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Introduction b)/ Oliver Sacks

SCIENCE WRITING—unpleasant term, but what else should one call it?—
first presented itself to me, as a boy, in books. I was given The Stars in Their
Courses, by the famous astronomer James Jeans, when I was ten, and this so ex-
cited me that I then wanted to read everything else he had written. I rushed to
thelocal publiclibrary (much of my real education came from reading in pub-
lic libraries, rather than from lessons at school), and went straight to J. I took
out The Mysterious Universe and devoured it, then The Universe Around Us and
Through Space and Time.

Through Space and Time was based on the Christmas Lectures that Jeans
delivered at the Royal Institution in London in 1933 (this date particularly ap-
pealed to me, since it was the year of my birth). Such lectures, designed for gen-
eral audiences, had been an important feature of the RI’s activities since its
founding in 1799. The early nineteenth century marked, in many ways, the be-
ginnings of modern science (the very word “scientist” was coined only in the
1830s; there had just been “savants” and “natural philosophers” before), and
from the start, there was a need to present the latest discoveries in exciting, ac-
cessible terms. Humphry Davy, the great poet-chemist who discovered the al-
kali metals, and his student Michael Faraday, who went on to discover many
fundamentals of chemistry and electricity, both lectured at the Royal Institu-
tion, where they attracted huge crowds and became a major part of cultural life
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in London; and they did much to fuel what was to become a great popular in-
terest in science.

Presenting new scientific concepts and discoveries in an accessible and at-
tractive form was not regarded as a contemptible activity, or as a distraction
from the actual, serious work of science. Thus between 1835 and 1860, Faraday
delivered five or more Evening Discourses every year, covering an enormous
range of topics, and he obviously enjoyed giving these. This sense of delight in
science shines through all of his lectures and writings (his Chemical History of a
Candle, based on his famous Christmas Lectures at the R, is still as delightful
and stimulating today as when it was first published in 1861).

By the middle of the nineteenth century, the general public, confronted by
the rapidly changing technology of the industrial revolution no less than the
revolution in understanding that was happening in chemistry, natural history,
and biology, needed a way for such scientific information to be widely dissemi-
nated, and in terms the layman could readily comprehend. It was during this
period that the great museums of natural history and of science were estab-
lished throughout America and Europe, and that popular science magazines
came into being. Scientific American, founded in the 1840s, was one of the first
and most distinguished of these, and it continues to be published regularly
every month, as it has for more than a hundred and fifty years. Indeed, until the
middle of the twentieth century, one could read Scientific American and stay
reasonably current with scientific development in general. But the last thirty
years or so have seen so huge an explosion in scientific knowledge, the creation
of so many new disciplines and subdisciplines, that it is no longer possible for a
single person to keep current in all fields of science, and it is difficult for any
but the most specialized to read most scientific journals.

Perhaps for this very reason, the popular appetite for good science writing
has increased too, and the venerable Scientific American has been joined by an
ever-increasing number of other magazines aimed at the nonspecialist, some
concerned exclusively with science, or with particular branches of science, and
others with occasional articles on science.

I do, I confess, voraciously read such magazines and periodicals, partly to
keep up in my own field, but also to learn what is going on, what is being dis-
covered and thought in fields far from my own, but also for the excellence of
writing they often contain. I subscribe to many specialized periodicals: Neurol-
ogy, Brain, and so on, because I am a neurologist; Pteridologist and its lighter
cousin, Fiddlehead Forum, because I am a fern lover; Mineralogical Record, be-
cause I love minerals; Journal of the History of Neurosciences and Ambix, be-
cause I am fascinated by the history of science. But I subscribe to a clutch of
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popular ones as well. Having just returned to my desk after a couple of weeks
away, I find a massive accumulation of these—Science News, Scientific Ameri-
can, New Scientist, Discover, National Geographic, American Scientist (to say
nothing of Science and Nature, The New Yorker, The New York Review of Books,
Harper’s Magazine, and The Atlantic Monthly).

I have stuffed them all into my briefcase, wondering if I will tear the handle
off with their weight, and after dinner I will lie down on my bed (I do most of
my reading there, or in the bath), and rush through them eagerly and greedily,
picking out (sometimes razoring out) articles that stimulate me because of
new ideas or information. An omnivore, yet selective, a sort of filter-feeder, I
will extract intellectual nutrients from the articles as I extract nutrients from
my dinner. Every so often, however, I am arrested by an article because it con-
tains not just new information but a highly individual point of view, a personal
perspective, a voice that compels my interest, raising what would otherwise be
a report or a review to the level of an essay marked by clarity, individuality, and
beauty of writing.

Reading an article by the late great Stephen Jay Gould always gave me this
special sense—one felt the man, his special interests and experiences (whether
his favorite snail, Cerion, punctuated equilibrium, or Gilbert and Sullivan),
and the landscape of his mind, whatever the particular theme of the article;
and one felt the highly individual choice of image and language. A Stephen Jay
Gould article was never predictable, never dry, could not be imitated or mis-
taken for anyone else’s.

I am not entirely sure what makes “good” science writing (or indeed,
“good” writing of any sort), but Coleridge put it as succinctly as possible when
he advised “proper words, in proper places.” The best science writing, it seems
to me, has a swiftness and naturalness, a transparency and clarity, not clogged
with pretentiousness or literary artifice. The science writer gives himself or
herself to the subject completely, does not intrude on it in an annoying or im-
pertinent way, and yet gives a personal warmth and perspective to every word.
Science writing cannot be completely “objective”—how can it be, when science
itself is so human an activity?—but it is never self-indulgently subjective either.
It is, at best, a wonderful fusion, as factual as a news report, as imaginative as a
novel. It is with this in mind that I have made what is bound to be a highly par-
tial and idiosyncratic selection of the best American science writing of 2002.
have, frankly, found this to be nearly a impossible task—for I would like to
have included twenty or a hundred pieces for every one here, and to have given
every facet of science, from paleontology to psychoanalysis, its place and due.
But there is only so much one can do in a book of three hundred pages.
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Science writing, good science writing, is not confined to “scientific” maga-
zines (though this collection, not surprisingly, includes articles that appeared
in Discover, Scientific American, and Popular Science). It is equally to be found
in general publications, such as The Washington Post, The New York Times, The
New Yorker, The New York Review of Books, Harper’s Magazine, The Atlantic
Monthly, and The New Republic; as well as many less widely circulated but
highly regarded magazines such as Daedalus, Monthly Review, Mother Jones,
Tikkun, and Southwest Review; and even local and regional publications such
as LA Weekly and High Country News. All of these are represented in this collec-
tion, as well as an online magazine, Salon.com, and Wings, the tiny journal of
the Xerces Society, dedicated to the conservation of invertebrates. A very slen-
der magazine—only a dozen pages or so—that comes out every week is the ad-
mirable Science News, which in addition to scientific news always contains
original articles and essays, and I am glad to be able to include a piece from this
publication.

The rules of this series prevent the inclusion of any articles from non-
American authors, and thus this volume does not contain anything from two
great periodicals published in England (but freely available in the United
States)—New Scientist, an extremely fine popular science weekly with no exact
analogue in the United States, and Nature, which not only represents a world
forum for original scientific articles (it is just fifty years since Watson and Crick
published their famous letter in it suggesting the structure of DNA), but also
contains some of the very best science writing one is likely to see. It is similar to
its American counterpart, Science.

Though there have always been scientists who have excelled (and de-
lighted) in lucid expositions of their own and others’ work, and there has al-
ways been coverage of major scientific discoveries in the general press, “science
writing” as such is a relatively new phenomenon, yet it is one that has already
achieved a central place in our culture, as this series attests. There are now
dozens of first-class science writers whose names are well known to every
reader, and whom one can always turn to with the near certainty of encounter-
ing clarity, enthusiasm, and depth. There is the temptation, in an anthology
such as this, to rely on these tried-and-true names, but I have tried here to in-
troduce new writers as well, whose names may now be unfamiliar but will not
be for long.

At the opposite end of the spectrum, Stephen Jay Gould was, unarguably,
the best known and most beloved science writer of the past quarter century. As
I write this, it is not quite a year since Steve died so prematurely, at the age of
sixty, in May 2002. Steve was everything—a field scientist, a theoretician, a his-
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torian of science, a bibliophile; but he was also an unabashed lover of orato-
rios, baseball, and old buildings. The miracle of his writing was that he brought
everything together, brought the whole of himself into his writing. His subjects
sometimes seemed recondite or odd—he had a special feeling for the over-
looked, the unconsidered, the forgotten, the dismissed—but by the time he had
dealt with them, they seemed the most interesting things in the world, and the
world seemed richer for having them restored to it. And so it seems fitting to
dedicate this volume, celebrating our best science writing, to his memory.






The Best American Science Writing






PETER CANBY

The Forest Primeval

FROM HARPER’S MAGAZINE

Nouabalé-Ndoki is one of the most remote places on Earth—seventeen
hundred square miles of nature preserve in a hard-to-reach region of the
Republic of Congo. Stephen Blake, an English zoologist for whom the word
“intrepid” seems an understatement, has made several monthlong journeys,
on foot, through Nouabalé-Ndoki—undeterred by lack gf modern ameni-
ties, the threat g’ disease, and the presence qf poisonous snakes—to track its
remarkable population of elephants. The writer Peter Canby accompanies

Blake on what is to be his last trip and observes a scientist at home at the

edge of the world.

