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To
Jack and Ann Hirschy,
Jill Hirschy Eliel and John Eliel,
Joyce Hirschy McDowell,
Dick (1929-2003) and Margy Hirschy,
and their fellow Montanans:
guardians of Montana's big sky

I met a traveler from an antique land Who said:
"Two vast and trunkless legs of stone Stand in the
desert. Near them, on the sand, Half sunk, a
shattered visage lies, whose frown, And wrinkled
lip and sneer of cold command, Tell that its
sculptor well those passions read, Which yet
survive, stampt on these lifeless things, The hand
that mockt them and the heart that fed: And on
the pedestal these words appear: 'My name is
Ozymandias, king of kings: Look on my works,
ye Mighty, and despair!' Nothing beside remains.
Round the decay Of that colossal wreck,
boundless and bare The lone and level sands
stretch far away."
"Ozymandias," by Percy Bysshe Shelley (1817)

CONTENTS

List of Maps

xiu

Prologue: A Tale of Two Farms
1
Two farms « Collapses, past and present » Vanished Edens? A
five-point framework Businesses and the environment The
comparative method Plan of the book
PartOne: MODERN MONTANA

25

Chapter 1: Under Montana's Big Sky
27
Stan Falkow's story « Montana and me Why begin with
Montana? Montana's economic history Mining • Forests
Soil Water «» Native and non-native species Differing visions »
Attitudes towards regulation • Rick Laible's story Chip Pigman's
story » Tim Huls's story John Cook's story Montana, model of
the world *
PartTwo: PAST SOCIETIES

77

Chapter 2: Twilight at Easter
The quarry's mysteries « Easter's geography and history People
and food * Chiefs, clans, and commoners Platforms and statues
Carving, transporting, erecting The vanished forest
Consequences for society Europeans and explanations Why
was Easter fragile? Easter as metaphor •

79

Chapter 3: The Last People Alive: Pitcairn and Henderson Islands 120
Pitcairn before the Bounty Three dissimilar islands » Trade
The movie's ending *
Chapter 4: The Ancient Ones: The Anasazi and Their Neighbors 136
Desert farmers • Tree rings * Agricultural strategies * Chaco's
problems and packrats • Regional integration Chaco's decline and
end * Chaco's message

X

Contents

Chapter 5: The Maya Collapses
Mysteries of lost cities The Maya environment Maya
agriculture Maya history Copan * Complexities of
collapses Wars and droughts Collapse in the southern
lowlands The Maya message

157

Chapter 6: The Viking Prelude and Fugues
178
Experiments in the Atlantic The Viking explosion
Autocatalysis Viking agriculture Iron Viking chiefs Viking
religion Orkneys, Shetlands, Faeroes Iceland's environment
Iceland's history Iceland in context Vinland
Chapter 7: Norse Greenland's Flowering
211
Europe's outpost Greenland's climate today Climate in the past
Native plants and animals « Norse settlement Farming
Hunting and fishing An integrated economy Society Trade
with Europe * Self-image
Chapter 8: Norse Greenland's End
248
Introduction to the end Deforestation » Soil and turf damage
The Inuit's predecessors Inuit subsistence Inuit/Norse relations
* The end Ultimate causes of the end «
Chapter 9: Opposite Paths to Success
Bottom up, top down New Guinea highlands Tikopia
Tokugawa problems Tokugawa solutions Why Japan
succeeded Other successes

277

Part Three: MODERN SOCIETIES

309

Chapter 10: Malthus in Africa: Rwanda's Genocide
A dilemma Events in Rwanda * More than ethnic hatred
Buildup in Kanama Explosion in Kanama Why it happened

311

Chapter 11: One Island, Two Peoples, Two Histories:
The Dominican Republic and Haiti
Differences * Histories Causes of divergence * Dominican
environmental impacts Balaguer The Dominican
environment today The future

329

Contents

xi

Chapter 12: China, Lurching Giant
358
China's significance Background Air, water, soil Habitat,
species, megaprojects Consequences Connections The future
•
Chapter 13: "Mining" Australia
378
Australia's significance * Soils Water Distance Early history
E
Imported values Trade and immigration Land degradation •
Other environmental problems Signs of hope and change
Part Four: PRACTICAL LESSONS

417

Chapter 14: Why Do Some Societies Make Disastrous
Decisions?
Road map for success Failure to anticipate Failure to perceive
Rational bad behavior Disastrous values Other irrational
failures Unsuccessful solutions • Signs of hope «
Chapter 15: Big Businesses and the Environment:
Different Conditions, Different Outcomes
Resource extraction « Two oil fields » Oil company motives
Hardrock mining operations * Mining company motives •
Differences among mining companies The logging industry «
Forest Stewardship Council The seafood industry Businesses
and the public »

419

441

Chapter 16: The World as a Polder: What Does It All Mean
to Us Today?
486
Introduction The most serious problems • If we don't solve them
... Life in Los Angeles • One-liner objections The past and the
present Reasons for hope

Acknowledgments
Further Readings
Index
Illustration Credits

'

526
529
561
576

LIST OF MAPS

The World: Prehistoric, Historic, and Modern Societies
Contemporary Montana
The Pacific Ocean, the Pitcairn Islands, and Easter Island

4-5
31
84-85

The Pitcairn Islands

122

Anasazi Sites

142

Maya Sites

161

The Viking Expansion

182-183

Contemporary Hispaniola

331

Contemporary China

361

Contemporary Australia

386

Political Trouble Spots of the Modern World;
Environmental Trouble Spots of the Modern World

497

CHAPTER

2

Twilight at Easter
The quarry's mysteries Easter's geography and history People and
food Chiefs, clans, and commoners Platforms and statues
Carving, transporting, erecting The vanished forest
Consequences for society Europeans and explanations
Why was Easter fragile? Easter as metaphor

N

o other site that I have visited made such a ghostly impression on
me as Rano Raraku, the quarry on Easter Island where its famous
gigantic stone statues were carved (Plate 5). To begin with, the island
is the most remote habitable scrap of land in the world. The nearest lands
are the coast of Chile 2,300 miles to the east and Polynesia's Pitcairn Islands
1,300 miles to the west (map, pp. 84-85). When I arrived in 2002 by jet
plane from Chile, my flight took more than five hours, all spent over the
Pacific Ocean stretching endlessly between the horizons, with nothing to see
below us except water. By the time, towards sunset, that the small low speck
that was Easter Island finally did become dimly visible ahead in the twilight,
I had become concerned whether we would succeed in finding the island
before nightfall, and whether our plane had enough fuel to return to Chile if
we overshot and missed Easter. It is hardly an island that one would expect
to have been discovered and settled by any humans before the large swift
European sailing ships of recent centuries.
Rano Raraku is an approximately circular volcanic crater about 600
yards in diameter, which I entered by a trail rising steeply up to the crater
rim from the low plain outside, and then dropping steeply down again
toward the marshy lake on the crater floor. No one lives in the vicinity today. Scattered over both the crater's outer and inner walls are 397 stone statues, representing in a stylized way a long-eared legless human male torso,
mostly 15 to 20 feet tall but the largest of them 70 feet tall (taller than the
average modern 5-story building), and weighing from 10 up to 270 tons.
The remains of a transport road can be discerned passing out of the crater
through a notch cut into a low point in its rim, from which three more
transport roads about 25 feet wide radiate north, south, and west for up to

9 miles towards Easter's coasts. Scattered along the roads are 97 more statues, as if abandoned in transport from the quarry. Along the coast and occasionally inland are about 300 stone platforms, a third of them formerly
supporting or associated with 393 more statues, all of which until a few decades ago were not erect but thrown down, many of them toppled so as to
break them deliberately at the neck.
From the crater rim, I could see the nearest and largest platform (called
Ahu Tongariki), whose 15 toppled statues the archaeologist Claudio Cristino described to me re-erecting in 1994 by means of a crane capable of lifting 55 tons. Even with that modern machinery, the task proved challenging
for Claudio, because Ahu Tongariki's largest statue weighed 88 tons. Yet
Easter Island's prehistoric Polynesian population had owned no cranes, no
wheels, no machines, no metal tools, no draft animals, and no means other
than human muscle power to transport and raise the statues.
The statues remaining at the quarry are in all stages of completion.
Some are still attached to the bedrock out of which they were being carved,
roughed out but with details of the ears or hands missing. Others are finished, detached, and lying on the crater slopes below the niche where they
had been carved, and still others had been erected in the crater. The ghostly
impression that the quarry made on me came from my sense of being in a
factory, all of whose workers had suddenly quit for mysterious reasons,
thrown down their tools, and stomped out, leaving each statue in whatever
stage it happened to be at the moment. Littering the ground at the quarry
are the stone picks, drills, and hammers with which the statues were being
carved. Around each statue still attached to rock is the trench in which
the carvers stood. Chipped in the rock wall are stone notches on which the
carvers may have hung the gourds that served as their water bottles. Some
statues in the crater show signs of having been deliberately broken or defaced, as if by rival groups of carvers vandalizing one another's products.
Under one statue was found a human finger bone, possibly the result of
carelessness by a member of that statue's transport crew. Who carved the
statues, why did they carve them at such effort, how did the carvers transport and raise such huge stone masses, and why did they eventually throw
them all down?
Easter's many mysteries were already apparent to its European discoverer, the Dutch explorer Jacob Roggeveen, who spotted the island on Easter
Day (April 5, 1722), hence the name that he bestowed and that has remained. As a sailor who had just spent 17 days crossing the Pacific from

Chile in three large European ships without any sight of land, Roggeveen
asked himself: how had the Polynesians greeting him when he landed on
Easter's coast reached such a remote island? We know now that the voyage
to Easter from the nearest Polynesian island to the west would have taken at
least as many days. Hence Roggeveen and subsequent European visitors
were surprised to find that the islanders' only watercraft were small and
leaky canoes, no more than 10 feet long, capable of holding only one or at
most two people. In Roggeveen's words: "As concerns their vessels, these are
bad and frail as regards use, for their canoes are put together with manifold
small planks and light inner timbers, which they cleverly stitched together
with very fine twisted threads, made from the above-named field-plant. But
as they lacked the knowledge and particularly the materials for caulking and
making tight the great number of seams of the canoes, these are accordingly
very leaky, for which reason they are compelled to spend half the time in
bailing." How could a band of human colonists plus their crops, chickens,
and drinking water have survived a two-and-a-half-week sea journey in
such watercraft?
Like all subsequent visitors, including me, Roggeveen was puzzled to
understand how the islanders had erected their statues. To quote his journal
again, "The stone images at first caused us to be struck with astonishment,
because we could not comprehend how it was possible that these people,
who are devoid of heavy thick timber for making any machines, as well as
strong ropes, nevertheless had been able to erect such images, which were
fully 30 feet high and thick in proportion." No matter what had been the exact method by which the islanders raised the statues, they needed heavy
timber and strong ropes made from big trees, as Roggeveen realized. Yet the
Easter Island that he viewed was a wasteland with not a single tree or bush
over 10 feet tall (Plates 6, 7): "We originally, from a further distance, have
considered the said Easter Island as sandy, the reason for that is this, that we
counted as sand the withered grass, hay, or other scorched and burnt vegetation, because its wasted appearance could give no other impression than
of a singular poverty and barrenness." What had happened to all the former
trees that must have stood there?
Organizing the carving, transport, and erection of the statues required a
complex populous society living in an environment rich enough to support
it. The statues' sheer number and size suggest a population much larger
than the estimated one of just a few thousand people encountered by European visitors in the 18th and early 19th centuries: what had happened to the

former large population? Carving, transporting, and erecting statues would
have called for many specialized workers: how were they all fed, when the
Easter Island seen by Roggeveen had no native land animals larger than insects, and no domestic animals except chickens? A complex society is also
implied by the scattered distribution of Easter's resources, with its stone
quarry near the eastern end, the best stone for making tools in the southwest,
the best beach for going out fishing in the northwest, and the best farmland
in the south. Extracting and redistributing all of those products would have
required a system capable of integrating the island's economy: how could it
ever have arisen in that poor barren landscape, and what happened to it?
All those mysteries have spawned volumes of speculation for almost
three centuries. Many Europeans were incredulous that Polynesians, "mere
savages," could have created the statues or the beautifully constructed stone
platforms. The Norwegian explorer Thor Heyerdahl, unwilling to attribute
such abilities to Polynesians spreading out of Asia across the western Pacific,
argued that Easter Island had instead been settled across the eastern Pacific
by advanced societies of South American Indians, who in turn must have
received civilization across the Atlantic from more advanced societies of the
Old World. Heyerdahl's famous Kon-Tiki expedition and his other raft voyages aimed to prove the feasibility of such prehistoric transoceanic contacts,
and to support connections between ancient Egypt's pyramids, the giant
stone architecture of South America's Inca Empire, and Easter's giant stone
statues. My own interest in Easter was kindled over 40 years ago by reading
Heyerdahl's Kon-Tiki account and his romantic interpretation of Easter's
history; I thought then that nothing could top that interpretation for excitement. Going further, the Swiss writer Erich von Daniken, a believer in visits to Earth by extraterrestrial astronauts, claimed that Easter's statues were
the work of intelligent spacelings who owned ultramodern tools, became
stranded on Easter, and were finally rescued.
The explanation of these mysteries that has now emerged attributes
statue-carving to the stone picks and other tools demonstrably littering
Rano Raraku rather than to hypothetical space implements, and to Easter's
known Polynesian inhabitants rather than to Incas or Egyptians. This history is as romantic and exciting as postulated visits by Kon-Tiki rafts or
extraterrestrials—and much more relevant to events now going on in the
modern world. It is also a history well suited to leading off this series of
chapters on past societies, because it proves to be the closest approximation
that we have to an ecological disaster unfolding in complete isolation.

Easter is a triangular island consisting entirely of three volcanoes that arose
from the sea, in close proximity to each other, at different times within
the last million or several million years, and that have been dormant
throughout the island's history of human occupation. The oldest volcano,
Poike, erupted about 600,000 years ago (perhaps as much as 3,000,000 years
ago) and now forms the triangle's southeast corner, while the subsequent
eruption of Rano Kau formed the southwest corner. Around 200,000 years
ago, the eruption of Terevaka, the youngest volcano centered near the triangle's north corner, released lavas now covering 95% of the island's surface.
Easter's area of 66 square miles and its elevation of 1,670 feet are both
modest by Polynesian standards. The island's topography is mostly gentle,
without the deep valleys familiar to visitors to the Hawaiian Islands. Except
at the steep-sided craters and cinder cones, I found it possible almost anywhere on Easter to walk safely in a straight line to anywhere else nearby,
whereas in Hawaii or the Marquesas such a walking path would have
quickly taken me over a cliff.
The subtropical location at latitude 27 degrees south—approximately as
far south of the equator as Miami and Taipei lie north of the equator—gives
Easter a mild climate, while its recent volcanic origins give it fertile soils. By
themselves, this combination of blessings should have endowed the island
with the makings of a miniature paradise, free from the problems besetting
much of the rest of the world. Nevertheless, Easter's geography did pose
several challenges to its human colonists. While a subtropical climate is
warm by the standards of European and North American winters, it is cool
by the standards of mostly tropical Polynesia. All other Polynesian-settled
islands except New Zealand, the Chathams, Norfolk, and Rapa lie closer to
the equator than does Easter. Hence some tropical crops that are important
elsewhere in Polynesia, such as coconuts (introduced to Easter only in modern times), grow poorly on Easter, and the surrounding ocean is too cold for
coral reefs that could rise to the surface and their associated fish and shellfish. As Barry Rolett and I found while tramping around on Teravaka and
Poike, Easter is a windy place, and that caused problems for ancient farmers
and still does today; the wind makes recently introduced breadfruits drop
before they are ripe. Easter's isolation meant, among other things, that it is
deficient not just in coral-reef fish but in fish generally, of which it has only
127 species compared to more than a thousand fish species on Fiji. All of
those geographic factors resulted in fewer food sources for Easter Islanders
than for most other Pacific Islanders.
The remaining problem associated with Easter's geography is its rainfall,

on the average only about 50 inches per year: seemingly abundant by the
standards of Mediterranean Europe and Southern California, but low by
Polynesian standards. Compounding the limitations imposed by that modest
rainfall, the rain that does fall percolates quickly into Easter's porous volcanic
soils. As a consequence, freshwater supplies are limited: just one intermittent
stream on Mt. Teravaka's slopes, dry at the time of my visit; ponds or marshes at
the bottoms of three volcanic craters; wells dug down where the water table is
near the surface; and freshwater springs bubbling up on the ocean bottom just
offshore or between the high-tide and low-tide lines. Nevertheless, Easter
Islanders did succeed in getting enough water for drinking, cooking, and
growing crops, but it took effort.
Both Heyerdahl and von Daniken brushed aside overwhelming evidence that
the Easter Islanders were typical Polynesians derived from Asia rather than from
the Americas, and that their culture (including even their statues) also grew out
of Polynesian culture. Their language was Polynesian, as Captain Cook had
already concluded during his brief visit to Easter in 1774, when a Tahitian man
accompanying him was able to converse with the Easter Islanders. Specifically,
they spoke an eastern Polynesian dialect related to Hawaiian and Marquesan,
and most closely related to the dialect known as Early Mangarevan. Their
fishhooks, stone adzes, harpoons, coral files, and other tools were typically
Polynesian and especially resembled early Marquesan models. Many of their
skulls exhibit a characteristically Polynesian feature known as a "rocker jaw."
When DNA extracted from 12 skeletons found buried in Easter's stone platforms
was analyzed, all 12 samples proved to exhibit a nine-base-pair deletion and
three base substitutions present in most Polynesians. Two of those three base
substitutions do not occur in Native Americans and thus argue against
Heyerdahl's claim that Native Americans contributed to Easter's gene pool.
Easter's crops were bananas, taro, sweet potato, sugarcane, and paper mulberry,
typical Polynesian crops mostly of Southeast Asian origin. Easter's sole
domestic animal, the chicken, was also typically Polynesian and ultimately
Asian, as were even the rats that arrived as stowaways in the canoes of the first
settlers.
The prehistoric Polynesian expansion was the most dramatic burst of
overwater exploration in human prehistory. Until 1200 B.C., the spread of ancient
humans from the Asian mainland through Indonesia's islands to Australia and
New Guinea had advanced no farther into the Pacific than the Solomon Islands
east of New Guinea. Around that time, a seafaring and farming people,
apparently originating from the Bismarck Archipelago northeast of New Guinea,
and producing ceramics known as Lapita-style

pottery, swept nearly a thousand miles across the open oceans east of the
Solomons to reach Fiji, Samoa, and Tonga, and to become the ancestors of
the Polynesians. While Polynesians lacked compasses and writing and metal
tools, they were masters of navigational arts and of sailing canoe technology. Abundant archaeological evidence at radiocarbon-dated sites—
such as pottery and stone tools, remains of houses and temples, food debris,
and human skeletons—testifies to the approximate dates and routes of their
expansion. By around A.D. 1200, Polynesians had reached every habitable
scrap of land in the vast watery triangle of ocean whose apexes are Hawaii,
New Zealand, and Easter Island.
Historians used to assume that all those Polynesian islands were discovered and settled by chance, as a result of canoes full of fishermen happening
to get blown off course. It is now clear, however, that both the discoveries
and the settlements were meticulously planned. Contrary to what one
would expect for accidental drift voyages, much of Polynesia was settled in a
west-to-east direction opposite to that of the prevailing winds and currents,
which are from east to west. New islands could have been discovered by voyagers sailing upwind on a predetermined bearing into the unknown, or
waiting for a temporary reversal of the prevailing winds. Transfers of many
species of crops and livestock, from taro to bananas and from pigs to dogs
and chickens, prove beyond question that settlement was by well-prepared
colonists, carrying products of their homelands deemed essential to the survival of the new colony.
The first expansion wave of Lapita potters ancestral to Polynesians
spread eastwards across the Pacific only as far as Fiji, Samoa, and Tonga,
which lie within just a few days' sail of each other. A much wider gap of
ocean separates those West Polynesian islands from the islands of East Polynesia: the Cooks, Societies, Marquesas, Australs, Tuamotus, Hawaii, New
Zealand, Pitcairn group, and Easter. Only after a "Long Pause" of about
1,500 years was that gap finally breached—whether because of improvements in Polynesian canoes and navigation, changes in ocean currents,
emergence of stepping-stone islets due to a drop in sea level, or just one
lucky voyage. Some time around A.D. 600-800 (the exact dates are debated),
the Cooks, Societies, and Marquesas, which are the East Polynesian islands
most accessible from West Polynesia, were colonized and became in turn
the sources of colonists for the remaining islands. With New Zealand's occupation around A.D. 1200, across a huge water gap of at least 2,000 miles,
the settlement of the Pacific's habitable islands was at last complete.
By what route was Easter itself, the Polynesian island farthest east,

occupied? Winds and currents would probably have ruled out a direct voyage to Easter from the Marquesas, which supported a large population and
do seem to have been the immediate source for Hawaii's settlement. Instead, the jumping-off points for the colonization of Easter are more likely
to have been Mangareva, Pitcairn, and Henderson, which lie about halfway
between the Marquesas and Easter, and the fates of whose populations will
be the story of our next chapter (Chapter 3). The similarity between Easter's
language and Early Mangarevan, the similarity between a Pitcairn statue
and some Easter statues, the resemblances of Easter tool styles to Mangarevan and Pitcairn tool styles, and the correspondence of Easter Island skulls
to two Henderson Island skulls even more closely than to Marquesan skulls
all suggest use of Mangareva, Pitcairn, and Henderson as stepping-stones.
In 1999 the reconstructed Polynesian sailing canoe Hokuk'a succeeded in
reaching Easter from Mangareva after a voyage of 17 days. To us modern
landlubbers, it is literally incredible that canoe voyagers sailing east from
Mangareva could have had the good luck to hit an island only nine miles
wide from north to south after such a long voyage. However, Polynesians
knew how to anticipate an island long before land became visible, from the
flocks of nesting seabirds that fly out over a radius of a hundred miles from
land to forage. Thus, the effective diameter of Easter (originally home to
some of the largest seabird colonies in the whole Pacific) would have been a
respectable 200 miles to Polynesian canoe-voyagers, rather than a mere
nine.
Easter Islanders themselves have a tradition that the leader of the expedition to settle their island was a chief named Hotu Matu'a ("the Great Parent") sailing in one or two large canoes with his wife, six sons, and extended
family. (European visitors in the late 1800s and early 1900s recorded many
oral traditions from surviving islanders, and those traditions contain much
evidently reliable information about life on Easter in the century or so before European arrival, but it is uncertain whether the traditions accurately
preserve details about events a thousand years earlier.) We shall see (Chapter 3) that the populations of many other Polynesian islands remained in
contact with each other through regular interisland two-way voyaging after
their initial discovery and settlement. Might that also have been true of
Easter, and might other canoes have arrived after Hotu Matu'a? Archaeologist Roger Green has suggested that possibility for Easter, on the basis of
similarities between some Easter tool styles and the styles of Mangarevan
tools at a time several centuries after Easter's settlement. Against that possibility, however, stands Easter's traditional lack of dogs, pigs, and some typi-

cal Polynesian crops that one might have expected subsequent voyagers to
have brought if those animals and crops had by chance failed to survive in
Hotu Matu'a's canoe or had died out soon after his arrival. In addition, we
shall see in the next chapter that finds of numerous tools made of stone
whose chemical composition is distinctive for one island, turning up on another island, unequivocally prove interisland voyaging between the Marquesas, Pitcairn, Henderson, Mangareva, and Societies, but no stone of
Easter origin has been found on any other island or vice versa. Thus, Easter
Islanders may have remained effectively completely isolated at the end of
the world, with no contact with outsiders for the thousand years or so separating Hotu Matu'a's arrival from Roggeveen's.
Given that East Polynesia's main islands may have been settled around
A.D. 600-800, when was Easter itself occupied? There is considerable uncertainty about the date, as there is for the settlement of the main islands. The
published literature on Easter Island often mentions possible evidence for
settlement at A.D. 300-400, based especially on calculations of language divergence times by the technique known as glottochronology, and on three
radiocarbon dates from charcoal in Ahu Te Peu, in the Poike ditch, and in
lake sediments indicative of forest clearance. However, specialists on Easter
Island history increasingly question these early dates. Glottochronological
calculations are considered suspect, especially when applied to languages
with as complicated histories as Easter's (known to us mainly through, and
possibly contaminated by, Tahitian and Marquesan informants) and Mangareva's (apparently secondarily modified by later Marquesan arrivals). All
three of the early radiocarbon dates were obtained on single samples dated
by older methods now superseded, and there is no proof that the charcoal
objects dated were actually associated with humans.
Instead, what appear to be the most reliable dates for early occupation of
Easter are the radiocarbon dates of A.D. 900 that paleontologist David
Steadman and archaeologists Claudio Cristino and Patricia Vargas obtained
on wood charcoal and on bones of porpoises eaten by people, from the oldest archaeological layers offering evidence of human presence at Easter's
Anakena Beach. Anakena is by far the best canoe landing beach on the island,
the obvious site at which the first settlers would have based themselves. The
dating of the porpoise bones was done by the modern state-of-the-art radiocarbon method known as AMS (accelerator mass spectrometry), and a socalled marine reservoir correction for radiocarbon dating of bones of
marine creatures like porpoises was roughly estimated. These dates are
likely to be close to the time of first settlement, because they came from

archaeological layers containing bones of native land birds that were exterminated very quickly on Easter and many other Pacific islands, and because
canoes to hunt porpoises soon became unavailable. Hence the current best
estimate of Easter's settlement is somewhat before A.D. 900.

