below field levels, thereby making irrigation agriculture and also
agriculture based on groundwater impossible until the arroyos filled up
again. Such arroyo-cutting can develop surprisingly suddenly. For example,
at the Arizona city of Tucson in the late 1880s, American settlers excavated a
so-called intercept ditch to intercept the shallow groundwater table and di-
vert its water downstream onto the floodplain. Unfortunately, floods from
heavy rains in the summer of 1890 cut into the head of that ditch, start-
ing an arroyo that within a mere three days extended itself for a distance
of six miles upstream, leaving an incised and agriculturally useless flood-
plain near Tucson. Early Southwest Native American societies probably at-
tempted similar intercept ditches, with similar results. The Chaco Anasazi
dealt with that problem of arroyos in the canyon in several ways: by build-
ing dams inside side-canyons above the élevation of the main canyon to
store rainwater; by laying out field systems that that rainwater could irri-
gate; by storing rainwater coming down over the tops of the cliffs rimming
the canyon’s north wall between each pair of side-canyons; and by building
a rock dam across the main canyon.

The other major environmental problem besides water management in-
volved deforestation, as revealed by the method of packrat midden analysis.
For those of you who (like me until some years ago) have never seen pack-
rats, don’t know what their middens are, and can’t possibly imagine their

- relevance to Anasazi prehistory, here is a quick crash course in midden

analysis. In 1849, hungry gold miners crossing the Nevada desert noticed
some glistening balls of a candy-like substance on a cliff, licked or ate the
balls, and discovered them to be sweet-tasting, but then they developed
nausea. Eventually it was realized that the balls were hardened deposits
made by small rodents, called packrats, that protect themselves by building

- nests of sticks, plant fragments, and mammal dung gathered in the vicinity,
. plus food remains, discarded bones, and their own feces. Not being toilet-

trained, the rats urinate in their nests, and sugar and other substances crys-

 tallize from their urine as it dries out, cementing the midden to a brick-like

consistency. In effect, the hungry gold miners were eating dried rat urine
laced with rat feces and rat garbage.

Naturally, to save themselves work and to minimize their risk of being
grabbed by a predator while out of the nest, packrats gather vegetation
within just a few dozen yards of the nest. After a few decades the rats’
progeny abandon their midden and move on to build a new nest, while the
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In the Chaco Canyon area Julio went on to collect and radiocarbon-date
50 middens, whose dates turned out to encompass the entire period of the
rise and fall of Anasazi civilization, from A.D. 600 to 1200. In this way Julio
was able to reconstruct vegetational changes in Chaco Canyon throughout
the history of Anasazi occupation. Those midden studies identified aa?n.-
" estation as the other one (besides water management) of the two major envi-
ronmental problems caused by the growing population that had aﬁ@on&
in Chaco Canyon by around a.p. 1000. Middens before that date still incor-

orated pinyon pine and juniper needles, like the first midden that ?:o. had
.msm:amm. and like the midden that he showed me. Hence Chaco gwmmw_ set-
tlements were initially constructed in a pinyon/ juniper woodland unlike the
‘present treeless landscape but convenient for obtaining firewood and con-
“struction timber nearby. However, middens dated after a.p. 1000 lacked
~pinyon and juniper, showing that the woodland had then become com-
pletely destroyed and the site had achieved its present treeless mwvnmnwsn@

The reason why Chaco Canyon became deforested so quickly is the same
. as the reason that I discussed in Chapter 2 to explain why Easter Island and
 other dry Pacific islands settled by people were more likely to end up defor-

ested than were wet islands: in a dry climate, the rate of tree regrowth on
' logged land may be too slow to keep up with the rate of logging.

crystallized urine prevents the material in the old midden from decaying
By identifying the remains of the dozens of urine-encrusted plant species’
in a midden, paleobotanists can reconstruct a snapshot of the vegetatio
growing near the midden at the time that the rats were accumulating i
while zoologists can reconstruct something of the fauna from the insect and.
vertebrate remains. In effect, a packrat midden is a paleontologist’s dream: a
time capsule preserving a sample of the local vegetation, gathered within a:
few dozen yards of the spot within a period of a few decades, at a date fixed
by radiocarbon-dating the midden.

In 1975 paleoecologist Julio Betancourt happened to visit Chaco Can-
yon while driving through New Mexico as a tourist. Looking down on the
treeless landscape around Pueblo Bonito, he thought to himself, “This place
looks like beat-up Mongolian steppe; where did those people get their tim-
ber and firewood?” Archaeologists studying the ruins had been asking
themselves the same question. In a moment of inspiration three years later,
when a friend asked him for completely unrelated reasons to write a grant -
proposal to study packrat middens, Julio recalled his first impression of °
Pueblo Bonito. A quick phone call to midden expert Tom Van Devender es-
tablished that Tom had already collected a few middens at the National Park
Service campground near Pueblo Bonito. Almost all of them had proved to
contain needles of pinyon pines, which don’t grow anywhere within miles
today but which had nevertheless somehow furnished the roof beams for *
early phases of Pyeblo Bonito’s construction, as well as furnishing much of
the charcoal found in hearths and trash middens. Julio and Tom realized -
that those must be old middens from a time when pines did grow nearby,
but they had no idea how old: they thought perhaps just a n,mEcQ or
so. Hence they submitted samples of those middens for radiocarbon dating,
When the dates came back from the radiocarbon laboratory, Julio and Tom
were astonished to learn that many of the middens were over a thousand -
years old. :

That serendipitous observation triggered an explosion of packrat mid-
den studies. Today we know that middens decay extremely slowly in the
Southwest’s dry climate. If protected from the elements under an overhang
or inside a cave, middens can last 40,000 years, far longer than anyone
would have dared to guess. As Julio showed me my first packrat midden
near the Chaco Anasazi site of Kin Kletso, I stood in awe at the thought that
that apparently fresh-looking nest might have been built at a time when
mammoths, giant ground sloths, American lions, and other extinct Ice Age
mammals were still living in the territory of the modern U.S.

“The loss of the woodland not only eliminated pinyon nuts as a local food
supply but also forced Chaco residents to find a different timber source for
their construction needs, as shown by the complete disappearance of
pinyon beams from Chaco architecture. Chacoans coped by going mmm.mmma
to forests of ponderosa pine, spruce, and fir trees, growing in mountains up
to 50 miles away at elevations several thousand feet higher than Chaco
Canyon. With no draft animals available, about 200,000 logs sammEs.m each
up to 700 pounds were carried down the mountains and over that distance
to Chaco Canyon by human muscle power alone.

A recent study by Julio’s student Nathan English, working in collabora-
tion with Julio, Jeff Dean, and Jay Quade, identified more exactly where the
big spruce and fir logs came from. There are three potential sources of them
in the Chaco area, growing at high elevations on three mountain ranges
nearly equidistant from the canyon: the Chuska, San Mateo, and San Pedro
Mountains. From which of those mountains did the Chaco Anasazi actually
get their conifers? Trees from the three mountain ranges belong to the same
species and look identical to each other. As a diagnostic signature, Nathan
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used isotopes of strontium, an element chemically very similar to calcium
and hence incorporated along with calcium into plants and animals. Stron-
tium exists as alternative forms (isotopes) differing slightly in atomic
weight, of which strontium-87 and strontium-86 are commonest in na-
ture. But the strontium-87/strontium 86 ratio varies with rock age and
rock rubidium content, because strontium is produced by radioactive de-
cay of a rubidium isotope, It turned out that living conifers from the three
mountain ranges proved to be clearly separated by their strontium-87/
strontium-86 ratios, with no overlap at all. From six Chaco ruins, Nathan
sampled 52 conifer logs selected on the basis of their tree rings to have been
felled at dates ranging from A.p. 974 to 1104. The result he obtained was
that two-thirds of the logs could be traced by their strontium ratios to the
Chuska Mountains, one-third to the San Mateo Mountains, and none at all
to the San Pedro Mountains. In some cases a given Chaco building incorpo-
rated logs from both mountain ranges in the same Year, or used logs from
one mountain in one year and from the other mountain in another year,
while the same mountain furnished logs to several different buildings in the
same year. Thus, we have here unequivocal evidence of a well-organized
long-distance supply network for the Anasazi capital of Chaco Canyon.
Despite the development of these two environmental problems that re-
duced crop production and virtually eliminated timber supplies within
Chaco Canyon itself, or because of the solutions that the Anasazi found to
these problems, the canyon’s population continued to increase, particularly
during a big spurt of construction that began in A.p. 1029, Such spurts went
on especially during wet decades, when more rain meant more food, more
people, and more need for buildings. A dense population is attested not
only by the famous Great Houses (such as Pueblo Bonito) spaced about a
mile apart on the north side of Chaco Canyon, but also by holes drilled into
the northern cliff face to support roof beams, indicating a continuous line
of residences at the base of the cliffs between the Great Houses, and by the
remains of hundreds of small settlements on the south side of the canyon,
The size of the canyon’s total population is unknown and much debated,
Many archaeologists think that it was less than 5,000, and that those enor-
mous buildings had few permanent occupants except priests and were just
visited seasonally by peasants at the time of rituals. Other archaeologists
note that Pueblo Bonito, which is just one of the large houses at Chaco
Canyon, by itself was a building of 600 rooms, and that all those post holes
suggest dwellings for much of the length of the canyon, thus implying a
population much greater than 5,000. Such debates about estimated popula-
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tion sizes arise frequently in archaeology, as discussed for Easter Island and
the Maya in other chapters of this book. .

Whatever the number, this dense population could no longer support it-
self but was subsidized by outlying satellite settlements constructed in &Bw.
lar architectural styles and joined to Chaco Canyon by a radiating regional
network of hundreds of miles of roads that are still visible today. Those out-
liers had dams to catch rain, which fell unpredictably and very patchily: a
thunderstorm might produce abundant rain in one desert wash and no rain
in another wash just a mile away. The dams meant that when a particular
wash was fortunate enough to receive a rainstorm, much of the rainwater
became stored behind the dam, and people living there could quickly plant
crops, irrigate, and grow a huge surplus of food at that wash in that «S.ﬁ
The surplus could then feed people living at all the other outliers that didn’t
happen to receive rain then.

Chaco Canyon became a black hole into which goods were imported but
from which nothing tangible was exported. Into Chaco Canyon came: those
tens of thousands of big trees for construction; pottery (all late-period pot-
H.mQ in Chaco Canyon was imported, probably because exhaustion of local
firewood supplies precluded firing pots within the canyon itself); stone of
good quality for making stone tools; turquoise for making ornaments, from
other areas of New Mexico; and macaws, shell jewelry, and copper bells
from the Hohokam and from Mexico, as luxury goods. Even food had to be
imported, as shown by a recent study tracing the origins of corncobs exca-
vated from Pueblo Bonito by means of the same strontium isotope method
used by Nathan English to trace the origins of Pueblo Bonito’s €oomn=
beams. It turns out that, already in the 9th century, corn was being im-
ported from the Chuska Mountains 50 miles to the west (also one of the
two sources of roof beams), while a corncob from the last years of Pueblo
Bonito in the 12th century came from the San Juan River system 60 miles to

the north. N
Chaco society turned into a mini-empire, divided between a well-fed

clite living in luxury and a less well-fed peasantry doing the work and rais-

ing the food. The road system and the regional extent of standardized archi-
tecture testify to the large size of the area over which the economy w:a
culture of Chaco and its outliers were regionally integrated. Styles of build-
ings indicate a three-step pecking order: the largest v:m&:m.m. mo-mmzom
Great Houses, in Chaco Canyon itself (residences of the governing nr._nmm.wvw
outlier Great Houses beyond the canyon (“provincial capitals” of junior
chiefs?); and small homesteads of just a few rooms (peasants’ houses?).
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Compared to smaller buildings, the Great Houses were distinguished 3,
finer construction with veneer masonry, large structures called Great Kivas
used for religiotss rituals (similar to ones still used today in modern Pueb-
los), and a higher ratio of storage space to total space. Great Houses far ex
ceeded homesteads in their contents of imported luxury goods, such as the
?B:omma, macaws, shell jewelry, and copper bells mentioned above, plus:
imported Mimbres and Hohokam pottery. The highest concentration of
luxury items located to date comes from Pueblo Bonito’s room number 33
which held burials of 14 individuals accompanied by 56,000 pieces of
turquoise and thousands of shell decorations, including one necklace of
2,000 turquoise beads and a basket covered with a turquoise mosaic and
filled with turquoise and shell beads. As for evidence that the chiefs ate bet--
ter than did the peasants, garbage excavated near Great Houses contained a
higher proportion of deer and antelope bones than did garbage from home-
steads, with the result that human burials indicate taller, better-nourished
less anemic people and lower infant mortality at Great Houses.

Why would outlying settlements have supported the Chaco center, duti-
fully delivering timber, pottery, stone, turquoise, and food without receiving
anything material in return? The answer is probably the same as the reason
why outlying areas of Italy and Britain today support our cities such as ;
Rome and London, which also produce no timber or food but serve as po-

 litical and religious centers. Like the modern Italians and British, Chacoans
were now irreversibly committed to living in a complex, interdependent
society. They could no longer revert to their original condition of self-
supporting mobile little groups, because the trees in the canyon were gone,
the arroyos were cut below field levels, and the growing population had
filled up the region and left no unoccupied suitable areas to which to move,
When the pinyon and juniper trees were cut down, the nutrients in the litter A
underneath the trees were flushed out. Today, more than 800 years later,
there is still no pinyon/juniper woodland growing anywhere near the pack-
rat middens containing twigs of the woodland that had grown there before
A.D. 1000. Food remains in rubbish at archaeological sites attest to the
growing problems of the canyon’s inhabitants in nourishing themselves:
deer declined in their diets, to be replaced by smaller game, especially rab-
bits and mice. Remains of complete headless mice in human coprolites
(preserved dry feces) suggest that people were catching mice in the fields,

beheading them, and popping them in whole,
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The last identified construction at Pueblo Bonito, dating from the decade
fter 1110, was from a wall of rooms enclosing the south side of the plaza,
 which had formerly been open to the outside. That suggests strife: people
were evidently now visiting Pueblo Bonito not just to participate in its reli-
gious ceremonies and to receive orders, but also to make trouble. The last
tree-ring-dated roof beam at Pueblo Bonito and at the nearby Great House
of Chetro Ketl was cut in A.p. 1117, and the last beam anywhere in Chaco
Canyon in A.p. 1170. Other Anasazi sites show more abundant evidence of
strife, including signs of cannibalism, plus Kayenta Anasazi settlements at
the tops of steep cliffs far from fields and water and understandable only as
easily defended locations. At those southwestern sites that outlasted Chaco
and survived until after a.p, 1250, warfare evidently became intense, as re-
flected in a proliferation of defensive walls and moats and towers, clustering
of scattered small hamlets into larger hilltop fortresses, apparently deliber-
ately burned villages containing unburied bodies, skulls with cut marks
caused by scalping, and ‘skeletons with arrowheads inside the body cavity.
“That explosion of environmental and population problems in the form of
civil unrest and warfare is a frequent theme in this book, both for past so-
cieties (the Easter Islanders, Mangarevans, Maya, and Tikopians) and for

modern societies (Rwanda, Haiti, and others).