’ve just reached Makao, the most remote village in the Republic of Congo.
I I'm traveling with Stephen Blake, a British wildlife biologist, in a thirty-

foot, outboard motor—-powered pirogue—a dugout canoe—following the
muddy, weed-clotted Motaba River north from its confluence with the Uban-
gui River. At first, after leaving the Ubangui, we passed small villages hacked
out of the forest, but for a long time we’ve seen swamp interrupted only by the
odd fishing camp: small bird nest-like huts and topless Pygmy women in grass
skirts waving their catch forlornly as we motor by.

But now we’ve arrived at Makao, the end of the line, the last town along the
Motaba. Ahead is pure, howling wilderness. Makao has a population of per-

haps 500, half Bantu and half Bayaka—among the most traditional Pygmy
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tribes in Africa. The village long had a reputation as a poaching town, one of
the centers of the extensive and illegal African “bushmeat” trade, which, in the
Congo basin alone, still accounts, annually, for a million metric tons of meat
from animals that have been illegally killed. But since 1993 the poaching in
Makao has all but ceased, and the village has taken on another significance: it is
the back door to the Nouabalé-Ndoki forest. Nouabalé-Ndoki is named for
two rivers, only one of which actually exists. The name of the existing river—
Ndoki—means “sorcerer” in Lingala, the lingua franca of much of the two
Congos. Nouabalé doesn’t mean a thing. It’s a misnomer for another river, the
Mabale, inaccurately represented on a geographer’s map in the faraway Con-
golese capital, Brazzaville.

Nouabalé-Ndoki is now a 1,700-square-mile national park known chiefly
for having the least disturbed population of forest life in Central Africa. No one
lives in the park, or anywhere nearby. Nouabalé-Ndoki has neither roads nor
footpaths. It contains forest elephants, western lowland gorillas, leopards,
chimpanzees, forest and red river hogs, dwarf and slender-snouted crocodiles,
innumerable kinds of monkeys, and nine species of forest antelope, including
the reclusive sitatunga and the supremely beautiful bongo. The southwest cor-
ner of the park is home to the famous “naive chimps” that sit for hours and
stare at human intruders. Until biologists arrived just over ten years ago, few of
these animals, including the chimps, had ever encountered humans.

Blake studies elephants. A self-proclaimed “working-class lad” from Dart-
ford, England, Blake read zoology at the University of London; he is now work-
ing on a doctoral thesis about the migratory patterns of Nouabalé-Ndoki
forest elephants at the University of Edinburgh. Thirty-six, fit, and lean, Blake
is known as a scientist who likes the bush and is not afraid to go where wild an-
imals live. But he’s also considered audacious, a biologist who thinks nothing
of crossing wild forests clad in sandals and a pair of shorts. Richard Ruggiero,
who runs the elephant fund for the U.S. Fish and Wildlife Service and worked
with Blake just after the park was established, compares him to nineteenth-
century explorers: “He’s someone who could walk across Africa, turn around,
and then be ready to go back again.” Another colleague described encountering
him as he emerged from a long stint in the bush. “He was wearing torn shorts
and a tattered T-shirt. He had a staph infection but seemed completely happy.”

As part of his research, Blake has taken a series of what he calls “long
walks”—foot surveys that start in Makao and follow a web of elephant trails up
the Motaba and Mokala rivers to the park’s northern border, cross the park
from north to south, and then emerge from the headwater swamps of the Lik-
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ouala aux Herbes River below the park’s southern border. (The gorillas of the
Likouala aux Herbes were the subject of Blake’s master’s thesis at Edinburgh.)
Each of these treks—and Blake has made eight—covers about 150 miles and
takes about a month. When I joined him, Blake was preparing to embark on his
ninth and final trip along his survey route. I had heard of Blake’s work from
Amy Vedder, a program director at the Wildlife Conservation Society, which,
along with the U.S. Fish and Wildlife Service and the Columbus (Ohio) Zoo,
funds his research. Vedder and I had been discussing the toll that the region’s
wars have taken on its wildlife when she told me about Blake’s long walks. I
signed on to accompany him on his last one. At the time, it seemed a rare op-
portunity to see the Earth as it was thousands of years ago, at the moment
when humans lived side by side with the great apes from which they evolved.

But now that I've reached Makao, I’'m wondering why I made no special
preparations for this trip. All the perils, which seemed theoretical before I left,
have become disturbingly real. Not only don’t we have phones or any means of
communication; we also face threats of dengue fever, deadly malaria, the newly
resurgent sleeping sickness, and even AIDS and Ebola, which are believed to
have emerged from the forests of this region. I'm also afraid of army ants, ticks
(eventually one crawls up my nose and inflates just at the top of my nasal pas-
sage), swarms of flies, and, above all, snakes. When I let slip that I am particu-
larly nervous about snakes, Blake tells me about the Gabon viper, a fat,
deadly-poisonous snake with the longest fangs of any snake in the world. It of-
ten lies in ambush on Nouabalé-Ndoki trails. “The Gabon viper always bites
the third person in line,” Blake says glibly. “That’s your slot.”

THE WILDLIFE CONSERVATION Society maintains a field station in
Makao, and we spend several days there assembling a crew. One morning, as
Blake and I bathe in the Motaba while a cloud of blue butterflies swarms
around us, he explains how his recruiting policy has been determined by local
economics. Bushmeat, he tells me, was a staple of the Congolese diet and, for
many, the only available source of income. In Makao, the WCS provides jobs to
people who are now forbidden by law to hunt; Blake himself has also sought to
hire the best former hunters in order to keep them off the market. Practically
speaking, this means recruiting the Bayaka, who live not just in Makao but also
north and east of the park. Unlike Pygmies elsewhere in Africa, who are in-
creasingly removed from hunting and gathering, many of the Bayaka still go
into the forest for months, or even years, at a time, living off the land with little
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more than spears and homemade crossbows. Blake hires them because they
know the forest intimately. “I often think every Bayaka should be awarded a
doctorate in forest ecology,” Blake says. “They know what’s going on.”

But Makao is ruled by Bantus, who, while dominant, know much less than
the Bayaka about the forest. Blake would rather travel only with Bayaka, but,
because of the dynamics of the village, he also hires Bantus. The relationship
between the groups is complicated. The Bayaka Pygmies are small forest
people—the men in Makao seem to average around five feet three—and pre-
sumably the original inhabitants of Central Africa. The Bantus, who are taller,
are fishermen and slash-and-burn cultivators who migrated to the region sev-
eral thousand years ago. The Bantus control Bayaka families; the Bayaka are ex-
pected to hunt for their Bantu owners and to work their manioc fields. In
return the Bayaka get metal implements, notably cooking pots and spear
points, made from automobile leaf springs; having acquired these things, they
light off to follow a nomadic life in the forest. The arrangement is changing,
however, as many Bayaka now live in the village year-round. Not all of the
Bayaka still know how to make crossbows, recognize plants, or use spears. They
can no longer survive in the forest.

Several of Blake’s Bayaka recruits have accompanied him on earlier treks.
They include one of Blake’s oldest Bayaka friends, Lamba, who is named for a
stout vine that winds helix-like up into the canopy trees, and Mossimbo, who is
named for an elephant-hunting charm. But this time Blake is excited about a
new recruit: Zonmiputu. Zonmiputu comes from one of the most traditional
bands of the Makao Bayaka. Blake had met him on one of his early trips after a
chance encounter, somewhere outside the park, with Zonmiputu’s father’s
band, which had been living off the forest, following the ancient, intricate
Bayaka way of life, for more than a year.

“They were carrying spears and homemade crossbows,” Blake recalls.
“They had one cooking pot, no water jugs, and a lot of baskets they’d made out
of forest vines. Their clothes had worn out, and they’d gone back to wearing
bark fabric.”

As the first person ever to have employed the Bayaka, Blake is changing
their lives. “Before they worked for me, their wives had to scrape for yams using
sticks. Almost all their food was baked in leaves. Now one of them works for me
for a month and makes enough money to buy a machete, a few clothes, a pot,
and some fishhooks.” Still, after returning from a month in the forest, Blake has
frequently been confronted by Bantu patrons demanding the money he is
about to pay “their” Pygmy. They react with incredulity when Blake won’t give
it to them.
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As Blake and I talk by the river, I hear what I take for a birdcall. It’s soon an-
swered by a similar call—but at a harmonic interval—and then a third. Soon
the river valley is full of strange syncopated harmonies. It’s as if the trees them-
selves were singing. “Pygmies,” Blake says when he sees my puzzled expression.
“They’re working the fields.”

By THE NEXT DAY we've assembled our team—Zonmiputu, Lamba,
Mossimbo, four other Bayaka, three Bantus, Blake, and me. Our walk begins
another six hours up the river. We pile ourselves and our gear into the pirogue.
Our “tucker,” as Blake calls our food, comes from a market in the town of Imp-
fondo along the Ubangui. It consists of sixty cans of tomato paste, two hun-
dred cans of Moroccan sardines, forty cans of Argentine corned beef, twenty
pounds of spaghetti, one hundred pounds of rice, several bags of “pili-pili”"—
the very hot, powdered African peppers—and large quantities of cooking oil,
sugar, coffee, and tea. (“What’s an Englishman to do in the forest without tea?”
Blake asks.) We’ve topped off our supplies with three fifty-pound sacks of
manioc flour and two baskets of smoked Ubangui River fish, bought from a
fish merchant in an Impfondo courtyard.