What did the islanders eat, and how many of them were there?
At the time of European arrival, they subsisted mainly as farmers, growing sweet potatoes, yams, taro, bananas, and sugarcane, plus chickens as
their sole domestic animal. Easter's lack of coral reefs or of a lagoon meant
that fish and shellfish made a smaller contribution to the diet than on most
other Polynesian islands. Seabirds, land birds, and porpoises were available
to the first settlers, but we shall see that they declined or disappeared later.
The result was a high-carbohydrate diet, exacerbated by the islanders' compensating for Easter's limited sources of fresh water by copiously drinking
sugarcane juice. No dentist would be surprised to learn that the islanders
ended up with the highest incidence of cavities and tooth decay of any
known prehistoric people: many children already had cavities by age 14, and
everyone did by their 20s.
Easter's population at its peak has been estimated by methods such as
counting the number of house foundations, assuming 5 to 15 people per
house, and assuming one-third of identified houses to have been occupied
simultaneously, or by estimating the numbers of chiefs and their followers
from the numbers of platforms or erected statues. The resulting estimates
range from a low of 6,000 to a high of 30,000 people, which works out to an
average of 90 to 450 people per square mile. Some of the island's area, such
as the Poike Peninsula and the highest elevations, was less suitable for agriculture, so that population densities on the better land would have been
somewhat higher, but not much higher because archaeological surveys
show that a large fraction of the land surface was utilized.
As usual anywhere in the world when archaeologists debate rival estimates for prehistoric population densities, those preferring the lower estimates refer to the higher estimates as absurdly high, and vice versa. My own
opinion is that the higher estimates are more likely to be correct, in part because those estimates are by the archaeologists with the most extensive
recent experience of surveying Easter: Claudio Cristino, Patricia Vargas, Edmundo Edwards, Chris Stevenson, and Jo Anne Van Tilburg. In addition,
the earliest reliable estimate of Easter's population, 2,000 people, was made
by missionaries who took up residence in 1864 just after an epidemic of

smallpox had killed off most of the population. And that was after the kidnapping of about 1,500 islanders by Peruvian slave ships in 1862-63, after
two previous documented smallpox epidemics dating back to 1836, after
the virtual certainty of other undocumented epidemics introduced by regular European visitors from 1770 onwards, and after a steep population crash
that began in the 1600s and that we shall discuss below. The same ship
that brought the third smallpox epidemic to Easter went on to the Marquesas, where the resulting epidemic is known to have killed seven-eighths
of the population. For these reasons it seems to me impossible that the
1864 post-smallpox population of 2,000 people represented the residue of a
pre-smallpox, pre-kidnapping, pre-other-epidemic, pre-17th-century-crash
population of only 6,000 to 8,000 people. Having seen the evidence for intensive prehistoric agriculture on Easter, I find Claudio's and Edmundo's
"high" estimates of 15,000 or more people unsurprising.
That evidence for agricultural intensification is of several types. One
type consists of stone-lined pits 5 to 8 feet in diameter and up to 4 feet deep
that were used as composting pits in which to grow crops, and possibly also
as vegetable fermentation pits. Another type of evidence is a pair of stone
dams built across the bed of the intermittent stream draining the southeastern slope of Mt. Terevaka, in order to divert water onto broad stone platforms. That water diversion system resembles systems for irrigated taro
production elsewhere in Polynesia. Still further evidence for agricultural intensification is numerous stone chicken houses (called hare mod), mostly up
to 20 feet long (plus a few 70-foot monsters), 10 feet wide, and 6 feet high,
with a small entrance near the ground for chickens to run in and out, and
with an adjacent yard ringed by a stone wall to prevent the precious chickens from running away or being stolen. If it were not for the fact that
Easter's abundant big stone hare moa are overshadowed by its even bigger
stone platforms and statues, tourists would remember Easter as the island
of stone chicken houses. They dominate much of the landscape near the
coast, because today the prehistoric stone chicken houses—all 1,233 of
them—are much more conspicuous than the prehistoric human houses,
which had only stone foundations or patios and no stone walls.
But the most widespread method adopted to increase agricultural output involved various uses of lava rocks studied by archaeologist Chris
Stevenson. Large boulders were stacked as windbreaks to protect plants
from being dried out by Easter's frequent strong winds. Smaller boulders
were piled to create protected aboveground or sunken gardens, for growing
bananas and also for starting seedlings to be transplanted after they had

grown larger. Extensive areas of ground were partly covered by rocks placed
at close intervals on the surface, such that plants could come up between the
rocks. Other large areas were modified by so-called "lithic mulches," which
means partly filling the soil with rocks down to a depth of a foot, either by
carrying rocks from nearby outcrops or else by digging down to and breaking up bedrock. Depressions for planting taro were excavated into natural
gravel fields. All of these rock windbreaks and gardens involved a huge effort to construct, because they required moving millions or even billions of
rocks. As archaeologist Barry Rolett, who has worked in other parts of Polynesia, commented to me when he and I made our first visit to Easter together, "I have never been to a Polynesian island where people were so
desperate, as they were on Easter, that they piled small stones together in a
circle to plant a few lousy small taro and protect them against the wind! On
the Cook Islands, where they have irrigated taro, people will never stoop to
that effort!"
Indeed, why did farmers go to all that effort on Easter? On farms in the
northeastern U.S. where I spent my boyhood summers, farmers exerted
themselves to carry stones out of fields, and would have been horrified at
the thought of intentionally bringing stones into the fields. What good does
it do to have a rocky field?
The answer has to do with Easter's windy, dry, cool climate that I already
described. Rock garden or lithic mulch agriculture was invented independently by farmers in many other dry parts of the world, such as Israel's
Negev desert, southwestern U.S. deserts, and dry parts of Peru, China, Roman Italy, and Maori New Zealand. Rocks make the soil moister by covering
it, reducing evaporative water loss due to sun and wind, and replacing a
hard surface crust of soil that would otherwise promote rain runoff. Rocks
damp out diurnal fluctuations in soil temperature by absorbing solar heat
during the day and releasing it at night; they protect soil against being
eroded by splashing rain droplets; dark rocks on lighter soil warm up the
soil by absorbing more solar heat; and rocks may also serve as slow-timerelease fertilizer pills (analogous to the slow-time-release vitamin pills that
some of us take with breakfast), by containing needed minerals that gradually become leached out into the soil. In modern agricultural experiments
in the U.S. Southwest designed to understand why the ancient Anasazi
(Chapter 4) used lithic mulches, it turned out that the mulches yielded big
advantages to farmers. Mulched soils ended up with double the soil moisture content, lower maximum soil temperatures during the day, higher
minimum soil temperatures at night, and higher yields for every one of 16

plant species grown—four times higher yields averaged over the 16 species,
and 50 times higher yields of the species most benefited by the mulch.
Those are enormous advantages.
Chris Stevenson interprets his surveys as documenting the spread of
rock-assisted intensive agriculture on Easter. For about the first 500 years of
Polynesian occupation, in his view, farmers remained in the lowlands
within a few miles of the coast, in order to be closer to freshwater sources
and fishing and shellflshing opportunities. The first evidence for rock gardens that he can discern appears around A.D. 1300, in higher-elevation inland areas that have the advantage of higher rainfall than coastal areas but
cooler temperatures (mitigated by the use of dark rocks to raise soil temperatures). Much of Easter's interior was converted into rock gardens. Interestingly, it seems clear that farmers themselves didn't live in the interior,
because there are remains of only small numbers of commoners' houses
there, lacking chicken houses and with only small ovens and garbage piles.
Instead, there are scattered elite-type houses, evidently for resident upperclass managers who ran the extensive rock gardens as large-scale plantations
(not as individual family gardens) to produce surplus food for the chiefs' labor force, while all the peasants continued to live near the coast and walked
back and forth several miles inland each day. Roads five yards wide with
stone edges, running between the uplands and the coast, may mark the
routes of those daily commutes. Probably the upland plantations did not require year-round effort: the peasants just had to march up and plant taro
and other root crops in the spring, then return later in the year for the
harvest.

As elsewhere in Polynesia, traditional Easter Island society was divided into
chiefs and commoners. To archaeologists today, the difference is obvious
from remains of the different houses of the two groups. Chiefs and members of the elite lived in houses termed hare paenga, in the shape of a long
and slender upside-down canoe, typically around 40 feet long (in one case,
310 feet), not more than 10 feet wide, and curved at the ends. The house's
walls and roof (corresponding to the canoe's inverted hull) were of three
layers of thatch, but the floor was outlined by neatly cut and fitted foundation stones of basalt. Especially the curved and beveled stones at each end
were difficult to make, prized, and stolen back and forth between rival clans.
In front of many hare paenga was a stone-paved terrace. Hare paenga were
built in the 200-yard-broad coastal strip, 6 to 10 of them at each major site,

immediately inland of the site's platform bearing the statues. In contrast,
houses of commoners were relegated to locations farther inland, were
smaller, and were associated each with its own chicken house, oven, stone
garden circle, and garbage pit—utilitarian structures banned by religious
tapu from the coastal zone containing the platforms and the beautiful hare
paenga.
Both oral traditions preserved by the islanders, and archaeological surveys, suggest that Easter's land surface was divided into about a dozen (either 11 or 12) territories, each belonging to one clan or lineage group, and
each starting from the seacoast and extending inland—as if Easter were a
pie cut into a dozen radial wedges. Each territory had its own chief and its
own major ceremonial platforms supporting statues. The clans competed
peacefully by seeking to outdo each other in building platforms and statues,
but eventually their competition took the form of ferocious fighting. That
division into radially sliced territories is typical for Polynesian islands elsewhere in the Pacific. What is unusual in that respect about Easter is that,
again according to both oral traditions and archaeological surveys, those
competing clan territories were also integrated religiously, and to some extent economically and politically, under the leadership of one paramount
chief. In contrast, on both Mangareva and the larger Marquesan islands
each major valley was an independent chiefdom locked in chronic fierce
warfare against other chiefdoms.
What might account for Easter's integration, and how was it detectable
archaeologically? It turns out that Easter's pie does not consist of a dozen
identical slices, but that different territories were endowed with different
valuable resources. The most obvious example is that Tongariki territory
(called Hotu Iti) contained Rano Raraku crater, the island's only source of
the best stone for carving statues, and also a source of moss for caulking canoes. The red stone cylinders on top of some statues all came from Puna
Pau quarry in Hanga Poukura territory. Vinapu and Hanga Poukura territories controlled the three major quarries of obsidian, the fine-grained volcanic stone used for making sharp tools, while Vinapu and Tongariki had
the best basalt for hare paenga slabs. Anakena on the north coast had the
two best beaches for launching canoes, while Heki'i, its neighbor on the
same coast, had the third best beach. As a result, artifacts associated with
fishing have been found mainly on that coast. But those same north-coast
territories have the poorest land for agriculture, the best land being along
the south and west coasts. Only five of the dozen territories had extensive
areas of interior uplands used for rock-garden plantations. Nesting seabirds

eventually became virtually confined to a few offshore islets along the south
coast, especially in Vinapu territory. Other resources such as timber, coral
for making files, red ochre, and paper mulberry trees (the source of bark
pounded into tapa cloth) were also unevenly distributed.
The clearest archaeological evidence for some degree of integration
among the competing clan territories is that stone statues and their red
cylinders, from quarries in the territories of the Tongariki and Hanga
Poukura clans respectively, ended up on platforms in all 11 or 12 territories
distributed all over the island. Hence the roads to transport the statues and
crowns out of those quarries over the island also had to traverse many territories, and a clan living at a distance from the quarries would have needed
permission from several intervening clans to transport statues and cylinders
across the latter's territories. Obsidian, the best basalt, fish, and other localized resources similarly became distributed all over Easter. At first, that
seems only natural to us moderns living in large politically unified countries like the U.S.: we take it for granted that resources from one coast are
routinely transported long distances to other coasts, traversing many other
states or provinces en route. But we forget how complicated it has usually
been throughout history for one territory to negotiate access to another territory's resources. A reason why Easter may thus have become integrated,
while large Marquesan islands never did, is Easter's gentle terrain, contrasting with Marquesan valleys so steep-sided that people in adjacent valleys
communicated with (or raided) each other mainly by sea rather than
overland.

We now return to the subject that everyone thinks of first at the mention of
Easter Island: its giant stone statues (termed moat), and the stone platforms
(termed ahu) on which they stood. About 300 ahu have been identified, of
which many were small and lacked moai, but about 113 did bear moai, and
25 of them were especially large and elaborate. Each of the island's dozen
territories had between one and five of those large ahu. Most of the statuebearing ahu are on the coast, oriented so that the ahu and its statues faced
inland over the clan's territory; the statues do not look out to sea.
The ahu is a rectangular platform, made not of solid stone but of rubble
fill held in place by four stone retaining walls of gray basalt. Some of those
walls, especially those of Ahu Vinapu, have beautifully fitted stones reminiscent of Inca architecture and prompting Thor Heyerdahl to seek connections with South America. However, the fitted walls of Easter ahu just have

stone facing, not big stone blocks as do Inca walls. Nevertheless, one of Easter's
facing slabs still weighs 10 tons, which sounds impressive to us until we
compare it with the blocks of up to 361 tons at the Inca fortress of Sacsahuaman. The ahu are up to 13 feet high, and many are extended by lateral
wings to a width of up to 500 feet. Hence an ahu's total weight—from about 300
tons for a small ahu, up to more than 9,000 tons for Ahu Tongariki— dwarfs that
of the statues that it supports. We shall return to the significance of this point
when we estimate the total effort involved in building Easter's ahu and moai.
An ahu's rear (seaward) retaining wall is approximately vertical, but the
front wall slopes down to a flat rectangular plaza about 160 feet on each side. In
back of an ahu are crematoria containing the remains of thousands of bodies. In
that practice of cremation, Easter was unique in Polynesia, where bodies were
otherwise just buried. Today the ahu are dark gray, but originally they were a
much more colorful white, yellow, and red: the facing slabs were encrusted with
white coral, the stone of a freshly cut moai was yellow, and the moai's crown
and a horizontal band of stone coursing on the front wall of some ahu were red.
As for the moai, which represent high-ranking ancestors, Jo Anne Van
Tilburg has inventoried a total of 887 carved, of which nearly half still remain in
Rano Raraku quarry, while most of those transported out of the quarry were
erected on ahu (between 1 and 15 per ahu). All statues on ahu were of Rano
Raraku tuff, but a few dozen statues elsewhere (the current count is 53) were
carved from other types of volcanic stone occurring on the island (variously
known as basalt, red scoria, gray scoria, and trachyte). The "average" erected
statue was 13 feet tall and weighed about 10 tons. The tallest ever erected
successfully, known as Paro, was 32 feet tall but was slender and weighed
"only" about 75 tons, and was thus exceeded in weight by the 87-ton slightly
shorter but bulkier statue on Ahu Tongariki that taxed Claudio Cristino in his
efforts to reerect it with a crane. While islanders successfully transported a
statue a few inches taller than Paro to its intended site on Ahu Hanga Te Tenga,
it unfortunately fell over during the attempt to erect it. Rano Raraku quarry
contains even bigger unfinished statues, including one 70 feet long and weighing
about 270 tons. Knowing what we do about Easter Island technology, it seems
impossible that the islanders could ever have transported and erected it, and we
have to wonder what megalomania possessed its carvers.
To extraterrestrial-enthusiast Erich von Daniken and others, Easter Island's
statues and platforms seemed unique and in need of special expla-

nation. Actually, they have many precedents in Polynesia, especially in East
Polynesia. Stone platforms called marae, used as shrines and often supporting temples, were widespread; three were formerly present on Pitcairn Island, from which the colonists of Easter might have set out. Easter's ahu
differ from marae mainly in being larger and not supporting a temple. The
Marquesas and Australs had large stone statues; the Marquesas, Australs,
and Pitcairn had statues carved of red scoria, similar to the material used
for some Easter statues, while another type of volcanic stone called a tuff
(related to Rano Raraku stone) was also used in the Marquesas; Mangareva
and Tonga had other stone structures, including on Tonga a well-known big
trilithon (a pair of vertical stone pillars supporting a horizontal crosspiece,
each pillar weighing about 40 tons); and there were wooden statues on
Tahiti and elsewhere. Thus, Easter Island architecture grew out of an existing Polynesian tradition.
We would of course love to know exactly when Easter Islanders erected
their first statues, and how styles and dimensions changed with time. Unfortunately, because stone cannot be radiocarbon-dated, we are forced to
rely on indirect dating methods, such as radiocarbon-dated charcoal found
in ahu, a method known as obsidian-hydration dating of cleaved obsidian
surfaces, styles of discarded statues (assumed to be early ones), and successive stages of reconstruction deduced for some ahu, including those that
have been excavated by archaeologists. It seems clear, however, that later
statues tended to be taller (though not necessarily heavier), and that the
biggest ahu underwent multiple rebuildings with time to become larger and
more elaborate. The ahu-building period seems to have fallen mainly in the
years A.D. 1000-1600. These indirectly derived dates have recently gained
support from a clever study by J. Warren Beck and his colleagues, who applied radiocarbon dating to the carbon contained in the coral used for files
and for the statues' eyes, and contained in the algae whose white nodules
decorated the plaza. That direct dating suggests three phases of construction and reconstruction of Ahu Nau Nau at Anakena, the first phase around
A.D. 1100 and the last phase ending around 1600. The earliest ahu were
probably platforms without any statues, like Polynesian marae elsewhere.
Statues inferred to be early were reused in the walls of later ahu and other
structures. They tend to be smaller, rounder, and more human than late
ones, and to be made of various types of volcanic stone other than Rano
Raraku tuff.
Eventually, Easter Islanders settled on the volcanic tuff from Rano
Raraku, for the simple reason that it was infinitely superior for carving. The
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tuff has a hard surface but an ashlike consistency inside and is thus easier to
carve than very hard basalt. As compared to red scoria, the tuff is less breakable and lends itself better to polishing and to carving of details. With time,
insofar as we can infer relative dates, Rano Raraku statues became larger,
more rectangular, more stylized, and almost mass-produced, although each
statue is slightly different from others. Paro, the tallest statue ever erected,
was also one of the latest.
The increase in statue size with time suggests competition between rival
chiefs commissioning the statues to outdo each other. That conclusion also
screams from an apparently late feature called a pukao: a cylinder of red
scoria, weighing up to 12 tons (the weight of Paro's pukao), mounted as a
separate piece to rest on top of a moai's flat head (Plate 8). (When you read
that, just ask yourself: how did islanders without cranes manipulate a 12ton block so that it balanced on the head of a statue up to 32 feet tall? That
is one of the mysteries that drove Erich von Daniken to invoke extraterrestrials. The mundane answer suggested by recent experiments is that the
pukao and statue were probably erected together.) We don't know for sure
what the pukao represented; our best guess is a headdress of red birds'
feathers prized throughout Polynesia and reserved for chiefs, or else a hat of
feathers and tapa cloth. For instance, when a Spanish exploring expedition
reached the Pacific island of Santa Cruz, what really impressed the local
people was not Spanish ships, swords, guns, or mirrors, but their red cloth.
All pukao are of red scoria from a single quarry, Puna Pau, where (just as is
true of moai at the moai workshop on Rano Raraku) I observed unfinished
pukao, plus finished ones awaiting transport.
We know of not more than a hundred pukao, reserved for statues on the
biggest and richest ahu built late in Easter prehistory. I cannot resist the
thought that they were produced as a show of one-upsmanship. They seem
to proclaim: "All right, so you can erect a statue 30 feet high, but look at me:
I can put this 12-ton pukao on top of my statue; you try to top that, you
wimp!" The pukao that I saw reminded me of the activities of Hollywood
moguls living near my home in Los Angeles, similarly displaying their
wealth and power by building ever larger, more elaborate, more ostentatious houses. Tycoon Marvin Davis topped previous moguls with his house
of 50,000 square feet, so Aaron Spelling had to top that with a house of
56,000 square feet. All that those moguls' houses lack to make explicit their
message of power is a 12-ton red pukao on the house's highest tower, raised
into position without resort to cranes.
Given the widespread distribution over Polynesia of platforms and stat-

ues, why were Easter Islanders the only ones to go overboard, to make by far the
largest investment of societal resources in building them, and to erect the biggest
ones? At least four different factors cooperated to produce that outcome. First,
Rano Raraku tuff is the best stone in the Pacific for carving: to a sculptor used to
struggling with basalt and red scoria, it almost cries out, "Carve me!" Second,
other Pacific island societies on islands within a few days' sail of other islands
devoted their energy, resources, and labor to interisland trading, raiding,
exploration, colonization, and emigration, but those competing outlets were
foreclosed for Easter Islanders by their isolation. While chiefs on other Pacific
islands could compete for prestige and status by seeking to outdo each other in
those interisland activities, "The boys on Easter Island didn't have those usual
games to play," as one of my students put it. Third, Easter's gentle terrain and
complementary resources in different territories led as we have seen to some
integration of the island, thereby letting clans all over the island obtain Rano
Raraku stone and go overboard in carving it. If Easter had remained politically
fragmented, like the Marquesas, the Tongariki clan in whose territory Rano
Raraku lay could have monopolized its stone, or neighboring clans could have
barred transport of statues across their territories—as in fact eventually
happened. Finally, as we shall see, building platforms and statues required
feeding lots of people, a feat made possible by the food surpluses produced by
the elite-controlled upland plantations.