The signs of warfare-related cannibalism among the Anasazi are an
interesting story in themselves. While everyone acknowledges that canni-
“balism may be practiced in emergencies by desperate people, such as the
‘Donner Party trapped by snow at Donner Pass en route to California in the
' winter of 1846-47, or by starving Russians during the siege of Leningrad
. during World War I, the existence of non-emergency cannibalism is con-
troversial. In fact, it was reported in hundreds of non-European societies at
the times when they were first contacted by Europeans within recent cen-
- turies. The practice took two forms: eating either the bodies of enemies
* killed in war, or else eating one’s own relatives who had died of natural
causes. New Guineans with whom I have worked over the past 40 years have
matter-of-factly described their cannibalistic practices, have expressed dis-
- gust at our own Western burial customs of burying relatives without doing

them the honor of eating them, and one of my best New Guinean workers
. quit his job with me in 1965 in order to partake in the consumption of
his recently deceased prospective son-in-law. There have also been many
archaeological finds of ancient human bones in contexts suggestive of
cannibalism.
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Nevetheless, many or most European and American anthropologists,
brought up to regard cannibalism with horror in their own societies, are
also horrified at the thought of it being practiced by peoples that they ad-
mire and study, and so they deny its occurrence and consider claims of it as
racist slander. They dismiss all the descriptions of cannibalism by non
European peoples themselves or by early European explorers as unreliable
hearsay, and they would evidently be convinced only by a videotape taken
by a government official or, most convincing of all, by an anthropologist.
However, no such tape exists, for the obvious reason that the first Euro-
peans to encounter people reported to be cannibals routinely expressed
their disgust at the practice and threatened its practitioners with arrest. -

Such objections have created controversy around the many reports of
human remains, with evidence consistent with cannibalism, found at Ana-
sazi sites. The strongest evidence comes from an Anasazi site at which a
house and its contents had been smashed, and the scattered bones of seven
people were left inside the house, consistent with their having been killed in |
a war raid rather than properly buried. Some of the bones had been cracked

-in the same way that bones of animals consumed for food were cracked to
extract the marrow. Other bones showed smooth ends, a hallmark of ani-
mal bones boiled in pots, but not of ones not boiled in pots. Broken pots
themselves from that Anasazi site had residues of the human muscle protein
myoglobin on the pots’ inside, consistent with human flesh having been
moow& in the pots. But skeptics might still object that boiling human meat
in pots, and cracking open human bones, does not prove that other humans

nd with no land left unoccupied. A drought would have caused the

-groundwater table to drop below the level where it could be tapped by plant

‘roots and could support agriculture; a drought would also make rainfall-

upported dryland agriculture and irrigation agriculture impossible. A

rought that lasted more than three years would have been fatal, because

modern Puebloans can store corn for only two or three years, after which it

s 100 rotten or infested to eat. Probably the outlying settlements that had

formerly supplied the Chaco political and religious centers with food lost

aith in the Chacoan priests whose prayers for rain remained unanswered,

nd they refused to make more food deliveries. A model for the end of
Anasazi settlement at Chaco Canyon, which Europeans did not observe, is
what happened in the Pueblo Indian revolt of 1680 against the Spaniards,
a revolt that Europeans did observe. As in Chaco Anasazi centers, the
Spaniards had extracted food from local farmers by taxing them, and those
food taxes were tolerated until a drought left the farmers themselves short
of food, provoking them to revolt.

Some time between A.p. 1150 and 1200, Chaco Canyon was virtually
' abandoned and remained largely empty until Navajo sheepherders reoccu-
. pied it 600 years later. Because the Navajo did not know who had built the
 great ruins that they found there, they referred to those vanished former
inhabitants as the Anasazi, meaning “the Ancient Ones” What actually
" happened to the thousands of Chacoan inhabitants? By analogy with his-
- torically witnessed abandonments of other pueblos during a drought in
- the 1670s, probably many people starved to death, some people killed each

actually consumed the meat of the former owners of those bones (though
why else would they go to all that trouble of boiling and cracking bones to
be left scattered on the floor?). The most direct sign of cannibalism at the
site is that dried human feces, found in the house’s hearth and still well pre-
served after nearly a thousand years in that dry climate, proved to contain
human muscle protein, which is absent from normal human feces, even
from the feces of people with injured and bleeding intestines. This makes it
probable that whoever attacked that site, killed the inhabitants, cracked
open their bones, boiled their flesh in pots, scattered the bones, and re-
lieved himself or herself by depositing feces in that hearth had actually con-
sumed the flesh of his or her victims.

The final blow for Chacoans was a drought that tree rings show to have
begun around A.p. 1130. There had been similar droughts previously,
around A.p. 1090 and 1040, but the difference this time was that Chaco
Canyon now held more people, more dependent on outlying settlements

t]

. other, and the survivors fled to other settled areas in the Southwest. It must
* have been a planned evacuation, because most rooms at Anasazi sites lack
the pottery and other useful objects that people would be expected to take
with them in a planned evacuation, in contrast to the pottery still in the
rooms of the above-mentioned site whose unfortunate occupants were
killed and eaten. The settlements to which Chaco survivors managed to
 flee include some pueblos in the area of the modern Zuni pueblos, where
rooms built in a style similar to Chaco Canyon houses and containing
' Chaco styles of pottery have been found at dates around the time of Chaco’s
abandonment.

Jeff Dean and his colleagues Rob Axtell, Josh Epstein, George Gumer-
man, Steve McCarroll, Miles Parker, and Alan Swedlund have carried out an
especially detailed reconstruction of what happened to a group of about
a thousand Kayenta Anasazi in Long House Valley in northeastern Ari-
zona. They calculated the valley’s actual population at various times from
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fesa Verdeans, living at high altitudes and at temperatures somewhat mar-
~ginal for agriculture. Other southwestern peoples were done in by droppiny
ater tables (e.g., the Anasazi) or by soil nutrient exhaustion (possibly the
“Mogollon). Arroyo cutting was a problem for the Chaco Anasazi, but not

or the Mesa Verdeans.

A.D. 800 to 1350, based on numbers of house sites containing pottery that
changed in style with time, thereby permitting dating of the house sites.
They also calculated the valley’s annual corn harvests as a function of time;
from annual tree rings that provide a measure of rainfall, and from soil
studies that provide information about the rise and fall of groundwater lev-
els. It turned out that the rises and falls of the actual population after Despite these varying proximate causes of abandonments, all were ulti-
A.D. 800 closely mirrored the rises and falls of calculated annual corn har- mately due to the same fundamental challenge: people living in fragile an«
vests, except that the Anasazi completely abandoned the valley by .p. 1300, “Yifficult environments, adopting solutions that were brilliantly successful
at a time when some reduced corn harvests sufficient to support one-third and understandable “in the short run,” but that failed or else created fatal
of the valley’s peak population (400 out of the peak of 1,070 people) could roblems in the long run, when people became confronted with external
still have been extracted. _ énvironmental changes or human-caused environmental changes that soci-
Why did those last 400 Kayenta Anasazi of Long House Valley not re- ties without written histories and without archaeologists could not have
main when most of their relatives were leaving? Perhaps the valley in anticipated. I put “in the short run” in quotation marks, because the
A.D, 1300 had deteriorated for human occupation in other ways besides its ‘Anasazi did survive in Chaco Canyon for about 600 years, considerably
reduced agricultural potential calculated in the authors’ model. For in- ). wonmﬁ than the duration of European occupation anywhere in the New
stance, perhaps soil fertility had been exhausted, or else the former forests World since Columbus’s arrival in A.D. 1492. During their existence, those
may have been felled, leaving no nearby timber for buildings and firewood, various southwestern Native Americans experimented with half-a-dozen
as we know to have been the case in Chaco Canyon. Alternatively, perhaps lternative types of economies (pp. 140-143). It took many centuries to
the explanation was that complex human societies require a certain mini- ‘discover that, among those economies, only the Pueblo economy was
mum population size to maintain institutions that its citizens consider to be 'sustainable “in the long run,” i.e., for at least a thousand years. That should
make us modern Americans hesitate to be too confident yet about the sus-
tainability of our First World economy, especially when we reflect how
- quickly Chaco society collapsed after its peak in the decade A.p. 1110-1120,
and how implausible the risk of collapse would have seemed to Chacoans of
that decade.
Within our five-factor framework for understanding societal collapses,
four of those factors played a role in the Anasazi collapse. There were indeed
human environmental impacts of several types, especially deforestation and
arroyo cutting. There was also climate change in rainfall and temperature,
and its effects interacted with the effects of human environmental impacts.
Internal trade with friendly trade partners did play a crucial role in the col-
 lapse: different Anasazi groups supplied food, timber, pottery, stone, and
luxury goods to each other, supporting each other in an interdependent
complex society, but putting the whole society at risk of collapsing. Reli-
gious and political factors apparently played an essential role in sustaining
the complex society, by coordinating the exchanges of materials, and by
motivating people in outlying areas to supply food, timber, and pottery to
the political and religious centers. The only factor in our five-factor list for
whose operation there is not convincing evidence in the case of the Anasazi

if two-thirds of their family and friends had just starved to death there or
fled, if the subway trains and taxis were no longer running, and if offices -
and stores had closed?

Along with those Chaco Canyon Anasazi and Long House Valley Anasazi

whose fates we have followed, I mentioned at the start of this chapter that :
many other southwestern societies—the Mimbres, Mesa Verdeans, Ho-
hokam, Mogollon, and others—also underwent collapses, reorganizations,
or abandonments at various times within the period A.p. 1100-1500. It -
turns out that quite a few different environmental problems and cultural re-
sponses contributed to these collapses and transitions, and that different :
factors operated in different areas. For example, deforestation was a prob-
lem for the Anasazi, who required trees to supply the roof beams of their .
houses, but it wasn’t as much of a problem for the Hohokam, who did not
use beams in their houses. Salinization resulting from irrigation agriculture
hurt the Hohokam, who had to irrigate their fields, but not the Mesa
Verdeans, who did not have to irrigate. Cold affected the Mogollon and .

DEUED RV RV R I S R



R N
—o . ine nucientOnes

collapse is external enemies. While the Anasazi did indeed attack each other
as their population grew and as the climate deteriorated, the civilizations of
the U.S. Southwest were too distant from other populous societies to have
been seriously threatened by any external enemies.

From that perspective, we can propose a simple answer to the long-
standing either/or debate: was Chaco Canyon abandoned because of hu-
man impact on the environment, or because of drought? The answer is: it
was abandoned for both reasons. Over the course of six centuries the hu-
man population of Chaco Canyon grew, its demands on the environment
grew, its environmental resources declined, and people came to be living in-
creasingly close to the margin of what the environment could support, That
was the ultimate cause of abandonment. The proximate cause, the prover-
bial last straw that broke the camel’s back, was the drought that finally
pushed Chacoans over the edge, a drought that a society living at a lower
population density could have survived. When Chaco society did collapse,
its inhabitants could no longer reconstruct their society in the way that the
first farmers of the Chaco area had built up their society. The reason is that
the initial conditions of abundant nearby trees, high groundwater levels,
and a smooth floodplain without arroyos had disappeared.

That type of conclusion is likely to apply to many other collapses of past
societies (including the Maya to be considered in the next chapter), and to
our own destiny today. All of us moderns—house-owners, investors, politi-
cians, university administrators, and others—can get away with a lot of
waste when the economy is good. We forget that conditions fluctuate,
and we may not be able to anticipate when conditions will change. By that
time, we may already have become attached to an expensive lifestyle, leaving
an enforced diminished lifestyle or bankruptcy as the sole outs.
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CHAPTER 5

The Maya Collapses

Mysteries of lost cities = The Maya environment » Maya agriculture @
Maya history w Copén = Complexities of collapses = Wars and
droughts s Collapse in the southern lowlands n The Maya message &

y now, millions of modern tourists have visited ruins of the ancient
Maya civilization that collapsed over a thousand years ago in Mexico’s
Yucatdn Peninsula and adjacent parts of Central America. All of us
love a romantic mystery, and the Maya offer us one at our doorstep, almost

_as close for Americans as the Anasazi ruins. To visit a former Maya city, we

need only board a direct flight from the U.S. to the modern Mexican state
capital city of Mérida, jump into a rental car or minibus, and drive an hour
on a paved highway (map, p. 161).

Today, many Maya ruins, with their great temples and monuments, still
lie surrounded by jungle, far from current human settlement (Plate 12). Yet
they were once the sites of the New World’s most advanced Native Ameri-
can civilization before European arrival, and the only one with extensive de-
ciphered written texts. How could ancient peoples have supported urban
societies in areas where few farmers eke out a living today? The Maya cities
impress us not only with that mystery and with their beauty, but also be-
cause they are “pure” archaeological sites. That is, their locations became
depopulated, so they were not covered up by later buildings as were so
many other ancient cities, like the Aztec capital of Tenochtitldn (now buried
under modern Mexico City) and Rome.

Maya cities remained deserted, hidden by trees, and virtually unknown
to the outside world until rediscovered in 1839 by a rich American law-
yer named John Stephens, together with the English draftsman Frederick
Catherwood. Having heard rumors of ruins in the jungle, Stephens got
President Martin Van Buren to appoint him ambassador to the Confedera-
tion of Central American Republics, an amorphous political entity then
extending from modern Guatemala to Nicaragua, as a front for his archaeo-
logical explorations. Stephens and Catherwood ended up exploring 44 sites
and cities. From the extraordinary quality of the buildings and the art, they
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realized that these were not the work of savages (in their words) but of a*
vanished high civilization. They recognized that some of the carvings on the :
stone monuments constituted writing, and they Q,u:nn% guessed that it re-
lated historical events and the names of people. On his return, Stephens
wrote two travel books, illustrated by Catherwood and ammnlgsm. the wEE
that became best sellers. .
A few quotes from Stephens’s writings will give a sense of the romantic
appeal of the Maya: “The city was desolate. No remnant of this race hangs
round ﬁ.ra ruins, with traditions handed down from father to son and mow
generation to generation. It lay before us like a shattered bark in the midst
of the ocean, her mast gone, her name effaced, her crew perished, and non
to tell whence she came, to whom she belonged, how long on rmn journ n
or what caused her destruction. . . . Architecture, sculpture, and paintin ww
the arts S.Enw embellish life, had flourished in this overgrown forest; WB-
tors, warriors, and statesmen, beauty, ambition, and glory had =<2w and
passed away, and none knew that such things had been, or could tell of their
vmm.ﬁ existence. . . . Here were the remains of a cultivated, polished, and pe-
culiar people, who had passed through all the stages incident to ﬂvmv rise %a
fall of nations; reached their golden age, and perished. . . . We went up to
their desolate temples and fallen altars; and wherever we moved we mmSwE
evidence of their taste, their skill in arts. ... We called back into life EM
strange people who gazed in sadness from the wall; pictured them, in fanci-
ful costumes and adorned with plumes of feather, ascending the :wﬁmnnm of
the palace and the steps leading to the temples. . .. In the romance of the
s.o:ﬂ._.m history nothing ever impressed me more forcibly than the spectacle
of this once great and lovely city, overturned, desolate, and lost, . . . over-
grown with trees for miles around, and without even a name to m_mﬁ.w.u uish
it.” Those sensations are what tourists drawn to Maya ruins still feel M%
and why we find the Maya collapse so fascinating. g
.Hrn Maya story has several advantages for all of us interested in prehis-
toric collapses. First, the Maya written records that have survived, although
frustratingly incomplete, are still useful for reconstructing Maya ‘Eﬂos‘mm:
&cnr greater detail than we can reconstruct Easter Island, or even Anasazi
history with its tree rings and packrat middens. The great art and architec-
ture of Maya cities have resulted in far more archaeologists studying the
Maya than would have been the case if they had just been illiterate hunter-
gatherers living in archaeologically invisible hovels. Climatologists and pa-
leoecologists have recently been able to recognize several signals of ancient
climate and environmental changes that contributed to the Maya collapse,

inally, today there are still Maya people living in their ancient homeland
nd speaking Maya languages. Because much ancient Maya culture survived
he collapse, early European visitors to the homeland recorded information
about contemporary Maya society that played a vital role in our under-
- standing ancient Maya society. The first Maya contact with Europeans came
already in 1502, just 10 years after Christopher Columbus’s “discovery” of
" the New World, when Columbus on the last of his four voyages captured a
‘trading canoe that may have been Maya. In 1527 the Spanish began in
earnest to conquer the Maya, but it was not until 1697 that they subdued
the last principality. Thus, the Spanish had opportunities to observe inde-
pendent Maya societies for a period of nearly two centuries. Especially im-
portant, both for bad and for good, was the bishop Diego de Landa, who
resided in the Yucatén Peninsula for most of the years from 1549 to 1578,
On the one hand, in one of history’s worst acts of cultural vandalism, he
burned all Maya manuscripts that he could locate in his effort to eliminate
“paganism,” so that only four survive today. On the other hand, he wrote a
detailed account of Maya society, and he obtained from an informant a gar-
‘bled explanation of Maya writing that eventually, nearly four centuries later,
turned out to offer clues to its decipherment.
A further reason for our devoting a chapter to the Maya is to provide an
‘antidote to our other chapters on past societies, which consist dispropor-
tionately of small societies in somewhat fragile and geographically isolated
‘environments, and behind the cutting edge of contemporary technology
‘and culture. The Maya were none of those things. Instead, they were cultur-
‘ally the most advanced society (or among the most advanced ones) in the
pre-Columbian New World, the only one with extensive preserved writing,
“and located within one of the two heartlands of New World civilization
Mesoamerica). While their environment did present some problems asso-
iated with its karst terrain and unpredictably fluctuating rainfall, it does
not rank as notably fragile by world standards, and it was certainly less frag-
ile than the environments of ancient Easter Island, the Anasazi area, Green-
and, or modern Australia. Lest one be misled into thinking that crashes are
a risk only for small peripheral societies in fragile areas, the Maya warn us
that crashes can also befall the most advanced and creative societies.