We cast off early one morning. Above Makao, the riverbanks are uninhab-
ited. It’s late February—the end of the dry season—but the twenty-foot-wide
river courses swiftly between marshy banks. We pass African fish eagles,
perched on overhanging branches. Hornbills wing their way overhead, making
otherworldly cries and beating the air with a ferocity that evokes the original
archaeopteryx. Around ten in the morning an eight-foot, slender-snouted
crocodile surfaces next to the boat and glances dispassionately at us. Our dis-
embarkation point, from which the boatman will return the pirogue to Makao
and we will begin walking, is near a fallen tree just below the juncture of the
Motaba with one of its tributaries, the Mokala. I step ashore, look down at my
pale, tender feet clad in rubber sandals, and wonder how I’'m going to survive
this expedition. In front of me, hearts of palm have been peeled—evidence of
gorillas. Behind me Mossimbo spots fresh python skin, assumes the python is
nearby, and leaps back in panic. Pythons here can grow to twenty feet; they
strangle everything from antelopes to crocodiles. Everyone roars with laughter
at Mossimbo’s expense. The laughter covers the whir of the pirogue’s motor as
it pulls away, and when the Pygmies quiet down I hear the pirogue disappear-
ing back downriver. My heart sinks.
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TEN YEARS AGO the Nouabalé-Ndoki park didn’t exist. The land was set
aside after a decade of mass slaughter of elephants. During the 1970s a Japanese
vogue for ivory signature seals, a consequent tenfold increase in the price of
ivory, and a continent-wide collapse of civil authority combined to set off an
orgy of elephant destruction. Poachers wielding AK-47s massacred entire
herds for tusks, and then sold the ivory through illegal networks presided over
by potenates like Jean-Bédel Bokassa, the cannibal emperor of the Central
African Republic, and Jonas Savimbi, the murderous Angolan warlord. At the
height of the slaughter, poachers were killing 80,000 elephants annually. In the
1980s almost 700,000 elephants were killed.

In 1989 conservation organizations intervened. The Convention on Inter-
national Trade in Endangered Species (CITES), a widely supported treaty that
regulates trade in endangered species, put African elephant ivory on its list of
most restricted commodities, thus effectively banning its international ex-
change. The market collapsed and conservationists rallied to save the remain-
ing elephants. Africa has two types of elephants: Loxodonta africana africana,
the bush elephant of the savannas, and Loxodonta africana cyclotis, the forest
elephant. Biologists know a great deal about the savanna elephant, the world’s
largest land mammal, which is easy to spot and easy to monitor. But the forest
elephants that Blake studies are smaller, more elusive creatures. Only recently
identified as their own species, forest elephants live in Africa’s impenetrable
jungle, and their behavioral patterns—even their numbers—are almost en-
tirely unknown.

As part of a continent-wide elephant census that began with the conserva-
tion efforts, the Wildlife Conservation Society and the European Economic
Community contracted to estimate the elephant population in the north of the
Republic of Congo. The north was then almost entirely unexplored but had re-
cently been carved into forest blocks designated for European logging interests.
Michael Fay, an American botanist and former Peace Corps volunteer who was
studying western lowland gorillas, was hired to conduct the survey. Today, Fay
is known for having made a 1,200-mile “megatransect,” a trek from Nouabalé-
Ndoki to the coast of Gabon. But in 1989, Fay was just an adventurous graduate
student and Nouabalé-Ndoki merely Brazzaville’s name for an unexplored log-
ging concession. Fay traversed Nouabalé-Ndoki with a group of Bangombe
Pygmies. In the interior they found large numbers of forest elephants, western
lowland gorillas, and chimpanzees that were unafraid of humans. Chimps are
hunted everywhere in Africa, and their lack of fear in this instance led Fay
to conclude that he and his team were the first humans they had ever seen. He
decided that Nouabalé-Ndoki—unspoiled, vast, and teeming with wild
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animals—would make an ideal national park. Working with Amy Vedder and
William Weber, directors of the Wildlife Conservation Society’s Africa pro-
gram, Fay wrote a proposal for a park that WCS, the World Bank, and the U.S.
Agency for International Development agreed to fund. In a dramatic gesture
that pleased conservationists, the government of Congo withdrew Nouabalé-
Ndoki from the list of logging concessions. In December of 1993 it became a
national park, with Michael Fay as its first director.

EARLY IN HIS TENURE, Fay recruited Blake to study wildlife at Nouabalé-
Ndoki. In 1990, Blake had come to Brazzaville to work in an orphanage for go-
rillas whose parents had been killed in the bushmeat trade. In those days, Blake
hung out with a group of De Beers diamond merchants. His best friend (“a
cracking bloke”) was an arms trader. He drank a lot of vodka, raced the or-
phanage car around Brazzaville, and ran a speedboat up and down the Congo
River. But by 1993, Blake was ready for a change. When Fay asked him to work
in the new park, Blake quickly accepted. He started as a volunteer. Fay remem-
bers that he showed up “clad from head to toe and carrying an enormous green
backpack that must have weighed five thousand pounds.” In contrast, Fay had
evolved a style of jungle travel that involved bringing Pygmies and packing
light—one pair of shorts, Teva sandals, no shirt; he would wear the same
clothes every day, wash them every night, and wrap blisters and cuts with duct
tape. Blake rapidly adopted Fay’s style and soon became, as Vedder puts it,
Nouabalé-Ndoki’s “wild-forest guy.”

On his early surveys of the new park, Blake explored an elaborate network
of elephant trails that crisscross the forest. Some trails were as wide as boule-
vards, and each seemed to have a purpose: one led to a grove of fruit trees, an-
other to a river crossing, another to a bathing site. These trails existed only
where there were no humans around to disrupt the elephants’ lives. Outside
the park, where there were human settlements, the trails vanished. Blake be-
came certain that in the trail system was a map of the ecological and psycho-
logical mysteries of forest-elephant life. In 1997 he enrolled in the Ph.D.
program at Edinburgh and began his thesis on the elephants of Nouabalé-
Ndoki. “Elephants are kingpins of forest life,” Blake says. “I have come to feel
that if you could understand elephants you could really understand what was
going on throughout the forest. Here’s this bloody great big animal. It’s disap-
pearing, and we know bugger all about it.”

In the years since he began his study, Blake’s work has acquired a new sense
of urgency, and this is one of the reasons he’s invited me to join him on his long
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walk. In 1997, just as Blake was beginning his research, a civil war erupted in
Brazzaville when the then president, Pascal Lissouba, sought to disarm a tribal
faction from the north. Protracted firefight leveled what had been one of Cen-
tral Africa’s few intact cities; 10,000 to 12,000 people were killed in Brazzaville
alone. The violence also spread to rural areas, where a third of the country’s
population was displaced and uncounted numbers were killed. Many Con-
golese fled their villages and hid in the forest, where they died of disease or
starvation while trying to subsist off wild game.

“People did a lot of atrocious things and got away with them,” Blake says.
“Every Tom, Dick, and Harry had an AK-47. You'd go into a tiny village and
half a dozen sixteen-year-olds would come strutting down the street with ban-
dannas and automatic rifles.” The war led to more hunting. Although the park
itself was spared, largely because of its remoteness, the surrounding elephant
population, as Blake puts it, “got hammered.”

This history has contributed to Blake’s conviction that the isolation—
indeed the very existence—of places like Nouabalé-Ndoki is imperiled. As
we've traveled, I've noticed a certain desperation on his part, as if he were con-
vinced that whatever he doesn’t learn about the elephants on this trip will
never be learned—and that all there is to know about forest elephants will be
irrevocably lost.

“FrRESH DUNG!” Blake exclaims. He sheds his daypack and pulls out his
waterproof notebook. With a ruler, he measures the diameter of the dung pile
(which looks like an oversized stack of horse manure), cuts two sticks, and be-
gins to separate seeds from the undigested roughage.

We’re four days up a wide-open elephant trail along the Mokala River. The
trail is thick with dinosaur-sized elephant prints. There are also hoof marks of
red river hogs; the seldom seen giant forest hog, which grows to 600 pounds;
and a pangolin, a 75-pound nocturnal consumer of ants and termites that is
covered in dark-brown scales that look like the shingles on a roof; as well as
leopard prints and both rear foot and knuckle prints of a big gorilla. Overhead,
troops of monkeys chatter and scold: spot-nosed guenons, gray-cheeked
mangabeys, and the leaf-eating colobus. In spite of all the tracks and animals
we’ve come across, however, we’ve found little evidence that elephants have
been here recently.

We travel each day with one of the Bayaka acting as a guide while the other
Bayaka and Bantus, who tend to be boisterous on what for them is a junket into
the wilderness, cavort well behind us so that they don’t scare away the animals.
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On this day, Blake’s old friend Lamba has taken the lead, followed by Blake, and
then me in the Gabon-viper slot. Lamba crouches over the dung pile while
Blake isolates four types of seeds in it. Three of the four, he says, are dispersed
only by elephants. One of these is the seed of a bush mango.

Lamba tells Blake that we’re not seeing elephants along the trail because
they’ve left the river for the hills, where the wild mangoes are bearing fruit.