How did all those Easter Islanders, lacking cranes, succeed in carving, transporting, and erecting those statues? Of course we don't know for sure, because
no European ever saw it being done to write about it. But we can make informed
guesses from oral traditions of the islanders themselves (especially about
erecting statues), from statues in the quarries at successive stages of completion,
and from recent experimental tests of different transport methods.
In Rano Raraku quarry one can see incomplete statues still in the rock face
and surrounded by narrow carving canals only about two feet wide. The handheld basalt picks with which the carvers worked are still at the quarry. The most
incomplete statues are nothing more than a block of stone roughly carved out of
the rock with the eventual face upwards, and with the back still attached to the
underlying cliff below by a long keel of rock. Next to be carved were the head,
nose, and ears, followed by the arms, hands, and loincloth. At that stage the keel
connecting the statue's back to the cliff was

chipped through, and transport of the statue out of its niche began. All statues in the process of being transported still lack the eye sockets, which were
evidently not carved until the statue had been transported to the ahu and
erected there. One of the most remarkable recent discoveries about the statues was made in 1979 by Sonia Haoa and Sergio Rapu Haoa, who found
buried near an ahu a separate complete eye of white coral with a pupil of
red scoria. Subsequently, fragments of other similar eyes were unearthed.
When such eyes are inserted into a statue, they create a penetrating, blinding gaze that is awesome to look at. The fact that so few eyes have been recovered suggests that few actually were made, to remain under guard by
priests, and to be placed in the sockets only at times of ceremonies.
The still-visible transport roads on which statues were moved from
quarries follow contour lines to avoid the extra work of carrying statues up
and down hills, and are up to nine miles long for the west-coast ahu farthest
from Rano Raraku. While the task may strike us as daunting, we know that
many other prehistoric peoples transported very heavy stones at Stonehenge, Egypt's pyramids, Teotihuacan, and centers of the Incas and Olmecs,
and something can be deduced of the methods in each case. Modern scholars have experimentally tested their various theories of statue transport on
Easter by actually moving statues, beginning with Thor Heyerdahl, whose
theory was probably wrong because he damaged the tested statue in the
process. Subsequent experimenters have variously tried hauling statues either standing or prone, with or without a wooden sled, and on or not on a
prepared track of lubricated or unlubricated rollers or else with fixed crossbars. The method most convincing to me is Jo Anne Van Tilburg's suggestion that Easter Islanders modified the so-called canoe ladders that were
widespread on Pacific islands for transporting heavy wooden logs, which
had to be cut in the forest and shaped there into dugout canoes and then
transported to the coast. The "ladders" consist of a pair of parallel wooden
rails joined by fixed wooden crosspieces (not movable rollers) over which
the log is dragged. In the New Guinea region I have seen such ladders more
than a mile long, extending from the coast hundreds of feet uphill to a forest clearing at which a huge tree was being felled and then hollowed out
to make a canoe hull. We know that some of the biggest canoes that the
Hawaiians moved over canoe ladders weighed more than an average-size
Easter Island moai, so the proposed method is plausible.
Jo Anne enlisted modern Easter Islanders to put her theory to a test by
building such a canoe ladder, mounting a statue prone on a wooden sled,
attaching ropes to the sled, and hauling it over the ladder. She found that 50

to 70 people, working five hours per day and dragging the sled five yards at
each pull, could transport an average-sized 12-ton statue nine miles in a
week. The key, Jo Anne and the islanders discovered, was for all of those
people to synchronize their pulling effort, just as canoe paddlers synchronize their paddling strokes. By extrapolation, transport of even big statues
like Paro could have been accomplished by a team of 500 adults, which
would have been just within the manpower capabilities of an Easter Island
clan of one or two thousand people.
Easter Islanders told Thor Heyerdahl how their ancestors had erected
statues on ahu. They were indignant that archaeologists had never deigned
to ask them, and they erected a statue for him without a crane to prove their
point. Much more information has emerged in the course of subsequent experiments on transporting and erecting statues by William Mulloy, Jo Anne
Van Tilburg, Claudio Cristino, and others. The islanders began by building
a gently sloping ramp of stones from the plaza up to the top of the front of
the platform, and pulling the prone statue with its base end forwards up the
ramp. Once the base had reached the platform, they levered the statue's
head an inch or two upwards with logs, slipped stones under the head to
support it in the new position, and continued to lever up the head and
thereby to tilt the statue increasingly towards the vertical. That left the ahu's
owners with a long ramp of stones, which may then have been dismantled
and recycled to create the ahu's lateral wings. The pukao was probably
erected at the same time as the statue itself, both being mounted together in
the same supporting frame.
The most dangerous part of the operation was the final tilting of the
statue from a very steep angle to the vertical position, because of the risk
that the statue's momentum in that final tilt might carry it beyond the vertical and tip it off the rear of the platform. Evidently to reduce that risk, the
carvers designed the statue so that it was not strictly perpendicular to its flat
base but just short of perpendicular (e.g., at an angle of about 87 degrees to
the base, rather than 90 degrees). In that way, when they had raised the
statue to a stable position with the base flat on the platform, the body was
still leaning slightly forwards and at no risk of tipping over backwards. They
could then slowly and carefully lever up the front edge of the base that final
few degrees, slipping stones under the front of the base to stabilize it, until
the body was vertical. But tragic accidents could still occur at that last stage,
as evidently happened in the attempt to erect at Ahu Hanga Te Tenga a
statue even taller than Paro, which ended with its tipping over and breaking.
The whole operation of constructing statues and platforms must have

been enormously expensive of food resources for whose accumulation,
transport, and delivery the chiefs commissioning the statues must have
arranged. Twenty carvers had to be fed for a month, they may also have
been paid in food, then a transport crew of 50 to 500 people and a similar
erecting crew had to be fed while doing hard physical work and thus requiring more food than usual. There must also have been much feasting for the
whole clan owning the ahu, and for the clans across whose territories the
statue was transported. Archaeologists who first tried to calculate the work
performed, the calories burned, and hence the food consumed overlooked
the fact that the statue itself was the smaller part of the operation: an ahu
outweighed its statues by a factor of about 20 times, and all that stone for
the ahu also had to be transported. Jo Anne Van Tilburg and her architect
husband Jan, whose business it is to erect large modern buildings in Los Angeles and to calculate the work involved for cranes and elevators, did a
rough calculation of the corresponding work on Easter. They concluded
that, given the number and size of Easter's ahu and moai, the work of constructing them added about 25% to the food requirements of Easter's population over the 300 peak years of construction. Those calculations explain
Chris Stevenson's recognition that those 300 peak years coincided with the
centuries of plantation agriculture in Easter's interior uplands, producing a
large food surplus over that available previously.
However, we have glossed over another problem. The statue operation
required not only lots of food, but also lots of thick long ropes (made in
Polynesia from fibrous tree bark) by which 50 to 500 people could drag statues weighing 10 to 90 tons, and also lots of big strong trees to obtain all the
timber needed for the sleds, canoe ladders, and levers. But the Easter Island
seen by Roggeveen and subsequent European visitors had very few trees, all
of them small and less than 10 feet tall: the most nearly treeless island in
all of Polynesia. Where were the trees that provided the required rope and
timber?

Botanical surveys of plants living on Easter within the 20th century have
identified only 48 native species, even the biggest of them (the toromiro, up
to seven feet tall) hardly worthy of being called a tree, and the rest of them
low ferns, grasses, sedges, and shrubs. However, several methods for recovering remains of vanished plants have shown within the last few decades
that, for hundreds of thousands of years before human arrival and still dur-

ing the early days of human settlement, Easter was not at all a barren wasteland but a subtropical forest of tall trees and woody bushes.
The first such method to yield results was the technique of pollen analysis (palynology), which involves boring out a column of sediment deposited
in a swamp or pond. In such a column, provided that it has not been shaken
or disturbed, the surface mud must have been deposited most recently,
while more deeply buried mud represents more ancient deposits. The actual
age of each layer in the deposit can be dated by radiocarbon methods. There
remains the incredibly tedious task of examining tens of thousands of
pollen grains in the column under a microscope, counting them, and then
identifying the plant species producing each grain by comparison with
modern pollen from known plant species. For Easter Island the first blearyeyed scientist to perform that task was the Swedish palynologist Olof Selling, who examined cores collected from the swamps in Rano Raraku's and
Rano Kau's craters by Heyerdahl's 1955 expedition. He detected abundant
pollen of an unidentified species of palm tree, of which Easter today has no
native species.
In 1977 and 1983 John Flenley collected many more sediment cores and
again noticed abundant palm pollen, but by good luck Flenley in 1983 also
obtained from Sergio Rapu Haoa some fossil palm nuts that visiting French
cave explorers had discovered that year in a lava cave, and he sent them to
the world's leading palm expert for identification. The nuts turned out to be
very similar to, but slightly larger than, those of the world's largest existing
palm tree, the Chilean wine palm, which grows up to 65 feet tall and 3 feet
in diameter. Subsequent visitors to Easter have found more evidence of the
palm, in the form of casts of its trunks buried in Mt. Terevaka's lava flows a
few hundred thousand years ago, and casts of its root bundles proving that
the Easter palm's trunk reached diameters exceeding seven feet. It thus
dwarfed even the Chilean palm and was (while it existed) the biggest palm
in the world.
Chileans prize their palm today for several reasons, and Easter Islanders
would have done so as well. As the name implies, the trunk yields a sweet
sap that can be fermented to make wine or boiled down to make honey or
sugar. The nuts' oily kernels are rated a delicacy. The fronds are ideal for
fabricating into house thatching, baskets, mats, and boat sails. And of
course the stout trunks would have served to transport and erect moai, and
perhaps to make rafts.
Flenley and Sarah King recognized pollen of five other now-extinct trees

in the sediment cores. More recently, the French archaeologist Catherine
Orliac has been sieving out 30,000 fragments of wood burned to charcoal
from cores dug into Easter Island ovens and garbage heaps. With a heroism
matching that of Selling, Flenley, and King, she has compared 2,300 of those
carbonized wood fragments to wood samples of plants still existing today
elsewhere in Polynesia. In that way she has identified about 16 other plant
species, most of them trees related to or the same as tree species still widespread in East Polynesia, that formerly grew on Easter Island as well. Thus,
Easter used to support a diverse forest.
Many of those 21 vanished species besides the palm would have been
valuable to the islanders. Two of the tallest trees, Alphitonia cf. zizyphoides
and Elaeocarpus cf. rarotongensis (up to 100 and 50 feet tall respectively), are
used elsewhere in Polynesia for making canoes and would have been much
better suited to that purpose than was the palm. Polynesians everywhere
make rope from the bark of the hauhau Triumfetta semitriloba, and that was
presumably how Easter Islanders dragged their statues. Bark of the paper
mulberry Broussonetia papyrifera is beaten into tapa cloth; Psydrax odorata
has a flexible straight trunk suited for making harpoons and outriggers; the
Malay apple Syzygium malaccense bears an edible fruit; the oceanic rosewood Thespesia populanea and at least eight other species have hardwood
suitable for carving and construction; toromiro yields an excellent wood for
fires, like acacia and mesquite; and the fact that Orliac recovered all of those
species as burnt fragments from fires proves that they too were used for
firewood.
The person who pored through 6,433 bones of birds and other vertebrates from early middens at Anakena Beach, probably the site of the first
human landing and first settlement on Easter, was zooarchaeologist David
Steadman. As an ornithologist myself, I bow in awe before Dave's identification skills and tolerance of eye strain: whereas I wouldn't know how to tell a
robin's bone from a dove's or even from a rat's, Dave has learned how to distinguish even the bones of a dozen closely related petrel species from each
other. He thereby proved that Easter, which today supports not a single
species of native land bird, was formerly home to at least six of them, including one species of heron, two chicken-like rails, two parrots, and a barn
owl. More impressive was Easter's prodigious total of at least 25 nesting
seabird species, making it formerly the richest breeding site in all of Polynesia and probably in the whole Pacific. They included albatross, boobies,
frigatebirds, fulmars, petrels, prions, shearwaters, storm-petrels, terns, and
tropicbirds, attracted by Easter's remote location and complete lack of

predators that made it an ideal safe haven as a breeding site—until humans
arrived. Dave also recovered a few bones of seals, which breed today on the
Galapagos Islands and the Juan Fernandez Islands to the east of Easter, but
it is uncertain whether those few seal bones on Easter similarly came from
former breeding colonies or just vagrant individuals.
The Anakena excavations that yielded those bird and seal bones tell us
much about the diet and lifestyle of Easter's first human settlers. Out of
those 6,433 vertebrate bones identified in their middens, the most frequent
ones, accounting for more than one-third of the total, proved to belong to
the largest animal available to Easter Islanders: the Common Dolphin, a
porpoise weighing up to 165 pounds. That's astonishing: nowhere else in
Polynesia do porpoises account for even as much as 1% of the bones in
middens. The Common Dolphin generally lives out to sea, hence it could
not have been hunted by line-fishing or spear-fishing from shore. Instead, it
must have been harpooned far offshore, in big seaworthy canoes built from
the tall trees identified by Catherine Orliac.
Fish bones also occur in the middens but account there for only 23% of
all bones, whereas elsewhere in Polynesia they were the main food (90% or
more of all the bones). That low contribution of fish to Easter diets was because of its rugged coastline and steep drop-offs of the ocean bottom, so
that there are few places to catch fish by net or handline in shallow water.
For the same reason the Easter diet was low in molluscs and sea urchins. To
compensate, there were those abundant seabirds plus the land birds. Bird
stew would have been seasoned with meat from large numbers of rats,
which reached Easter as stowaways in the canoes of the Polynesian colonists.
Easter is the sole known Polynesian island at whose archaeological sites rat
bones outnumber fish bones. In case you're squeamish and consider rats
inedible, I still recall, from my years of living in England in the late 1950s,
recipes for creamed laboratory rat that my British biologist friends who
kept them for experiments also used to supplement their diet during their
years of wartime food rationing.
Porpoises, fish, shellfish, birds, and rats did not exhaust the list of meat
sources available to Easter's first settlers. I already mentioned a few seal
records, and other bones testify to the occasional availability of sea turtles
and perhaps of large lizards. All those delicacies were cooked over firewood
that can be identified as having come from Easter's subsequently vanished
forests.
Comparison of those early garbage deposits with late prehistoric ones or
with conditions on modern Easter reveals big changes in those initially

bountiful food sources. Porpoises, and open-ocean fish like tuna, virtually
disappeared from the islanders' diet, for reasons to be mentioned below.
The fish that continued to be caught were mainly inshore species. Land
birds disappeared completely from the diet, for the simple reason that every
species became extinct from some combination of overhunting, deforestation, and predation by rats. It was the worst catastrophe to befall Pacific island birds, surpassing even the record on New Zealand and Hawaii, where
to be sure the moas and flightless geese and other species became extinct
but many other species managed to survive. No Pacific island other than
Easter ended up without any native land birds. Of the 25 or more formerly
breeding seabirds, overharvesting and rat predation brought the result that
24 no longer breed on Easter itself, about 9 are now confined to breeding in
modest numbers on a few rocky islets off Easter's coasts, and 15 have been
eliminated on those islets as well. Even shellfish were overexploited, so that
people ended up eating fewer of the esteemed large cowries and more of
the second-choice smaller black snails, and the sizes of both cowry and snail
shells in the middens decreased with time because of preferential overharvesting of larger individuals.
The giant palm, and all the other now-extinct trees identified by Catherine Orliac, John Flenley, and Sarah King, disappeared for half a dozen
reasons that we can document or infer. Orliac's charcoal samples from
ovens prove directly that trees were being burned for firewood. They were
also being burned to cremate bodies: Easter crematoria contain remains of
thousands of bodies and huge amounts of human bone ash, implying massive fuel consumption for the purposes of cremation. Trees were being
cleared for gardens, because most of Easter's land surface except at the highest elevations ended up being used to grow crops. From the early midden
abundance of bones of open-ocean porpoises and tuna, we infer that big
trees like Alphitonia and Elaeocarpus were being felled to make seaworthy
canoes; the frail, leaky little watercraft seen by Roggeveen would not have
served for harpooning platforms or venturing far out to sea. We infer that
trees furnished timber and rope for transporting and erecting statues, and
undoubtedly for a multitude of other purposes. The rats introduced accidentally as stowaways "used" the palm tree and doubtless other trees for
their own purposes: every Easter palm nut that has been recovered shows
tooth marks from rats gnawing on it and would have been incapable of
germinating.
Deforestation must have begun some time after human arrival by A.D.
900, and must have been completed by 1722, when Roggeveen arrived

and saw no trees over 10 feet tall. Can we specify more closely when, between
those dates of 900 and 1722, deforestation occurred? There are five types of
evidence to guide us. Most radiocarbon dates on the palm nuts themselves are
before 1500, suggesting that the palm became rare or extinct thereafter. On the
Poike Peninsula, which has Easter's most infertile soils and hence was probably
deforested first, the palms disappeared by around 1400, and charcoal from forest
clearance disappeared around 1440 although later signs of agriculture attest to
continued human presence there. Orliac's radiocarbon-dated charcoal samples
from ovens and garbage pits show wood charcoal being replaced by herb and
grass fuels after 1640, even at elite houses that might have claimed the last
precious trees after none was left for the peasants. Flenley's pollen cores show
the disappearance of palm, tree daisy, toromiro, and shrub pollen, and their
replacement by grass and herb pollen, between 900 and 1300, but radiocarbon
dates on sediment cores are a less direct clock for deforestation than are direct
dates on the palms and their nuts. Finally, the upland plantations that Chris
Stevenson studied, and whose operation may have paralleled the period of
maximum timber and rope use for statues, were maintained from the early 1400s
to the 1600s. All this suggests that forest clearance began soon after human arrival, reached its peak around 1400, and was virtually complete by dates that
varied locally between the early 1400s and the 1600s.