From the perspective of our five-point framework for understanding so-
cietal collapses, the Maya illustrate four of our points. They did damage
their environment, especially by deforestation and erosion. Climate changes
(droughts) did contribute to the Maya collapse, probably repeatedly. Hos-
' tilities among the Maya themselves did play a large role. Finally, political/
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cultural factors, especially the competition among kings and nobles that led
to a chronic emphasis on war and erecting monuments rather than on solv-
ing underlying problems, also contributed. The remaining item on our five-
point list, trade or cessation of trade with external friendly societies, does
not appear to have been essential in sustaining the Maya or in causing their :
downfall. While obsidian (their preferred raw material for ‘making into :
stone tools), jade, gold, and shells were imported into the Maya area, the lat-
ter three items were non-essential luxuries. Obsidian tools remained widely
distributed in the Maya area long after the political collapse, so obsidian was

;

evidently never in short supply. 7

To understand the Maya, let’s begin by considering their environment,
which we think of as “jungle” or “tropical rainforest.” That’s not true, and
the reason why not proves to be important. Properly speaking, tropical -
rainforests grow in high-rainfall equatorial areas that remain wet or humid
all year round. But the Maya homeland lies more than a thousand miles -
from the equator, at latitudes 17° to 22°N, in a habitat termed a “seasonal
tropical forest.” That is, while there does tend to be a rainy season from May
to October, there is also a dry season from January through April. If one fo-
cuses on the wet months, one calls the Maya homeland a “seasonal tropical
forest”; if one focuses on the dry months, one could instead describe it as a
“seasonal desert.”

From north to south in the Yucatén Peninsula, rainfall increases from 18
to 100 inches per year, and the soils become thicker, so that the southern
peninsula was agriculturally more productive and supported denser popu-
lations. But rainfall in the Maya homeland is unpredictably variable be-
tween years; some recent years have had three or four times more rain than
other years. Also, the timing of rainfall within the year is somewhat unpre-
dictable, so it can easily happen that farmers plant their crops in anticipa-
tion of rain and then the rains do not come when expected. As a result,
modern farmers attempting to grow corn in the ancient Maya homelands
have faced frequent crop failures, especially in the north. The ancient Maya
were presumably more experienced and did better, but nevertheless they
too must have faced risks of crop failures from droughts and hurricanes.

Although southern Maya areas received more rainfall than northern ar-
eas, problems of water were paradoxically more severe in the wet south,
While that made things hard for ancient Maya living in the south, it has also
made things hard for modern archaeologists who have difficulty under-
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ZM.Mwwﬂmﬂrswmwzmnﬂmam”m%“w”owm JMMM nM:mmM Eﬁm.mﬁ‘ .vSM_mBm in the, corn constituted at least 70% of the Maya diet, as deduced from isotope
freshwater underlies the Yucatén Peninsula Mcwmﬁﬂn_nom N ” . N o - wm I S .Hro: o ame.man e il ﬁrn
from 1orth 1wt peun Per Boém, o race M<m ion En.nom.ma, dog, turkey, Muscovy duck, and a stingless bee yielding honey, while their
creasingly higharsbove th e Ve A e lan .wc%mno lies in most important wild meat source was deer that they hunted, plus fish at
creas mzmmnmg;w e et wsnmns.n . € northern peninsula the eleva some sites. However, the few animal bones at Maya archaeological sites sug-
on is st mms? o ! aya were able to Rm._nr the wate gest that the quantity of meat available to the Maya was low. Venison was
pebleat de me sinkdh “_.u ommnmm cenotes, or at deep caves; all tourists who hay mainly a luxury food for the elite.
e the M. MM Mom M, SmHM_mMnMWM sﬁ% HM_M“”MMM _ﬁrm mhnmh\m cenotes there It was formerly believed that Maya farming was based on slash-and-
bec able o get domm e oy arces i by digin SMWM_._.@ ) mWM Ms@mr»ﬁ burn agriculture (so-called mswamns wminﬁﬁcav in which forest is cleared
Water is readily available in many parts of Belize that r»éu_.%nz MQ mM% ; :m.vﬁu&.v s exhausted, and ¢ - nmmc_c:m. sbindoned for s ong o
Usumacints Rives in the menr o one ok oL s e mmm ong the ..E:.__ the soil is exhausted, ms.m then the field is m@msaon.nm for a long m&.rwi
the south. But much of the o high mﬁoé o M n ww.m» o .vazon_ o.m 15 or 20 years until regrowth of wild <nm2.m=ob Rﬂ.oza fertility
cenotes or wells to reach down to it Making matters worse o Mn M.mﬂrm o - 9.m " mmn,ucmm B.o,ﬂ 0w iy ._msamnmvm ot oy moden mm:nzx.ﬁ& en
catdn Peniosuly consits of Kar s n® i :. %sow o oé. fem is fallow wgﬁ given Emm. 1t can support w:@ Bom.a,# population a.g-
where rain runs straight into the ground and s&nnmn little .9, MM e e N poaton ae E.szm e rom mambers of sone oundadons
o e rans sl surface wa- ‘Maya population densities, estimated from numbers of stone foundations
» . . . . ‘of farmhouses, were often far higher than what swidden agriculture could
g Smmammwoﬁ_wmmMM_MMMMMMNM“ M\MMMM MM%M_MWonbm %MM Mw&%rm: result- \wcw.voz. The actual values are the S.&WQ wm much dispute and a<5msn.<
bult next o the ot rhven b oo U E,oEoEM of th nm lies were not 'varied among areas, but frequently cited estimates reach 250 to 750, possi-
The explanation fo thar s Mays cxcoomed n ries in ro ing uplands. , ly even 1,500, people per square mile. (For comparison, even today the two
dempeaplanation is th e o vt nrommwww_”:m, ~§o&.mmm natural most densely populated countries in Africa, Rwanda and Burundi, have
Coms of the depressions i ogor b s in Y p wﬁwzsm ﬁvn bot- Honc._waos densities of only about 750 and 540 people per square mile, re-
1sterns and reservoirs, which col- pectively.) Hence the ancient Maya must have had some means of increas-

lected rain from large plastered catchment basins a it i
nd stored it for use in the agri i : !
dry season. For example, reservoirs at the Maya city of Tikal held enough el preucion beyend hat s possble froueh midin

water to meet the drinking water needs of about 10,000 people for a period
of 18 months. At the city of Coba the Maya built dikes around a lake in or-
der to raise its level and make their water supply more reliable. But the in- A
habitants of Tikal and other cities dependent on reservoirs for drinking
Smﬂmq. would still have been in deep trouble if 18 months passed without
rain in a prolonged drought. A shorter drought in which they exhausted
their stored food supplies might already have gotten them in deep trou-

ble Ez.ucmr starvation, because growing crops required rain rather than
reservoirs. A

Many Maya areas do show remains of agricultural structures designed to
ncrease production, such as terracing of hill slopes to retain soil and mois-
2 ture, irrigation systems, and arrays of canals and drained or raised fields.
‘The latter systems, which are well attested elsewhere in the world and which
@B&R a lot of labor to construct, but which reward the labor with in-
‘creased food production, involve digging canals to drain a waterlogged area,
fertilizing and raising the level of the fields between the canals by dump-
ing muck and water hyacinths dredged out of canals onto the fields, and
thereby keeping the fields themselves from being inundated. Besides har-
vesting crops grown over the fields, farmers with raised fields also “grow”
ild fish and turtles in the canals (actually, let them grow themselves) as an
‘additional food source. However, other Maya areas, such as the well-studied
ities of Copan and Tikal, show little archaeological evidence of terracing,
irrigation, or raised- or drained-field systems. Instead, their inhabitants

Of particular importance for our purposes are the details of Maya agricul-
ture, which was based on crops domesticated in Mexico—especially corn,
with beans being second in importance. For the elite as well as commoners,
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must have used archaeologically invisible means to increase food produc
tion, by mulching, floodwater farming, shortening the time that a field i
left fallow, and tilling the soil to restore soil fertility, or in the extreme omit- :
ting the fallow period entirely and growing crops every year, or in especially :
moist areas growing two crops per year.

Socially stratified societies, including modern American and European
society, consist of farmers who produce food, plus non-farmers such as bu-
reaucrats and soldiers who do not produce food but merely consume the:
food grown by the farmers and are in effect parasites on farmers. Hence in economical to send porters carrying corn to provision armies or markets.
any stratified society the farmers must grow enough surplus food to meet Thus, the modest productivity of Maya agriculture, and their lack mm mn.mw
not only their own needs but also those of the other consumers. The num 3 animals, severely limited the duration and distance possible for their mili-
ber of non-producing consumers that can be supported depends on the so
ciety’s agricultural productivity. In the United States today, with its highly
efficient agriculture, farmers make up only 2% of our population, and each
farmer can feed on the average 125 other people (American non-farmers :
plus people in export markets overseas). Ancient Egyptian agriculture, al-
though much less efficient than modern mechanized agriculture, was still
efficient enough for an Egyptian peasant to produce five times the food re- :
quired for himself and his family. But a Maya peasant could produce only
twice the needs of himself and his family. At least 70% of Maya society con
sisted of peasants. That’s because Maya agriculture suffered from several .
limitations.

First, it yielded little protein. Corn, by far the dominant crop, has a lowe
protein content than the Old World staples of wheat and barley. The few
edible domestic“animals already mentioned included no large ones and
yielded much less meat than did Old World cows, sheep, pigs, and goats
The Maya depended on a narrower range of crops than did Andean farmers ;
(who in addition to corn also had potatoes, high-protein quinoa, and many

eoples with their horses, oxen, donkeys, and camels, the Maya had no
animal-powered transport or plows. All overland transport for the 7.\”3@.
went on the backs of human porters. But if you send out a porter carrying a
w oad of corn to accompany an army into the field, some of that load of corn
s required to feed the porter himself on the trip out, and some more to feed
him on the trip back, leaving only a fraction of the load available to feed %.m
army. The longer the trip, the less of the load is left over m,o.B the porter’s
own requirements. Beyond a march of a few days to a week, it becomes un-

campaigns.
SQS& me mnncmﬂoama to thinking of military success as determined by
..aﬁu:@ of weaponry, rather than by food supply. But a &om.ﬂ. example of
how improvements in food supply may decisively increase military success
omes from the history of Maori New Zealand. The Maori are the Polyne-
‘sian people who were the first to settle New Zealand. HE%E.U:&? they
fought frequent fierce wars against each other, but only against .&.o%?
' neighboring tribes. Those wars were limited by the modest ?oacncssw of
their agriculture, whose staple crop was sweet potatoes, It was not womm.&_a
o grow enough sweet potatoes to feed an army in the field for a long time
or on distant marches. When Europeans arrived in New Nm&m.su. they
brought potatoes, which beginning around 1815 considerably Snnwmmma
" Maori crop yields. Maori could now grow enough food to .mcvwz m.3.:8 in
the field for many weeks. The result was a 15-year period in Maori history,
from 1818 until 1833, when Maori tribes that had acquired potatoes and
guns from the English sent armies out on raids to attack tribes hundreds o.m
miles away that had not yet acquired potatoes and guns. Thus, .%w wwg:o s
other plants, plus llamas for meat), and much narrower again than the vari- productivity relieved previous limitations on Maori warfare, similar to
ety of crops in China and in western Eurasia. the limitations that low-productivity corn agriculture imposed on Maya
Another limitation was that Maya corn agriculture was less intensive Kwarfare. .
and productive than the Aztecs’ chinampas (a very productive type o Those food supply considerations may contribute to explaining why
raised-field agriculture), the raised fields of the Tiwanaku civilization of the Maya society remained politically divided among small W.Smm.oam .:Sa were
Andes, Moche irrigation on the coast of Peru, or fields tilled by animal- erpetually at war with each other, and that never became cE.moa into large
drawn plows over much of Burasia mpires like the Aztec Empire of the Valley of Mexico (fed .2_% the help of
Still a further limitation arose from the humid climate of the Maya area, ; their chinampa agriculture and other forms of intensification) or the Inca
which made it difficult to store corn beyond a year, whereas the Anasazi liv- :; mpire of the Andes (fed by more diverse crops carried by llamas over well-
ing in the dry climate of the U.S. Southwest could store it for three years. uilt roads). Maya armies and bureaucracies remained small and c.cmzm to
Finally, unlike Andean Indians with their llamas, and unlike Old World mount lengthy campaigns over long distances. (Even much later, in 1848,
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when the Maya revolted against their Mexican overlords and a Maya arm

seemed to be on the verge of victory, the army had to break off fighting mzw

go home to harvest another crop of corn.) Many Maya kingdoms held |
vwwc_maozm of only up to 25,000 to 50,000 people, none over half a million

within a radius of two or three days’ walk from the king’s palace, (The mnamm
numbers are again highly controversial among archaeologists.) From the
tops of the temples of some Maya kingdoms, it was possible to see the tem-
ples of the nearest kingdom. Maya cities remained small (mostly less than
one square mile in area), without the large populations and big markets of
.H,mo:?.umnu: and Tenochtitldn in the Valley of Mexico, or of Chan-Chan and
Cuzco in Peru, and without archaeological evidence of the royally managed :

food storage and trade that characterized ancient Greece and Mesopotamia

Now for m.oinw crash-course in Maya history. The Maya area is part of the
_mam.mu ancient Native American cultural region known as ZmSmBamS
S.Eor extended approximately from Central Mexico to Honduras and 85..
stituted (along with the Andes of South America) one of the two New
World centers of innovation before European arrival. The Maya shared
much in common with other Mesoamerican societies not only in what they

- possessed, but also in what they lacked. For example, surprisingly to

modern Westernets with expectations based on Old World civilizations
Mesoamerican societies lacked metal tools, pulleys and other anEzau
wheels (except locally as toys), boats with sails, and domestic animals anm
enough to carry loads or pull a plow. All of those great Maya temples were
constructed by stone and wooden tools and by human muscle power alone

Of the ingredients of Maya civilization, many were acquired by the Z&L
from elsewhere in Mesoamerica. For instance, Mesoamerican agriculture,

cities, and writing first arose outside the Maya area itself, in valleys and -

coastal lowlands to the west and southwest, where corn and beans and
squash were domesticated and became important dietary components by
3000 B.c., pottery arose around 2500 B.c., villages by 1500 .c., cities among
the Olmecs by 1200 s.c., writing appeared among the Zapotecs in Oaxaca
around or after 600 B.c., and the first states arose around 300 5.c. Two com-
plementary calendars, a solar calendar of 365 days and a ritual calendar of
N.mo days, also arose outside the Maya area. Other elements of Maya civiliza-
tion were either invented, perfected, or modified by the Maya themselves,
Within the Maya area, villages and pottery appeared around or after
1000 B.c., substantial buildings around 500 s.c., and writing around
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400 B.c. All preserved ancient Maya writing, constituting a total of about

15,000 inscriptions, is on stone and pottery and deals only with kings, no-

bles, and their conquests (Plate 13). There is not a single mention of com-
“ moners. When Spaniards arrived, the Maya were still using bark paper

coated with plaster to write books, of which the sole four that escaped
Bishop Landa’s fires turned out to be treatises on astronomy and the calen-
dar. The ancient Maya also had had such bark-paper books, often depicted
on their pottery, but only decayed remains of them have survived in tombs.
The famous Maya Long Count calendar begins on August 11,3114 B.c.—
just as our own calendar begins on January 1 of the first year of the Chris-
tian era. We know the significance to us of that day-zero of our calendar: it’s

‘the supposed beginning of the year in which Christ was born. Presumably

the Maya also attached some significance to their own day zero, but we
on’t know what it was. The first preserved Long Count date is only A.D. 197
for a monument in the Maya area and 36 B.c. outside the Maya area, indi-
cating that the Long Count calendar’s day-zero was backdated to August 11,
3114 B.C. long after the facts; there was no writing anywhere in the New
‘World then, nor would there be for 2,500 years after that date.