“Most fruits are produced in fixed seasons,” Blake says to me. “But there
seems to be no pattern here with mangoes. They fruit whenever. It would be
great if we could find lots of fruiting mangoes and lots of elephant signs. That’s
the kind of thing we’re looking for, a few indicators of what moves elephant
populations.”

The most obvious explanation of what moves elephants is food, and Blake’s
research involves making a thorough study of the plants we encounter as well
as chasing down feeding trails. We stop every twenty minutes so that he can
make botanical notes. In order to create a definitive survey, Blake always fol-
lows the same route, varying it only when he makes side trips down feeding
trails. He carries a Global Positioning System, a handheld device that translates
satellite signals into geographic coordinates and which Blake uses to record the
exact location of his observations. The Bayaka take care of navigation. Blake
also carries a palm-sized computer, into which he enters his data. The use of
such technology is new in wildlife biology. As Richard Ruggiero puts it,
“[Blake]’s the first to use GPS and satellites to successfully look at the long-
term movements of elephants in the forest. He’s collected data no one else has
looked at before.”

But none of this matters if we don’t see elephants. Despite Blake’s estimate
that as many as 3,000 elephants use the park, the animals themselves elude us.
They’re hard to see because they are agile and fast: Forest elephants grow to
nine feet at the shoulder and weigh up to 8,000 pounds but move with surpris-
ing stealth, thanks to a pad of spongy material on the soles of their feet, which
dampens the sound of breaking branches. The elephants also communicate by
using infrasound, a frequency below the range of human hearing. Once ele-
phants have determined that intruders are present, they can warn one another
over significant distances—without humans detecting the exchange.

Blake has attempted to make elephants easier to find in a number of ways.
In the fall of 1998, he received a grant from Save the Elephants, a foundation
run by noted elephant conservationist Iain Douglas-Hamilton, to outfit several
elephants with GPS collars. Blake and Billy Karesh, a Wildlife Conservation
Society field veterinarian, went deep into the forests of Central Africa with a
high-powered tranquilizing rifle; they managed to sedate two elephants near
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Nouabalé-Ndoki and put collars on them. One of the collars never worked, but
the second, placed on a female, worked for a month, long enough to trace the
elephant’s movements outside the protected forest.

The fewer signs we see of elephants, the more restless Blake becomes.
“Amazing,isn’t it,” he muses. “Absolute bugger all.”

On the fifth day, as we’re walking along a ridge above the Mokala, Blake
hears a branch snap. Zonmiputu is our guide. He is a quiet man, about five
feet tall, an inch or two shorter than the rest of the Pygmies, and perhaps forty
vears old.

“Ndzoko,” Zonmiputu whispers. Elephant.

Quietly he puts down his pack, indicates the elephant’s direction with his
machete, and leads us at a crouch through the thick underbrush. After thirty-
five yards, Zonmiputu stops and points out a shadowy shape looming twenty
vards away. It is a young-looking bull, about eight feet at the shoulder, with
deep chocolate-colored skin. I can see its brown tusks waving as it reaches up
with its trunk and rips branches out of the surrounding trees. \We approach.
Blake hands me his binoculars. The elephant is now fifteen yards away, and I'm
focused on its eye—a startling sight, sunken in the wrinkled skin, bloodshot; it
seems to peer out from another epoch, as if it were looking forward at some
huge, unfathomable span of time.

“A young bull,” Blake whispers. “Perhaps twenty years old.”

The bull senses that we’re near, lifts its trunk toward us, and crashes off into
the forest.

IN THE EVENING, sitting around the camp after dinner, I ask Blake to ask
the Bayaka if any of them has ever killed an elephant. I know that Pygmies have
traditionally hunted elephants with spears. As Blake relays the question, the
Bayaka stiffen. It’s illegal to kill elephants. They don’t know why I'm asking,
and they all say no—unconvincingly. All, that is, except Lamba. Blake refers to
Lamba as “Beya,” the Bayaka word for giant forest hog, because he has, as Blake
puts it, “scabby habits.” Having made this trip several times together, Lamba
and Blake are perpetually laughing at each other, and, in front of Blake, Lamba
doesn’t bother to dissemble. He’s killed three elephants with his spear, he tells
us. He stalked the elephants and speared them in the gut. When necessary, he’d
spear one a second time in the foot to prevent it from running.

For one of these elephants, which a Makao Bantu hired him to kill for its
tusks, Lamba was paid an aluminum cooking pot. For another, he received a
pair of shorts.
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“This for a hunt that would have taken him weeks,” Blake says hotly.

I ask Lamba whether he has any fear while hunting an elephant.

No, he doesn’t, he responds, even though elephants can kill hunters. Goril-
las, however, scare him. A mature male—a silverback—can grow to over 400
pounds. He knows three Pygmies who’ve been killed while stalking gorillas.

“And do the Bayaka kill people?” Blake asks.

This elicits nervous laughter. Cannibalism is not unknown in this region,
though no one has ever accused the Bayaka of eating people. But we’re not far
from Bangui, where, in modern times, Emperor Bokassa is said to have served
human flesh at state dinners. Blake tells me that the first Frenchman to arrive in
Makao in 1908 was eaten. “We found records of it in the colonial archives in
Paris,” he tells me. (Later, when looking in vain for a copy of the document at
park headquarters, I turn up a similar complaint from another colonist whose
son had been eaten in a nearby village.)

When the laughter dies down, we hear a roar in the hills. It’s a gorilla beat-
ing its chest.

TALKING TO MY FELLOW TRAVELERS requires several stages of trans-
lation. Most of our conversation is in Lingala, which Blake, the Bayaka, and the
Bantus all speak. In addition to Lingala, however, the Bayaka speak Kaka, the
Ubangui language of Makao Bantus, and Sango. Their own language—
Bayaka—is Bantu-based, and if the Bayaka ever spoke an independent, non-
Bantu language, it disappeared after the Bantu migration into the region
thousands of years ago. As we progress farther into the forest, the Pygmies use
words for plants and animals that are so specific they may be relics of an older
Bayaka, the ancestral language of a forest-based people.

“There are 4,000 to 5,000 plants in this forest,” Blake says one day. “I know
the botanical names of perhaps 400. Mossimbo knows the Bayaka names for
probably twice that. Zonmiputu knows even more.”

What the language gap means is that if I want to ask the Bayaka a question,
I have to first ask Blake in English, who then translates it into Lingala, which of-
ten sets off a discussion in Bayaka, which is summarized in Lingala to Blake,
who finally gives it back to me in English. Meaning is distorted—lost—in the
process. My frustration rises as I gradually realize that not only do the Bayaka
speak several human languages but they can also summon wild animals.

We are walking under a troop of monkeys one day when Lamba begins to
whistle, a loud, repeated screech in imitation of an African crowned eagle, a
canopy predator. The monkeys are already screaming at us, but Lamba’s sound
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throws them into a state of agitation and draws them down to the trees’ lower
branches. Soon the forest resounds with the thrashing of limbs and the crack-
ing of branches, as well as grunts, whistles, and alarmed chattering, as the mon-
keys react to being caught between the imagined eagle above them and the
indefinable hominids below.

On another occasion, Lamba crouches down and makes a nasal call that
imitates the distress call of a duiker, a type of forest antelope that has adapted
to the lack of browse on the tropical forest floor by eating fruit, flowers, and
leaves dislodged by canopy monkeys and birds. Immediately a blue duiker—
only a foot tall, one of the smallest of the forest antelopes—charges out of the
undergrowth. It has big eyes and a small, round nose. When it spots us, it pulls
up short, then turns around and bolts. But it can’t resist Lamba’s call. It returns,
stops, bolts again, and comes back—until Lamba finally breaks the spell by
laughing at the antelope’s confusion.

Later, we come across a herd of fifteen red river hogs rooting and grunting
around the forest floor. These hogs grow to 250 pounds and have small, razor-
sharp tusks. Our presence makes them skittish, but they don’t flee. They may
never have seen men before. We stalk until the closest hog is five yards away,
just over the trunk of a fallen tree. Mossimbo then begins a wheezing-pig call.
The pigs freeze, dash away, and then, spellbound, return nervously, almost
compulsively. Mossimbo keeps calling until he has the biggest boars lined up
across the trunk from us. Staring, entranced, their faces look extraterrestrial—
tufted ears, long snouts, big sensitive eyes ringed with white; they seem unable
to fathom just what they’re looking at. Mossimbo squeals—an alarm. The pigs’
eyes bug out, and they race off into the forest as Mossimbo erupts in laughter.

To me these episodes are fragmentary glimpses of a world in which hu-
mans and animals share a symbolic language. The Bayaka take great pleasure in
their mastery over the animal world, and nearly every episode of their sum-
moning animals ends in guffaws. It’s not benevolent laughter. If Blake and I
hadn’t been present, each of these animals would certainly have wound up in a
Bayaka cooking pot—and there’s something about this nasty, exhilarating con-
fidence that is quintessentially human.

WE’VE COME to a point where we must ford the crocodile-rich Mokala. The
current is swift, the river bottom sandy, and the water up to our chins. We hold
our bags above the water level and, shortly after we reach the far shore, wade
across a tributary and enter the park. As we climb up the bank, we enter an area
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of closed canopy forest where the understory is more passable and the butts of
the trees are eight and nine feet in diameter, with straight boles that explode
into kingdoms of filigree high above. Zonmiputu is again in the lead when he
stops stock-still, turns back to us, and whispers, “Koi.” Leopard.