The overall picture for Easter is the most extreme example of forest destruction
in the Pacific, and among the most extreme in the world: the whole forest gone,
and all of its tree species extinct. Immediate consequences for the islanders were
losses of raw materials, losses of wild-caught foods, and decreased crop yields.
Raw materials lost or else available only in greatly decreased amounts
consisted of everything made from native plants and birds, including wood,
rope, bark to manufacture bark cloth, and feathers. Lack of large timber and rope
brought an end to the transport and erection of statues, and also to the
construction of seagoing canoes. When five of Easter's little two-man leaky
canoes paddled out to trade with a French ship anchored off Easter in 1838, its
captain reported, "All the natives repeated often and excitedly the word miru and
became impatient because they saw that we did not understand it: this word is
the name of the timber used by Polynesians to make their canoes. This was what
they wanted most, and they used every means to make us understand this . .."
The name "Terevaka" for Easter's largest and highest

mountain means "place to get canoes": before its slopes were stripped of
their trees to convert them to plantations, they were used for timber, and
they are still littered with the stone drills, scrapers, knives, chisels, and other
woodworking and canoe-building tools from that period. Lack of large timber also meant that people were without wood for fuel to keep themselves
warm during Easter's winter nights of wind and driving rain at a temperature of 50 degrees Fahrenheit. Instead, after 1650 Easter's inhabitants were
reduced to burning herbs, grasses, and sugarcane scraps and other crop
wastes for fuel. There would have been fierce competition for the remaining
woody shrubs, among people trying to obtain thatching and small pieces of
wood for houses, wood for implements, and bark cloth. Even funeral practices had to be changed: cremation, which had required burning much
wood per body, became impractical and yielded to mummification and
bone burials.
Most sources of wild food were lost. Without seagoing canoes, bones of
porpoises, which had been the islanders' principal meat during the first centuries, virtually disappeared from middens by 1500, as did tuna and pelagic
fish. Midden numbers of fishhooks and fish bones in general also declined,
leaving mainly just fish species that could be caught in shallow water or
from the shore. Land birds disappeared completely, and seabirds were reduced to relict populations of one-third of Easter's original species, confined to breeding on a few offshore islets. Palm nuts, Malay apples, and all
other wild fruits dropped out of the diet. The shellfish consumed became
smaller species and smaller and many fewer individuals. The only wild food
source whose availability remained unchanged was rats.
In addition to those drastic decreases in wild food sources, crop yields
also decreased, for several reasons. Deforestation led locally to soil erosion
by rain and wind, as shown by huge increases in the quantities of soilderived metal ions carried into Flenley's swamp sediment cores. For example, excavations on the Poike Peninsula show that crops were initially grown
there interspersed with palm trees left standing, so that their crowns could
shade and protect the soil and crops against hot sun, evaporation, wind, and
direct rain impacts. Clearance of the palms led to massive erosion that
buried ahu and buildings downhill with soil, and that forced the abandonment of Poike's fields around 1400. Once grassland had established itself on
Poike, farming was resumed there around 1500, to be abandoned again a
century later in a second wave of erosion. Other damages to soil that resulted from deforestation and reduced crop yields included desiccation and

nutrient leaching. Farmers found themselves without most of the wild plant
leaves, fruit, and twigs that they had been using as compost.
Those were the immediate consequences of deforestation and other human environmental impacts. The further consequences start with starvation, a population crash, and a descent into cannibalism. Surviving islanders'
accounts of starvation are graphically confirmed by the proliferation of little
statues called moai kavakava, depicting starving people with hollow
cheeks and protruding ribs. Captain Cook in 1774 described the islanders as
"small, lean, timid, and miserable." Numbers of house sites in the coastal
lowlands, where almost everybody lived, declined by 70% from peak values
around 1400-1600 to the 1700s, suggesting a corresponding decline in
numbers of people. In place of their former sources of wild meat, islanders
turned to the largest hitherto unused source available to them: humans,
whose bones became common not only in proper burials but also (cracked
to extract the marrow) in late Easter Island garbage heaps. Oral traditions of
the islanders are obsessed with cannibalism; the most inflammatory taunt
that could be snarled at an enemy was "The flesh of your mother sticks between my teeth."
Easter's chiefs and priests had previously justified their elite status by
claiming relationship to the gods, and by promising to deliver prosperity
and bountiful harvests. They buttressed that ideology by monumental architecture and ceremonies designed to impress the masses, and made possible by food surpluses extracted from the masses. As their promises were
being proved increasingly hollow, the power of the chiefs and priests was
overthrown around 1680 by military leaders called matatoa, and Easter's
formerly complexly integrated society collapsed in an epidemic of civil war.
The obsidian spear-points (termed mata'a) from that era of fighting still littered Easter in modern times. Commoners now built their huts in the
coastal zone, which had been previously reserved for the residences (hare
paenga) of the elite. For safety, many people turned to living in caves that
were enlarged by excavation and whose entrances were partly sealed to create a narrow tunnel for easier defense. Food remains, bone sewing needles,
woodworking implements, and tools for repairing tapa cloth make clear
that the caves were being occupied on a long-term basis, not just as temporary hiding places.
What had failed, in the twilight of Easter's Polynesian society, was not
only the old political ideology but also the old religion, which became discarded along with the chiefs' power. Oral traditions record that the last ahu

and moai were erected around 1620, and that Paro (the tallest statue) was
among the last. The upland plantations whose elite-commandeered production fed the statue teams were progressively abandoned between 1600
and 1680. That the sizes of statues had been increasing may reflect not only
rival chiefs vying to outdo each other, but also more urgent appeals to ancestors necessitated by the growing environmental crisis. Around 1680, at
the time of the military coup, rival clans switched from erecting increasingly large statues to throwing down one another's statues by toppling a
statue forwards onto a slab placed so that the statue would fall on the slab
and break. Thus, as we shall also see for the Anasazi and Maya in Chapters 4
and 5, the collapse of Easter society followed swiftly upon the society's
reaching its peak of population, monument construction, and environmental impact.
We don't know how far the toppling had proceeded at the time of the
first European visits, because Roggeveen in 1722 landed only briefly at a single site, and Gonzalez's Spanish expedition of 1770 wrote nothing about
their visit except in the ship's log. The first semi-adequate European description was by Captain Cook in 1774, who remained for four days, sent a
detachment to reconnoiter inland, and had the advantage of bringing a
Tahitian whose Polynesian language was sufficiently similar to that of Easter
Islanders that he could converse with them. Cook commented on seeing
statues that had been thrown down, as well as others still erect. The last European mention of an erect statue was in 1838; none was reported as standing in 1868. Traditions relate that the final statue to be toppled (around
1840) was Paro, supposedly erected by a woman in honor of her husband,
and thrown down by enemies of her family so as to break Paro at mid-body.
Ahu themselves were desecrated by pulling out some of the fine slabs in
order to construct garden walls (manavai) next to the ahu, and by using
other slabs to create burial chambers in which to place dead bodies. As a result, today the ahu that have not been restored (i.e., most of them) look at
first sight like mere piles of boulders. As Jo Anne Van Tilburg, Claudio
Cristino, Sonia Haoa, Barry Rolett, and I drove around Easter, saw ahu after
ahu as a rubble pile with its broken statues, reflected on the enormous effort
that had been devoted for centuries to constructing the ahu and to carving
and transporting and erecting the moai, and then remembered that it was
the islanders themselves who had destroyed their own ancestors' work, we
were filled with an overwhelming sense of tragedy.
Easter Islanders' toppling of their ancestral moai reminds me of Russians and Romanians toppling the statues of Stalin and Ceausescu when the

Communist governments of those countries collapsed. The islanders must
have been filled with pent-up anger at their leaders for a long time, as we
know that Russians and Romanians were. I wonder how many of the statues
were thrown down one by one at intervals, by particular enemies of a
statue's owner, as described for Paro; and how many were instead destroyed
in a quickly spreading paroxysm of anger and disillusionment, as took place
at the end of communism. I'm also reminded of a cultural tragedy and rejection of religion described to me in 1965 at a New Guinea highland village
called Bomai, where the Christian missionary assigned to Bomai boasted to
me with pride how one day he had called upon his new converts to collect
their "pagan artifacts" (i.e., their cultural and artistic heritage) at the airstrip
and burn them—and how they obeyed. Perhaps Easter Island's matatoa issued a similar summons to their own followers.
I don't want to portray social developments on Easter after 1680 as
wholly negative and destructive. The survivors adapted as best they could,
both in their subsistence and in their religion. Not only cannibalism but
also chicken houses underwent explosive growth after 1650; chickens had
accounted for less than 0.1% of the animal bones in the oldest middens
that David Steadman, Patricia Vargas, and Claudio Cristino excavated at
Anakena. The matatoa justified their military coup by adopting a religious
cult, based on the creator god Makemake, who had previously been just one
of Easter's pantheon of gods. The cult was centered at Orongo village on the
rim of Rano Kau caldera, overlooking the three largest offshore islets to
which nesting seabirds had become confined. The new religion developed
its own new art styles, expressed especially in petroglyphs (rock carvings) of
women's genitals, birdmen, and birds (in order of decreasing frequency),
carved not only on Orongo monuments but also on toppled moai and
pukao elsewhere. Each year the Orongo cult organized a competition between men to swim across the cold, shark-infested, one-mile-wide strait
separating the islets from Easter itself, to collect the first egg laid in that season by Sooty Terns, to swim back to Easter with the unbroken egg, and to be
anointed "Birdman of the year" for the following year. The last Orongo
ceremony took place in 1867 and was witnessed by Catholic missionaries,
just as the residue of Easter Island society not already destroyed by the islanders themselves was being destroyed by the outside world.

The sad story of European impacts on Easter Islanders may be quickly summarized. After Captain Cook's brief sojourn in 1774, there was a steady

trickle of European visitors. As documented for Hawaii, Fiji, and many
other Pacific islands, they must be assumed to have introduced European
diseases and thereby to have killed many previously unexposed islanders,
though our first specific mention of such an epidemic is of smallpox
around 1836. Again as on other Pacific islands, "black-birding," the kidnapping of islanders to become laborers, began on Easter around 1805 and climaxed in 1862-63, the grimmest year of Easter's history, when two dozen
Peruvian ships abducted about 1,500 people (half of the surviving population) and sold them at auction to work in Peru's guano mines and other
menial jobs. Most of those kidnapped died in captivity. Under international
pressure, Peru repatriated a dozen surviving captives, who brought another
smallpox epidemic to the island. Catholic missionaries took up residence in
1864. By 1872 there were only 111 islanders left on Easter.
European traders introduced sheep to Easter in the 1870s and claimed
land ownership. In 1888 the Chilean government annexed Easter, which effectively became a sheep ranch managed by a Chile-based Scottish company. All islanders were confined to living in one village and to working for
the company, being paid in goods at the company store rather than in cash.
A revolt by the islanders in 1914 was ended by the arrival of a Chilean warship. Grazing by the company's sheep, goats, and horses caused soil erosion
and eliminated most of what had remained of the native vegetation, including the last surviving hauhau and toromiro individuals on Easter around
1934. Not until 1966 did islanders become Chilean citizens. Today, islanders
are undergoing a resurgence of cultural pride, and the economy is being
stimulated by the arrival of several airplane flights each week from Santiago
and Tahiti by Chile's national airline, carrying visitors (like Barry Rolett and
me) attracted by the famous statues. However, even a brief visit makes obvious that tensions remain between islanders and mainland-born Chileans,
who are now represented in roughly equal numbers on Easter.
Easter Island's famous rongo-rongo writing system was undoubtedly invented by the islanders, but there is no evidence for its existence until its
first mention by the resident Catholic missionary in 1864. All 25 surviving
objects with writing appear to postdate European contact; some of them are
pieces of foreign wood or a European oar, and some may have been manufactured by islanders specifically to sell to representatives of Tahiti's Catholic
bishop, who became interested in the writing and sought examples. In 1995
linguist Steven Fischer announced a decipherment of rongo-rongo texts as
procreation chants, but his interpretation is debated by other scholars. Most
Easter Island specialists, including Fischer, now conclude that the invention

of rongo-rongo was inspired by the islanders' first contact with writing during the Spanish landing of 1770, or else by the trauma of the 1862-63 Peruvian slave raid that killed so many carriers of oral knowledge.
In part because of this history of exploitation and oppression, there has
been resistance among both islanders and scholars to acknowledging the
reality of self-inflicted environmental damage before Roggeveen's arrival in
1722, despite all the detailed evidence that I have summarized. In essence,
the islanders are saying, "Our ancestors would never have done that," while
visiting scientists are saying, "Those nice people whom we have come to
love would never have done that." For example, Michel Orliac wrote about
similar questions of environmental change in Tahiti, "... it is at least as
likely—if not more so—that environmental modifications originated in
natural causes rather than in human activities. This is a much-debated
question (McFadgen 1985; Grant 1985; McGlone 1989) to which I do not
claim to bring a definitive solution, even if my affection for the Polynesians
incites me to choose natural actions [e.g., cyclones] to explain the damages
suffered by the environment." Three specific objections or alternative theories have been raised.
First, it has been suggested that Easter's deforested condition seen by
Roggeveen in 1722 was not caused by the islanders in isolation but resulted
in some unspecified way from disruption caused by unrecorded European
visitors before Roggeveen. It is perfectly possible that there were indeed one
or more such unrecorded visits: many Spanish galleons were sailing across
the Pacific in the 1500s and 1600s, and the islanders' nonchalant, unafraid,
curious reaction to Roggeveen does suggest prior experience of Europeans,
rather than the shocked reaction expected for people who had been living
in total isolation and had assumed themselves to be the only humans in the
world. However, we have no specific knowledge of any pre-1722 visit, nor is
it obvious how it would have triggered deforestation. Even before Magellan
became the first European to cross the Pacific in 1521, abundant evidence
attests to massive human impacts on Easter: extinctions of all the land bird
species, disappearance of porpoises and tuna from the diet, declines of forest tree pollen in Flenley's sediment cores before 1300, deforestation of the
Poike Peninsula by around 1400, lack of radiocarbon-dated palm nuts after
1500, and so on.
A second objection is that deforestation might instead have been due
to natural climate changes, such as droughts or El Nino episodes. It would
not surprise me at all if a contributing role of climate change does eventually emerge for Easter, because we shall see that climatic downturns did

exacerbate human environmental impacts by the Anasazi (Chapter 4),
Maya (Chapter 5), Greenland Norse (Chapters 7 and 8), and probably many
other societies. At present, we lack information about climate changes on
Easter in the relevant period of A.D. 900-1700: we don't know whether the
climate got drier and stormier and less favorable to forest survival (as postulated by critics), or wetter and less stormy and more favorable to forest
survival. But there seems to me to be compelling evidence against climate
change by itself having caused the deforestation and bird extinctions: the
palm trunk casts in Mt. Terevaka's lava flows prove that the giant palm had
already survived on Easter for several hundred thousand years; and Flenley's sediment cores demonstrate pollen of the palm, tree daisies, toromiro,
and half-a-dozen other tree species on Easter between 38,000 and 21,000
years ago. Hence Easter's plants had already survived innumerable droughts
and El Nino events, making it unlikely that all those native tree species finally chose a time coincidentally just after the arrival of those innocent humans to drop dead simultaneously in response to yet another drought or El
Nino event. In fact, Flenley's records show that a cool dry period on Easter
between 26,000 and 12,000 years ago, more severe than any worldwide cool
dry period in the last thousand years, merely caused Easter's trees at higher
elevation to undergo a retreat to the lowlands, from which they subsequently recovered.
A third objection is that Easter Islanders surely wouldn't have been so
foolish as to cut down all their trees, when the consequences would have
been so obvious to them. As Catherine Orliac expressed it," Why destroy a
forest that one needs for his [i.e., the Easter Islanders'] material and spiritual survival?" This is indeed a key question, one that has nagged not only
Catherine Orliac but also my University of California students, me, and
everyone else who has wondered about self-inflicted environmental damage. I have often asked myself, "What did the Easter Islander who cut down
the last palm tree say while he was doing it?" Like modern loggers, did he
shout "Jobs, not trees!"? Or: "Technology will solve our problems, never
fear, we'll find a substitute for wood"? Or: "We don't have proof that there
aren't palms somewhere else on Easter, we need more research, your proposed ban on logging is premature and driven by fear-mongering"? Similar
questions arise for every society that has inadvertently damaged its environment. When we return to this question in Chapter 14, we shall see that
there is a whole series of reasons why societies nevertheless do make such
mistakes.

Why Was Easter Fragile?

We still have not faced the question why Easter Island ranks as such an
extreme example of deforestation. After all, the Pacific encompasses thousands of inhabited islands, almost all of whose inhabitants were chopping
down trees, clearing gardens, burning firewood, building canoes, and using
wood and rope for houses and other things. Yet, among all those islands,
only three in the Hawaiian Archipelago, all of them much drier than
Easter—the two islets of Necker and Nihoa, and the larger island of
Niihau—even approach Easter in degree of deforestation. Nihoa still supports one species of large palm tree, and it is uncertain whether tiny Necker,
with an area of barely forty acres, ever had trees. Why were Easter Islanders
unique, or nearly so, in destroying every tree? The answer sometimes given,
"because Easter's palm and toromiro were very slow-growing," fails to explain why at least 19 other tree or plant species related to or the same as
species still widespread on East Polynesian islands were eliminated on
Easter but not on other islands. I suspect that this question lies behind the
reluctance of Easter Islanders themselves and of some scientists to accept
that the islanders caused the deforestation, because that conclusion seems
to imply that they were uniquely bad or improvident among Pacific
peoples.
Barry Rolett and I were puzzled by that apparent uniqueness of Easter.
Actually, it's just part of a broader puzzling question: why degree of deforestation varies among Pacific islands in general. For example, Mangareva
(to be discussed in the next chapter), most of the Cook and Austral Islands,
and the leeward sides of the main Hawaiian and Fijian Islands were largely
deforested, though not completely as in the case of Easter. The Societies and
Marquesas, and the windward sides of the main Hawaiian and Fijian Islands, supported primary forests at higher elevation and a mixture of secondary forests, fernlands, and grasslands at low elevation. Tonga, Samoa,
most of the Bismarcks and Solomons, and Makatea (the largest of the
Tuamotus) remained largely forested. How can all that variation be
explained?
Barry began by combing through the journals of early European explorers of the Pacific, to locate descriptions of what the islands looked like then.
That enabled him to extract the degree of deforestation on 81 islands as first
seen by Europeans—i.e., after centuries or millennia of impacts by native Pacific Islanders but before European impacts. For those same 81 islands, we
then tabulated values of nine physical factors whose interisland variation

we thought might contribute to explaining those different outcomes of deforestation. 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
and latitude: dry islands, and cooler islands farther from the equator (at
higher latitude), ended up more deforested than did wetter equatorial islands. That was as we had expected: the rate of plant growth and of seedling
establishment increases with rainfall and with temperature. When one
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 moderate rates of cutting trees on wet hot islands, leaving the island in a steady
state of being largely tree-covered.
Three other variables—island age, ash fallout, and dust fallout—had effects 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 islands. 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-

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 beyond the Andesite Line, the main aerial input of nutrients to renew soil fertility is instead in dust carried high in the atmosphere by winds from the
steppes of Central Asia. Hence islands east of the Andesite Line, and far
from 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—basically, 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 Island 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 balance. Makatea can slice up stout modern boots within a few days of walking. 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, distance, 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 transport of atmospheric dust. The mountains themselves may remain forestcovered if they are too high or too steep for gardening. Remote islands
became more deforested than islands near neighbors—possibly because islanders 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 islands, 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.

How does Easter rate according to these nine variables predisposing to
deforestation? It has the third highest latitude, among the lowest rainfalls,
the lowest volcanic ash fallout, the lowest Asian dust fallout, no makatea,
and the second greatest distance from neighboring islands. It is among the
lower and smaller of the 81 islands that Barry Rolett and I studied. All eight
of those variables make Easter susceptible to deforestation. Easter's volcanoes are of moderate age (probably 200,000 to 600,000 years); Easter's Poike
Peninsula, its oldest volcano, was the first part of Easter to become deforested and exhibits the worst soil erosion today. Combining the effects of all
those variables, Barry's and my statistical model predicted that Easter, Nihoa, and Necker should be the worst deforested Pacific islands. That agrees
with what actually happened: Nihoa and Necker ended up with no human
left alive and with only one tree species standing (Nihoa's palm), while
Easter ended up with no tree species standing and with about 90% of its
former population gone.
In short, the reason for Easter's unusually severe degree of deforestation
isn't that those seemingly nice people really were unusually bad or improvident. Instead, they had the misfortune to be living in one of the most fragile
environments, at the highest risk for deforestation, of any Pacific people.
For Easter Island, more than for any other society discussed in this book, we
can specify in detail the factors underlying environmental fragility.

Easter's isolation makes it the clearest example of a society that destroyed
itself by overexploiting its own resources. If we return to our five-point
checklist of factors to be considered in connection with environmental collapses, two of those factors—attacks by neighboring enemy societies, and
loss of support from neighboring friendly societies—played no role in
Easter's collapse, because there is no evidence that there were any enemies
or friends in contact with Easter Island society after its founding. Even if it
turns out that some canoes did arrive subsequently, such contacts could not
have been on a large enough scale to constitute either dangerous attacks or
important support. For a role of a third factor, climate change, we also have
no evidence at present, though it may emerge in the future. That leaves us
with just two main sets of factors behind Easter's collapse: human environmental impacts, especially deforestation and destruction of bird populations; and the political, social, and religious factors behind the impacts,
such as the impossibility of emigration as an escape valve because of Easter's
isolation, a focus on statue construction for reasons already discussed, and

competition between clans and chiefs driving the erection of bigger statues
requiring more wood, rope, and food.
The Easter Islanders' isolation probably also explains why I have found
that their collapse, more than the collapse of any other pre-industrial society, haunts my readers and students. The parallels between Easter Island
and the whole modern world are chillingly obvious. Thanks to globalization, international trade, jet planes, and the Internet, all countries on Earth
today share resources and affect each other, just as did Easter's dozen clans.
Polynesian Easter Island was as isolated in the Pacific Ocean as the Earth is
today in space. When the Easter Islanders got into difficulties, there was nowhere to which they could flee, nor to which they could turn for help; nor
shall we modern Earthlings have recourse elsewhere if our troubles increase. Those are the reasons why people see the collapse of Easter Island
society as a metaphor, a worst-case scenario, for what may lie ahead of us in
our own future.
Of course, the metaphor is imperfect. Our situation today differs in important respects from that of Easter Islanders in the 17th century. Some of
those differences increase the danger for us: for instance, if mere thousands
of Easter Islanders with just stone tools and their own muscle power sufficed to destroy their environment and thereby destroyed their society, how
can billions of people with metal tools and machine power now fail to do
worse? But there are also differences in our favor, differences to which we
shall return in the last chapter of this book.
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FURTHER

READINGS

These suggestions of some selected references are for those interested in reading
further. Rather than devote space to extensive bibliographies, I have favored citing
recent publications that do provide comprehensive listings of the earlier literature.
In addition, I cite some key books and articles. A journal title (in italics) is followed
by the volume number, followed after a colon by the first and last page numbers,
and then by the year of publication in parentheses.
Prologue
Influential comparative studies of collapses of ancient advanced societies around
the world include Joseph Tainter, The Collapse of Complex Societies (Cambridge:
Cambridge University Press, 1988), and Norman Yoffee and George Cowgill, eds.,
The Collapse of Ancient States and Civilizations (Tucson: University of Arizona
Press, 1988). Books focusing specifically on environmental impacts of past societies, or on the role of such impacts in collapses, include Clive Ponting, A Green
History of the World: The Environment and the Collapse of Great Civilizations (New
York: Penguin, 1991); Charles Redman, Human Impact on Ancient Environments (Tucson: University of Arizona Press, 1999); D. M. Kammen, K. R. Smith,
K. T. Rambo, and M.A.K. Khalil, eds., Preindustrial Human Environmental Impacts:
Are There Lessons for Global Change Science and Policy? (an issue of the journal
Chemosphere, volume 29, no. 5, September 1994); and Charles Redman, Steven
James, Paul Fish, and J. Daniel Rogers, eds., The Archaeology of Global Change: The
Impact of Humans on Their Environment (Washington, D.C.: Smithsonian Books,
2004). Among books discussing the role of climate change in the context of comparative studies of past societies are three by Brian Fagan: Floods, Famines, and Emperors: El Nino and the Fate of Civilizations (New York: Basic Books, 1999); The
Little Ice Age (New York: Basic Books, 2001); and The Long Summer: How Climate
Changed Civilization (New York: Basic Books, 2004).
Comparative studies of relations between the rises and the falls of states include
Peter Turchin, Historical Dynamics: Why States Rise and Fall (Princeton, N.J.:
Princeton University Press, 2003), and Jack Goldstone, Revolution and Rebellion in
the Early Modern World (Berkeley: University of California Press, 1991).
Chapter 1
Histories of the state of Montana include Joseph Howard, Montana: High, Wide,
and Handsome (New Haven: Yale University Press, 1943); K. Ross Toole, Montana:
An Uncommon Land (Norman: University of Oklahoma Press, 1959); K. Ross Toole,