Our calendar is divided into units of days, weeks, months, years, de-
cades, centuries, and millennia: for example, the date of February 19, 2003,
“on which I wrote the first draft of this paragraph, means the 19th day of the
second month in the third year of the first decade of the first century of
“the third millennium beginning with the birth of Christ. Similarly, the Maya
Long Count calendar named dates in units of days (kin), 20 days (uinal),
©360 days (tun), 7,200 days or approximately 20 years (katunn), and 144,000

days or approximately 400 years (baktun). All of Maya history falls into bak-
“tuns 8, 9, and 10.
The so-called Classic period of Maya civilization begins in baktun 8,
- around A.D. 250, when evidence for the first kings and dynasties appears.
Among the glyphs (written signs) on Maya monuments, students of Maya
writing recognized a few dozen, each of which was concentrated in its own
geographic area, and which are now considered to have had the approxi-
- mate meaning of dynasties or kingdoms. In addition to Maya kings having
- their own name glyphs and palaces, many nobles also had their own in-
 scriptions and palaces. In Maya society the king also functioned as high
- priest carrying the responsibility to attend to astronomical and calendrical
 rituals, and thereby to bring rain and prosperity, which the king claimed to
have the supernatural power to deliver because of his asserted family rela-
_ tionship to the gods. That is, there was a tacitly understood quid pro quo:
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of which there were about twenty by the year A.p. 800, when one of those
salaces is known to have consisted of 50 buildings with room for about 250
people. All of those nobles and their courts would have increased the bur-
den that the king and his own court imposed on the peasants. The last big
buildings at Copan were put up around A.p. 800, and the last Long Count
date on an incomplete altar possibly bearing a king’s name has the date of
A.D. 822.

. Archaeological surveys of different types of habitats in the Copén Valley
show that they were occupied in a regular sequence. The first area farmed
was the large Copdn pocket of valley bottomland, followed by occupation of
e other four bottomland pockets. During that time the human popula-
on was growing, but there was not yet occupation of the hills. Hence that
creased population must have been accommodated by intensifying pro-
uction in the bottomland pockets by some combination of shorter fallow
eriods, double-cropping, and possibly some irrigation.

By the year A.D. 650, people started to occupy the hill slopes, but those
“hill sites were cultivated only for about a century. The percentage of Copén’s
otal population that was in the hills, rather than in the valleys, reached a
maximum of 41%, then declined until the population again became con-
- centrated in the valley pockets. What caused that pullback of population
rom the hills? Excavation of the foundations of buildings in the valley floor
howed that they became covered with sediment during the 8th century,
" meaning that the hill slopes were getting eroded and probably also leached

of nutrients. Those acidic infertile hill soils were being carried down into
the valley and blanketing the more fertile valley soils, where they would
% have reduced agricultural yields. This ancient quick abandonment of hill-
sides coincides with modern Maya experience that fields in the hills have
Jow fertility and that their soils become rapidly exhausted.

The reason for that erosion of the hillsides is clear: the forests that for-
merly covered them and protected their soils were being cut down. Dated
pollen samples show that the pine forests originally covering the upper ele-
vations of the hill slopes were eventually all cleared. Calculation suggests
that most of those felled pine trees were being burned for fuel, while the rest
were used for construction or for making plaster. At other Maya sites from
the pre-Classic era, where the Maya went overboard in lavish use of thick
plaster on buildings, plaster production may have been a major cause of de-
forestation. Besides causing sediment accumulation in the valleys and de-
priving valley inhabitants of wood supplies, that deforestation may have
begun to cause a “man-made drought” in the valley bottom, because forests

the reason why the peasants supported the luxurious lifestyle of the king
and his court, fed him corn and venison, and built his palaces was because
.70 had made implicit big promises to the peasants. As we shall see, kings got :
into trouble with their peasants if a drought came, because that was Ssau
mount to the breaking of a royal promise.

From 4.p. 250 onwards, the Maya population (as judged from the num-
ber of archaeologically attested house sites), the number of monuments and
_ucm&bmm, and the number of Long Count dates on monuments and pot-
tery increased m_ﬁomﬂ exponentially, to reach peak numbers in the 8th cen-
tury A.D. The largest monuments were erected towards the end of that ;
Classic period. Numbers of all three of those indicators of a complex society
declined throughout the 9th century, until the last known Long Count date
on any monument fell in baktun 10, in the year ._ru. 909. That decline of

Zmﬁ.@ovc_wao? architecture,’and the Long Count calendar constitutes
what is known as the Classic Maya collapse.

As an example of the collapse, let’s consider in more detail a small but
densely built city whose ruins now lie in western Honduras at a site known
as Copdn, and described in two recent books by archaeologist David Web-
ster. For agricultural purposes the best land in the Copén area consists of
msw pockets of flat land with fertile alluvial soil along a river valley, with a
tiny total area of only 10 square miles; the largest of those five pockets
known as the Cop4n pocket, has an area of only 5 square miles. Much of 90.
land around Cop4n consists of steep hills, and nearly half of the hill area has
a slope above 16% (approximately double the slope of the steepest grade
that you are likely to encounter on an American highway). Soil in the hills is
less fertile, more acidic, and poorer in phosphate than valley soil. Toda
corn yields from valley-bottom fields are two or three times those of mava
on hill slopes, which suffer rapid erosion and lose three-quarters of their
productivity within a decade of farming.

As judged by numbers of house sites, population m&i? in the Cop4n
Valley rose steeply from the Sth century up to a peak estimated at around
Nﬁcoc.wnowpm at A.p. 750-900. Maya written history at Copén begins in the
year with a Long Count date corresponding to a.p. 426, when later monu-
ments record retrospectively that some person related to nobles at Tikal and
Teotihuacdn arrived. Construction of royal monuments glorifying kings
was especially massive between a.p. 650 and 750. After A.p. 700 =ozmm
other than kings also got into the act and cmmms.onmnmsm their own me_mn&.
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Play a major role in water cycling, such that massive deforestation tends tg!
result in lowered rainfall.
Hundreds of skeletons recovered from Copén mnnrmmomommn& sites haw
been studied for signs of disease and malnutrition, such as porous bon
and stress lines in the teeth. These skeletal signs show that the health of
Copin’s inhabitants deteriorated from A.D. 650 to 850, both among the elit
and among the commoners, although the health of commoners was wors
Recall that Copén’s population was increasing steeply while the hills

llapse), the other (the so-called Maya hiatus) in the late 6th century and
,.‘m.% 7th century, a period when no monuments were erected at the well-
tudied site of Tikal. There were also some post-Classic collapses in areas
vhose populations survived the Classic collapse or increased after it—such
the fall of Chichén Itz4 around 1250 and of Mayapén around 1450.
Second, the Classic collapse was obviously not complete, because there
jere hundreds of thousands of Maya who met and fought the Spaniards—
ar fewer Maya than during the Classic peak, but still far more people than
the other ancient societies discussed in detail in this book. Those sur-
ivors were concentrated in areas with stable water supplies, especially in
e north with its cenotes, the coastal lowlands with their wells, near a
That 1d h : ; ssouthern lake, and along rivers and lagoons at lower elevations. However,
- ~hat would have led to fighting among the pulation otherwise disappeared almost completely in what previously
1ad been the Maya heartland in the south.
 Third, the collapse of population (as gauged by numbers of house sites
and of obsidian tools) was in some cases much slower than the decline in
umbers of Long Count dates, as I already mentioned for Copén. What col-
; lapsed quickly during the Classic collapse was the institution of kingship
» and why the royal palace was burned nd-the Long Count calendar.
ion of some luxury good Fourth, many apparent collapses of cities were really nothing more than
rwosan cycling”: i.e., particular cities becoming more powerful, then declin-
; \ . A ing or getting conquered, and then rising again and conquering their neigh-
Qnm.MMMCMNMWMM &Mwn_wwﬂwrwwanmwmowwww_MBPM n_wvwn.m total population mm bors, without changes in the whole population. For example, in the year 562
mated population in the year .0, 950 Sm mﬂ.a_u_ ngs and nobles. The est ikal was defeated by its rivals Caracol and Calakmul, and its king was cap-
peak population of 27,000 .E.Hm." . m_aﬁm. ! mﬂoE.& 15,000, o~.m&§ of the tured and killed. However, Tikal then gradually gained strength again and
there are no more &.m:m,o mm.: one _M %nc mOSM nM\zﬁ__nzmm to dwindle, until finally conquered its rivals in 695, long before Tikal joined many other
The reappearance of pollen M om moRmMﬁ op aw alley cv.* mno—m:n_ s 1250. faya cities in the Classic collapse (last dated Tikal monuments .n. 869).
dent evidence that the valley became virt awm s thereafter provides indepen- Similarly, Copdn grew in power until the year 738, when its king Waxak-
forests could at last begin 8%88<2. irtually empty of people, and that the lahuun Ub’aah K’awil (a name better known to Maya enthusiasts today by
' . its unforgettable translation of “18 Rabbit”) was captured and put to death
by the rival city of Quirigua, but then Copén thrived during the following
half-century under more fortunate kings. o
_ .Ezm_? cities in different parts of the Maya area rose and fell on different
trajectories. For example, the Puuc region in the northwest Yucatén Penin-
sula, after being almost empty of people in the year 700, exploded in popula-
tion after 750 while the southern cities were collapsing, peaked in population
between 900 and 925, and then collapsed in turn between 950 and 1000.
El Mirador, a huge site in the center of the Maya area with one of the world’s

wi»:.mw AQSMH& 10). Because Copén’s king was failing to deliver on his
promises of rain and Pprosperity in return for the power and luxuries that he:
claimed, he would have been the scapegoat for this agricultural fajlure,

The general outlirfe of Maya history that I have just related, and the example
of Copén’s history in particular, illustrates why we talk about “the Maya col-
_mvua..c But the story grows more complicated, for at least five reasons. .
First, there was not only that enormous Classic collapse, but at least two
previous smaller collapses at some sites, one around the year A.p. 150 when
El Mirador and some other Maya cities collapsed (the so-called pre-Classi
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largest pyramids, was settled in 200 B.c. and abandoned around A.p. 15
long before the rise of Copan. Chichén Itz4 in the northern peninsula gre
after A.p. 850 and was the main northern center around 1000, only to be de
stroyed in a civil war around 1250,

Some archacologists focus on these five types of complications and,
don’t want to recognize a Classic Maya collapse at all, But this overlooks the'
obvious facts that cry out for explanation: the disappearance of between 90
and 99% of the Maya population after A.p. 800, especially in the monan%.
most densely populated area of the southern lowlands, and the disappear :
ance of kings, Long Count calendars, and other complex political and aul-
tural institutions. That’s why we talk about a Classic Maya collapse, a

collapse both of population and of culture that needs explaining.

i

Two other phenomena that I have mentioned briefly as contributing to Maya

collapses require more discussion: the roles of warfare and of drought.
Archaeologists for a long time believed the ancient Maya to be gentle
and peaceful people. We now know that Maya warfare was intense, chronic,
and unresolvable, because limitations of food supply and Qw:mwozm&oqw
made it impossible for any Maya principality to unite the whole region in
an empire, in the way that the Aztecs and Incas united Central Mexico and
the >=.%9 respectively. The archaeological record shows that wars became
more intense and frequent towards the time of the Classic collapse. That
evidence comes from discoveries of several types over the last 55 years: ar-
chaeological excavations of massive fortifications surrounding many ?.?ﬁ
sites; vivid depictions of warfare and captives on stone monuments, vases
(Plate 14), and on the famous painted murals discovered in 1946 at wMEmE-
u.&a and the decipherment of Maya writing, much of which proved to con-
sist of royal inscriptions boasting of conquests. Maya kings fought to take
one another captive, one of the unfortunate losers being Cop4n’s King 18

Rabbit. Captives were tortured in unpleasant ways depicted clearly on the :

monuments and murals (such as yanking fingers out of sockets, pulling out
teeth, cutting off the lower jaw, trimming off the lips and fingertips, pulling
o.cﬂ the fingernails, and driving a pin through the lips), culminating (some-
times several years later) in the sacrifice of the captive in other equally un-
pleasant ways (such as tying the captive up into a ball by binding the arms
and legs together, then rolling the balled-up captive down the steep stone
staircase of a temple).

Maya warfare involved several well-documented types of violence: wars

Wars and prougnts .

etween separate kingdoms; attempts of cities within a kingdom to secede
y revolting against the capital; and civil wars resulting from frequent vio-

ilent attempts by would-be kings to usurp the throne. All of these types were

escribed or depicted on monuments, because they involved kings and no-
les. Not considered worthy of description, but probably even more fre-
uent, were fights between commoners over land, as overpopulation became
excessive and as land became scarce.
The other phenomenon important to understanding Maya collapses is
the repeated occurrence of droughts, studied especially by Mark Brenner,
David Hodell, the late Edward Deevey, and their colleagues at the University
of Florida, and discussed in a recent book by Richardson Gill. Cores bored
into layers of sediments at the bottoms of Maya lakes yield many measure-
ments that let us infer droughts and environmental changes. For example,
gypsum (ak.a. calcium sulfate) precipitates out of solution in a lake into
sediments when lake water becomes concentrated by evaporation during a
drought. Water containing the heavy form of oxygen known as the isotope
oxygen-18 also becomes concentrated during droughts, while water con-
taining the lighter isotope oxygen-16 evaporates away. Molluscs and crus-
tacea living in the lake take up oxygen to lay down in their shells, which
remain preserved in the lake sediments, waiting for climatologists to ana-
Iyze for those oxygen isotopes long after the little animals have died. Radio-
arbon dating of a sediment layer identifies the approximate year when the
drought or rainfall conditions inferred from those gypsum and oxygen iso-
ope measurements were prevailing. The same lake sediment cores provide
alynologists with information about deforestation (which shows up as a
‘decrease in pollen from forest trees at the expense of an increase in grass
jollen), and also soil erosion (which shows up as a thick clay deposit and
minerals from the washed-down soil).