Through a gap in the underbrush, we make out a pattern of dark rosettes
on a brown background. The impression gradually resolves into the abdomen
and haunch of a large leopard. As we watch, it glides out of the frame, its snaky
tail trailing behind.

Zonmiputu crouches, clears his throat, and makes a duiker call to try to
fool the leopard into coming to investigate. Through another gap, I see the
leopard hesitate, then break into a run. It’s gone.

Although leopards are not commonly believed to attack humans, the Pyg-
mies claim they do. Several days earlier, Mossimbo had pointed out a pile of
leopard scat filled with reddish-brown hair. Blake poked around in it long
enough to discover a strange brown cylinder the size and color of a cigar butt.
Using a stick, we rolled it over. I leapt back in horror. It was the top half of a fin-
ger, the nail still intact.

“Chimpanzee,” Blake said.

THE EERIE DISCOMFORT of the forest is beginning to overwhelm me.
One night, ’'m inside my tent in the grips of a dream. I'm being suffocated by
vines, buried until only my face is exposed. Slowly I'm being pulled into the
earth. I awake with a start, pull out my flashlight, and check my watch. It’s four-
thirty in the morning. The air inside the tent is thick and stifling. Outside, wa-
ter drips from leaves, unseen creatures scurry, branches snap, beasts hoot and
squeak. Overhead, I feel the claustrophobic weight of tropical foliage. Tonight’s
dream is one of a series that has become vivid—houses I used to live in, offices
I’'ve worked in, visits with friends—and I wonder if this is what it’s like to be
dead. My restless spirit is haunting the places I loved.

Dawn is filtering down to the forest floor. I hear the rest of the camp stir-
ring: the Pygmies whack their machetes into dead branches and clang our bat-
tered, soot-covered aluminum pots over the fire. I hear Blake yawning in his
tent. He calls out to ask how I've slept. I lie and tell him I've slept well. But now,
at six in the morning, this trip has become oppressive. Breakfast arrives: a
mound of glutinous white rice covered with Moroccan sardines and the left-
overs of last night’s smoked-fish stew. Gloomily, I tuck in. Blake asks if I find
the forest claustrophobic.I lie again and tell him no, but it’s a bad line of think-
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ing, because today in fact I do. Neither am I heartened by the fact that today
we’re not moving camp. While Blake goes off to do some elephant-feeding
studies, I'll have to spend the day alone with the Bayaka.

The Bayaka and Ileave camp around eight, cross a stream, head up into the
hills, and wander, foraging for wild mushrooms, yams, seasonal fruit, a bark
that tastes like garlic, a bark that serves as an antibiotic, a bark containing qui-
nine, an edible vine in the legume family, a sapling that is said to act like
Viagra—in short, whatever the forest will provide. With Blake, we follow ele-
phant trails and walk purposefully in single file. With the Bayaka we maintain
no consistent direction. My compass becomes useless. I cling to my guides.

My first Bayaka encounter occurred as Blake and I stepped from our
pirogue into the waiting crowd at the riverside. A kindly-looking old Bayaka in
a torn shirt stepped out from the back of the crowd and headed straight for me.
He grasped my hand, stared curiously into my eyes, and wouldn’t let go.

“He just wanted to see what kind of a person you are,” Blake explained,
once I'd pried my hand free.

It was almost as if the old Bayaka recognized me. If he had, it wouldn’t have
been entirely far-fetched. Douglas Wallace, the geneticist who has made a ca-
reer reconstructing human migrations around the globe through rates of
change in mitochondrial DNA, believes that the Bayaka are descended from a
small group of Paleolithic people who once roamed across eastern Africa. Wal-
lace and several others argue that a population genetically very close to the
present-day Bayaka were the first modern humans to leave Africa some 50,000
years ago. “We are looking at the beginning of what we would call Homo sapi-
ens,” he wrote recently.

In other words, I live in New York, but I'm also the long-lost cousin of the
Bayaka, the depigmented descendant of their ancestors who hiked over the
horizon and never came back—until now.

Strolling through the forest, I've noticed that my cousins appear to be in a
perpetual Wordsworthian idyll; they often gaze dreamily upward, as if contem-
plating the god that has provided them with such sylvan abundance. At one
point, I convey thisimpression to Blake. He corrects me. “What they’re looking
for is not divinity but wild honey. Although, for them, it’s pretty much the
same thing.”

Sure enough, my day with the Bayaka devolves into a honey hunt. There are
several kinds of wild honey in the forest; one belongs to a stinging bee.
Mossimbo doesn’t take long to spot what he takes for a stinging-bee hive high
overhead, sixty feet up, in a hole in a tree branch. The Bayaka rapidly build a
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fire and extinguish it. Mossimbo wraps the coals in a bundle of leaves, straps
the bundle on his back, grabs a machete, and effortlessly shinnies up a liana
along the branchless tree trunk. Soon he’s vanished into the foliage, and all we
can hear is his machete hacking into a tree branch. Finally he descends with
two dry honeycombs.

“Chef,” he says, drawing on his minimal French for the first time. “Clest
fini.”

The hive has been abandoned.

After several more hours of wandering, the Pygmies spot a more accessible
stingless sweat-bee hive, climb the tree, and soon revel in honey that tastes wa-
tery, smoky. I sample it, but to me it’s an off -putting soup of bark, twigs, grubs,
and dead and dying bees. I leave it to the Pygmies.

After we leave the hive, the sweat bees pursue us vengefully. We’re squatting
down in front of a pile of bush mangoes, shucking the seeds out of the hard-
ened pits, when I’'m suddenly overcome with helplessness. A large part of my
frustration comes from the language. Blake is not here to translate my ques-
tions. But I’'m not just deprived of speech today; I’'m also faced with the fact
that the forest, which is such a source of bounty to the Bayaka, is, to me, an un-
differentiated mass. I don’t have the vocabulary to break this environment
down into parts. There’s nothing I can parse, nothing I can usefully under-
stand. I'm completely at a loss without words. The Pygmies see that I'm
wilting.

“Papa,” Mossimbo says, affectionately, handing me a mango seed.

By the time we get back to camp, it’s thick with tsetse and filaria flies. Tsetse
flies carry sleeping sickness. Filaria flies can deposit the larva of parasitic
worms in a human’s bloodstream. (Blake later comes down with fly-borne ele-
phantiasis.) One of the Bantus slaps a tsetse that is feasting on my back, leaving
the dead insect lying in a pool of my blood. I think of what Blake told me when
I’d been bitten earlier by a tsetse. “No one can tell me those flies can’t transmit
AIDS. All you need is a few viral cells. We’re in the Congo, after all, and the
AIDS problem is huge.”

As the afternoon ends, I’'m not fit for anything but crawling inside my tent.

The flies disappear at sundown, and I re-emerge for dinner. Smoked fish
again. This time it’s served with manioc, a cloying flour made from the tuber-
ous root of the cassava plant. After our meal, the Bayaka pull out djamba—
marijuana—a substance that the Bayaka value only slightly less than wild
honey. As they have on many nights, the Bayaka roll the marijuana in forest
leaves and inhale deeply. Tonight the ensuing hilarity seems greater than usual.
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Since all the jokes are in Bayaka or Lingala, I ask Blake for explanations. The
Pygmies have asked him if I'm rich, he says. Obligingly, he has told them that I
am the richest man in the world.

“You're their new culture hero,” he says.

I try to imagine what might have led the Pygmies to speculate about my
wealth, and remember that, in addition to the Tevas I wear most days (we’re
constantly in and out of water), I have two pairs of sneakers, one of which I
haven’t even worn. Three pairs of shoes! Extravagant, prodigal—rich.

I retire to my tent and, crawling in, notice that the ground under the tent
floor is blotched with patches of light. I have smoked the djamba, and the tent
floor looks like a city at night seen from an airplane. Until I figure out thatit’s a
phosphorescent fungus, this vision offers consolation, if only because it re-
minds me that there is a city out there, somewhere in the world. I fall asleep
and have another strange Ndoki dream. A woman appears and teaches me the
supernatural art of being in two places at once.

WE’VE REACHED the line of bais stretching from north to south that de-
fines the center of the park’s elephant life. The word “bai” is derived from the
French “baie,” but it has escaped into local usage to describe a miniature sa-
vanna maintained by forest elephants in the middle of the forest. “If elephants
are lost from an area,” Blake says, “bais quickly grow over.”

One afternoon, Blake and I follow the elephant trails to the Bonye River
bai. The bai is big, the size of three football fields, and it’s the first open terrain
we've seen since leaving Makao. The afternoon light is soft and golden, playing
on theriffling surface of the river as it winds through the clearing. In the water,
about seventy-five yards away, are nine forest elephants—four adults and five
young, three of them infants. As we watch, an old matriarch ambles out of the
forest, followed by two more young and another adult female. The matriarch
reaches the riverbed, kneels, drills her trunk into the white sand, and gurgles as
she sucks mineral-rich water out of the streambed. When she pulls her trunk
up, she sprays river water into her mouth. Upstream, a wading bird picks at the
riverbed while three red river hogs browse on the marsh grass, trying to avoid
the playful charges of one of the baby elephants. On the far margins a si-
tatunga, with its distinctive wide, splayed feet, feeds quietly.