20th-century Montana: A State of Extremes (Norman: University of Oklahoma
Press, 1972); and Michael Malone, Richard Roeder, and William Lang, Montana: A
History of Two Centuries, revised edition (Seattle: University of Washington Press,
1991). Russ Lawrence offered an illustrated book on the Bitterroot Valley, Montana's Bitterroot Valley (Stevensville, Mont.: Stoneydale Press, 1991). Bertha Francis,
The Land of Big Snows (Butte, Mont.: Caxton Printers, 1955) gives an account of the
history of the Big Hole Basin. Thomas Power, Lost Landscapes and Failed Economies:
The Search for Value of Place (Washington, D.C.: Island Press, 1996), and Thomas
Power and Richard Barrett, Post-Cowboy Economics: Pay and Prosperity in the New
American West (Washington, D.C.: Island Press, 2001), discuss the economic problems of Montana and the U.S. Mountain West. Two books on the history and impacts of mining in Montana are David Stiller, Wounding the West: Montana, Mining,
and the Environment (Lincoln: University of Nebraska Press, 2000) and Michael
Malone, The Battle for Butte: Mining and Politics on the Northern Frontier, 1864 1906
(Helena, Mont.: Montana Historical Society Press, 1981). Stephen Pyne's books on
forest fires include Fire in America: A Cultural History of Wildland and Rural Fire
(Princeton, N.J.: Princeton University Press, 1982) and Year of the Fires: The Story of
the Great Fires of 1910 (New York: Viking Penguin, 2001). An account of fires focused
on the western United States by two authors, one of them a resident of the Bitterroot
Valley, is Stephen Arno and Steven Allison-Bunnell, Flames in our Forests: Disaster or
Renewal? (Washington, D.C.: Island Press, 2002). Harsh Bais et al., "Allelopathy and
exotic plant invasion: from molecules and genes to species interactions" (Science
301:1377-1380 (2003)) show that the means by which Spotted Knapweed displaces
native plants include secreting from its roots a toxin to which the weed itself is impervious. Impacts of ranching on the U.S. West in general, including Montana, are
discussed by Lynn Jacobs, Waste of the West: Public Lands Ranching (Tucson: Lynn
Jacobs, 1991).
Current information on some Montana problems discussed in my chapter can
be obtained from Web sites and e-mail addresses of organizations concerned with
these problems. Some of these organizations, and their addresses, are as follows:
Bitterroot Land Trust: www.BitterRootLandTrust.org. Bitterroot Valley Chamber of
Commerce: www.bvchamber.com. Bitterroot Water Forum: brwaterforum@bitterroot.mt. Friends of the Bitterroot: www.FriendsoftheBitterroot.org. Montana Weed
Control Association: www.mtweed.org. Plum Creek Timber: www.plumcreek.com.
Trout Unlimited's Missoula office: montrout@montana.com. Whirling Disease
Foundation: www.whirling-disease.org. Sonoran Institute: www.sonoran.org/
programs/si_se. Center for the Rocky Mountain West: www.crmw.org/read. Montana Department of Labor and Industry: http://rad.dli.state.mt.us/pubs/profile.asp.
Northwest Income Indicators Project: http://niip.wsu.edu/.

Chapter 2
The general reader seeking an overview of Easter Island should begin with three
books: John Flenley and Paul Bahn, The Enigmas of Easter Island (New York: Oxford
University Press, 2003, updating Paul Bahn and John Flenley, Easter Island, Earth Island (London: Thames and Hudson, 1992); Jo Anne Van Tilburg, Easter Island: Archaeology, Ecology, and Culture (Washington, D.C.: Smithsonian Institution Press,
1994); and Jo Anne Van Tilburg, Among Stone Giants (New York: Scribner, 2003).
The last-mentioned book is a biography of Katherine Routledge, a remarkable English archaeologist whose 1914-15 visit enabled her to interview islanders with personal memories of the last Orongo ceremonies, and whose life was as colorful as a
fantastic novel.
Two other recent books are Catherine and Michel Orliac, The Silent Gods: Mysteries of Easter Island (London: Thames and Hudson, 1995), a short illustrated
overview; and John Loret and John Tancredi, eds., Easter Island: Scientific Exploration into the World's Environmental Problems in Microcosm (New York:
Kluwer/Plenum, 2003), 13 chapters on results of recent expeditions. Anyone who
becomes seriously interested in Easter Island will want to read two classic earlier
books: Katherine Routledge's own account, The Mystery of Easter Island (London:
Sifton Praed, 1919, reprinted by Adventure Unlimited Press, Kempton, 111., 1998),
and Alfred Metraux, Ethnology of Easter Island (Honolulu: Bishop Museum Bulletin
160,1940, reprinted 1971). Eric Kjellgren, ed., Splendid Isolation: Art of Easter Island
(New York: Metropolitan Museum of Art, 2001) assembles dozens of photos, many
in color, of petroglyphs, rongo-rongo boards, moai kavakava, barkcloth figures, and
a red feather headdress of a type that may have inspired the red stone pukao.
Articles by Jo Anne Van Tilburg include "Easter Island (Rapa Nui) archaeology
since 1955: some thoughts on progress, problems and potential," pp. 555-577 in
J. M. Davidson et al., eds., Oceanic Culture History: Essays in Honour of Roger Green
(New Zealand Journal of Archaeology Special Publication, 1996); Jo Anne Van
Tilburg and Cristian Arevalo Pakarati, "The Rapanui carvers' perspective: notes and
observations on the experimental replication of monolithic sculpture (moai)," pp.
280-290 in A. Herle et al, eds., Pacific Art: Persistence, Change and Meaning
(Bathurst, Australia: Crawford House, 2002); and Jo Anne Van Tilburg and Ted Ralston, "Megaliths and mariners: experimental archaeology on Easter Island (Rapa
Nui)," in press in K. L. Johnson, ed., Onward and Upward'. Papers in Honor of
Clement W. Meighan (University Press of America). The latter two of those three articles describe experimental studies aimed at understanding how many people were
required to carve and transport statues, and how long it would have taken.
Many good books accessible to the general reader describe the settlement of
Polynesia or the Pacific as a whole. They include Patrick Kirch, On the Road of the
Winds: An Archaeological History of the Pacific Islands Before European Contact
(Berkeley: University of California Press, 2000), The Lapita Peoples: Ancestors of the
Oceanic World (Oxford: Blackwell, 1997), and The Evolution of the Polynesian Chief-

doms (Cambridge: Cambridge University Press, 1984); Peter Bellwood, The Polynesians: Prehistory of an Island People, revised edition (London: Thames and Hudson,
1987); and Geoffrey Irwin, The Prehistoric Exploration and Colonisation of the Pacific (Cambridge: Cambridge University Press, 1992). David Lewis, We, the Navigators (Honolulu: University Press of Hawaii, 1972) is a unique account of traditional
Pacific navigational techniques, by a modern sailor who studied those techniques
by embarking on long voyages with surviving traditional navigators. Patrick Kirch
and Terry Hunt, eds., Historical Ecology in the Pacific Islands: Prehistoric Environmental and Landscape Change (New Haven, Conn.: Yale University Press, 1997)
consists of papers about human environmental impacts on Pacific Islands other
than Easter.
Two books by Thor Heyerdahl that inspired my interest and that of many others in Easter Island are The Kon-Tiki Expedition (London: Allen & Unwin, 1950)
and Aku-Aku: The Secret of Easter Island (London: Allen & Unwin, 1958). A rather
different interpretation emerges from the excavations of the archaeologists whom
Heyerdahl brought to Easter Island, as described in Thor Heyerdahl and E. Ferdon,
Jr., eds., Reports of the Norwegian Archaeological Expedition to Easter Island and the
East Pacific, vol. 1: The Archaeology of Easter Island (London: Allen & Unwin, 1961).
Steven Fischer, Glyph Breaker (New York: Copernicus, 1997) and Rongorongo: The
Easter Island Script (Oxford: Oxford University Press, 1997) describe Fischer's efforts at deciphering the Rongorongo text. Andrew Sharp, ed., The Journal of Jacob
Roggeveen (London: Oxford University Press, 1970) reprints on pp. 89-106 the first
European eyewitness description of Easter Island.
An archaeological mapping of Easter Island is summarized in Claudio Cristino,
Patricia Vargas, and R. Izaurieta, Atlas Arqueologico delsla dePascua (Santiago: University of Chile, 1981). Detailed articles about Easter Island are published regularly
in the Rapa Nui Journal by the Easter Island Foundation, which also publishes occasional conferences about the island. Important collections of papers are Claudio
Cristino, Patricia Vargas et al., eds., First International Congress, Easter Island and
East Polynesia, vol. 1 Archaeology (Santiago: University of Chile, 1988); Patricia
Vargas Casanova, ed., Easter Island and East Polynesia Prehistory (Santiago: University of Chile, 1998); and Christopher Stevenson and William Ayres, eds., Easter Island Archaeology: Research on Early Rapanui Culture (Los Osos, Calif.: Easter Island
Foundation, 2000). A summary of the history of cultural contacts is to be found in
Claudio Cristino et al. Isla de Pascua: Procesos, Alcances y Efectos de la Aculturacion
(Easter Island: University of Chile, 1984).
David Steadman reports his identification of bird bones and other remains excavated at Anakena Beach in three papers: "Extinctions of birds in Eastern Polynesia: a review of the record, and comparisons with other Pacific Island groups"
(Journal of Archaeological Science 16:177-205 (1989)), and "Stratigraphy, chronology, and cultural context of an early faunal assemblage from Easter Island" (Asian
Perspectives 33:79-96 (1994)), both with Patricia Vargas and Claudio Cristino; and

"Prehistoric extinctions of Pacific Island birds: biodiversity meets zooarchaeology"
{Science 267:1123-1131 (1995)). William Ayres, "Easter Island subsistence" (Journal de la Societe des Oceanistes 80:103-124 (1985)) provides further archaeological
evidence of foods consumed. For solution of the mystery of the Easter Island
palm and other insights from pollen in sediment cores, see J. R. Flenley and Sarah
King, "Late Quaternary pollen records from Easter Island" {Nature 307:47-50
(1984)), J. Dransfield et al, "A recently extinct palm from Easter Island" (Nature
312:750-752 (1984)), and J. R. Flenley et al.,"The Late Quaternary vegetational and
climatic history of Easter Island" (Journal of Quaternary Science 6:85-115 (1991)).
Catherine Orliac's identifications are reported in a paper in the above-cited edited
volume by Stevenson and Ayres, and in "Donnees nouvelles sur la composition de
la flore de Pile de Paques" (Journal de la Societe des Oceanistes 2:23-31 (1998)).
Among the papers resulting from the archaeological surveys by Claudio Cristino
and his colleagues are Christopher Stevenson and Claudio Cristino, "Residential
settlement history of the Rapa Nui coastal plain (Journal of New World Archaeology
7:29-38 (1986)); Daris Swindler, Andrea Drusini, and Claudio Cristino, "Variation
and frequency of three-rooted first permanent molars in precontact Easter Islanders: anthropological significance (Journal of the Polynesian Society 106:175-183
(1997)); and Claudio Cristino and Patricia Vargas, "Ahu Tongariki, Easter Island:
chronological and sociopolitical significance" (Rapa Nui Journal 13:67-69 (1999)).
Christopher Stevenson's papers on intensive agriculture and lithic mulches include Archaeological Investigations on Easter Island; Maunga Tari: An Upland Agriculture Complex (Los Osos, Calif.: Easter Island Foundation, 1995), (with Joan
Wozniak and Sonia Haoa) "Prehistoric agriculture production on Easter Island
(Rapa Nui), Chile" (Antiquity 73:801-812 (1999)), and (with Thegn Ladefoged and
Sonia Haoa) "Productive strategies in an uncertain environment: prehistoric agriculture on Easter Island" (Rapa Nui Journal 16:17-22 (2002)). Christopher Stevenson, "Territorial divisions on Easter Island in the 16th century: evidence from the
distribution of ceremonial architecture," pp. 213-229 in T. Ladefoged and M.
Graves, eds., Pacific Landscapes (Los Osos, Calif.: Easter Island Foundation,
2002) reconstructs the boundaries of Easter's 11 traditional clans.
Dale Lightfoot, "Morphology and ecology of lithic-mulch agriculture" (Geographical Review 84:172-185 (1994)) and Carleton White et al., "Water conservation through an Anasazi gardening technique" (New Mexico Journal of Science
38:251-278 (1998)) provide evidence for the function of lithic mulches elsewhere
in the world. Andreas Mieth and Hans-Rudolf Bork "Diminution and degradation
of environmental resources by prehistoric land use on Poike Peninsula, Easter Island (Rapa Nui)" (Rapa Nui Journal 17:34-41 (2003)) discuss deforestation and
erosion on the Poike Peninsula. Karsten Haase et al., "The petrogenetic evolution of
lavas from Easter Island and neighboring seamounts, near-ridge hotspot volcanoes
in the S.E. Pacific" (Journal of Petrology 38:785-813 (1997)) analyze the dates and
chemical compositions of Easter's volcanoes. Erika Hagelberg et al., "DNA from an-

dent Easter Islanders" (Nature 369:25-26 (1994)) analyze DNA extracted from 12
Easter Island skeletons. James Brander and M. Scott Taylor, "The simple economics
of Easter Island: a Ricardo-Malthus model of renewable resource use" (American
Economic Review 38:119-138 (1998)) give an economist's view of overexploitation
on Easter.
Chapter 3
The settlement of Southeast Polynesia is covered in the sources for the settlement of
Polynesia as a whole that I provided under the Further Readings for Chapter 2. The
Pitcairn Islands: Biogeography, Ecology, and Prehistory (London: Academic Press,
1995), edited by Tim Benton and Tom Spencer, is the product of a 1991-92 expedition to Pitcairn, Henderson, and the coral atolls Oeno and Ducie. The volume consists of 27 chapters on the islands' geology, vegetation, birds (including Henderson's
extinct birds), fishes, terrestrial and marine invertebrates, and human impacts.
Most of our information about the Polynesian settlement and abandonment of
Pitcairn and Henderson comes from the studies of Marshall Weisler and various
colleagues. Weisler provides an overall account of his research in a chapter, "Henderson Island prehistory: colonization and extinction on a remote Polynesian island," on pp. 377-404 of the above-cited volume by Benton and Spencer. Two other
overview papers by Weisler are "The settlement of marginal Polynesia: new evidence from Henderson Island" (Journal of Field Archaeology 21:83—102 (1994)) and
"An archaeological survey of Mangareva: implications for regional settlement models and interaction studies" (Man and Culture and Oceania 12:61-85 (1996)). Four
papers by Weisler explain how chemical analysis of basalt adzes can identify on
what island the basalt was quarried, and thus can help trace out trade routes:
"Provenance studies of Polynesian basalt adzes material: a review and suggestions
for improving regional databases" (Asian Perspectives 32:61-83 (1993)); "Basalt pb
isotope analysis and the prehistoric settlement of Polynesia," coauthored with Jon
D. Whitehead (Proceedings of the National Academy of Sciences, USA 92:1881-1885
(1995)); "Interisland and interarchipelago transfer of stone tools in prehistoric
Polynesia," coauthored with Patrick V. Kirch (Proceedings of the National Academy
of Sciences, USA 93:1381-1385 (1996)); and "Hard evidence for prehistoric interaction in Polynesia" (Current Anthropology 39:521-532 (1998)). Three papers
describe the East and Southeast Polynesia trade network: Marshall Weisler and
R. C. Green, "Holistic approaches to interaction studies: a Polynesian example,"
pp. 413-453 in Martin Jones and Peter Sheppard, eds., Australasian Connections
and New Directions (Auckland, N.Z.: Department of Anthropology, University of
Auckland, 2001); R. C. Green and Marshall Weisler, "The Mangarevan sequence
and dating of the geographic expansion into Southeast Polynesia" (Asian Perspectives 41:213-241 (2002)); and Marshall Weisler, "Centrality and the collapse of

long-distance voyaging in East Polynesia," pp. 257-273 in Michael D. Glascock, ed.,
Geochemical Evidence for Long-Distance Exchange (London: Bergin and Garvey,
2002). Three papers on Henderson Island crops and skeletons are Jon G. Hather
and Marshall Weisler, "Prehistoric giant swamp taro (Cyrtosperma chamissonis)
from Henderson Island, Southeast Polynesia" (Pacific Science 54:149-156 (2000));
Sara Collins and Marshall Weisler, "Human dental and skeletal remains from Henderson Island, Southeast Polynesia" (People and Culture in Oceania 16:67-85
(2000)); and Vincent Stefan, Sara Collins, and Marshall Weisler, "Henderson Island
crania and their implication for southeastern Polynesian prehistory" (Journal of the
Polynesian Society 111:371-383 (2002)).
No one interested in Pitcairn and Henderson, and no one who loves a great
story, should miss the novel Pitcairn's Island by Charles Nordhoff and James Norman Hall (Boston: Little, Brown, 1934)—a realistically re-created account of the
lives and mutual murders of the H.M.S. Bounty mutineers and their Polynesian
companions on Pitcairn Island, after they had seized the Bounty and cast Captain
Bligh and his supporters adrift. Caroline Alexander, The Bounty (New York: Viking,
2003) offers the most thorough effort to understand what really did happen.
Chapter 4
The prehistory of the U.S. Southwest is well served by books written for the general
public and well illustrated, often in color. Those books include Robert Lister and
Florence Lister, Chaco Canyon (Albuquerque: University of New Mexico Press,
1981); Stephen Lekson, Great Pueblo Architecture of Chaco Canyon, New Mexico
(Albuquerque: University of New Mexico Press, 1986); William Ferguson and
Arthur Rohn, Anasazi Ruins of the Southwest in Color (Albuquerque: University
of New Mexico Press, 1987); Linda Cordell, Ancient Pueblo Peoples (Montreal:
St. Remy Press, 1994); Stephen Plog, Ancient Peoples of the American Southwest
(New York: Thames and Hudson, 1997); Linda Cordell, Archaeology of the Southwest, 2nd ed. (San Diego: Academic Press, 1997); and David Stuart, Anasazi America
(Albuquerque: University of New Mexico Press, 2000).
Not to be missed are three illustrated books on the glorious painted pottery of
the Mimbres people: J. J. Brody, Mimbres Painted Pottery (Santa Fe: School of
American Research, 1997); Steven LeBlanc, The Mimbres People: Ancient Pueblo
Painters of the American Southwest (London: Thames and Hudson, 1983); and Tony
Berlant, Steven LeBlanc, Catherine Scott, and J. J. Brody, Mimbres Pottery: Ancient
Art of the American Southwest (New York: Hudson Hills Press, 1983).
Three detailed accounts of warfare and violence among the Anasazi and their
neighbors are Christy Turner II and Jacqueline Turner, Man Corn: Cannibalism and
Violence in the Prehistoric American Southwest (Salt Lake City: University of Utah
Press, 1999); Steven LeBlanc, Prehistoric Warfare in the American Southwest (Salt

Lake City: University of Utah Press, 1999); and Jonathan Haas and Winifred
Creamer, Stress and Warfare Among the Kayenta Anasazi of the Thirteenth Century
A .D. (Chicago: Field Museum of Natural History, 1993).
Monographs or scholarly books on specific problems or peoples in the Southwest include Paul Minnis, Social Adaptation to Food Stress: A Prehistoric Southwestern Example (Chicago: University of Chicago Press, 1985); W. H. Wills, Early
Prehistoric Agriculture in the American Southwest (Santa Fe: School of American Research, 1988); R. Gwinn Vivian, The Chacoan Prehistory of the San Juan Basin (San
Diego: Academic Press, 1990); Lynne Sebastian, The Chaco Anasazi: Sociopolitical
Evolution and the Prehistoric Southwest (Cambridge: Cambridge University Press,
1992); and Charles Redman, People of the Tonto Rim: Archaeological Discovery in
Prehistoric Arizona (Washington, D.C.: Smithsonian Institution Press, 1993). Eric
Force, R. Gwinn Vivian, Thomas Windes, and Jeffrey Dean reevaluated the incised
arroyo channels that lowered Chaco Canyon's water table in their monograph Relation of "Bonito" Paleo-channel and Base-level Variations to Anasazi Occupation,
Chaco Canyon, New Mexico (Tuscon: Arizona State Museum, University of Arizona,
2002). Everything that you might want to know about Packrat Middens is described
in the book with that title by Julio Betancourt, Thomas Van Devender, and Paul
Martin (Tucson: University of Arizona Press, 1990).
The Southwest has also been well served by edited multiauthored volumes collecting chapters by numerous scholars. Among them are David Grant Nobel, ed.,
New Light on Chaco Canyon (Santa Fe: School of American Research, 1984); George
Gumerman, ed., The Anasazi in a Changing Environment (Cambridge: Cambridge
University Press, 1988); Patricia Crown and W. James Judge, eds., Chaco and Hohokam: Prehistoric Regional Systems in the American Southwest (Santa Fe: School of
American Research, 1991); David Doyel, ed., Anasazi Regional Organization and the
Chaco System (Albuquerque: Maxwell Museum of Anthropology, 1992); Michael
Adler, ed., The Prehistoric Pueblo World A.D. 1150-1350 (Tucson: University of Arizona Press, 1996); Jill Neitzel, ed., Great Towns and Regional Polities in the Prehistoric American Southwest and Southeast (Dragoon, Ariz.: Amerind Foundation,
1999); Michelle Hegmon, ed., The Archaeology of Regional Interaction: Religion,
Warfare, and Exchange Across the American Southwest and Beyond (Boulder: University Press of Colorado, 2000); and Michael Diehl and Steven LeBlanc, Early Pithouse Villages of the Mimbres Valley and Beyond (Cambridge, Mass.: Peabody
Museum of Archaeology and Ethnology, Harvard University, 2001).
The bibliographies of the books that I have cited will provide signposts to
the literature of scholarly articles on the Southwest. A few articles particularly relevant to this chapter will now be mentioned separately. Papers by Julio Betancourt
and his colleagues on what can be learned from historical reconstructions of the
vegetation at Chaco Canyon include Julio Betancourt and Thomas Van Devender, "Holocene vegetation in Chaco Canyon, New Mexico" [Science 214:656-658