Based on these studies of radiocarbon-dated layers from lake sediment
ores, climatologists and paleoecologists conclude that the Maya area was
elatively wet from about 5500 B.c. until 500 B.c. The following period from
475 to 250 B.C., just before the rise of pre-Classic Maya civilization, was dry.
+The pre-Classic rise may have been facilitated by the return of wetter condi-
tions after 250 B.C., but then a drought from A.p. 125 until A.p. 250 was as-
sociated with the pre-Classic collapse at El Mirador and other sites. That
collapse was followed by the resumption of wetter conditions and of the
buildup of Classic Maya cities, temporarily interrupted by a drought
around A.D. 600 corresponding to a decline at Tikal and some other sites.
Finally, around a.D. 760 there began the worst drought in the last 7,000
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years, peaking around the year A.p, 800, and suspiciously associated wi
the Classic collapse,

Careful analysis of the frequency of droughts in the Maya area shows
tendency for them to recur at intervals of about 208 years. Those droughf
cycles may result from small variations in the sun’s radiation, possi :
more severe in the Maya area as a result of the rainfall gradient in the Yy
nm.&s (drier in the north, wetter in the south) shifting southwards, O;
might expect those changes in the sun’s radiation to affect not j .

region but, to varying degrees, the whole world
noted that some other famous

The area most affected by the Classic collapse was the southern lowlands,
robably for the two reasons already mentioned: it was the area with the
ensest population, and it may also have had the most severe water prob-
ems because it lay too high above the water table for water to be obtained
from cenotes or wells when the rains failed. The southern lowlands lost
more than 99% of their population in the course of the Classic collapse. For
example, the population of the Central Petén at the peak of the Classic
Maya period is variously estimated at between 3,000,000 and 14,000,000
- In fact, climatologists hay people, but there were only about 30,000 people there at the time that the
‘ panish arrived. When Cortés and his Spanish army passed through the
Central Petén in 1524 and 1525, they nearly starved because they encoun-
red so few villages from which to acquire corn. Cortés passed within a few
iles of the ruins of the great Classic cities of Tikal and Palenque, but he
eard or saw nothing of them because they were covered by jungle and al-
iost nobody was living in the vicinity.
causing th ; . . : * How did such a huge population of millions of people disappear? We
AD. momo :MNM_MM_M MMMWWMM one could imagine a single drought around isked ourselves that same question about the disappearance of Chaco
Maya centers simultane ously. Actually, anyon’s (admittedly smaller) Anasazi population in Chapter 4. By wzm_o.@\
hit different centers at slightly differen with the cases of the Anasazi and of subsequent Pueblo Indian societies
while sparing other centers. That fact m during droughts in the U.S. mo.cﬂrinmv we infer that some people from the
of a role of drought. .vcﬁrmn:mg&w ﬂoemwm:mm survived cw_\ mmmmsm to mRmM of GM northern Yu-
But a : . ) : atdn endowed with cenotes or wells, where a rapid population increase
pothesis MM nwwmm_wgwﬂ_%%”w Nﬁmm&oﬂﬂ «MozE :.oﬂ state 90. n_no:m*.: 5 ook place maocbm the time of the Maya collapse. But there is no sign of all
e Y oversimplied form. Finer-resolution variation; those millions of southern lowland inhabitants surviving to be accommo-
dated as immigrants in the north, just as there is no sign of thousands of
Anasazi refugees being received as immigrants into surviving pueblos. As in
the U.S. Southwest during droughts, some of that Maya population de-
‘tease surely involved people dying of starvation or thirst, or killing each
ther in struggles over increasingly scarce resources. The other part of the
ecrease may reflect a slower decrease in the birthrate or child survival rate
ver the course of many decades. That is, depopulation probably involved

the Peruvian coast around A.p. 600, and the

P collapse of Tiwanaku civili
tion in the Andes around a.p. 1100, pee s nau civiliza

as we have seen, the Classic collapse
t times in the period A.p. 760-910;
akes many Maya specialists skeptical

conclusion that “The Drought” around a.p. 800 actually had four peaks
first of them less severe: two dry years around A.p. 760, then an even dr
decade around a.p, 810820, three drier years around A.D. 860, and six d
years around A.p. 910, Interestingly, Richardson Gill concluded from th
Em& dates on stone monuments at various large Maya mnsaa. EM: collaps

dates vary among sites and fall into three clusters: around 4.p. 810, 860 msm

910, in agreement with the dates fo yoth a higher death rate and a lower birth rate. .
r the three most severe drou hts isal
isi here, th sent. From
would not be at all surprising if a drought in any i & In the Maya area as elsewhere, the past is a lesson for the presen

i ; A . 11 any given year varied locally in the time of Spanish arrival, the Central Petén’s population declined further
MM:MHM MN.QMMHM “m iy mmznmrn.v_m &oc.mra caused m%moa.a Maya centers to o about 3,000 in A.p. 1714, as a result of deaths from diseases and other
1 Years, while sparing centers with reliable water suppl auses associated with Spanish occupation. By the 1960s, the Central Petén’s

zpopulation had risen back only to 25,000, still less than 1% of what it had

“been at the Classic Maya peak. Thereafter, however, immigrants flooded
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into the Central Petén, building up its population to about 300,000 in the s no useful unoccupied land in the vicinity on which to begin anew, and
1980s, and ushering in a new era of deforestation and erosion. Today, half of the:whole population could not be accommodated in the few areas that
the Petén is once again deforested and ecologically degraded. One-quarter ntinued to have reliable water supplies.

of all the forests of Honduras were destroyed between 1964 and 1989. s our fifth strand, we have to wonder why the kings and nobles failed to
irecognize and solve these seemingly obvious problems undermining their
ciety. Their attention was evidently focused on their short-term concerns
nriching themselves, waging wars, erecting monuments, competing
ith each other, and extracting enough food from the peasants to support
ose activities. Like most leaders throughout human history, the Maya
ngs and nobles did not heed long-term problems, insofar as they per-
ved them. We shall return to this theme in Chapter 14,

inally, while we still have some other past societies to consider in this
ok before we switch our attention to the modern world, we must already
‘struck by some parallels between the Maya and the past societies dis-
‘lissed in Chapters 2—4. As on Easter Island, Mangareva, and among the
1asazi, Maya environmental and population problems led to increasing
irfare and civil strife. As on Easter Island and at Chaco Canyon, Maya
Ipeak population numbers were followed swiftly by political and social col-
pse. Paralleling the eventual extension of agriculture from Easter Island’s
astal lowlands to its uplands, and from the Mimbres floodplain to the
hills, Copén’s inhabitants also expanded from the floodplain to the more
fagile hill slopes, leaving them with a larger population to feed when the
agricultural boom in the hills went bust. Like Easter Island chiefs erecting
ér larger statues, eventually crowned by pukao, and like Anasazi elite
eating themselves to necklaces of 2,000 turquoise beads, Maya kings
Sought to outdo each other with more and more impressive temples, cov-
ed with thicker and thicker plaster—reminiscent in turn of the extrava-
it. conspicuous consumption by modern American CEOs. The passivity
aster chiefs and Maya kings in the face of the real big threats to their so-
tieties completes our list of disquieting parallels.

To summarize the Classic Maya collapse, we can' tentatively identify fiv
strands. I acknowledge, however, that Maya archaeologists still disagree vig
orously among themselves—in part, because the different strands evidentlyz
varied in importance among different parts of the Maya realm; because de
tailed archaeological studies are available for only some Maya sites; and be
cause it remains puzzling why most of the Maya heartland remained nearl
empty of population and failed to recover after the collapse and after re
growth of forests.
With those caveats, it appears to me that one strand consisted of popula
tion growth outstripping available resources: a dilemma similar to the on,
foreseen by Thomas Malthus in 1798 and being played out today in Rwand
(Chapter 10), Haiti (Chapter 11), and elsewhere. As the archaeologist Davi
Webster succinctly puts it, “Too many farmers grew too many crops on to
much of the landscape.” Compounding that mismatch between populatiol
and resources was the second strand: the effects of deforestation and hillside;
erosion, which caused a decrease in the amount of useable farmland at
time when more rather than less farmland was needed, and possibly exacer
bated by an anthropogenic drought resulting from deforestation, by soil nus
trient depletion and other soil problems, and by the struggle to preven
bracken ferns from overrunning the fields.
The third strand consisted of increased fighting, as more and more peo
ple fought over fewer resources. Maya warfare, already endemic, peaked jus
before the collapse. That is not surprising when one reflects that at least;
5,000,000 people, perhaps many more, were crammed into an area smallé
than the state of Colorado (104,000 square miles). That warfare would hav
decreased further the amount of land available for agriculture, by creatin
no-man’s lands between principalities where it was now unsafe to farm
Bringing matters to a head was the strand of climate change. The anocmgw
the time of the Classic collapse was not the first drought that the Maya ha
lived through, but it was the most severe. At the time of previous droughts
there were still uninhabited parts of the Maya landscape, and people at a site
affected by drought could save themselves by moving to another site. How :
ever, by the time of the Classic collapse the landscape was now full, ther
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CHAPTER 16

The World as a Polder:
What Does It All Mean to Us Today?

~=:mm:nao: @ The most serious problems & If we don’t solve
them... & Life in Los Angeles w One-liner objections =
The past and the present & Reasons for hope m

he chapters of this book have discusse
succeed or fail at solving their enviro

nal chapter considers the book’s
mean to us today?

mm&w Mw“m%mmmz E\ explaining the major sets of environmental problems
ern societies, and the time scale on which th
specific example of how these o e e g
problems play out, I examine th
have spent most of the las Southern Caliormis 1o
t 39 years of my life, Southern Californ;
_consider the objections most often raj " e significance of o
. raised to dismiss the signj
SR.ESQ:& problems today. Since half of this otng e
societies because of the lesso

d why past or present societies
nmental problems. Now, this fi-
practical relevance: what does it all

what lessons we can draw from the past
ag.— . P ’

at can I do as an individual?”
ings section.

Finally, for anyone who asks,
[ offer suggestions in the Further Read-

It seems to me that the. most serious
and present societies fall into a dozen
cant already in the past, while four (
photosynthetic ceiling, toxic chemical
serious only recently. The first four of
of natural resources;
three after that consi
and the last two are

environmental problems facing past
groups. Eight of the 12 were signifi-
numbers 5, 7, 8, and 10: energy, the
s, and atmospheric changes) became
the 12 consist of destruction or losses
the next three involve ceilings on natural resources; the
st of harmful things that we produce or move aro ,

armf und;
population issues. Let’s begin with the natural reso :

urces

N 7\ ’ r.._.Ta _A_Cu,nru,o\.q_tt.. ' .GQ»QV..( v Ar, . ! Al o :,A. .\. '
that we are destroying or losing: natural habitats, wild food sources, biologi-
cal diversity, and soil.

1. At an accelerating rate, we are destroying natural habitats or else con-
verting them to human-made habitats, such as cities and villages, farmlands
and pastures, roads, and golf courses. The natural habitats whose losses
have provoked the most discussion are forests, wetlands, coral reefs, and the
ocean bottom. As I mentioned in the preceding chapter, more than half of
the world’s original area of forest has already been converted to other uses,
and at present conversion rates one-quarter of the forests that remain will
become converted within the next half-century. Those losses of forests rep-
resent losses for us humans, especially because forests provide us with tim-
ber and other raw materials, and because they provide us with so-called
ecosystem services such as protecting our watersheds, protecting soil
against erosion, constituting essential steps in the water cycle that generates
much of our rainfall, and providing habitat for most terrestrial plant and
animal species. Deforestation was a or the major factor in all the collapses of
past societies described in this book. In addition, as discussed in Chapter 1
in connection with Montana, issues of concern to us are not only forest de-
struction and conversion, but also changes in the structure of wooded habi-
tats that do remain. Among other things, that changed structure results in
changed fire regimes that put forests, chaparral woodlands, and savannahs

at greater risk of infrequent but catastrophic fires.

Other valuable natural habitats besides forests are also being destroyed.
An even larger fraction of the world’s original wetlands than of its forests

-has already been destroyed, damaged, or converted, Consequences for us

arise from wetlands’ importance in maintaining the quality of our water
supplies and the existence of commercially important freshwater fisheries,
while even ocean fisheries depend on mangrove wetlands to provide habitat
for the juvenile phase of many fish species. About one-third of the world’s
coral reefs—the oceanic equivalent of tropical rainforests, because they are
home to a disproportionate fraction of the ocean’s species—have already
been severely damaged. If current trends continue, about half of the re-
maining reefs would be lost by the year 2030. That damage and destruction
result from the growing use of dynamite as a fishing method, reef over-
growth by algae (“seaweeds”) when the large herbivorous fish that normally
graze on the algae become fished out, effects of sediment runoff and pollu-
tants from adjacent lands cleared or converted to agriculture, and coral



488 The World as a Polder

bleaching due to rising ocean water temperatures. It has recently become

appreciated that fishing by trawling is destroying much or most of the shal:
low ocean bottom and the species dependent on it..

2. Wild foods, especially fish and to a lesser extent shellfish, contribute a

large fraction of the protein consumed by humans. In effect, this is protein
that we obtain for free (other than the cost of catching and transporting the
fish), and that reduces our needs for animal protein that we have to grow
ourselves in the form of domestic livestock. About two billion people, most
of them poor, depend on the oceans for protein. If wild fish stocks were
managed appropriately, the stock levels could be maintained, and they
could be harvested perpetually. Unfortunately, the problem known as the
tragedy of the commons (Chapter 14) has regularly undone efforts to man-

age fisheries sustainably, and the great majority of valuable fisheries already .

either have collapsed or are in steep decline (Chapter 15). Past societies that
overfished included Easter Island, Mangareva, and Henderson.

Increasingly, fish and shrimp are being grown by aquaculture, which in

principle has a promising future as the cheapest way to produce animal pro--

tein. In several respects, though, aquaculture as commonly practiced today
is making the problem of declining wild fisheries worse rather than better.
Fish grown by aquaculture are mostly fed wild-caught fish and thereby usu-
ally consume more wild fish meat (up to 20 times more) than they yield in
meat of their own They contain higher toxin levels than do wild-caught
fish. Cultured fish regularly escape, interbreed with wild fish, and thereby
harm wild fish stocks genetically, because cultured fish strains have been se-
lected for rapid growth at the expense of poor survival in the wild (50 times
worse survival for cultured salmon than for wild salmon). Aquaculture
runoff causes pollution and eutrophication. The lower costs of aquaculture
than of fishing, by driving down fish prices, initially drive fishermen to ex-
ploit wild fish stocks even more heavily in order to maintain their incomes
constant when they are receiving less money per pound of fish.
3. A significant fraction of wild species, populations, and genetic diver-
sity has already been lost, and at present rates a large fraction of what re-
mains will be lost within the next half-century. Some species, such as big
edible animals, or plants with edible fruits or good timber, are of obvious
value to us. Among the many past societies that harmed themselves by ex-
terminating such species were the Easter and Henderson Islanders whom
we have discussed. .
But biodiversity losses of small inedible species often provoke the re-
sponse, “Who cares? Do you really care less for humans than for some lousy

;