During the next hour and a half there is a constant coming and going until
we’ve seen thirty elephants in all. The young ones prance around and engage in
mock fights, and the adults spray themselves and their children, as the sunlight
flashes in the water droplets. Blake looks blissful. He creeps forward to the edge
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of the bai, quietly sets up a video camera, pulls out his notebook, and begins
sketching what are the most distinctive and identifying features of individual
elephants: their ears. He'll exchange these later with Andrea Turkalo, a forest-
elephant researcher who is studying the social structures of elephant herds in a
Dzanga Sangha bai across the border in the Central African Republic.

I sit on a fallen tree trunk, relieved, enjoying the light. Elephants are mem-
bers of the ancient, highly successful order of Proboscidea, which, historically,
has contained almost 200 different trunked and tusked species, including
mastodons and mammoths. Beginning 5o million years ago, and as recently as
the late Pleistocene, 10,000 or so years ago, proboscideans roamed the globe.
Mastodons and mammoths grew up to fifteen feet. But there were also pygmy
elephants. (A four-foot-tall elephant, Elephas falconeri, survived on the Greek
island of Tilos until a little over 4,000 years ago. A dwarf mammoth lived on
Wrangel Island off Siberia until 1700 B.c.) Then, toward the end of the Ice Age,
elephants died off en masse, and today only two species survive—the Asian ele-
phant, Elephas maximus, and its bigger cousin, the African elephant, Loxodonta
africana. Both of these species evolved in Africa, but Elephas moved into Asia
and then became extinct in its home range. Some argue that only then—about
40,000 years ago—did Loxodonta africana, which had been exclusively a forest
creature, emerge to seize the open savanna.

The mass proboscidean die-off was part of the mysterious and more gen-
eral Pleistocene extinctions. Sometime between 10,000 and 25,000 years ago, all
mammals weighing more than a ton—as well as many lighter than that—
disappeared from Europe, Asia, and the Americas. This is an old story. But the
other story is that some elephants survived—as a miracle, emissaries from the
prehistoric world.

FroM BONYE BATI wehead south to Little Bonye bai, Mabale bai, and, ulti-
mately, Mingingi bai, the epicenter of elephant life in the park. Blake points out
the various fruit trees associated with elephant trails. The most conspicuous of
these, he says, is Duboscia macrocarpa, a large tree with an almost gothically
fluted trunk. Virtually every duboscia we see stands at the intersection of
several elephant trails, gracefully alone in a clearing made by fruiting-season
elephant traffic to the tree. Another regular tree along the trails is Omphalo-
carpum elatum, which has fruit growing out of the side of its trunk. The fruit is
encased in a heavy, hard-shelled ball—the size of a medicine ball—which the
elephants like well enough to dislodge by ramming the tree with their heads.
“The importance of fruit trees for forest elephants has only recently been
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acknowledged,” Blake says. “And that’s because almost all elephant research has
been based on savanna elephants, which eat very little fruit. In fact, many con-
clusions drawn from savanna-elephant research are simply not applicable to
forest elephants. It’s always amazing to me that elephants get lumped in cate-
gories the way they do.”

As we walk, Blake confesses to me his obsession with the rocker Chrissie
Hynde, and in particular with her song “Tattooed Love Boys” And one
evening, after we arrive in camp, Blake spots Lamba sprawled across his bags.
Blake takes his daypack, lifts it over his head, stands over Lamba as if to hurl it
down, and recites:

Run to the bedroom.

In the suitcase on the left,
You’ll find my favorite axe.
Don’t look so frightened.
This is just a passing phase,
One of my bad days.

Would you like to watch TV?
Or get between the sheets?

Lamba is baffled but, with the rest of the Bayaka, laughs nervously. “ ‘One
of My Turns, by Pink Floyd,” Blake explains to me. “You never heard The Wall
concert they played in Berlin, did you? There’s that whole debate about sta-
dium concerts. 'm not that big a fan of stadium concerts, but that was a great
concert.”

As were ducking under some vines, we see our first snake. It’s in the
branches overhead—a big, evil-looking thing nearly five feet long. Blake can’t
identify it, but it’s not one of the famously poisonous snakes of this region—
not a boomslang, not a black mamba, not one of the several cobras. The Bayaka
give us their name for it, say it’s bad, and seem anxious to get away from it.
“Can you imagine how many others we haven’t seen?” says Blake.

Shortly afterward we scare a leopard off a fresh-killed duiker. The duiker’s
entrails are ripped out, but it’s still warm. The Bayaka tie up the duiker and take
it along for our dinner.

We’re wading in the sandy shallows of the Mabale River when we discover a
dead baby elephant. It’s a gruesome and disturbing sight; the elephant, the size
of a pony but stouter, is half submerged, covered in flies, and leaking blood
from its trunk.
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At this same spot last evening, we saw one of the elephants Blake had col-
lared two years earlier now standing in the river, still wearing her nonfunction-
ing transmitter. Considering the size of the park, this was quite a coincidence.
And not only did we see her yesterday but we saw her with a young elephant
following close behind her; at the time she was collared, she had been preg-
nant, and this young elephant looked about a year old—the appropriate age.
Now, it seems, that baby is dead.

“Hell of a thing,” says Blake, pacing back and forth. “Hell of a thing.” He
picks up the baby elephant’s trunk, lets it flop back into the water, and exam-
ines the tiny tusks and the toenails on each foot. He picks up a stiff leg and
turns the little creature over, looking for some telltale sign of what killed it, but
he can’t find anything except a group of puncture wounds on the animal’s
chest. With snakes on my mind, I suggest that the wounds might be the result
of Gabon-viper bites—and that the elephant may have died of hemolytic
bleeding. Blake is unimpressed but seems distressed that he can’t come up with
an explanation. He frets, hovers, pulls out his notebook and takes notes, gets
his video camera and shoots pictures. He is reluctant to leave.

Looking over the little creature, dead of unknown causes, 'm struck again
with a sense of being dead—the idea that this lifeless body could be mine. After
a quarter of an hour, I persuade Blake to give up his forensics, and we start up
a trail—only to turn back ten minutes later. He has decided the puncture
wounds are the result of a leopard attack.

“If we could demonstrate that a leopard could kill a baby elephant, it would
be quite a thing,” he says.

We wade back into the river. Blake pulls out his knife and makes precise in-
cisions along the puncture wounds, two of which go straight through the ele-
phant’s chest and into its lungs. A punctured lung could be the source of the
bleeding through the trunk. The elephant could have drowned in its own
blood. Blake’s hypothesis about the leopard suddenly seems plausible.

“Hell of a thing. Hell of a thing,” Blake repeats to himself, still agitated, but
in much better spirits now that he’s arrived at a theory. It occurs to me that sci-
ence is formidable, and not merely for its accomplishments but because faith
in reason leads people to brave treacherous environments like this one.

WE cAMP ALONG the Mingingi River, a mile or so below the bai. The day is
sultry, buggy. Thunderclaps rumble across the distant forest, and late in the af-
ternoon we’re drenched by a brief downpour. But the weather clears overnight,
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and I awake at three in the morning to gorilla calls echoing up the valley, ele-
phants trumpeting from the bai above, and moonlight illuminating the side of
my tent.

In the morning we head up to the bai. The approach paths are wide and
parklike, and the landscape has been designed by elephants. They have dug
bathing pools out of the hillsides. The underbrush has been cleared of patches
of forest, and tree trunks are swollen to exotic shapes from elephants having
picked away their bark. We find a meadow surrounding a highly polished ter-
mite nest—an elephant rubbing post surrounded by the marks of heavy traffic
and worn down so far that it looks somehow like a public monument.

We creep forward toward the edge of the bai, a huge open space of marshy
grassland and isolated clumps of trees. A shower has just passed and the mist is
lifting off the forest all around. Swallows are dipping in the river. A white palm-
nut vulture with its hooked yellow beak is perched on a dead tree limb. A single
bull is drinking from a pool.

Just as we’re preparing to walk out into the river, nine bongos—Iarge forest
antelopes—emerge out of the underbrush and wade into the middle of the bai,
tails flicking, sides adorned with vertical white stripes, their celestial-looking
horns curving gracefully skyward.

LAMBA HEARS what he says is a yellow-backed duiker, the largest of the
duikers. We're beyond Mingingi, in the center of the park. We squat while
Lamba calls. No response. He calls again. A stick snaps. Silence. Lamba calls a
third time. Another stick snaps, off to our right. I wheel around and see two
heads duck quickly behind a termite mound. It’s a strange, stealthy gesture.
The heads are humanlike. We’re not the only ones stalking; we’re being stalked.
Chimpanzees, thinking they’re going to find a wounded duiker, have instead
found their nearest primate cousins.

“It’s just the lads,” Blake says, “checking us out.”

Along with baboons—and of course humans—chimpanzees are the only
primates who regularly kill other mammals. In Nouabalé-Ndoki, chimpanzees
set methodical ambushes for the leaf-eating colobus monkeys and even for
duikers. They also scavenge other meat—including pigs—and Blake tells me
that in the past he has called in chimpanzees by hiding behind tree roots and
making duiker calls.

“When they respond to the duiker call, they come for the kill,” Blake says.
“The males are quite a sight with their tails up and their hair standing on end.
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They come whipping around the tree root, see us, and just deflate. They've
never seen humans before. I’ve had one sit and stare at me for five minutes.”