(1981)); Michael Samuels and Julio Betancourt, "Modeling the long-term effects of
fuelwood harvests on pinyon-juniper woodlands" (Environmental Management
6:505-515 (1982)); and Julio Betancourt, Jeffrey Dean, and Herbert Hull, "Prehistoric long-distance transport of construction beams, Chaco Canyon, New Mexico"
{American Antiquity 51:370-375 (1986)). Two papers on changes in Anasazi wood
use through time are Timothy Kohler and Meredith Matthews, "Long-term Anasazi
land use and forest production: a case study of Southwest Colorado" {American Antiquity 53:537-564 (1988)), and Thomas Windes and Dabney Ford, "The Chaco
wood project: the chronometric reappraisal of Pueblo Bonito" (American Antiquity
61:295-310 (1996)). William Bull provides a good review of the complex origins of
arroyo cutting in his paper "Discontinuous ephemeral streams" (Geomorphology
19:227-276 (1997)). Strontium isotopes were used to identify the local origins of
Chaco timber and maize by the authors of two papers: for timber, Nathan English,
Julio Betancourt, Jeffrey Dean, and Jay Quade, "Strontium isotopes reveal distant
sources of architectural timber in Chaco Canyon, New Mexico" (Proceedings of the
National Academy of Sciences, USA 98:11891-11896 (2001)); and, for maize, Larry
Benson et al., "Ancient maize from Chacoan great houses: where was it grown?"
(Proceedings of the National Academy of Sciences, USA 100:13111-13115 (2003)). R.
L. Axtell et al. provide a detailed reconstruction of population size and agricultural
potential for the Kayenta Anasazi of Long House Valley in their paper "Population
growth and collapse in a multiagent model of the Kayenta Anasazi in Long House
Valley" (Proceedings of the National Academy of Sciences, USA 99:7275-7279
(2002)).
Chapter 5
Three recent books presenting different views of the Maya collapse are David Webster, The Fall of the Ancient Maya (New York: Thames and Hudson, 2002), Richardson Gill, The Great Maya Droughts (Albuquerque: University of New Mexico Press,
2000), and Arthur Demerest, Prudence Rice, and Don Rice, eds., The Terminal Classic in the Maya Lowlands (Boulder: University Press of Colorado, 2004). Webster
provides an overview of Maya society and history and interprets the collapse in
terms of a mismatch between population and resources, while Gill focuses on climate and interprets the collapse in terms of drought, and Demerest et al. emphasize
complex variation among sites and deemphasize uniform ecological interpretations. Earlier, multiauthored edited volumes setting out diverse interpretations are
T. Patrick Culbert, ed., The Classic Maya Collapse (Albuquerque: University of New
Mexico Press, 1973), and T. Patrick Culbert and D. S. Rice, eds., Precolumbian Population History in the Maya Lowlands (Albuquerque: University of New Mexico
Press, 1990). David Lentz, ed., Imperfect Balance: Landscape Transformation in the
Precolumbian Americas (New York: Columbia University Press, 2000) contains sev-

eral chapters relevant to the Maya, plus chapters on other relevant societies mentioned elsewhere in this book, including Hohokam, Andean, and Mississippian
societies.
Books summarizing the rises and falls of specific cities include David Webster,
AnnCorinne Freter, and Nancy Gonlin, Copdn: The Rise and Fall of an Ancient
Maya Kingdom (Fort Worth: Harcourt Brace, 2000); Peter Harrison, The Lords of
Tikal (New York: Thames and Hudson, 1999); Stephen Houston, Hieroglyphs and
History at Dos Pilas (Austin: University of Texas Press, 1993); and M. P. Dunning,
Lords of the Hills: Ancient Maya Settlement in the Puuc Region, Yucatan, Mexico
(Madison, Wis.: Prehistory Press, 1992). For books about Maya history and society
not focusing specifically on the collapse, see especially Michael Coe, The Maya, 6th
ed. (New York: Thames and Hudson, 1999); also, Simon Martin and Nikolai
Grube, Chronicle of the Maya Kings and Queens (New York: Thames and Hudson,
2000); Robert Sharer, The Ancient Maya (Stanford, Calif: Stanford University Press,
1994); Linda Scheie and David Freidel, A Forest of Kings (New York: William Morrow, 1990); and Linda Scheie and Mary Miller, The Blood of Kings (New York:
Braziller, 1986).
The two classic books by John Stephens describing his rediscoveries are Incidents of Travel in Central America, Chiapas and Yucatan (New York: Harper, 1841)
and Incidents of Travel in Yucatan (New York: Harper, 1843); both have been
reprinted by Dover Publications. Victor Wolfgang von Hagen, Maya Explorer (Norman: University of Oklahoma Press, 1948) combines a biography of John Stephens
with an account of his discoveries.
Numerous papers and books by B. L. Turner II discuss aspects of Maya agricultural intensification and population. They include B. L. Turner II, "Prehistoric
intensive agriculture in the Mayan lowlands" (Science 185:118-124 (1974)); B. L.
Turner II and Peter Harrison, "Prehistoric raised-field agriculture in the Maya
lowlands" (Science 213:399-405 (1981)); B. L. Turner II and Peter Harrison, Pulltrouser Swamp: Ancient Maya Habitat, Agriculture, and Settlement in Northern Belize (Austin: University of Texas Press, 1983); Thomas Whitmore and B. L. Turner
II, "Landscapes of cultivation in Mesoamerica on the eve of the conquest" (Annals
of the Association of American Geographers 82:402-425 (1992)); and B. L. Turner II
and K. W Butzer "The Columbian encounter and land-use change" (Environment
43:16-20 and 37-44 (1992)).
Recent articles describing in detail the studies of lake cores that provide evidence for links between droughts and Maya collapses include Mark Brenner et al.,
"Paleolimnology of the Maya lowlands: long-term perspectives on interactions
among climate, environment, and humans" (Ancient Mesoamerica 13:141-157
(2002)) (see also other articles on pp. 79-170 and 265-345 of the same volume);
David Hodell et al., "Solar forcing of drought frequency in the Maya lowlands" (Science 292:1367-1370 (2001)); Jason Curtis et al., "Climate variability of the Yucatan
Peninsula (Mexico) during the past 3500 years, and implications for Maya cultural

evolution" (Quaternary Research 46:37-47 (1996)); and David Hodell et al., "Possible role of climate in the collapse of Classic Maya civilization" (Nature 375:
391-394 (1995)). Two articles by the same group of scientists discussing drought
inferences from lake cores specifically for the Peten region are: Michael Rosenmeier, "A 4,000-year lacustrine record of environmental change in the southern
Maya lowlands, Peten, Guatemala" (Quaternary Research 57:183-190 (2002)); and
Jason Curtis et al., "A multi-proxy study of Holocene environmental change in
the Maya lowlands of Peten, Guatemala" (Journal of Paleolimnology 19:139-159
(1998)). Supplementing these studies of lake sediments, Gerald Haug et al, "Climate and the collapse of Maya civilization" (Science 299:1731-1735 (2003)) extract
year-to-year rainfall changes by analyzing sediments washed by rivers into the
ocean.
No one interested in the Maya should miss Mary Ellen Miller, The Murals of
Bonampak (Princeton, N.J.: Princeton University Press, 1986), with its beautiful
color as well as black-and-white reproductions of the murals and their grisly torture scenes; nor Justin Kerr's series of volumes reproducing Maya pottery, The
Maya Vase Book (New York: Kerr Associates, various dates). The fascinating story of
how Maya writing was deciphered is related by Michael Coe, Breaking the Maya
Code, 2nd ed. (New York: Thames and Hudson, 1999), and Stephen Houston, Oswaldo Chinchilla Mazareigos, and David Stuart, The Decipherment of Ancient Maya
Writing (Norman: University of Oklahoma, 2001). The reservoirs of Tikal are described by Vernon Scarborough and Gari Gallopin, "A water storage adaptation in
the Maya lowlands" (Science 251:658-662 (1991)). Lisa Lucero's article "The collapse of the Classic Maya: a case for the role of water control" (American Anthropologist 104:814-826 (2002)) explains why differing local water problems might
have contributed to the non-uniformity of the Classic collapse, with different cities
meeting differing fates at different dates. Arturo Gomez-Pompa, Jose Salvador Flores, and Victoria Sosa, "The 'pet kot': a man-made tropical forest of the Maya" (Interciencia 12:10-15 (1987)) describe Maya cultivation of forest patches with useful
trees. Timothy Beach, "Soil catenas, tropical deforestation, and ancient and contemporary soil erosion in the Peten, Guatemala" (Physical Geography 19:378-405
(1998)) shows that the Maya in some areas but not in others were able to reduce
soil erosion by terracing. Richard Hansen et al., "Climatic and environmental variability in the rise of Maya civilization: a preliminary perspective from northern
Peten" (Ancient Mesoamerica 13:273-295 (2002)) presents a multidisciplinary
study of an area densely populated already in pre-Classic times, and yielding evidence for plaster production as a driving force behind deforestation there.
Chapters 6-8
Vikings: The North Atlanta Saga, edited by William Fitzhugh and Elisabeth Ward
(Washington, D.C.: Smithsonian Institution Press, 2000), is a multiauthored vol-

ume, beautifully illustrated in color, whose 31 chapters cover in detail the Vikings'
society, their expansion over Europe, and their North Atlantic colonies. Shorter,
single-authored overviews of the Vikings include Eric Christiansen, The Norsemen
in the Viking Age (Oxford: Blackwell, 2002), F. Donald Logan, The Vikings in History, 2nd ed. (New York: Routledge, 1991), and Else Roestahl, The Vikings (New
York: Penguin, 1987). Gwyn Jones, Vikings: The North Atlantic Saga, 2nd ed. (Oxford: Oxford University Press, 1986) and G. J. Marcus, The Conquest of the North Atlantic (New York: Oxford University Press, 1981) are instead concerned specifically
with the Vikings' three remote North Atlantic colonies of Iceland, Greenland, and
Vinland. A useful additional feature of Jones's book is that among its appendices
are translations of the most relevant saga source documents, including the Book of
the Icelanders, both of the Vinland sagas, and the Story of Einar Sokkason.
Two recent books summarizing Iceland's history are Jesse Byock, Viking Age Iceland (New York: Penguin Putnam, 2001), which takes the story up to the end of the
Icelandic Commonwealth in 1262-1264, and which builds on the same author's
earlier Medieval Iceland: Society, Sagas, and Present (Berkeley: University of California Press, 1988); and Gunnar Karlsson, Iceland's 1100 Years: The History of a Marginal Society (London: Hurst, 2000), which covers not only the medieval but also
the modern era. Environmental Change in Iceland: Past and Present (Dordrecht:
Kluwer, 1991), edited by Judith Maizels and Chris Caseldine, is a more technical,
multiauthored account of Iceland's environmental history. Kirsten Hastrup, Island
of Anthropology: Studies in Past and Present Iceland (Viborg: Odense University
Press, 1990) collects the author's anthropological papers on Iceland. The Sagas of
Icelanders: A Selection (New York: Penguin, 1997) offers translations of 17 of the
sagas (including the two Vinland sagas), drawn from a five-volume The Complete
Sagas of Icelanders (Reykjavik: Leifur Eiriksson, 1997).
Two related papers on landscape change in Iceland are Andrew Dugmore et al.,
"Tephrochronology, environmental change and the Norse settlement of Iceland"
(Environmental Archaeology 5:21-34 (2000)), and Ian Simpson et al., "Crossing
the thresholds: human ecology and historical patterns of landscape degradation"
[Catena 42:175-192 (2001)). Because each insect species has specific habitat and
climate requirements, Paul Buckland and his colleagues have been able to use insects preserved at archaeological sites as environmental indicators. Their papers
include Gudrun Sveinbjarnardottir et al. "Landscape change in Eyjafjallasveit,
Southern Iceland" (Norsk Geog. Tidsskr 36:75-88 (1982)); Paul Buckland et al.,
"Late Holocene palaeoecology at Ketilsstadir in Myrdalur, South Iceland" (Jokull
36:41-55 (1986)); Paul Buckland et al., "Holt in Eyjafjallasveit, Iceland: a paleoecological study of the impact of Landnam" (Acta Archaeologica 61:252-271 (1991));
Gudrun Sveinbjarnardottir et al, "Shielings in Iceland: an archaeological and historical survey" (Acta Archaeologica 61:74-96 (1991)); Paul Buckland et al.,
"Palaeoecological investigations at Reykholt, Western Iceland," pp. 149-168 in
C. D. Morris and D. J. Rackhan, eds., Norse and Later Settlement and Subsistence in

the North Atlantic (Glasgow: Glasgow University Press, 1992); and Paul Buckland
et al., "An insect's eye-view of the Norse farm," pp. 518-528 in Colleen Batey et al.,
eds., The Viking Age in Caithness, Orkney and the North Atlantic (Edinburgh: Edinburgh University Press, 1993). The same insect-based approach to understanding
environmental change in the Faeroe Islands is used by Kevin Edwards et al., "Landscapes at landnam: palynological and palaeoentomological evidence from Toftanes,
Faroe Islands" (Frodskaparrit 46:177-192 (1998)).
Two books assemble in detail the available information on Norse Greenland:
Kirsten Seaver, The Frozen Echo: Greenland and Exploration of North America ca.
A.D. 1000-1500 (Stanford, Calif.: Stanford University Press, 1996), and Finn Gad,
The History of Greenland, vol. I: Earliest Times to 1700 (Montreal: McGill-Queen's
University Press, 1971). A subsequent book by Finn Gad, The History of Greenland,
vol. II: 1700-1782 (Montreal: McGill-Queen's University Press, 1973), continues the
story through the period of Greenland's "rediscovery" and Danish colonization.
Niels Lynnerup reported on his analysis of the available Norse skeletons from
Greenland in his monograph The Greenland Norse: A Biologic-Anthropological
Study (Copenhagen: Commission for Scientific Research in Greenland, 1998). Two
multiauthored monographs with many papers on the Inuit and their Native American predecessors in Greenland are Martin Appelt and Hans Christian Gullov, eds.,
Late Dorset in High Arctic Greenland (Copenhagen: Danish Polar Center, 1999), and
Martin Appelt et al, eds., Identities and Cultural Contacts in the Arctic (Copenhagen: Danish Polar Center, 2000). An intimately personal insight into the lives of
Greenland Inuit was gained from the discovery of six women, a child, and an infant
who died and were buried around 1475, and whose bodies and clothing remained
well preserved because of the cold dry climate. Those mummies are described and
illustrated in Jens Peder Hart Hansen et al., eds., The Greenland Mummies (London:
British Museum Press, 1991); the book's cover is a haunting, unforgettable photograph of the face of the six-month-old infant.
The two most important series of archaeological studies of the Greenland
Norse within the last 20 years have been by Thomas McGovern and by Jette
Arneborg and their colleagues. Among McGovern's papers are Thomas McGovern,
"The Vinland adventure: a North Atlantic perspective" (North American Archaeologist 2:285-308 (1981)); Thomas McGovern, "Contributions to the paleoeconomy of
Norse Greenland" (Acta Archaeologica 54:73-122 (1985)); Thomas McGovern et al.,
"Northern islands, human era, and environmental degradation: a view of social and
ecological change in the medieval North Atlantic" (Human Ecology 16:225-270
(1988)); Thomas McGovern, "Climate, correlation, and causation in Norse Greenland" (Arctic Anthropology 28:77-100 (1991)); Thomas McGovern et al., "A vertebrate zooarchaeology of Sandnes V51: economic change at a chieftain's farm in
West Greenland" (Arctic Anthropology 33:94-121 (1996)); Thomas Amorosi et al,
"Raiding the landscape: human impact from the Scandinavian North Atlantic"
(Human Ecology 25:491-518 (1997)); and Tom Amorosi et al, "They did not live by

grass alone: the politics and paleoecology of animal fodder in the North Atlantic region" (Environmental Archaeology 1:41-54 (1998)). Arneborg's papers include
lette Arneborg, "The Roman church in Norse Greenland" (Acta Archaeologica
61:142-150 (1990)); Jette Arneborg, "Contact between Eskimos and Norsemen in
Greenland: a review of the evidence," pp. 23-35 in Tvaerfaglige Vikingesymposium
(Aarhus, Denmark: Aarhus University, 1993); Jette Arneborg, "Burgundian caps,
Basques and dead Norsemen at Herjolfsnaes, Greenland," pp. 75-83 in Nationalmuseets Arbejdsmark (Copenhagen: Nationalmuseet, 1996); and Jette Arneborg et
al., "Change of diet of the Greenland Vikings determined from stable carbon isotope analysis and I4C dating of their bones" (Radiocarbon 41:157-168 (1999)).
Among the Greenland sites that Arneborg and her colleagues excavated was the remarkable "Farm beneath the sand," a large Norse farm sealed under a thick layer of
sand at Western Settlement; that site and several other Greenland sites are described
in a monograph edited by Jette Arneborg and Hans Christian Gullov, Man, Culture
and Environment in Ancient Greenland (Copenhagen: Danish Polar Center, 1998).
C. L. Vebaek described his excavations from 1945 to 1962 in three monographs: respectively numbers 14, 17, and 18 (1991, 1992, and 1993) in the series Meddelelser
om Gronland, Man and Society, Copenhagen: The Church Topography of the Eastern
Settlement and the Excavation of the Benedictine Convent at Narsarsuaq in the Uunartoq Fjord; Vatnahverfi: An Inland District of the Eastern Settlement in Greenland;
and Narsaq: A Norse Landndma Farm.
Among important individual papers on Norse Greenland are Robert McGhee,
"Contact between Native North Americans and the medieval Norse: a review of the
evidence" (American Antiquity 49:4-26 (1984)); Joel Berglund, "The decline of
the Norse settlements in Greenland" (Arctic Anthropology 23:109-135 (1986));
Svend Albrethsen and Christian Keller, "The use of the saeter in medieval Norse
farming in Greenland" (Arctic Anthropology 23:91-107 (1986)); Christian Keller,
"Vikings in the West Atlantic: a model of Norse Greenlandic medieval society"
(Acta Archaeologica 61:126-141 (1990)); Bent Fredskild, "Agriculture in a marginal
area: South Greenland from the Norse landnam (1985 A.D.) to the present 1985
A.D." pp. 381-393 in Hilary Birks et al, eds., The Cultural Landscape: Past, Present
and Future (Cambridge: Cambridge University Press, 1988); Bent Fredskild,
"Erosion and vegetational changes in South Greenland caused by agriculture"
(Geografisk Tidsskrift 92:14-21 (1992)); and Bjarne Jakobsen "Soil resources and
soil erosion in the Norse Settlement area of 0sterbygden in southern Greenland"
(Acta Borealia 1:56-68 (1991)).
Chapter 9
Three books, excellent in different ways, that portray New Guinea highland societies are: a historical account by Gavin Souter, New Guinea: The Last Unknown
(Sydney: Angus and Robertson, 1964); Bob Connolly and Robin Anderson, First

Contact (New York: Viking, 1987), a moving account of the first encounters of highland New Guineans with Europeans; and Tim Flannery, Throwim Way Leg (New
York: Atlantic Monthly Press, 1998), a zoologist's experiences with highlanders.
Two papers by R. Michael Bourke discuss casuarina agroforestry and other agricultural practices maintaining soil fertility in the New Guinea highlands: "Indigenous
conservation farming practices," Report of the Joint ASOCON/Commonwealth
Workshop, pp. 67-71 (Jakarta: Asia Soil Conservation Network, 1991), and "Management of fallow species composition with tree planting in Papua New Guinea,"
Resource Management in Asia/Pacific Working Paper 1997/5 (Canberra: Research
School of Pacific and Asian Studies, Australia National University, 1997). Three papers by Simon Haberle summarize the paleobotanical evidence for reconstructing
the history of casuarina agroforestry: "Paleoenvironmental changes in the eastern
highlands of Papua New Guinea" (Archaeology in Oceania 31:1-11 (1996)); "Dating
the evidence for agricultural change in the Highlands of New Guinea: the last 2000
years" [Australian Archaeology no. 47:1-19 (1998)); and S. G. Haberle, G. S. Hope,
and Y. de Fretes, "Environmental change in the Baliem Valley, montane Irian Jaya,
Republic of Indonesia" (Journal of Biogeography 18:25-40 (1991)).
Patrick Kirch and Douglas Yen described their fieldwork on Tikopia in the
monograph Tikopia: The Prehistory and Ecology of a Polynesia Outlier (Honolulu:
Bishop Museum Bulletin 238, 1982). Subsequent accounts of Tikopia by Kirch include "Exchange systems and inter-island contact in the transformation of an island society: the Tikopia case," pp. 33-41 in Patrick Kirch, ed., Island Societies:
Archaeological Approaches to Evolution and Transformation (Cambridge: Cambridge
University Press, 1986); Chapter 12 of his book The Wet and the Dry (Chicago:
University of Chicago Press, 1994); "Tikopia social space revisited," pp. 257-274 in
J. M. Davidson et al., eds., Oceanic Culture History: Essays in Honour of Roger Green
(New Zealand Journal of Archaeology Special Publication, 1996); and "Microcosmic histories: island perspectives on 'global' change" (American Anthropologist
99:30-42 (1997)). Raymond Firth's series of books on Tikopia began with We, the
Tikopia (London: George Allen and Unwin, 1936) and Primitive Polynesian
Economy (London: George Routledge and Sons, 1939). The extirpations of bird
populations during the earliest phase of Tikopian settlement are described by
David Steadman, Dominique Pahlavin, and Patrick Kirch, "Extinction, biogeography, and human exploitation of birds on Tikopia and Anuta, Polynesian outliers in
the Solomon Islands" (Bishop Museum Occasional Papers 30:118-153 (1990)). For
an account of population changes and population regulation on Tikopia, see W.
D. Borrie, Raymond Firth, and James Spillius, "The population of Tikopia, 1929 and
1952" (Population Studies 10:229-252 (1957)).
My account of forest policy in Tokugawa Japan is based on three books by Conrad Totman: The Green Archipelago: Forestry in Preindustrial Japan (Berkeley: University of California Press, 1989); Early Modern Japan (Berkeley: University of
California Press, 1993); and The Lumber Industry in Early Modern Japan (Hono-

lulu: University of Hawaii Press, 1995). Chapter 5 of John Richards, The Unending
Frontier: An Environmental History of the Early Modern World (Berkeley: University
of California Press, 2003) draws on Totman's books and other sources to discuss
Japanese forestry in the comparative context of other modern environmental case
studies. Luke Roberts, Mercantilism in a Japanese Domain: The Merchant Origins of
Economic Nationalism in 18th-Century Tosa (Cambridge: Cambridge University
Press, 1998) discusses the economy of one daimyo domain that depended heavily
on its forest. The formation and early history of Tokugawa Japan is covered in vol. 4
of the Cambridge History of Japan, John Whitney Hall, ed., Early Modern Japan
(Cambridge: Cambridge University Press, 1991).
The switch from deforestation to reforestation in Denmark, Switzerland, and
France is explained by Alexander Mather, "The transition from deforestation to reforestation in Europe" pp. 35-52 in A. Angelsen and D. Kaimowitz, eds., Agriculture
Technologies and Tropical Deforestation (New York: CABI Publishing, 2001). For an
account of reforestation in the Andes under the Incas, see Alex Chepstow-Lusty and
Mark Winfield, "Inca agroforestry: lessons from the past" (Ambio 29:322-328
(1998)).
Accounts of self-sustaining small-scale modern rural societies include: for the
Swiss Alps, Robert Netting, "Of men and meadows: strategies of alpine land use"
(Anthropological Quarterly 45:132-144 (1972)); "What alpine peasants have in
common: observations on communal tenure in a Swiss village" (Human Ecology
4:135-146 (1976)), and Balancing on an Alp (Cambridge: Cambridge University
Press, 1981); for Spanish irrigation systems, T. F. Glick, Irrigation and Society in Medieval Valencia (Cambridge, Mass.: Harvard University Press, 1970) and A. Maass
and R. L. Anderson, And the Desert Shall Rejoice: Conflict, Growth and Justice in Arid
Environments (Malabar, Fla.: Krieger, 1986); and, for Philippine irrigation systems,
R. Y. Siy Jr., Community Resource Management: Lessons from the Zanjera (Quezon
City: University of Philippines Press, 1982). Those Swiss, Spanish, and Philippine
studies are compared in Chapter 3 of Elinor Ostrom's book Governing the Commons (Cambridge: Cambridge University Press, 1990).
Accounts of ecological specialization within the Indian caste system include
Madhav Gadgil and Ramachandra Guha, This Fissured Land: An Ecological History
of India (Delhi: Oxford University Press, 1992). Two papers that may serve as examples of prudent resource management by ecologically specialized Indian castes include Madhav Gadgil and K. C. Malhotra, "Adaptive significance of the Indian
castes system: an ecological perspective" (Annals of Human Biology 10:465-478
(1983)), and Madhav Gadgil and Prema Iyer, "On the diversification of commonproperty resource use by Indian society," pp. 240-255 in F. Berkes, ed., Common
Property Resources: Ecology and Community-based Sustainable Development (London: Belhaven, 1989).