=

e

useless little fish or weed, like the snail darter or Furbish lousewort?” This

response misses the point that the ms?.m natural world is made MWnoMss%wm
species EOi&Sm us for free with services that can be <m§.nxm.ash om andin
many cases impossible, for us to mcm.%? ourselves. Elimina _Omoﬂ ot o
lousy little species regularly causes big harmful consequences ,

just as does randomly knocking out many of the lousy little rivets w.o_.w:_mm
: together an airplane. The literally innumerable examples include: ﬁma wo eo
earthworms in regenerating soil and maintaining its texture (one of the rea-

sons that oxygen levels dropped inside the Biosphere 2 enclosure, harm-

' ing its human inhabitants and crippling a colleague of mine, was a lack of

appropriate earthworms, contributing 6 altered mowg\.mﬂaom.wr.anmnsmwwrwwm
change); soil bacteria that fix the essential Qn.% sc".:.osn nw og .@ heh
otherwise we have to spend money to supply in fertilizers; m.m.m an her
insect pollinators (they pollinate our crops for .m:w@ whereas it m_GMMMn e
for us to pollinate every crop flower by hand); birds and mamma M ad
perse wild fruits (foresters still haven't mmﬁmm out how to mqowz Mo n seec
the most important commercial tree species o.m the mowoBow Is Mb m,a hos
seeds are naturally dispersed by fruit bats, which are becoming hunted %m
climination of whales, sharks, bears, wolves, and oﬂra.n top ?mwmnma nw the
seas and on the land, changing the Sro_.m food chain beneat n QM? o
wild plants and animals that mmnanOmM S.mmﬁom and recycle nutrients,
| iding us with clean water and air. .
B&MMMMW @mﬁ;wbam used for growing crops are d.asm carried mé.w\ v.ﬂ
water and wind erosion at rates between 10 8&. 40 E.umm the SSM. ) mﬁww
formation, and between 500 and 10,000 times soil Qnmﬂoa rates on M.Sm N
Jand. Because those soil erosion rates are so much higher than mom_ roZ: -
tion rates, that means a net loss of soil. For m:mg.gn.m, m.vocﬁ half ow ﬁ% Mm :
soil of Towa, the state whose agriculture productivity is among the _.m.ﬁaﬁo
in the U.S., has been eroded in the last 150 ﬁmwm. On my Bo.mﬁ HSH.“& 0
Towa, my hosts showed me a churchyard om.mzbm a @Saman.awwﬁmw mMHE-
ample of those soil losses. A church was built %.Qo ws the ::. eo Jaem-
land during the 19th century and has been 885.858 continuously e
church ever since, while the land around it was being mmnB&m >wrm nnwﬁ -
soil being eroded much more rapidly ?oﬂ fields than from w ec Wnn N&:,
the yard now stands like a little island raised 10 feet above the surrounding
d. o
- Mmﬂmmwmm of soil damage caused by rcamm agricultural ﬁ.ﬁmn.cnmw ws..
clude salinization, as discussed for Montana, China, m.:& Australia in “ sv" :
ters 1, 12, and 13; losses of soil fertility, because farming removes nu rie
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much more rapidly than they are r
rock; and soil acidification in som

estored by weathering of the underlying
€ areas, or its convi inization, i
other areas. All of these types of harmful impacts smswm M,M%MAM_“M m%o:..
wm the world’s farmland variously estimated at between 20% and mo% P
ing become severely damaged, during an era in which i ing e
population has caused us to need more farmland rather t
Like deforestation, sojl problems i

cieties discussed in this book,

might reason that the Earth’s capacity to grow crops and wild plants is also
infinite. Within the last 20 years, it has been appreciated that that is not the
: case, and that’s not only because plants grow poorly in the world’s Arctic re-
gions and deserts unless one goes to the expense of supplying heat or water.
‘More generally, the amount of solar energy fixed per acre by plant photo-
- synthesis, hence plant growth per acre, depends on temperature and rain-
fall. At any given temperature and rainfall the plant growth that can be
supported by the sunlight falling on an acre is limited by the geometry and
biochemistry of plants, even if they take up the sunlight so efficiently that
not a single photon of light passes through the plants unabsorbed to reach
the ground. The first calculation of this photosynthetic ceiling, carried out
in 1986, estimated that humans then already used (e.g., for crops, tree plan-
tations, and golf courses) or diverted or wasted (e.g., light falling on con-
crete roads and buildings) about half of the Earth’s photosynthetic capacity.
Given the rate of increase of human population, and especially of popula-
tion impact (see point 12 below), since 1986, we are projected to be utilizing
most of the world’s terrestrial photosynthetic capacity by the middle of this
century. That is, most energy fixed from sunlight will be used for human
. purposes, and little will be left over to support the growth of natural plant
communities, such as natural forests.

) The next .E_Ra E.oZQE involve ceilings—on energy, freshwater, and
photosynthetic capacity. In each case the ceiling is not hard and mxnw but

soft: i
we can obtain more of the needed resource, but at increasing costs

5. The world’s major energy sources,
are fossil fuels: oil, natural 8as, and coal. While there has been much di
EQ.H about how many big oil and gas fields remain to be discow manc.M
ér__m. coal reserves are believed to be large, the prevalent view is Emna_c“ -
and likely reserves of readily accessible oil and natural gas will Ia hﬁ oM.S
508. decades. This view should not be misinterpreted to SmmstOnwzas
the oil and natural gas within the Earth will have bee used up b ﬁmﬂ "
ms.mm.. further reserves will be deeper underground, dirtier, EM‘QWW. mw :
pensive to extract or process, or will involve higher auinomaaam_ MMMM Mm

course, mommm fuels are not our sole energy sources, and I shall conside
problems raised by the alternatives below. H

6. Most of the world’s freshwater in rivers and

especially for industrial societies,

In-

The next three problems involve harmful things that we generate or
move around: toxic chemicals, alien species, and atmospheric gases.

lakes is already being uti-

lized for irrigation, domestic and industrial wate
boat transportation corridors, fisheries, and recreation. Rivers and lak

that are not already utilized are mostly far from major population .
and likely users, such as in Northwestern Australia, Siberia, and HMQ_: :Mm
Throughout the world, freshwater underground aquifers are mﬁ.s mmm_mw a
at rates faster than they are being naturally replenished, so Eﬁm& d i

eventually dwindle. Of course, freshwater can be made Ew mam&msﬁmm o f
momiwa.ﬁ but that costs money and energy, as does pumping the Rm”mm y

mam_:.:N& water inland for use, Hence desalinization, while it is useful __bm
«cally, is too expensive to solve most of the world’s water shortages .:“V ,
Anasazi and Maya were among the past societies by water
WMWMHM. while 8%@ over a billion people lack access to reliable safe drink-

7. It might at first seem that the supply of sunlight is infinite,

1, and in situ uses such as

SO one

8. The chemical industry and many other industries manufacture or re-
lease into the air, soil, oceans, lakes, and rivers many toxic chemicals, some
of them “unnatural” and synthesized only by humans, others present natu-
rally in tiny concentrations (e.g., mercury) or else synthesized by living
things but synthesized and released by humans in quantities much larger
than natural ones (e.g., hormones). The first of these toxic chemicals to
achieve wide notice were insecticides, pesticides, and herbicides, whose ef-
fects on birds, fish, and other animals were publicized by Rachel Carson’s
1962 book Silent Spring. Since then, it has been appreciated that the toxic ef-
fects of even greater significance for us humans are those on ourselves. The
culprits include not only insecticides, pesticides, and herbicides, but also
mercury and other metals, fire-retardant chemicals, refrigerator coolants,
detergents, and components of plastics, We swallow them in our food
and water, breathe them in our air, and absorb them through our skin.
Often in very low concentrations, they variously cause birth defects, mental
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10. Human activities produce gases that escape into the atmosphere,

where they either damage the protective ozone layer (as do formerly wide-

spread refrigerator coolants) or else act as greenhouse gases that absorb
sunlight and thereby lead to global warming. The gases contributing to
global warming include carbon dioxide from combustion and respiration,
and methane from fermentation in the intestines of ruminant animals. Of
course, there have always been natural fires and animal respiration produc-
ing carbon dioxide, and wild ruminant animals producing methane, but
our burning of firewood and of fossil fuels has greatly increased the former,

" and our herds of cattle and of sheep have greatly increased the latter.

For many years, scientists debated the reality, cause, and extent of global
warming: are world temperatures really historically high now, and, if so, by
how much, and are humans the leading cause? Most knowledgeable scien-
tists now agree that, despite year-to-year ups and downs of temperature that
necessitate complicated analyses to extract warming trends, the atmosphere
really has been undergoing an unusually rapid rise in temperature recently,
and that human activities are the or a major cause. The remaining uncer-
tainties mainly concern the future expected magnitude of the effect: e.g.,
whether average global temperatures will increase by “just” 1.5 degrees
Centigrade or by 5 degrees Centigrade over the next century. Those num-
bers may not sound like a big deal, until one reflects that average global
temperatures were “only” 5 degrees cooler at the height of the last Ice Age.

While one might at first think that we should welcome global warming
on the grounds that warmer temperatures mean faster plant growth, it
turns out that global warming will produce both winners and losers. Crop
yields in cool areas with temperatures marginal for agriculture may indeed
increase, while crop yields in already warm or dry areas may decrease. In
Montana, California, and many other dry climates, the disappearance of
mountain snowpacks will decrease the water available for domestic uses,
and for irrigation that actually limits crop yields in those areas. The rise in
global sea levels as a result of snow and ice melting poses dangers of flood-
ing and coastal erosion for densely populated low-lying coastal plains and
river deltas already barely above or even below sea level. The areas thereby
threatened include much of the Netherlands, Bangladesh, and the seaboard
of the eastern U.S., many low-lying Pacific islands, the deltas of the Nile and
Mekong Rivers, and coastal and riverbank cities of the United Kingdom
(e.g., London), India, Japan, and the Philippines. Global warming will also
produce big secondary effects that are difficult to predict exactly in advance
and that are likely to cause huge problems, such as further climate changes
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The remaining two problems involve the increase in .rcamm population; :

11, The world’s human population is growing. More people require

more fo
od, space, water, energy, and other resources, Rates and even the dj

%M_%.:w& human population change vary greatly around the world with
..Hr. Mm% nmmmﬁm of population growth (4% per year or higher) in .moBa
1rd World countries, low rates of v
. ) growth (1% per year or less) i
First World countries such as Ital . ot e
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. . 3 H
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12. What really counts is not the number of people alone, but thejr |
pact on Sa. environment, If most of the world’s 6 billion wao_.&o toda nst-
In cryogenic storage and neijther eating, breathing, nor Bog&omn_.bw ﬁm.zm
large population would cause no environmental problems, Fﬁmmw X

. our
numbers pose problems insofar as we ¢ ,

onsume resources and generate
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wastes. That per-capita impact—the resources consumed, and the wastes
put out, by each person—varies greatly around the world, being highest in
the First World and lowest in the Third World. On the average, each citizen
of the U.S., western Europe, and Japan consumes 32 times more resources
such as fossil fuels, and puts out 32 times more wastes, than do inhabitants
of the Third World (Plate 35).

But low-impact people are becoming high-impact people for two rea-
sons: rises in living standards in Third World countries whose inhabitants
see and covet First World lifestyles; and immigration, both legal and illegal,
of individual Third World inhabitants into the First World, driven by politi-
cal, economic, and social problems at home. Immigration from low-impact
countries is now the main contributor to the increasing populations of the
U.S. and Eyrope. By the same token, the overwhelmingly most important
human population problem for the world as a whole is not the high rate of
population increase in Kenya, Rwanda, and some other poor Third World
countries, although that certainly does pose a problem for Kenya and
Rwanda themselves, and although that is the population problem most dis-
cussed. Instead, the biggest problem is the increase in total human impact,
as the result of rising Third World living standards, and of Third World
individuals moving to the First World and adopting First World living
standards.

There are many “optimists” who argue that the world could support
double its human population, and who consider only the increase in human
numbers and not the average increase in per-capita impact. But I have not
met anyone who seriously argues that the world could support 12 times its
current impact, although an increase of that factor would result from all
Third World inhabitants adopting First World living standards. (That factor
of 12 is less than the factor of 32 that I mentioned in the preceding para-
graph, because there are already First World inhabitants with high-impact
lifestyles, although they are greatly outnumbered by Third World inhabi-
tants.) Even if the people of China alone achieved a First World living stan-
dard while everyone else’s living standard remained constant, that would
double our human impact on the world (Chapter 12).

People in the Third World aspire to First World living standards. They
develop that aspiration through watching television, seeing advertisements
for First World consumer products sold in their countries, and observing
First World visitors to their countries. Even in the most remote villages and
refugee camps today, people know about the outside world. Third World

citizens are encouraged in that aspiration by First World and United



Nations development agencies, which hold out to them the prospect of 3
achieving their dream if they will only adopt the right policies, like balancing:
their national budgets, investing in education and infrastructure, and so on,
But no one at the UN. or in First World governments is willing to ac- :
knowledge the dream’s impossibility: the unsustainability of a world in which
the Third World’s large population were to reach and maintain current First
World living standards. It is impossible for the First World to resolve that
dilemma by blocking the Third World’s efforts to catch up: South Korea,
Malaysia, Singapore, Hong Kong, Taiwan, and Mauritius have already suc-
ceeded or are close to success; China and India are progressing rapidly by
their own efforts; and the 15 rich Western European countries making up
the European Union have just extended Union membership to 10 poorer
countries of Eastern Europe, in effect thereby pledging to help those 10
countries catch up. Even if the human populations of the Third World did
not exist, it would be impossible for the First World alone to maintain its
present course, because it is not in a steady state but is depleting its own re-
sources as well as those imported from the Third World, At present, it is un-
tenable politically for First World leaders to propose to their own citizens
that they lower their living standards, as measured by lower resource con-
sumption and waste production rates. What will happen when it finally
dawns on all those people in the Third World that current First World stan-
dards are unreachable for them, and that the First World refuses to abandon
those standards for itself? Life is full of agonizing choices based on trade-
offs, but that’s the cruelest trade-off that we shall have to resolve: encourag-
ing and helping all people to achieve a higher standard of living, without
thereby undermining that standard through _o<man&§m global resources,

I have described these 12 sets of problems as separate from each other. In
fact, they are linked: one problem exacerbates another or makes its solution
more difficult. For example, human population growth affects all 11 other
problems: more people means more deforestation, more toxic chemicals,
more demand for wild fish, etc, The energy problem is linked to other prob-
lems because use of fossil fuels for energy contributes heavily to greenhouse
gases, the combating of soil fertility losses by using synthetic fertilizers re-
quires energy to make the fertilizers, fossil fuel scarcity increases our inter-
est in nuclear energy which poses potentially the biggest “toxic” problem of
all in case of an accident, and fossil fuel scarcity also makes it more expen-
sive to solve our freshwater problems by using energy to desalinize ocean
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tion problems abound in both the modern world and the ancient world.
The examples include the recent genocides in Rwanda, Burundi, and the
former Yugoslavia; war, civil war, or guerrilla war in the modern Sudan,
Philippines, and Nepal, and in the ancient Maya homeland; cannibalism on
prehistoric Easter Island and Mangareva and among the ancient Anasazi;
starvation in many modern African countries and on prehistoric Easter Is-
land; the AIDS epidemic already in Africa, and incipiently elsewhere; and
the collapse of state government in modern Somalia, the Solomon Islands,
: and Haiti, and among the ancient Maya. An outcome less drastic than a
worldwide collapse might “merely” be the spread of Rwanda-like or Haiti-
like conditions to many more developing countries, while we First World
inhabitants retain many of our First World amenities but face a future with
which we are unhappy, beset by more chronic terrorism, wars, and disease

outbreaks. But it is doubtful that the First World could retain its separate
lifestyle in the face of desperate waves of immigrants fleeing from collapsing
Third World countries, in numbers much larger than the current unstop-
pable influx. I'm reminded again of how I picture the end of Gardar Cathe-
dral Farm and its splendid cattle barn on Greenland, overwhelmed by the
influx of Norse from poorer farms where all the livestock had died or been
eaten.

But before we let ourselves give way to this one-sidedly pessimistic sce-
nario, let’s examine further the problems facing us, and their complexities.
This will bring us, I feel, to a position of cautious optimism.

To make the preceding discussion less abstract, I shall now illustrate how
those dozen environmental problems affect lifestyles in the part of the
world with which I am most familiar: the city of Los Angeles in Southern
California, where I live, After growing up on the East Coast of the United
States and living for several years in Europe, I first visited California in
1964. It immediately appealed to me, and I moved here in 1966.