In his book The Third Chimpanzee, the physiologist Jared Diamond argues
that humans are close enough to chimpanzees to properly be thought of as a
third chimpanzee species (after chimpanzees and bonobos). The DNA of
chimpanzees is 98.4 percent the same as ours, and of the remaining 1.6 percent,
most is insignificant. The meaningful genetic differences could be focused in as
little as one tenth of one percent; they account for the genes that lengthened
our limbs (allowing us to walk upright and use tools) and, more importantly,
altered, as Diamond puts it, “the structure of the larynx, tongue, and associated
muscles that give us fine control over spoken sounds.” Indeed, a group of scien-
tists have recently isolated a single gene that may underlie the human ability to
speak. These scientists are presently trying to determine when this gene
evolved. One theory dates it to only 50,000 years ago—around the time the an-
cestral Bayaka left Africa and set out to explore the world.

We’re in chimpanzee territory now, and after our stalking encounter we
find signs of chimps everywhere. We hear them pounding on tree trunks and
howling like coyotes out in the forest. We see their skillfully made nests in the
trees and the ingenious traps they’ve set at termite nests, but we don’t see the
chimps themselves. Noticing that I’ve become preoccupied with spotting a
chimp, Lamba volunteers that the Bayaka make a chimp-hunting charm, but
when I ask him about it he averts his eyes. The next day one of the Bantus
speaks up. “Chef,” he says to Blake, “Lamba was lying. There’s no chimp-
hunting charm—only a gorilla-hunting charm.”

A few nights later, Zonmiputu strips a liana down into fine strands and
dries the strands over the fire. (“It's Manneophyton fulvum, the liana they use
for making hunting nets,” Blake explains.) Zonmiputu tosses the mass of
shredded vine to Manguso, another of the Bayaka. Taking the mass of vine with
him, just at sunset, Manguso climbs into the lower branches of a tree. He
makes gentle sounds, gorilla sounds—imploring noises, soft exclamations,
sounds of surprise—all the while weaving whatever he’s expressing into a rope.

“You do it this way,”Zonmiputu explains, “so you can get the gorillaup ina
tree.”

It’s the gorilla-hunting charm.

“Not every Bayaka knows how to make this,” Blake says to me. “These peo-
ple are disappearing as fast as the elephants, and their knowledge is disappear-
ing with them.”

Two days later, 'm wearing the charm bandolier-style across my chest
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when Zonmiputu sees me. He looks alarmed. He’s made the gorilla charm for
me, but one of the other Bayaka is supposed to wear it. Such things are sup-
posed to be worn only by initiated Bayaka—but we can’t, of course, talk to each
other, and I only learn about this prohibition later. Zonmiputu sends one of
the Bantus to explain that if I come across an elephant, I must take it off. Oth-
erwise the elephant willbecome mean.

We smell the gorillas before we see them. There’s a dusky odor along the
trail. The gorillas are just ahead of us, and apparently they smell us. There’s a
loud crash of tree branches, and a silverback barks, then ignominiously flees. A
female with an infant on her back and two juveniles are caught in the trees. For
the next ten minutes, they try to muster the nerve to descend and flee. Eventu-
ally, the mother, the infant, and one of the juveniles make death-defying leaps
to the ground and run off into the underbrush. The remaining juvenile stays
behind, defiantly pounding his little chest until we move along and leave it in
peace.

“They’re in for a shock when the loggers get here,” Blake says.

WE’RE NOow 0UT of the park and in the Pokola logging concession, which
is leased to the German-owned, French-managed company Congolaise Indus-
trielle des Bois (CIB). Blake, who was jubilant while in the forest, now seems
depressed.

“Our wilderness walk is over as far as I'm concerned,” he says. “We’re now
in the realm of man.”

The prospecting line, however, is only the first sign of what Blake refers to
as the park’s “biggest land management issue”’—industrial logging. CIB now
has the rights to two of the three concessions surrounding the park, and over
the next twenty years the entire forest surrounding the park will be selectively
logged. What this means, Blake says, is that in twenty years the only intact for-
est in the north of Congo will be Nouabalé-Ndoki.

Logging itself is not the most dangerous threat to wildlife. Loggers in the
region generally confine themselves to removing only two species of African
mahogany that bring high enough prices on the European market to justify the
expense of transporting them. (A single African mahogany log might bring
$4,000 on the dock at a European port.) The additional light brought to the
forest floor as trees come down may even promote the growth of ground ferns
favored by many large mammals, including elephants, and logging may in-
crease densities of certain animals. But by building roads, bringing in thou-
sands of foreign workers, and creating a cash economy, logging has invariably
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led to uncontrolled killing of animals—poaching. CIB is working with the
Wildlife Conservation Society and the Congolese government to develop
wildlife management within logging concessions and to control poaching, but
it remains an ominous situation.

“The big issue,” Blake told me, “is for the logging companies to take respon-
sibility for hunting in their concessions. It’s not a feasible argument for us to
say they shouldn’t be here—Congo needs revenue, and we’d be laughed out of
the country. Controls on hunting, the prohibition on the export of bushmeat,
and the importation of beef or some other source of protein are about the ex-
tent of our demands on the company.”

WE DESCEND the Bodingo peninsula, an elevated ridge of land south of the
park’s border that runs down into the Likouala aux Herbes swamps. We soon
discover that more than a prospecting line has been cut through the forest. CIB
has surveyed much of the peninsula, marking off the commercially valuable
trees with stakes in the ground. The prospectors appear to have been accompa-
nied by a party of Pygmy hunters. We see abandoned snares and places where
trapped animals have struggled to free themselves by digging holes in the
ground and raking trees with their claws in attempts to escape.

The forest has been cut up in a grid, letting in light, leaving it curiously
thin. Taking in the devastation around us, I realize that what’s lost when a for-
estis cut is the weight of evolutionary history, the whole sequence of life, all the
voices that the Bayaka can still understand—the voices that existed in nature
before we other primates found a way to describe, and circumscribe, the world
around us.

Blake is studying an African mahogany that’s been marked for harvest. Its
dense trunk, which is ten feet in diameter and has oaklike bark, soars upward
toward the canopy. “That tree may be 900 years old,” he says. “Soon it will be
gone. Just like that.”

We continue down the peninsula and launch off into the swamps. Tsetse
flies are in evidence, along with sword grass, thorn forest, army ants. We sprint
through the ant columns. We sleep on patches of raised earth, bathe in mud
puddles, and drink coffee-colored water out of stagnant pools. One day Lamba
finds a greenish-water-filled excavation—the home, he explains, of an African
dwarf crocodile. He squats down and makes a birdlike sound. Soon eight little
crocodile heads nervously broach the algae-green surface, their elevated eyes
popping up like bubbles.

I am walking behind Zonmiputu when Ilook up and spy a spider the size of
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a dessert plate crawling up his back toward his hair and his collar. “Putus!” I
shout, using his nickname. Zonmiputu freezes. This is distressing. Zonmiputu
is supposed to be invulnerable. I run up behind him, intending to brush the
spider off. But the spider has a furrowed, lethal-looking body and strong hairy
legs that are tensing as if it is preparing to leap. I grab a stick and whisk the spi-
der into the bushes. Zonmiputu turns around, looks at my spider pantomime,
grimaces, shudders, and hurries back along the trail.

In Nouabalé-Ndoki there is always the unnerving sensation that something
is watching you. A mongoose creeps through the underbrush; a tree snake
twirls along a branch. Today, as we scramble over root snarls, plunge thigh-
deep through pools of mud, and approach Terre de Kabounga, the end of our
walk, we come across the fresh trail of a crocodile and then hit something that
really stops us: a human footprint in the mud. It’s so fresh that it’s still filling
with water. Someone has spotted us, and he’s hiding.

The Bayaka find the trail and follow it. We hit dry land and soon hear a
woman singing, a meandering, flutelike voice. A tall, graceful Bantu woman,
clad in brightly colored wax-print African fabrics, her hair in cornrows, is gath-
ering firewood and, though she has seen us, defiantly continues her song. Be-
fore long a husband emerges. He’s a square-shouldered, handsome man, the
schoolteacher, he tells us, from the nearby town of Bene. He hasn’t been paid in
three years, so he closed down the school and left his students, the future of
Africa, to fend for themselves. He moved out into the swamps, along with a
good part of the rest of this region’s shattered population, to smoke fish and
hunt bushmeat.

We follow the schoolteacher and his wife to their camp. It’s filled with fish
and hung with shotguns. Other relatives come out of the forest to stare at us in
wonder. They direct us to a path that leads, an hour later, to the cut-over edge
of the forest. We emerge onto a red-clay road, blinking and squinting in the
harsh, flat light of the open road. The heat, unfiltered by the forest, hits like a
blast furnace. We shake hands in a gesture of shared congratulation, but the tri-
umph feels hollow. We’ve been dreaming of the human world, but now that
we've arrived it’s disorienting.

We walk for hours. Late that afternoon a big, flatbed Mercedes drives up.
The driver is so drunk he can barely stand. The ten of us find space in back
among twenty-seven other passengers, sacks of manioc tubers, baskets of
smoked fish, mounds of edible leaves, and the carcasses of several dead duikers.
Soon we’re being carried off toward the logging town of Pokola at such high
speeds that at times the big truck seems to go airborne. I offer a silent prayer
that, having survived a month in the forest, I won’t be killed in a car crash.
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A decade ago, Pokola was a tiny fishing village on the Sangha River. It’s now
a sprawling shantytown built of scrap mahogany. In its busy market, the
Bayaka spend their pay outfitting themselves in bright sports clothes until they
look, in Blake’s words, “like Cameroonian soccer stars.” Blake and I drink wine
with the French logging managers inside their fenced-off compound. I pull the
tick out of my nose. Before I know it, I’'m back in New York, where I am treated
for schistosomiasis, amoebic dysentery, and whipworms.