Before leaving these examples of success or failure in the past, let us mention some
more examples of failure. I have discussed five failures in detail, because they seem
to me to be the best understood cases. However, there are many other past societies,
some of them well known, that may also have overexploited their resources, sometimes to the point of decline or collapse. I do not discuss them at length in this
book, because they are subject to more uncertainties and debate than the cases that
I do discuss in detail. However, just to make the record more complete, I shall now
briefly mention nine of them, proceeding geographically through the New and then
the Old World:
Native Americans of the California Channel Islands off Los Angeles overexploited different species of shellfish in succession, as shown by shells in their
middens. The oldest middens contain mostly the shells of the largest species that
lives closest to shore and would have been easiest to bring up by diving. With time
in the archaeological record, the middens show that the individuals harvested of
that species became smaller and smaller, until people switched to harvesting the
next-smaller species that lived farther offshore in deeper water. Again, the individuals harvested of that species decreased in size with time. Thus, each species in turn
was overharvested until it became uneconomic to exploit, whereupon people fell
back upon the next species, which was less desirable and more difficult to harvest.
See Terry Jones, ed., Essays on the Prehistory of Maritime California (Davis, Calif.:
Center for Archaeological Research, 1992); and L. Mark Raab, "An optimal foraging
analysis of prehistoric shellfish collecting on San Clemente Island, California"
{Journal of Ethnobiology 12:63-80 (1992)). Another food source presumably overharvested by Native Americans on the same islands was a flightless species of sea
duck called Chendytes lawesi, which must have been easy to kill because it was
flightless, and which was eventually exterminated after human settlement of the
Channel Islands. The abalone industry in modern Southern California met a similar fate: when I first moved to Los Angeles in 1966, one could still buy abalone in
the supermarkets and harvest it on the coast, but abalone disappeared from Los
Angeles menus during my lifetime here because of overharvesting.
The largest Native American city in North America was Cahokia, which arose
outside St. Louis and some of whose enormous mounds have survived as tourist attractions. With the arrival in the Mississippi Valley of a productive new variety of
corn, the Mississippian Mound Builder culture arose there and in the U.S. Southeast. Cahokia reached its peak in the 1200s and then collapsed long before the arrival of Europeans. The cause of Cahokia's collapse is debated, but deforestation,
resulting in erosion and the filling up of oxbow lakes with sediment, may have
played a role. See Neal Lopinot and William Woods, "Wood exploitation and the
collapse of Cahokia," pp. 206-231 in C. Margaret Scarry, ed., Foraging and Farming
in the Eastern Woodlands (Gainesville: University Press of Florida, 1993); Timothy
Pauketat and Thomas Emerson, eds., Cahokia: Domination and Ideology in the Mis-

sissippian World (Lincoln: University of Nebraska Press, 1997); and George Milner,
The Cahokia Chiefdom: The Archaeology of a Mississippian Society (Washington,
D.C.: Smithsonian Institution, 1998). In the remainder of the U.S. Southeast, chiefdoms of Mound Builder societies rose and fell; exhaustion of soil nutrients may
have played a role.
The first state-level society on the coast of Peru was that of the Moche, famous
for their realistic pottery, especially their portrait vessels. Moche society collapsed by
around A.D. 800, apparently because of some combination of El Nino events, destruction of irrigation works by flooding, and drought (see Brian Fagan's 1999 book,
cited under Further Readings for the Prologue, for discussion and references).
One of the empires or cultural horizons of the Andean Highlands that preceded
the Incas was the Tiwanaku Empire, in whose collapse drought may have played a
role. See Alan Kolata, Tiwanaku (Oxford: Blackwell, 1993); Alan Kolata, ed., Tiwanaku and Its Hinterland: Archaeology and Paleoecology of an Andean Civilization
(Washington, D.C.: Smithsonian Institution, 1996); and Michael Binford et al.,
"Climate variation and the rise and fall of an Andean civilization" {Quaternary Research 47:235-248 (1997)).
Ancient Greece went through cycles of environmental problems and recovery,
at intervals of about 400 years. In each cycle, human population built up, forests
were cut down, hillsides were terraced to reduce erosion, and dams were built to
minimize siltation in the valley bottoms. Eventually in each cycle, the terraces and
dams became overwhelmed, and the region had to be abandoned or suffered a
drastic decrease in population and in societal complexity, until the landscape had
recovered sufficiently to permit a further population buildup. One of those collapses coincided with the fall of Mycenean Greece, the Greek society that was celebrated by Homer and that fought the Trojan War. Mycenean Greece possessed
writing (the Linear B script), but with the collapse of Mycenean society that writing
disappeared, and Greece became non-literate until the return of literacy (now
based on the alphabet) around 800 B.C. (see Charles Redman's 1999 book, cited under Further Readings for the Prologue, for discussion and references).
What we think of as civilization began around 10,000 years ago in the part of
Southwest Asia known as the Fertile Crescent, and encompassing parts of modern
Iran, Iraq, Syria, southeastern Turkey, Lebanon, Jordan, and Israel/Palestine. The
Fertile Crescent was where the world's oldest agriculture arose, and where metallurgy, writing, and state societies first developed. Thus, peoples of the Fertile Crescent enjoyed their head start of thousands of years over the rest of the world. Why,
after leading the world for so long, did the Fertile Crescent decline, to the point
where today it is poor except for its oil reserves and the name "Fertile Crescent" is a
cruel joke? Iraq is now anything but the leader in world agriculture. Much of the
explanation has to do with deforestation in the low-rainfall environment of the
Fertile Crescent, and salinization that permanently ruined some of the world's old-

est farmlands (see the two books written or edited by Charles Redman, and cited
under Further Readings for the Prologue, for discussion and references).
The most famous monumental ruins in Africa south of the equator are those of
Great Zimbabwe, consisting of a center with large stone structures in what is now
the country of Zimbabwe. Great Zimbabwe thrived in the 11th to 15th centuries,
controlling trade between Africa's interior and its east coast. Its decline may have
involved a combination of deforestation and a shift of trade routes. See David
Phillipson, African Archaeology, 2nd ed. (Cambridge: Cambridge University Press,
1993); Christopher Ehret, The Civilizations of Africa: A History to 1800 (Charlottesville: University Press of Virginia, 2002).
The earliest cities and large states of the Indian subcontinent arose in the third
millennium B.C. in the Indus Valley of what is now Pakistan. Those Indus Valley
cities belong to what is known as Harappan civilization, whose writing remains undeciphered. It used to be thought that Harappan civilization was terminated by invasions of Indo-European-speaking Aryans from the northwest, but it now appears
that the cities were in decline before those invasions (Plate 41). Droughts, and shifts
of the course of the Indus River, may have played a role. See Gregory Possehl,
Harappan Civilization (Warminster, England: Aris and Phillips, 1982); Michael
Jansen, Maire Mulloy, and Giinter Urban, eds., Forgotten Cities of the Indus (Mainz,
Germany: Philipp von Zabern, 1991); and Jonathan Kenoyer, Ancient Cities of the
Indus Valley Civilization (Karachi, Pakistan: Oxford University Press, 1998).
Finally, the enormous temple complexes and reservoirs of Angkor Wat, former
capital of the Khmer Empire, constitute the most famous ruins and archaeological
"mystery" of Southeast Asia, within modern Cambodia (Plate 42). The Khmer decline may have involved the silting up of reservoirs that supplied water for intensive
irrigated rice agriculture. As the Khmer Empire grew weak, it proved unable to hold
off its chronic enemies the Thais, whom the Khmer Empire had been able to resist
while at full strength. See Michael Coe, Angkor and the Khmer Civilization (London:
Thames and Hudson, 2003), and the papers and books by Bernard-Philippe
Groslier cited by Coe.
Chapter 10
If you decide to consult these primary sources on the Rwandan genocide and its antecedents, brace yourself for some painful reading.
Catharine Newbury, The Cohesion of Oppression: Clientship and Ethnicity in
Rwanda, 1860-1960 (New York: Columbia University Press, 1988) describes how
Rwandan society became transformed, and how the roles of the Hutu and the Tutsi
became polarized, from precolonial times to the eve of independence.
Human Rights Watch, Leave None to Tell the Story: Genocide in Rwanda (New
York: Human Rights Watch, 1999) presents in mind-numbing detail the immediate

background to the events of 1994, then a 414-page account of the killings themselves, and finally their aftermath.
Philip Gourevitch, We Wish to Inform You That Tomorrow We Will Be Killed with
Our Families (New York: Farrar, Straus and Giroux, 1998) is an account of the
genocide by a journalist who interviewed many survivors, and who depicts as well
the failure of other countries and of the United Nations to prevent the killings.
My chapter includes several quotations from Gerard Prunier, The Rwanda Crisis: History of Genocide (New York: Columbia University Press, 1995), a book by
a French specialist on East Africa who wrote in the immediate aftermath of the
genocide, and who vividly reconstructs the motives of participants and of the
French government's intervention. My account of the Hutu-versus-Hutu killings in
Kanama commune is based on the analysis in Catherine Andre: and Jean-Philippe
Platteau's paper "Land relations under unbearable stress: Rwanda caught in the
Malthusian trap" (Journal of Economic Behavior and Organization 34:1-47 (1998)).
Chapter 11
Two books comparing the histories of the two countries sharing the island of Hispaniola are a lively account in English by Michele Wecker, Why the Cocks Fight: Dominicans, Haitians, and the Struggle for Hispaniola (New York: Hill and Wang,
1999), and a geographic and social comparison in Spanish by Rafael Emilio Yunen
Z., La Isla Como Es (Santiago, Republica Dominicana: Universidad Catolica Madre
yMaestra, 1985).
Three books by Mats Lundahl will serve as an introduction into the literature
on Haiti: Peasants and Poverty: A Study of Haiti (London: Croom Helm, 1979); The
Haitian Economy: Man, Land, and Markets (London: Croom Helm, 1983); and Politics or Markets? Essays on Haitian Undervelopment (London: Routledge, 1992). The
classic study of the Haitian revolution of 1781-1803 is C.L.R. James, The Black Jacobins, 2nd ed. (London: Vintage, 1963).
The standard English-language history of the Dominican Republic is Frank
Moya Pons, The Dominican Republic: A National History (Princeton, N.J.: Markus
Wiener, 1998). The same author wrote a different text in Spanish: Manual de Historia Dominicana, 9th ed. (Santiago, Republica Dominicana, 1999). Also in Spanish is
a two-volume history by Roberto Cassa, Historia Social y Economica de la Republica
Dominicana (Santo Domingo: Editora Alfa y Omega, 1998 and 2001). Marlin
Clausner's history focuses on rural areas: Rural Santo Domingo: Settled, Unsettled,
Resettled (Philadelphia: Temple University Press, 1973). Harry Hoetink, The Dominican People, 1850-1900: Notes for a Historical Sociology (Baltimore: Johns Hopkins University Press, 1982) deals with the late 19th century. Claudio Vedovato,
Politics, Foreign Trade and Economic Development: A Study of the Dominican Republic
(London: Croom Helm, 1986) focuses on the Trujillo and post-Trujillo eras. Two
books providing an entry into the Trujillo era are Howard Wiarda, Dictatorship and

Development: The Methods of Control in Trujillo's Dominican Republic (Gainesville,
University of Florida Press, 1968) and the more recent Richard Lee Turits, Foundations of Despotism: Peasants, the Trujillo Regime, and Modernity in Dominican History (Palo Alto, Calif.: Stanford University Press, 2002).
A manuscript tracing the history of environmental policies in the Dominican
Republic, hence especially relevant to this chapter, is Walter Cordero, "Introduction: bibliografia sobre medio ambiente y recursos naturales en la Republica Dominicana" (2003).
Chapter 12
Most of the up-to-date primary literature on China's environmental and population issues is in Chinese, or on the Web, or both. References will be found in an article by Jianguo Liu and me, "China's environment in a globalizing world" (in
preparation). As for English-language sources in books or journals, the Woodrow
Wilson Center in Washington, D.C. (e-mail address chinaenv@erols.com), publishes a series of annual volumes entitled the China Environment Series. World
Bank publications include China: Air, Land, and Water (Washington, D.C: The
World Bank, 2001), available either as a book or as a CD-ROM. Some other books
are L. R. Brown, Who Will Feed China? (New York: Norton, 1995); M. B. McElroy,
C. P. Nielson, and P. Lydon, eds., Energizing China: Reconciling Environmental Protection and Economic Growth (Cambridge, Mass.: Harvard University Press, 1998);
J. Shapiro, Mao's War Against Nature (Cambridge: Cambridge University Press,
2001); D. Zweig, Internationalizing China: Domestic Interests and Global Linkages
(Ithaca, N.Y.: Cornell University Press, 2002); and Mark Elvin, The Retreat of the
Elephants: An Environmental History of China (New Haven: Yale University Press,
2004). For an English-language translation of a book originally published in Chinese, see Qu Geping and Li Jinchang, Population and Environment in China (Boulder, Colo.: Lynne Rienner, 1994).
Chapter 13
A deservedly acclaimed account of the early history of the British colonies in
Australia from their origins in 1788 into the 19th century is Robert Hughes, The
Fatal Shore: The Epic of Australia's Founding (New York: Knopf, 1987). Tim Flannery, The Future Eaters: An Ecological History of the Australasian Lands and People
(Chatsworth, New South Wales: Reed, 1994) begins instead with the arrival of Aborigines over 40,000 years ago and traces their impact and that of Europeans on the
Australian environment. David Horton, The Pure State of Nature: Sacred Cows, Destructive Myths and the Environment (St. Leonards, New South Wales: Allen & Unwin, 2000) offers a perspective different from Flannery's.
Three government sources provide encyclopedic accounts of Australia's envi-

ronment, economy, and society: Australian State of the Environment Committee
2001, Australia: State of the Environment 2001 (Canberra: Department of Environment and Heritage, 2001), supplemented by reports on the website http://www.
ea.gov.au/soe/; its predecessor State of the Environment Advisory Committee 1996,
Australia: State of the Environment 1996 (Melbourne: CSIRO Publishing, 1996); and
Dennis Trewin, 2001 Year Book Australia (Canberra: Australian Bureau of Statistics,
2001), a Centenary of Australia's Federation celebratory edition of a yearbook published annually since 1908.
Two well-illustrated books by Mary E. White provide overviews of Australian
environmental problems: Listen ... Our Land Is Crying (East Roseville, New South
Wales: Kangaroo Press, 1997) and Running Down: Water in a Changing Land (East
Roseville, New South Wales: Kangaroo Press, 2000). Tim Flannery's "Beautiful lies:
population and environment in Australia" (Quarterly Essay no. 9, 2003) is a
provocative shorter overview. Salinization's history and impacts in Australia are
covered by Quentin Beresford, Hugo Bekle, Harry Phillips, and Jane Mulcock, The
Salinity Crisis: Landscapes, Communities and Politics (Crawley, Western Australia:
University of Western Australia Press, 2001). Andrew Campbell, Landcare: Communities Shaping the Land and the Future (St. Leonards, New South Wales: Allen & Unwin, 1994) describes an important grassroots movement to improve land
management in rural Australia.
Chapter 14
Along with questions by my UCLA students, Joseph Tainter's book The Collapses of
Complex Societies (Cambridge: Cambridge University Press, 1988) provided a starting point for this chapter, by stating clearly why a society's failure to solve its environmental problems poses a puzzle crying out for explanation. Thomas McGovern
et al. "Northern islands, human error, and environmental degradation: a view of
social and ecological change in the medieval North Atlantic" {Human Ecology
16:225-270 (1988)) traces a sequence of reasons why the Greenland Norse failed to
perceive or solve their own environmental problems. The sequence of reasons that I
propose in this chapter overlaps partly with that of McGovern et al., whose model
should be consulted by anyone interested in pursuing this puzzle.
Elinor Ostrom and her colleagues have studied the tragedy of the commons
(alias common-pool resources), using both comparative surveys and experimental
games to identify the conditions under which consumers are most likely to recognize their common interests and to implement an effective quota system themselves. Ostrom's books include Elinor Ostrom, Governing the Commons: The
Evolution of Institutions for Collective Action (Cambridge: Cambridge University
Press, 1990) and Elinor Ostrom, Roy Gardner, and James Walker, Rules, Games, and
Common-Pool Resources (Ann Arbor: University of Michigan Press, 1994). Her
more recent articles include Elinor Ostrom, "Coping with tragedies of the com-

mons" Annual Reviews of Political Science 2: 493-535 (1999); Elinor Ostrom et al.,
"Revisiting the commons: local lessons, global challenges" Science 284:278-282
(1999); and Thomas Dietz, Elinor Ostrom, and Paul Stern, "The struggle to govern
the commons" Science 302:1907-1912 (2003).
Barbara Tuchman, The March of Folly: From Troy to Vietnam (New York: Ballantine Books, 1984) covers disastrous decisions over exactly the time span that she
names in the book's title, also reflecting en route from Troy to Vietnam on the follies of the Aztec emperor Montezuma, the fall of Christian Spain to the Moslems,
England's provocation of the American Revolution, and other such self-destructive
acts. Charles Mackay, Extraordinary Popular Delusions and the Madness of Crowds
(New York: Barnes and Noble, 1993, reprint of the original 1852 edition) covers an
even wider range of follies than does Tuchman, including (just to name a few) the
South Sea bubble in 18th-century England, tulip madness in 17th-century Holland, prophecies of the Last Judgment, the Crusades, witch hunting, belief in
ghosts and sacred relics, dueling, and kings' decrees about hair length, beards, and
mustaches. Irving Janis, Groupthink (Boston: Houghton Mifflin, 1983, revised 2nd
ed.) explores the subtle group dynamics that contributed to the success or failure
of deliberations involving recent American presidents and their advisors. Janis's
case studies are of the 1961 Bay of Pigs invasion, the American army's crossing of
the 38th parallel in Korea in 1950, American's non-preparation for Japan's 1941
Pearl Harbor attack, America's escalation of the Vietnam War from 1964 to 1967,
the Cuban Missile Crisis of 1962, and America's adoption of the Marshall Plan in
1947.
Garrett Hardin's classic and often-cited article "The tragedy of the commons"
appeared in Science 162:1243-1248 (1968). Mancur Olson applies the metaphor of
stationary bandits and roving bandits to Chinese warlords and other extractive
agents in "Dictatorship, democracy, and development" {American Political Science
Review 87:567-576 (1993)). Sunk-cost effects are explained by Hal Arkes and Peter
Ayton, "The sunk cost and Concorde effects: are humans less rational than lower
animals?" (Psychological Bulletin 125:591-600 (1999)), and by Marco Janssen et al.,
"Sunk-cost effects and vulnerability to collapse in ancient societies" [Current Anthropology 44:722-728 (2003)).
Chapter 15
Two books on the oil industry's history and on scenarios for its future are: Kenneth
Deffeyes, Hubbert's Peak: The Impending World Oil Shortage (Princeton, N.J.: Princeton University Press, 2001); and Paul Roberts, The End of Oil (Boston: Houghton
Mifflin, 2004). For a perspective within the industry, a place to start would be the
websites of the major international oil companies, such as that of ChevronTexaco:
www.chevrontexaco.com.
Fact-filled publications on the state of the mining industry were produced by