Thus, I have seen how Southern California has changed over the last 39
years, mostly in ways that make it less appealing. By world standards, South-
ern California’s environmental problems are relatively mild. Jokes of East
Coast Americans to the contrary, this is not an area at imminent risk of a
societal collapse. By world standards and even by U.S. standards, its human
‘population is exceptionally rich and environmentally educated. Los Angeles
is well known for some problems, especially its smog, but most of its envi-
ronmental and population problems are modest or typical compared to
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those of other leading Fir iti
v of o mm%cwmeum%wz M.Wmm. How do those problems affect the®
. The complaints voiced by virtually everybody in Los Angeles are tho
&an« related to our growing and already high population: our Enﬁm_uwo
traffic jams; the very high price of housing (Plate 36), as a result of millio o
of wwow_o working in a few centers of employment, and only limited Hmdu
dential space near those centers; and, as a consequence, the long &&munz-
wm up ﬂ.o two hours and 60 miles one way, over which people commute d My
in their cars between home and work. Los Angeles became the U.S M. .
with the worst traffic in 1987 and has remained so every year &:nm EMW
Everyone recognizes that these problems w%m‘mo:a: worse within the ymmm
decade. They are now the biggest single factor hurting the ability of L
Vsm&am employers to attract and retain employees, and they affect our s&wm
Ingness to drive to events and to visit friends. For the 12-mile trip from ,
roEm to downtown Los Angeles or its airport, I now allow an hour mEM
15 minutes. The average Angeleno spends 368 hours per year, or the e E%
_Q.: om.mmmas 24-hour days, commuting to and from work s.&voﬁ anm.w-
ering time spent driving for other purposes (Plate 37). , -
No cure is even under serious discussion for these problems, which will
o.:? get worse. Such highway construction as is now proposed oﬁ. under wa
aims only at smoothing a few of the tightest points of congestion and ;M
be overwhelmed by the increasing number of cars. There is no end in &S ht
to how m.:munr worse Los Angeles’s problems of congestion will become Mm-
cause EESJW of people put up with far worse traffic in other cities mom ex
ample, my friends in Bangkok, the capital of Thailand, now carry a . ort E.
small chemical toilet in their car because travel can be so ?owo:ﬁ& . M
slow; they once set off to go out of town on a holiday weekend vEm m<nm=
ms.a returned home after 17 hours, when they had advanced o&m th -
miles through the traffic jam. While there are optimists who QGF:WE Hn
abstract why increased population will be good and how the world can :
8880.%8 it, I have never met an Angeleno (and very few people mMnH
where in the world) who personally expressed a desire for m%naammﬁ
population in the area where he or she personally lived. n
.Hr.m contribution of Southern California to the ongoing increase in th
world’s average per-capita human impact, as a result of transfers of peo wa
w..oB. the Third World to the First World, has for years been the Eoﬁm w :
sive issue in California politics. California’s population growth is mnnm_um” N-
ing, m:.m almost entirely to immigration and to the large average family si s
of the immigrants after their arrival. The border between Om:moS»M HM
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Mexico is long and impossible to patrol effectively against people from Cen-
tral America seeking to immigrate here illegally in search of jobs and per-
sonal safety, Every month, one reads of would-be immigrants dying in the
desert or being robbed or shot, but that does not deter them. Other illegal
immigrants come from as far away as China and Central Asia, in ships that
unload them just off the coast. California residents are of two minds about
all those Third World immigrants seeking to come here to attain the Firs:
World lifestyle. On the one hand, our economy is utterly dependent on
them to fill jobs in the service and construction industries and on farms. On
the other hand, California residents complain that the immigrants compete
with unemployed residents for many jobs, depress wages, and burden our
already overcrowded hospitals and public education system. A measure
(Proposition 187) on the 1994 state election ballot, overwhelmingly ap-
proved by voters but then gutted by the courts on constitutional grounds,

- would have deprived illegal immigrants of most state-funded benefits. No

California resident or elected official has suggested a practical solution
to the long-standing contradiction, reminiscent of Dominicans’ attitude
towards Haitians, between needing immigrants as workers and otherwise
resenting their presence and their own needs.

Southern California is a leading contributor to the energy crisis. Our
city’s former network of electric streetcars collapsed in bankruptcies in the
1920s and 1930s, and the rights of way were bought up by automobile man-
ufacturers and subdivided so as to make it impossible to rebuild the net-
work (which competed with automobiles). Angelenos’ preference for living
in houses rather than in high-rise apartments, and the long distances and
diverse routes over which employees working in any given district com-
mute, have made it impossible to design systems of public transportation
that would satisfy the needs of most residents. Hence Los Angelenos are de-
pendent on motorcars.

Our high gas consumption, the mountains ringing much of the Los An-
geles basin, and prevailing wind directions generate the smog problem that
is our city’s most notorious drawback (Plate 38). Despite progress in com-
bating smog in recent decades, and despite seasonal variation (smog worst
in the late summer and early autumn) and local variation (smog generally
worse as one precedes inland), Los Angeles on the average continues to rank
“near the bottom of American cities for air quality. After years of improve-

ment, our air quality has again been deteriorating in recent years. Another
toxic problem that affects lifestyle and health is the spread of the disease-
causing organism giardia in California’s rivers and lakes over the last several
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obody has figured out a method to ensure that technology will yield only
lincreasingly environment-friendly effects and products (e.g., hybrid cars),

ithout also yielding environment-unfriendly effects and products (e.g.,

-SUVs).

Another example of faith in switching and substitution is the hope that

renewable energy sources, such as wind and solar energy, may solve the en-
ergy crisis. These technologies do indeed exist; many Californians now use
solar energy to heat their swimming pools, and wind generators are already
supplying about one-sixth of Denmark’s energy needs. However, wind and
solar energy have limited applicability because they can be used only at lo-
cations with'reliable winds or sunlight. In addition, the recent history of
technology shows that conversion times for adoption of major switches—
e.g., from candles to oil lamps to gas lamps to electric lights for lighting, or
from wood to coal to petroleum for energy—require several decades, be-
cause so many institutions and secondary technologies associated with the
former technology have to be changed. It is indeed likely that energy
sources other than fossil fuels will make increasing contributions to our
motor transport and energy generation, but this is a long-term prospect.
We'll also need to solve our fuel and energy problems for the next several

decades, before new technologies become widespread. All too often, a focus
by politicians or industries on the promise of hydrogen cars and wind en-
ergy for the distant future distracts attention from all the obvious measures
needed right now to decrease driving and fuel consumption by existing
cars, and to decrease consumption by fossil fuel generating plants.

“There really isn’t a world food problem; there is already enough food; we
only need to solve the transportation problem of distributing that food to places
that need it” (The same thing could be said for energy.) Or else: “The
world’s food problem is already being solved by the Green Revolution, with its
new high-yield varieties of rice and other crops, or else it will be solved by ge-
netically modified crops.” This argument notes two things: that First World
citizens enjoy on the average greater per-capita food consumption than do
Third World citizens; and that some First World countries, such as the
United States, do or can produce more food than their citizens consume, If

food consumption could be equalized over the world, or if surplus First
World food could be exported to the Third World, might that alleviate
Third World starvation?

The obvious flaw in the first half of this argument is that First World
citizens show no interest in eating less, in order that Third World citizens
could eat more. The flaw in the second half of the argument is that, while
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you have been experiencing a net cash drain of $200 per month for the last
several years, and at that rate you have just two years and one month left be-
fore you have to file for bankruptcy. The same principle holds for our
national economy, and for environmental and population trends. The pros-
perity that the First World enjoys at present is based on spending down
its environmental capital in the bank (its capital non-renewable energy

sources, fish stocks, topsoil, forests, etc.). Spending capital should not be
misrepresented as making money. It makes no sense to be content with our
present comfort when it is clear that we are currently on a non-sustainable
course.
In fact, one of the main lessons to be learned from the collapses of the
Maya, Anasazi, Easter Islanders, and those other past societies (as well as
from the recent collapse of the Soviet Union) is that a society’s steep decline
may begin only a decade or two after the society reaches its peak numbers,
wealth, and power. In that respect, the trajectories of the societies that we
have discussed are unlike the usual courses of individual human lives, which
decline in a prolonged senescence. The reason is simple: maximum popula-
tion, wealth, resource consumption, and waste production mean maximum
environmental impact, approaching the limit where impact outstrips re-
sources. On reflection, it'’s no surprise that declines of societies tend to fol-
low swiftly on their peaks.
“Look at how many times in the past the gloom-and-doom predictions of
fearmongering environmentalists have proved wrong. Why should we believe
_them this time?” Yes, some predictions by environmentalists have proved in-
correct, favorite examples of critics being a prediction made in 1980 by Paul
" Ehrlich, John Harte, and John Holdren about rises in prices of five metals,
and predictions made in the Club of Rome forecast of 1972, But it is mis-
leading to look selectively for environmentalist predictions that proved
wrong, and not also to look for environmentalist predictions that proved
right, or anti-environmentalist predictions that proved wrong. There is an
abundance of errors of the latter sort: e.g., overly optimistic predictions that
the Green Revolution would already have solved the world’s hunger prob-
lems; the prediction of the economist Julian Simon that we could feed the
world’s population as it continues to grow for the next 7 billion years; and
Simon's prediction “Copper can be made from other elements” and thus
there is no risk of a copper shortage. As regards the first of Simon’s two pre-
dictions, continuation of our current population growth rate would yield
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¢ doing obviously dumb things, like cutting down their forests, overharvest-

ing wild animal sources of their protein, watching their topsoil erode away,
and building cities in dry areas likely to run short of water. They had foolish
leaders who didn’t have books and so couldn’t learn from history, and who
embroiled them in expensive and destabilizing wars, cared only about stay-
ing in power, and didn’t pay attention to problems at home. They got over-
whelmed by desperate starving immigrants, as one society after another
collapsed, sending floods of economic refugees to tax the resources of the
societies that weren’t collapsing. In all those respects, we moderns are fun-
damentally different from those primitive ancients, and there is nothing
that we could learn from them. Especially we in the U.S,, the richest and
most powerful country in the world today, with the most productive envi-
ronment and wise leaders and strong loyal allies and only weak insignificant
enemies—none of those bad things could possibly apply to us.”

Yes, it’s true that there are big differences between the situations of those
past societies and our modern situation today. The most obvious difference
is that there are far more people alive today, packing far more potent tech-
nology that impacts the environment, than in the past. Today we have over
6 billion people equipped with heavy metal machinery such as bulldozers
and nuclear power, whereas the Easter Islanders had at most a few tens of
thousands of people with stone chisels and human muscle power. Yet the
Easter Islanders still managed to devastate their environment and bring
their society to the point of collapse. That difference greatly increases,
rather than decreases, the risks for us today.

A second big difference stems from globalization. Leaving out of this
discussion for the moment the question of environmental problems within
the First World itself, let’s just ask whether the lessons from past collapses
might apply anywhere in the Third World today. First ask some ivory-tower
academic ecologist, who knows a lot about the environment but never reads
a newspaper and has no interest in politics, to name the overseas countries
facing some of the worst problems of environmental stress, overpopulation,
or both. The ecologist would answer: “That’s a no-brainer, it’s obvious. Your

list of environmentally stressed or overpopulated countries should surely

include Afghanistan, Bangladesh, Burundi, Haiti, Indonesia, Iraq, Madagas-
car, Mongolia, Nepal, Pakistan, the Philippines, Rwanda, the Solomon Is-
lands, and Somalia, plus others” (map, p. 497).

Then go ask a First World politician, who knows nothing and cares less
about the environment and population problems, to name the world’s
worst trouble spots: countries where state government has already been
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overwhelmed and has collapsed, or is now at risk of collapsing, or has been
wracked by recent civil wars; and countries that, as a result of those prob-
lems of their own, are also creating problems for us rich First World coun-
tries, which may end up having to provide foreign aid for them, or may face
illegal immigrants from them, or may decide to provide them with military
assistance to deal with rebellions and terrorists, or may even have to send in

our own troops. The politician would answer, “That’s a no-brainer, it’s obvi- -

ous. Your list of political trouble spots should surely include Afghanistan,
Bangladesh, Burundi, Haiti, Indonesia, Iraq, Madagascar, Mongolia, Nepal,
Pakistan, the Philippines, Rwanda, the Solomon Islands, and Somalia, plus
others.”

Surprise, surprise: the two lists are very similar. The connection between
the two lists is transparent: it’s the problems of the ancient Maya, Anasazi,
and Easter Islanders playing out in the modern world. Today, just as in the
past, countries that are environmentally stressed, overpopulated, or both
become at risk of getting politically stressed, and of their governments col-
lapsing. When people are desperate, undernourished, and without hope,
they blame their governments, which they see as responsible for or unable
to solve their problems. They try to emigrate at any cost. They fight each
other over land. They kill each other. They start civil wars. They figure that
they have nothing to lose, so they become terrorists, or they support or tol-
erate terrorism,

The results of these transparent connections are genocides such as
the ones that already exploded in Bangladesh, Burundi, Indonesia, and
Rwanda; civil wars or revolutions, as in most of the countries on the lists;
calls for the dispatch of First World troops, as to Afghanistan, Haiti, Indone-
sia, Iraq, the Philippines, Rwanda, the Solomon Islands, and Somalia; the
collapse of central government, as has already happened in Somalia and the
Solomeon Islands; and overwhelming poverty, as in all of the countries on
these lists. Hence the best predictors of modern “state failures”—i.e., revo-
lutions, violent regime change, collapse of authority, and genocide—prove
to be measures of environmental and population pressure, such as high in-

fant mortality, rapid population growth, a high percentage of the popula-
tion in their late teens and 20s, and hordes of unemployed young men
without job prospects and ripe for recruitment into militias. Those pres-
sures create conflicts over shortages of land (as in Rwanda), water, forests;
fish, oil, and minerals. They create not only chronic internal conflict, but
also emigration of political and economic refugees, and wars between coun-
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der to divert popular attention from interna
In short, it is not a question open for debate whether the collapses of

past societies have modern parallels and offer any lessons to us. That ques-
tion is settled, because such collapses have actually been rﬁ.uvnmpsm Snns&\”
and others appear to be imminent. Instead, the real question is how many
ies will undergo them.
Bownmuﬂwﬁnﬂwonm? you nm%z object that many of the political 5:&29&
suicide bombers, and 9/11 terrorists were educated 8& moneyed S::__
than uneducated and desperate. That’s true, but EQ still m.%ns%w 9‘“_ i
desperate society for support and toleration. Any on.aQ has :m mur Qc,,“ ¢
fanatics; the U.S. produced its own Timothy Zn<m_m~.~ m.:& .:m ﬂm?m:;
educated Theodore Kaczinski. But well-nourished societies wmmM:m%ow:\
job prospects, like the U.S., Finland, and South Korea, don’t offer broac
ir fanatics.
mcvm.wmﬁ mhwmam of all these environmentally devastated, o<2.womEuﬂM>w
distant countries become our own problems because of m_o_uw_ﬁmcon. |
are accustomed to thinking of globalization in terms of us rich m%m:nw
First Worlders sending our good things, such as the FSEQ and Oonm-n% 3
to those poor backward Third Worlders. m:ﬁ.m_og_ﬁwcos means nothin
more than improved worldwide communications, .2?9 can nost man
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i the First to the Third World. .
a~om>”w=womm things transported from the First World to a.mé_ow::
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grasp the worldwide scale of cnmsﬁanao.s& garbage Qmumwo.:. no_wm_ er o
garbage collected on the beaches of tiny Oeno wum Ucna Atolls _.sr
Southeast Pacific Ocean (see map on p. 122): uninhabited ﬁom.f withot
freshwater, rarely visited even by yachts, and among the Soaam.aomﬁ. re
mote bits of land, each over a hundred miles even ?o.a remote uninhabite
Henderson Island. Surveys there detected, for each _Eamﬂ yard of Wmmnwr%.
the average one piece of garbage, which must rm.<a az.?& from ships %_ p;.
from Asian and American countries on the mwn_mn. Rim thousands o 5\ i A
distant. The commonest items proved to be plastic bags, buoys, glass «
plastic bottles (especially Suntory whiskey bottles from vasv,.ﬁown_ m%ow
and lightbulbs, along with oddities such as footballs, toy soldiers and ai
planes, bike pedals, and screwdrivers.



A more sinister example of bad things transported from the First World
to developing countries is that the highest blood levels of toxic industrial
chemicals and pesticides reported for any people in the world are for East-
ern Greenland’s and Siberia’s Inuit people (Eskimos), who are also among
the most remote from sites of chemical manufacture or heavy use. Their
blood mercury levels are nevertheless in the range associated with acute
mercury .vomwoism. while the levels of toxic PCBs (polychlorinated bi-
phenyls) in Inuit mothers breast milk fall in a range high enough to classify
.ﬁrm milk as “hazardous waste.” Effects on the women’s babies include hear-
ing loss, altered brain development, and suppressed immune function
hence high rates of ear and respiratory infections. .