an initiative termed "Mining, Minerals, and Sustainable Development," resulting
from a partnership supported by major mining companies. Two of these publications are: Breaking New Ground: Mining, Minerals and Sustainable Development
(London: Earthscan, 2002); and Alistair MacDonald, Industry in Transition: A Profile of the North American Mining Sector (Winnipeg: International Institute for Sustainable Development, 2002). Other fact-filled sources are the publications of the
Mineral Policy Center in Washington, D.C., recently renamed Earthworks (Web site
www.mineralpolicy.org). Some books on environmental issues raised by mining
are: Duane Smith, Mining America: The Industry and the Environment, 1800-1980
(Boulder: University Press of Colorado, 1993); Thomas Power, Lost Landscapes and
Failed Economies: The Search for a Value of Place (Washington, D.C.: Island Press,
1996); Jerrold Marcus, ed., Mining Environmental Handbook: Effects of Mining on
the Environment and American Environmental Controls on Mining (London: Imperial College Press, 1997); and Al Gedicks, Resource Rebels: Native Challenges to Mining and Oil Corporations (Cambridge, Mass.: South End Press, 2001). Two books
describing the collapse of copper mining on the island of Bougainville, triggered in
part by environmental impacts, are: M. O'Callaghan, Enemies Within: Papua New
Guinea, Australia, and the Sandline Crisis: The Inside Story (Sydney: Doubleday,
1999); and Donald Denoon, Getting Under the Skin: The Bougainville Copper Agreement and Creation of the Panguna Mine (Melbourne: Melbourne University Press,
2000).
Information about forest certification may be obtained from the website of the
Forest Stewardship Council: www.fscus.org. For a comparison of forest certification by the FSC with other forest certification schemes, see Saskia Ozinga, Behind
the Logs: An Environmental and Social Assessment of Forest Certification Schemes
(Moreton-in-Marsh, UK: Fern, 2001). Two books on the history of deforestation
are John Perlin, A Forest Journey: The Role of Wood in the Development of Civilization (New York: Norton, 1989); and Michael Williams, Deforesting the Earth: From
Prehistory to Global Crisis (Chicago: University of Chicago Press, 2003).
Information about fisheries certification may be obtained from the Web site of
the Marine Stewardschip Council: www.msc.org. Howard M. Johnson (Web site
www.hmj.com) produces a series called Annual Report on the United States Seafood
Industry (Jacksonville, Ore.: Howard Johnson, annually). Aquaculture of shrimp
and salmon is treated in two chapters of Jason Clay, World Agriculture and the Environment: A Commodity-by-Commodity Guide to Impacts and Practices (Washington, D.C.: Island Press, 2004). Four books on overfishing of fish in general or of
specific fish species are: Mark Kurlansky, Cod: A Biography of the Fish That Changed
the World (New York: Walker, 1997); Suzanne Ludicello, Michael Weber, and Robert
Wreland, Fish, Markets, and Fishermen: The Economics of Overfishing (Washington, D.C.: Island Press, 1999); David Montgomery, King of Fish: The Thousand-Year
Run of Salmon (New York: Westview, 2003); and Daniel Pauly and Jay Maclean, In a
Perfect Ocean (Washington, D.C.: Island Press, 2003). An example of an article on

overfishing is: Jeremy Jackson et al, "Historical overfishing and the recent collapse
of coastal ecosystems" {Science 293:629-638 (2001)). The discovery that aquacultured salmon contain higher concentrations of toxic contaminates than do wild
salmon was reported by Ronald Hits et al, "Global assessment of organic contaminates in farmed salmon" (Science 303:226-229: 2004).
It would be impossible to understand environmental practices of big businesses
without first understanding the realities of what companies must do to survive in
an intensely competitive business world. Three widely read books on this subject
are: Thomas Peters and Robert Waterman Jr., In Search of Excellence: Lessons from
Americas Best-Run Companies (New York: HarperCollins, 1982, republished in
2004); Robert Waterman Jr., The Renewal Factor: How the Best Get and Keep the
Competitive Edge (Toronto: Bantam Books, 1987); and Robert Waterman Jr., Adhocracy: The Power to Change (New York: Norton, 1990).
Books that discuss the circumstances under which businesses may be environmentally constructive rather than destructive include Tedd Saunders and Loretta
McGovern, The Bottom Line of Green Is Black: Strategies for Creating Profitable and
Environmentally Sound Businesses (San Francisco: HarperSanFrancisco, 1993); and
Jem Bendell, ed., Terms for Endearment: Business NGOs and Sustainable Development (Sheffield, UK: Greenleaf, 2000).
Chapter 16
Some books, published since 2001, that provide an overview of current environmental problems and an introduction to the large literature on this subject include:
Stuart Pimm, The World According to Pimm: A Scientist Audits the Earth (New York:
McGraw-Hill, 2001); Lester Brown's three books Eco-economy: Building an Economy
for the Earth (New York: Norton, 2001), Plan B: Rescuing a Planet Under Stress and
Civilization in Trouble (New York: Norton, 2003), and State of the World (New York:
Norton, published annually since 1984); Edward Wilson, The Future of Life (New
York: Knopf, 2002); Gretchen Daily and Katherine Ellison, The New Economy of
Nature: The Quest to Make Conservation Profitable (Washington, D.C.: Island Press,
2002); David Lorey, ed., Global Environmental Challenges of the Twenty-first Century: Resources, Consumption, and Sustainable Solutions (Wilmington, Del: Scholarly Resources, 2003); Paul Ehrlich and Anne Ehrlich, One with Nineveh: Politics,
Consumption, and the Human Future (Washington, D.C.: Island Press, 2004); and
James Speth, Red Sky at Morning: America and the Crisis of the Global Environment
(New Haven: Yale University Press, 2004).
The Further Readings for Chapter 15 provided references for problems of deforestation, overfishing, and oil. Vaclav Smil, Energy at the Crossroads: Global Perspectives and Uncertainties (Cambridge, Mass.: MIT Press, 2003) offers an account
not only of oil, coal, and gas but also of other forms of energy production. The biodiversity crisis and habitat destruction are discussed by John Terborgh, Where Have

All the Birds Gone? (Princeton, N.J.: Princeton University Press, 1989) and Requiem
for Nature (Washington, D.C.: Island Press, 1999); David Quammen, Song of the
Dodo (New York: Scribner, 1997); and Marjorie Reaka-Kudla et al., eds., Biodiversity
2: Understanding and Protecting Our Biological Resources (Washington, D.C.: Joseph
Henry Press, 1997).
Some recent papers on coral reef destruction are: T. P. Hughes, "Climate
change, human impacts, and the resilience of coral reefs" {Science 301:929-933
(2003)); J. M. Pandolfi et al., "Global trajectories of the long-term decline of coral
reef ecosystems" {Science 301:955-958 (2003)); and D. R. Bellwood et al, "Confronting the coral reef crisis" {Nature 429:827-833 (2004)).
Books on soil problems include the classic Vernon Gill Carter and Tom Dale,
Topsoil and Civilization, revised ed. (Norman: University of Okalahoma Press,
1974), and Keith Wiebe, ed., Land Quality, Agricultural Productivity, and Food Security: Biophysical Processes and Economic Choices at Local, Regional, and Global Levels
(Cheltenham, UK: Edward Elgar, 2003). Articles offering different perspectives
on soil problems are David Pimentel et al., "Environmental and economic costs of
soil erosion and conservation benefits" {Science 267:1117-1123 (1995)); Stanley
Trimble and Pierre Crosson, "U.S. soil erosion rates—myth and reality" {Science
289:248-250 (2000)); and a set of eight articles by various authors, published in
Science 304:1613-1637 (2004).
For issues concerning the world's water supplies, see the reports authored by
Peter Gleick and published every two years: e.g., Peter Gleick, The World's Water,
1998-1999: The Biennial Report on Freshwater Resources (Washington, D.C.: Island
Press, 2000). Vernon Scarborough, The Flow of Power: Ancient Water Systems and
Landscapes (Santa Fe: School of American Research, 2003) compares solutions to
water problems in ancient societies around the world.
A global accounting of the fraction of solar energy utilized by plant photosynthesis (termed "net primary production") was offered by Peter Vitousek et al., "Human domination of Earth's ecosystems" {Science 277:494-499 (1997)), and updated
and broken down by region by Mark Imhoff et al. "Global patterns in human consumption of net primary production" {Nature 429:870-873 (2004)).
Effects of toxic chemicals on living things, including humans, are summarized
by Theo Colborn, Dianne Dumanoski, and John Peterson Myers, Our Stolen Future
(New York: Plume, 1997). One specific example of the high economic costs of toxic
and other impacts on an entire ecosystem is an account for Chesapeake Bay: Tom
Horton and William Eichbaum, Turning the Tide: Saving the Chesapeake Bay
(Washington, D.C.: Island Press, 1991).
Among books offering good accounts of global warming and climate change
are Steven Schneider, Laboratory Earth: The Planetary Gamble We Can't Afford to
Lose (New York: Basic Books, 1997); Michael Glantz, Currents of Change: Impacts of
El Nino and La Nina on Climate and Society, 2nd ed. (Cambridge: Cambridge Uni-

versity Press, 2001); and Spencer Weart, The Discovery of Global Warming (Cambridge, Mass.: Harvard University Press, 2003).
Three classics in the large literature on human population are Paul Ehrlich, The
Population Bomb (New York: Ballantine Books, 1968); Paul Ehrlich and Anne
Ehrlich, The Population Explosion (New York: Simon & Schuster, 1990); and Joel
Cohen, How Many People Can the Earth Support? (New York: Norton, 1995).
To place my assessment of the environmental and population problems of my
city of Los Angeles in a wider context, see a book-length corresponding effort for
the whole United States: The Heinz Center, The State of the Nation's Ecosystems:
Measuring the Lands, Waters, and Living Resources of the United States (New York:
Cambridge University Press, 2002).
Readers interested in more detailed statements of the dismissals of environmentalists' concerns that I list as one-liners may consult Bjorn Lomborg, The Skeptical Environmentalist (Cambridge: Cambridge University Press, 2001). For more
extended responses to the one-liners, see Paul Ehrlich and Anne Ehrlich, Betrayal of
Science and Reason (Washington-, D.C.: Island Press, 1996). The Club of Rome study
discussed in that section of my chapter is Donella Meadows et al., The Limits to
Growth (New York: Universe Books, 1972), updated by Donella Meadows, Jorgen
Randers, and Dennis Meadows, The Limits to Growth: The 30-Year Update (White
River Junction, Vt: Chelsea Green, 2004). For the issue of how to decide whether
there are too few or too many false alarms, see S. W. Pacala et al., "False alarm over
environmental false alarms" (Science 301:1187-1188 (2003)).
Some entries to the literature on the connections between environmental and
population problems on the one hand, and political instability on the other hand,
include: the website of Population Action International, www.population
action.org; Richard Cincotta, Robert Engelman, and Daniele Anastasion, The Security Demographic: Population and Civil Conflict after the Cold War (Washington,
D.C.: Population Action International, 2004); the annual journal The Environmental Change and Security Project Report, published by the Woodrow Wilson Center (website www.wilson.org/ecsp); and Thomas Homer-Dixon, "Environmental
scarcities and violent conflict: evidence from cases" (International Security 19:5-40
(1994)).
Finally, readers curious about what other garbage besides dozens of Suntory
whiskey bottles drifted onto the beaches of remote Oeno and Ducie atolls in the
Southeast Pacific Ocean should consult the three tables in T. G. Benton, "From castaways to throwaways: marine litter in the Pitcairn Islands" (Biological Journal of the
Linnean Society 56:415-422 (1995)).

For all of the 12 major sets of environmental problems that I summarized at the beginning of Chapter 16, there already exist many excellent books discussing how

governments and organizations could address them. But there still remains the
question that many people ask themselves: what can J do, as an individual, that
might make a difference? If you are wealthy, you can obviously do a lot: for example, Bill and Melinda Gates have decided to devote billions of dollars to urgent public health problems around the world. If you are in a position of power, you can use
that position to advance your agenda: for example, President George W. Bush of the
U.S., and President Joaquin Balaguer of the Dominican Republic, used their positions to influence decisively, albeit in different ways, the environmental agendas of
their respective countries. However, the vast majority of us who lack that wealth
and power tend to feel helpless and hopeless in the face of the overwhelming power
of governments and big businesses. Is there anything that a poor individual who is
neither a CEO nor a political leader can do to make a difference?
Yes, there are half-a-dozen types of actions that often prove effective. But it
needs to be said at the outset that an individual should not expect to make a
difference through a single action, or even through a series of actions that will be
completed within three weeks. Instead, if you do want to make a difference, plan to
commit yourself to a consistent policy of actions over the duration of your life.
In a democracy, the simplest and cheapest action is to vote. Some elections,
contested by candidates with very different environmental agendas, are settled by
ridiculously small numbers of votes. An example was the year 2000 U.S. presidential election, decided by a few hundred votes in the state of Florida. Besides voting,
find out the addresses of your elected representatives, and take some time each
month to let them know your views on specific current environmental issues. If
representatives don't hear from voters, they will conclude that voters aren't interested in the environment.
Next, you can reconsider what you, as a consumer, do or don't buy. Big businesses aim to make money. They are likely to discontinue products that the public
doesn't buy, and to manufacture and promote products that the public does buy.
The reason that increasing numbers of logging companies are adopting sustainable
logging practices is that consumer demand for wood products certified by the Forest
Stewardship Council exceeds supply. Of course, it is easiest to influence companies
in your own country, but in today's globalized world the consumer has increasing
ability to influence overseas companies and policy-makers as well. A prime
example is the collapse of white-minority government and apartheid policies in
South Africa between 1989 and 1994, as the result of the economic boycott of
South Africa by individual consumers and investors overseas, leading to an unprecedented economic divestiture by overseas corporations, public pension funds,
and governments. During my several visits to South Africa in the 1980s, the South
African state seemed to me so irrevocably committed to apartheid that I never
imagined it would back down, but it did.
Another way in which consumers can influence policies of big companies, besides buying or refusing to buy their products, is by drawing public attention to the

company's policies and products. One set of examples is the campaigns against animal cruelty that led major fashion houses, such as Bill Blass, Calvin Klein, and Oleg
Cassini, to publicly renounce their use of fur. Another example involves the public
activists who helped convince the world's largest wood products company, Home
Depot, to commit to ending its purchases of wood from endangered forest regions
and to give preference to certified forest products. Home Depot's policy shift greatly
surprised me: I had supposed consumer activists to be hopelessly outgunned in trying to influence such a powerful company.
Most examples of consumer activism have involved trying to embarrass a company for doing bad things, and that one-sidedness is unfortunate, because it has
given environmentalists a reputation for being monotonously shrill, depressing,
boring, and negative. Consumer activists could also be influential by taking the initiative to praise companies whose policies they do like. In Chapter 15 1 mentioned
big businesses that are indeed doing things sought by environmentalist consumers,
but those companies have received much less praise for their good deeds than
blame for their bad deeds. Most of us are familiar with Aesop's fable concerning the
competition between the wind and the sun to persuade a man to take off his coat:
after the wind blew hard and failed, the sun then shone brightly and succeeded.
Consumers could make much more use of the lesson of that fable, because big businesses adopting environmentalist policies know that they are unlikely to be believed if they praise their own policies to a cynical public; the businesses need
outside help in becoming recognized for their efforts. Among the many big companies that have benefited recently from favorable public comment are ChevronTexaco and Boise Cascade, praised for their environmental management of their
Kutubu oil field and for their decision to phase out products of unsustainably managed forests, respectively. In addition to activists castigating "the dirty dozen," they
could also praise "the terrific ten."
Consumers who wish to influence big businesses by either buying or refusing to
buy their products, or by embarrassing or praising them, need to go to the trouble
of learning which links in a business chain are most sensitive to public influence,
and also which links are in the strongest position to influence other links. Businesses that sell directly to the consumer, or whose brands are on sale to the consumer, are much more sensitive than businesses that sell only to other businesses
and whose products reach the public without a label of origin. Retail businesses
that, by themselves or as part of a large buyers' group, buy much or all of the output
of some particular producing business are in a much stronger position to influence
that producer than is a member of the public. I mentioned several examples in
Chapter 15, and many other examples can be added.
For instance, if you do or don't approve of how some big international oil company manages its oil fields, it does make sense to buy at, boycott, praise, or picket
that company's gas stations. If you admire Australian titanium mining practices
and dislike Lihir Island gold mining practices, don't waste your time fantasizing

that you could have any influence on those mining companies yourself; turn your
attention instead to DuPont, and to Tiffany and Wal-Mart, which are major retailers of titanium-based paints and of gold jewelry, respectively. Don't praise or blame
logging companies without readily traceable retail products; leave it instead to
Home Depot, Lowe's, B and Q, and the other retail giants to influence the loggers.
Similarly, seafood retailers like Unilever (through its various brands) and Whole
Foods are the ones who care whether you buy seafood from them; they, not you,
can influence the fishing industry itself. Wal-Mart is the world's largest grocery retailer; they and other such retailers can virtually dictate agricultural practices to
farmers; you can't dictate to farmers, but you do have clout with Wal-Mart. If you
want to know where in the business chain you as a consumer have influence, there
are now organizations such as the Mineral Policy Center/Earthworks, the Forest
Stewardship Council, and the Marine Stewardship Council that can tell you the answer for many business sectors. (For their website addresses, see the Further Readings to Chapter 15.)
Of course, you as a single voter or consumer won't swing an election's outcome
or impress Wal-Mart. But any individual can multiply his or her power by talking
to other people who also vote and buy. You can start with your parents, children,
and friends. That was a significant factor in the international oil companies beginning to reverse direction from environmental indifference to adopting stringent environmental safeguards. Too many valuable employees were complaining or taking
other jobs because friends, casual acquaintances, and their own children and
spouses made them feel ashamed of themselves for their employer's practices. Most
CEOs, including Bill Gates, have children and a spouse, and I have learned of many
CEOs who changed their company's environmental policies as a result of pressure
from their children or spouse, in turn influenced by the latter's friends. While few
of us are personally acquainted with Bill Gates or George Bush, a surprising number of us discover that our own children's classmates and our friends include children, friends, and relatives of influential people, who may be sensitive to how they
are viewed by their children, friends, and relatives. An example is that pressure from
his sisters may have strengthened President Joaquin Balaguer's concern for the Dominican Republic's environment. The 2000 U.S. presidential election was actually
decided by a single vote in the U.S. Supreme Court's 5-to-4 decision on the Florida
vote challenge, but all nine Supreme Court justices had children, spouses, relatives,
or friends who helped form their outlook.
Those of us who are religious can further multiply our power by developing
support within our church, synagogue, or mosque. It was churches that led the civil
rights movement, and some religious leaders have also been outspoken on the environment, but not many so far. Yet there is much potential for building religious
support, because people more readily follow the suggestions of their religious leaders than the suggestions of historians and scientists, and because there are strong
religious reasons to take the environment seriously. Members of congregations can

remind fellow members and their leaders (their priests, ministers, rabbis, etc.) of
the sanctity of the created order, of biblical metaphors for keeping Nature fertile
and productive, and of the implications of the concept of stewardship that all
religions acknowledge.
An individual who wants to benefit directly from his or her actions can consider investing time and effort in improving one's own local environment. The example most familiar to me from firsthand experience at my family's summer
vacation site in Montana's Bitterroot Valley is the Teller Wildlife Refuge, a small private non-profit organization devoted to habitat preservation and restoration along
the Bitterroot River. While the organization's founder, Otto Teller, was rich, his
friends who sensitized him to environmental issues were not rich, nor are most of
the people who volunteer to help the Teller Refuge today. As a benefit to themselves
(actually, to anyone living in or visiting the Bitterroot Valley), they continue to enjoy gorgeous scenery and good fishing, which would otherwise by now have been
eliminated for land development. Such examples can be multiplied indefinitely: almost every local area has its own neighborhood group, landowners' association, or
other such organizations.
Working to fix your local environment has another benefit besides making your
own life more pleasant. It also sets an example to others, both in your own country
and overseas. Local environmental organizations tend to be in frequent contact
with each other, exchanging ideas and drawing inspiration. When I was scheduling
interviews with Montana residents associated with the Teller Wildlife Refuge and
the Blackfoot Initiative, one of the constraints on their schedules arose from trips
that they were making to advise other such local initiatives in Montana and neighboring states. Also, when Americans tell people in China or other countries what
the Chinese should (in the opinion of the Americans) be doing for the good of
themselves and the rest of the world, our message tends to fall on unreceptive ears
because of our own well-known environmental misdeeds. We would be more effective in persuading people overseas to adopt environmental policies good for the rest
of humanity (including for us) if we ourselves were seen to be pursuing such policies in more cases.
Finally, any of you who have some discretionary money can multiply your impact by making a donation to an organization promoting policies of your choice.
There is an enormous range of organizations to fit anyone's interests: Ducks Unlimited for those interested in ducks, Trout Unlimited for those into fishing, Zero
Population Growth for those concerned with population problems, Seacology for
those interested in islands, and so on. All such environmental organizations operate
on low budgets, and many operate cost-effectively, so that small additional sums of
money make big differences. That's true even of the largest and richest environmental organizations. For example, World Wildlife Fund is one of the three largest
and best-funded environmental organizations operating around the world, and it is
active in more countries than any other. The annual budget of WWF's largest affili-

ate, its U.S. branch, averages about $100 million per year, which sounds like a lot of
money—until one realizes that that money has to fund its programs in over 100
countries, covering all plant and animal species and all marine and terrestrial habitats. That budget also has to cover not only mega-scale projects (such as a $400million, 10-year program to triple the area of habitat protected in the Amazon
Basin), but also a multitude of small-scale projects on individual species. Lest you
think that your small donation is meaningless to such a big organization, consider
that a gift of just a few hundred dollars suffices to support a trained park ranger,
outfitted with global positioning software, to survey Congo Basin primate populations whose conservation status would otherwise be unknown. Consider also that
some environmental organizations are highly leveraged and use private gifts to attract further funds from the World Bank, governments, and aid agencies on a
dollar-for-dollar basis. For instance, WWF's Amazon Basin project is leveraged by a
factor of more than 6-to-l, so that your $300 gift actually ends up putting almost
$2,000 into the project.
Of course, I mention these numbers for WWF merely because it's the organization with whose budget I happen to be most familiar, and not in order to recommend it over many other equally worthy environmental organizations with
different goals. Such examples of how efforts by individuals make a difference can
be multiplied indefinitely.
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