..<<5 should levels-of these poisonous chemicals from remote industrial
nations of the Americas and Europe be higher in the Inuit than even in ur-
ban Americans and Europeans? It’s because staples of the Inuit diet are
whales, seals, and seabirds that eat fish, molluscs, and shrimp, and the
chemicals become concentrated at each step as they pass up this mo.oa chain |
All A.um us in the First World who occasionally consume seafood are also 5..
gesting these chemicals, but in smaller amounts. (However, that doesn’t
mean that you will be safe if you stop eating seafood, because you now can’t
avoid ingesting such chemicals no matter what you eat,)

Still other bad impacts of the First World on the Third World include
deforestation, Japan’s imports of wood products currently being a leading
cause of deforestation in the tropical Third World; and overfishing, due to
fishing fleets of Japan, Korea, Taiwan and the heavily subsidized mammm of the
mcwownm: Union scouring the world’s oceans. Conversely, people in the
Third World can now, intentionally or unintentionally, send us their own
v.ma things: their diseases like AIDS, SARS, cholera, and West Nile fever, car-
ried inadvertently by passengers on transcontinental airplanes; E;SE.qun
numbers of legal and illegal immigrants arriving by boat, truck, train
plane, and on foot; terrorists; and other consequences of their Third <<oznm
Eo.Emb. We in the U.S. are no longer the isolated Fortress America to
which some of us aspired in the 1930s; instead, we are tightly and irre-
versibly connected to overseas countries. The U.S. is the world’s leading im-
porter nation: we import many necessities (especially oil and some rare
metals) and many consumer products (cars and consumer electronics), as
well as being the world’s leading importer of investment capital. We are L_wo
the world’s leading exporter, particularly of food and of our own manufac-

tured products. Our oim, society opted long ago to become interlocked with
the rest of the world,  *
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That's why political instability anywhere in the world now affects us, our
trade routes, and our overseas markets and suppliers. We are so dependent
on the rest of the world that if, 30 years ago, you had asked a politician to
name the countries most geopolitically irrelevant to our interests because of
their being so remote, poor, and weak, the list would surely have begun with
Afghanistan and Somalia, yet they subsequently became recognized as im-
portant enough to warrant our dispatching U.S. troops. Today the world no
longer faces just the circumscribed risk of an Easter Island society or Maya
homeland collapsing in isolation, without affecting the rest of the world. In-
stead, societies today are so interconnected that the risk we face is of a
worldwide decline. That conclusion is familiar to any investor in stock mar-
kets: instability of the U.S. stock market, or the post-9/11 economic down-
turn in the U.S., affects overseas stock markets and economies as well, and
vice versa. We in the U.S. (or else just affluent people in the U.S.) can no
longer get away with advancing our own self-interests, at the expense of the
interests of others.

A good example of a society minimizing such clashes of interest is the
Netherlands, whose citizens have perhaps the world’s highest level of envi-
ronmental awareness and of membership in environmental organizations. ]
never understood why, until on a recent trip to the Netherlands I posed the
question to three of my Dutch friends while driving through their country-
side (Plates 39, 40). Their answer was one that I shall never forget:

“Just look around you here. All of this farmland that you see lies below
sea level. One-fifth of the total area of the Netherlands is below sea level, as
much as 22 feet below, because it used to be shallow bays, and we reclaimed
it from the sea by surrounding the bays with dikes and then gradually
pumping out the water. We have a saying, ‘God created the Earth, but we
Dutch created the Netherlands’ These reclaimed lands are called ‘polders.
We began draining them nearly a thousand years ago. Today, we still have to
keep pumping out the water that gradually seeps in. That’s what our wind-

mills used to be for, to drive the pumps to pump out the polders. Now we
use steam, diesel, and electric pumps instead. In each polder there are lines
of pumps, starting with those farthest from the sea, pumping the water in
sequence until the last pump finally pumps it out into a river or the ocean.
In the Netherlands, we have another expression, ‘You have to be able to get
along with your enemy, because he may be the person operating the neigh-
boring pump in your polder” And we're all down in the polders together. It’s
not the case that rich people live safely up on tops of the dikes while poor
people live down in the polder bottoms below sea level. If the dikes and
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pumps fail, we'll all drown together. When a big storm and high tides swept
inland over Zeeland Province on February 1, 1953, nearly 2,000 Dutch peo-
ple, both rich and poor, drowned. We swore that we would never let that
happen again, and the'whole country paid for an extremely expensive set of
tide barriers. If global warming causes polar ice melting and a world rise in
sea level, the consequences will be more severe for the Netherlands than for
any other country in the world, because so much of our land is already un-
der sea level, That’s why we Dutch are so aware of our environment, We've
learned through our history that we’re all living in the same polder, and that
our survival depends on each other’s survival”

That acknowledged interdependence of all segments of Dutch society
contrasts with current trends in the United States, where wealthy people in-
creasingly seek to insulate themselves from the rest of society, aspire to cre-
ate their own separate virtual polders, use their own money to buy services
for themselves privately, and vote against taxes that would extend those
amenities as public services to everyone else. Those private amenities in-
clude living inside gated walled communities (Plate 36), relying on private
security guards rather than on the police, sending one’s children to well-
funded private schools with small classes rather than to the underfunded
crowded public schools, purchasing private health insurance or medical
care, drinking bottled water instead of municipal water, and (in Southern
California) paying to drive on toll roads competing with the jammed public
freeways. Underlying such privatization is a misguided belief that the elite
can remain unaffected by the problems of society around them: the attitude
of those Greenland Norse chiefs who found that they had merely bought
themselves the privilege of being the last to starve. :

Throughout human history, most peoples have been connected to some
other peoples, living together in small virtual polders. The Easter Islanders
comprised a dozen clans, dividing their island polder into a dozen territo-
ries, and isolated from ‘all other islands, but sharing among clans the Rano
Raraku statue quarry, the Puna Pau pukao quarry, and a few obsidian quar-
ries. As Easter Island society disintegrated, all the clans disintegrated to-
gether, but nobody else in the world knew about it, nor was anybody else
affected. Southeast Polynesia’s polder consisted of three interdependent is-

lands, such that the decline of Mangareva’s society was disastrous also for
the Pitcairn and Henderson Islanders but for no one else. To the ancient
Maya, their polder consisted at most of the Yucatdn Peninsula and neigh-
boring areas. When the Classic Maya cities collapsed in the southern Yu-
catdn, refugees may have reached the northern Yucatan, but certainly not

Florida. In contrast today our whole world has become one polder, mcn.:
that events anywhere affect Americans. When distant moamzw nozm.wmaa. in
went American troops; when the former Yugoslavia and Soviet Union col-
lapsed, out went streams of refugees over all of Europe and the 8%. of the
world; and when changed conditions of society, settlement, and lifestyle
spread new diseases in Africa and Asia, those diseases Boém over ﬁ.rm m.ﬁovm.
The whole world today is a self-contained and isolated unit, as H_wom.:u Hm-
land and Tokugawa Japan used to be. We need to realize, as did a.un Tikopi-
ans and Japanese, that there is no other island/other planet to which we can
turn for help, or to which we can export our problems. Instead, we need to
learn, as they did, to live within our means.

I introduced this section by acknowledging that there are mEuoHS.E differ-
ences between the ancient world and the modern world. The differences
that I then went on to mention—today’s larger population and Bonm.ﬁoﬁoa
destructive technology, and today’s interconnectedness posing n.rm.dww ofa
global rather than a local collapse—may seem to suggest a wmmm—a_mzm out-
look. If the Easter Islanders couldn’t solve their milder local problems in the
past, how can the modern world hope to solve its big global Eoc_m_:mw

People who get depressed at such thoughts often then ,www me, ana.. are
you optimistic or pessimistic about the world’s future?” I answer, I'ma
cautious optimist” By that, [ mean that, on the one hand, I m&ﬁow&&mm the
seriousness of the problems facing us. If we don’t make a determined effort
to solve them, and if we don’t succeed at that effort, the world as a whole
within the next few decades will face a declining standard of living, or per-
haps something worse. That's the reason why I m.aaa& to devote most of
my career efforts at this stage of my life to convincing waov.wm that our prob-
lems have to be taken seriously and won’t go away otherwise. On the other
hand, we shall be able to solve our problems—if we choose to do so. ,H.rmm_m
why my wife and I did decide to have children 17 years ago: because we did
see grounds for hope. .

One basis for hope is that, realistically, we are not beset by insoluble
problems. While we do face big risks, the most serious ones are 5.2 ones v.a-
yond our control, like a possible collision with an asteroid of a size that hits
the Earth every hundred million years or so. Instead, they are ones that we
are generating ourselves. Because we are the cause of our environmental
problems, we are the ones in control of them, and we can nroown or not
choose to stop causing them and start solving them. The future is up for
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grabs, lying in our own hands. We don’t need new technologies to solve our
problems; while new technologies can make some contribution, for the
most part we “just” need the political will to apply solutions already avail-
able. Of course, that’s a big “just” But many societies did find the necessary
political will in the past. Qur modern societies have already found the will
to solve some of our problems, and to achieve partial solutions to others.

Another basis for hope is the increasing diffusion of environmental
thinking among the public around the world, While such thinking has been
with us for a long time, its spread has accelerated, especially since the 1962
publication of Silent Spring. The environmental movement has been gain-
ing adherents at an increasing rate, and they act through a growing diversity
of increasingly effective organizations, not only in the United States and Eu-
rope but also in the Dominican Republic and other developing countries. At
the same time as the environmental movement is gaining strength at an in-
creasing rate, so too are the threats to our environment, That's why I referred
earlier in this book to our situation as that of being in an exponentially ac-
celerating horse race of unknown outcome. It's nejther impossible, nor is it
assured, that our preferred horse will win the race.

What are the choices that we must make if we are now to succeed, and
not to fail? There are many specific choices, of which I discuss examples in
the Further Readings section, that any of us can make as individuals. For
our society as a whole, the past societies that we have examined in this book
suggest broader lessons. Two types of choices seem to me to have been cru-
cial in tipping their outcomes towards success or failure: long-term plan-
ning, and willingness to reconsider core values. On reflection, we can also
recognize the crucial role of these same two choices for the outcomes of our
individual lives,

One of those choices has depended on the courage to practice long-term
thinking, and to make bold, courageous, anticipatory decisions at a time
when problems have become perceptible but before they have reached crisis
proportions. This type of decision-making is the opposite of the short-
term reactive decision-making that too often characterizes our elected
politicians—the thinking that my politically well-connected friend decried
as “90-day thinking,” i.e., focusing only on issues likely to blow up in a crisis
within the next 90 days. Set against the many depressing bad examples of
such short-term decision-making are the encouraging examples of coura-
geous long-term thinking in the past, and in the contemporary world of
NGOs, business, and government. Among past societies faced with the
prospect of ruinous deforestation, Easter Island and Mangareva chiefs

succumbed to their immediate concerns, but Tokugawa shoguns, Inca em-
perors, New Guinea highlanders, and 16th-century German landowners
adopted a long view and reafforested. China’s leaders similarly promoted
reafforestation in recent decades and banned logging of native forests in
1998. Today, many NGOs exist specifically for the purpose of promoting
sane long-term environmental policies. In the business world the American
corporations that remain successful for long times (e.g., Procter and Gam-
ble) are ones that don’t wait for a crisis to force them to reexamine their
policies, but that instead look for problems on the horizon and act before

there is a crisis. I already mentioned Royal Dutch Shell Oil Company as hav-

ing an office devoted just to envisioning scenarios decades off in the future.

Courageous, successful, long-term planning also characterizes some
governments and some political leaders, some of the time. Over the last 30
years a sustained effort by the U.S. government has reduced levels of the six
major air pollutants nationally by 25%, even though our energy consump-
tion and population increased by 40% and our vehicle miles driven in-
creased by 150% during those same decades. The governments of Malaysia,
Singapore, Taiwan, and Mauritius all recognized that their long-term eco-
nomic well-being required big investments in public health to prevent
tropical diseases from sapping their economies; those investments proved to
be a key to those countries’ spectacular recent economic growth. Of the for-
mer two halves of the overpopulated nation of Pakistan, the eastern half
(independent since 1971 as Bangladesh) adopted effective family planning
measures to reduce its rate of population growth, while the western half
(still known as Pakistan) did not and is now the world’s sixth most popu-
lous country. Indonesia’s former environmental minister Emil Salim, and
the Dominican Republic’s former president Joaquin Balaguer, exemplify
government leaders whose concern about chronic environmental dangers
made a big impact on their countries. All of these examples of courageous
long-term thinking in both the public sector and the private sector con-
tribute to my hope.

The other crucial choice illuminated by the past involves the courage to
make painful decisions about values. Which of the values that formerly
served a society well can continue to be maintained under new changed cir-
cumstances? Which of those treasured values must instead be jettisoned
and replaced with different approaches? The Greenland Norse refused to

- jettison part of their identity as a European, Christian, pastoral society, and
. they died as a result. In contrast, Tikopia Islanders did have the courage to

eliminate their ecologically destructive pigs, even though pigs are the sole
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large domestic animal and a principal status symbol of Melanesian soci-
eties. Australia is now in the process of reappraising its identity as a British
agricultural society. The Icelanders and many traditional caste societies of
India in the past, and Montana ranchers dependent on irrigation in recent
times, did reach agreement to subordinate their individual rights to group
interests. They thereby succeeded in managing shared resources and avoid-
ing the tragedy of the commons that has befallen so many other groups.
The government of China restricted the traditional freedom of individual
reproductive choice, rather than let population problems spiral out of con-
trol. The people of Finland, faced with an ultimatum by their vastly more
powerful Russian neighbor in 1939, chose to value their freedom over their
lives, fought with a courage that astonished the world, and won their gam-
ble, even while losing the war. While I was living in Britain from 1958 to
1962, the British people were coming to terms with the outdatedness of
cherished long-held values based on Britain’s former role as the world’s
dominant political, economic, and naval power. The French, Germans, and
other European countries have advanced even further in subordinating to
the European Union their national sovereignties for which they used to
fight so dearly.

All of these past and recent reappraisals of values that I have just men-
tioned were achieved despite being agonizingly difficult. Hence they also
contribute to my hope. They may inspire modern First World citizens with
the courage to make the most fundamental reappraisal now facing us: how
much of our traditional consumer values and First World living standard
can we afford to retain? I already mentioned the seeming political impossi-
bility of inducing First World citizens to lower their impact on the world.
But the alternative, of continuing our current impact, is more impossible,
This dilemma reminds me of Winston Churchill’s response to criticisms of
democracy: “It has been said that Democracy is the worst form of govern-
ment except all those other forms that have been tried from time to time.”
In that spirit, a lower-impact society is the most impossible scenario for our
future—except for all other conceivable scenarios.

Actually, while it won’t be easier to reduce our impact, it won’t be im-
possible either. Remember that impact is the product of two factors: popu-
lation, multiplied times impact per person. As for the first of those two
factors, population growth has recently declined drastically in all First
World countries, and in many Third World countries as well—including
China, Indonesia, and Bangladesh, with the world’s largest, fourth largest,
and ninth largest populations respectively. Intrinsic population growth in
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Japan and Italy is already below the replacement rate, such that their exist-
ing populations (i.e., not counting immigrants) will soon begin shrinking.
As for impact per person, the world would not even have to decrease its cur-
rent consumption rates of timber products or of seafood: those rates could
be sustained or even increased, if the world’s forests and fisheries were
properly managed.

My remaining cause for hope is another consequence of the globalized
modern world’s interconnectedness. Past societies lacked archaeologists and
television. While the Easter Islanders were busy deforesting the highlands of
their overpopulated island for agricultural plantations in the 1400s, they
had no way of knowing that, thousands of miles to the east and west at the
same time, Greenland Norse society and the Khmer Empire were simulta-
neously in terminal decline, while the Anasazi had collapsed a few centuries
earlier, Classic Maya society a few more centuries before that, and Myce-
nean Greece 2,000 years before that. Today, though, we turn on our tele-
vision sets or radios or pick up our newspapers, and we see, hear, or read
about what happened in Somalia or Afghanistan a few hours earlier. Our
television documentaries and books show us in graphic detail why the
Easter Islanders, Classic Maya, and other past societies collapsed. Thus, we
have the opportunity to learn from the mistakes of distant peoples and past
peoples. That's an opportunity that no past society enjoyed to such a de-
gree. My hope in writing this book has been that enough people will choose
to profit from that opportunity to make a difference.