BLAKE’S NINTH AND last “long walk” capped the first phase of his doc-
toral research and gave him the data to begin writing his thesis. Since our trip
he has returned to the interior of Nouabalé-Ndoki several times to collar more
elephants and collect data to support his argument that by disseminating the
seeds of forest-fruit trees, elephants play a crucial role in the evolution of Cen-
tral African forests.

But in the interim, civil war has broken out again, and Blake reports that
since our trip all of the remaining concessions in the north of Congo have been
leased to logging companies. A new sawmill is being built north of the park,
and a logging road now runs straight into Makao. Another road cuts across the
Bodingo peninsula close to the park’s southern border. The place where we saw
the gorillas, Blake reports, is already a lacework of logging trails. “The civil war
was a disaster for the country,” he says. “If there’d never been a civil war, the
government might have been more open to conservation. Now development
and reconstruction have become the country’s highest priority.

“In many ways,” he says, “what we saw is already gone.”



CHARLEs C. MANN

FROM THE ATLANTIC MONTHLY

Recent research into the natural history t_)f the pre-Columbian Americas is
turning up some provocativeﬁndings about the size qfthe Indian popula-
tion and the sophistication of its culture. A group of archaeologists and an-
thropologists is threatening to overturn many cherished ideas about the
Indians’ civilization—and creating controversy in the process, as Charles

C. Mann finds out.

he plane took off in weather that was surprisingly cool for north-

central Bolivia and flew east, toward the Brazilian border. In a few

minutes the roads and houses disappeared, and the only evidence of
human settlement was the cattle scattered over the savannah like jimmies on
ice cream. Then they, too, disappeared. By that time the archaeologists had
their cameras out and were clicking away in delight.

Below us was the Beni, a Bolivian province about the size of Illinois and In-
diana put together, and nearly as flat. For almost half the year rain and
snowmelt from the mountains to the south and west cover the land with an ir-
regular, slowly moving skin of water that eventually ends up in the province’s
northern rivers, which are sub-subtributaries of the Amazon. The rest of the
year the water dries up and the bright-green vastness turns into something that
resembles a desert. This peculiar, remote, watery plain was what had drawn the
researchers’ attention, and not just because it was one of the few places on
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earth inhabited by people who might never have seen Westerners with cam-
eras.

Clark Erickson and William Balée, the archaeologists, sat up front. Erick-
son is based at the University of Pennsylvania; he works in concert with a Boli-
vian archaeologist, whose seat in the plane I usurped that day. Balée is at Tulane
University, in New Orleans. He is actually an anthropologist, but as native peo-
ples have vanished, the distinction between anthropologists and archaeologists
has blurred. The two men differ in build, temperament, and scholarly procliv-
ity, but they pressed their faces to the windows with identical enthusiasm.

Dappled across the grasslands below was an archipelago of forest islands,
many of them startlingly round and hundreds of acres across. Each island rose
ten or thirty or sixty feet above the floodplain, allowing trees to grow that
would otherwise never survive the water. The forests were linked by raised
berms, as straight as a rifle shot and up to three miles long. It is Erickson’s belief
that this entire landscape—30,000 square miles of forest mounds surrounded
by raised fields and linked by causeways—was constructed by a complex, pop-
ulous society more than 2,000 years ago. Balée, newer to the Beni, leaned to-
ward this view but was not yet ready to commit himself.

Erickson and Balée belong to a cohort of scholars that has radically chal-
lenged conventional notions of what the Western Hemisphere was like before
Columbus. When I went to high school, in the 1970s, I was taught that Indians
came to the Americas across the Bering Strait about 12,000 years ago, that they
lived for the most part in small, isolated groups, and that they had so little im-
pact on their environment that even after millennia of habitation it remained
mostly wilderness. My son picked up the same ideas at his schools. One way to
summarize the views of people like Erickson and Balée would be to say that in
their opinion this picture of Indian life is wrong in almost every aspect. Indians
were here far longer than previously thought, these researchers believe, and in
much greater numbers. And they were so successful at imposing their will on
the landscape that in 1492 Columbus set foot in a hemisphere thoroughly dom-
inated by humankind.

Given the charged relations between white societies and native peoples, in-
quiry into Indian culture and history is inevitably contentious. But the recent
scholarship is especially controversial. To begin with, some researchers—many
but not all from an older generation—deride the new theories as fantasies aris-
ing from an almost willful misinterpretation of data and a perverse kind of po-
litical correctness. “I have seen no evidence that large numbers of people ever
lived in the Beni,” says Betty ]J. Meggers, of the Smithsonian Institution.
“Claiming otherwise is just wishful thinking.” Similar criticisms apply to many
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of the new scholarly claims about Indians, according to Dean R. Snow, an an-
thropologist at Pennsylvania State University. The problem is that “you can
make the meager evidence from the ethnohistorical record tell you anything
youwant,” he says. “It’s really easy to kid yourself.”

More important are the implications of the new theories for today’s ecolog-
ical battles. Much of the environmental movement is animated, consciously or
not, by what William Denevan, a geographer at the University of Wisconsin,
calls, polemically, “the pristine myth”—the belief that the Americas in 1491
were an almost unmarked, even Edenic land, “untrammeled by man,” in the
words of the Wilderness Act of 1964, one of the nation’s first and most impor-
tant environmental laws. As the University of Wisconsin historian William
Cronon has written, restoring this long-ago, putatively natural state is, in the
view of environmentalists, a task that society is morally bound to undertake.
Yet if the new view is correct and the work of humankind was pervasive, where
does that leave efforts to restore nature?

The Beni is a case in point. In addition to building up the Beni mounds for
houses and gardens, Erickson says, the Indians trapped fish in the seasonally
flooded grassland. Indeed, he says, they fashioned dense zigzagging networks
of earthen fish weirs between the causeways. To keep the habitat clear of un-
wanted trees and undergrowth, they regularly set huge areas on fire. Over the
centuries the burning created an intricate ecosystem of fire-adapted plant
species dependent on native pyrophilia. The current inhabitants of the Beni
still burn, although now it is to maintain the savannah for cattle. When we flew
over the area, the dry season had just begun, but mile-long lines of flame were
already on the march. In the charred areas behind the fires were the blackened
spikes of trees—many of them, one assumes, of the varieties that activists fight
to save in other parts of Amazonia.

Afterwelanded, I asked Balée, Should we let people keep burning the Beni?
Or should we let the trees invade and create a verdant tropical forest in the
grasslands, even if one had not existed here for millennia?

Balée laughed. “You’re trying to trap me, aren’t you?” he said.

Like a Club Between the Eyes

ACCORDING TO FAMILY LORE, my great-grandmother’s great-
grandmother’s great-grandfather was the first white person hanged in Amer-
ica. His name was John Billington. He came on the Mayflower, which anchored
off the coast of Massachusetts on November 9, 1620. Billington was not a Puri-
tan; within six months of arrival he also became the first white person in
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America to be tried for complaining about the police. “He is a knave,” William
Bradford, the colony’s governor, wrote of Billington, “and so will live and die.”
What one historian called Billington’s “troublesome career” ended in 1630,
when he was hanged for murder. My family has always said that he was
framed—but we would say that, wouldn’t we?

A few years ago it occurred to me that my ancestor and everyone else in the
colony had voluntarily enlisted in a venture that brought them to New England
without food or shelter six weeks before winter. Half the 102 people on the
Mayflower made it through to spring, which to me was amazing. How, I won-
dered, did they survive?

In his history of Plymouth Colony, Bradford provided the answer: by rob-
bing Indian houses and graves. The Mayflower first hove to at Cape Cod. An
armed company staggered out. Eventually it found a recently deserted Indian
settlement. The newcomers—hungry, cold, sick—dug up graves and ransacked
houses, looking for underground stashes of corn. “And sure it was God’s good
providence that we found this corn,” Bradford wrote, “for else we know not
how we should have done.” (He felt uneasy about the thievery, though.) When
the colonists came to Plymouth, a month later, they set up shop in another de-
serted Indian village. All through the coastal forest the Indians had “died on
heapes, as they lay in their houses,” the English trader Thomas Morton noted.
“And the bones and skulls upon the severall places of their habitations made
such a spectacle” that to Morton the Massachusetts woods seemed to be “a new
found Golgotha”—the hill of executions in Roman Jerusalem.

To the Pilgrims’ astonishment, one of the corpses they exhumed on Cape
Cod had blond hair. A French ship had been wrecked there several years earlier.
The Patuxet Indians imprisoned a few survivors. One of them supposedly
learned enough of the local language to inform his captors that God would de-
stroy them for their misdeeds. The Patuxet scoffed at the threat. But the Euro-
peans carried a disease, and they bequeathed it to their jailers. The epidemic
(probably of viral hepatitis, according to a study by Arthur E. Spiess, an archae-
ologist at the Maine Historic Preservation Commission, and Bruce D. Spiess,
the director of clinical research at the Medical College of Virginia) took years
to exhaust itself and may have killed 9o percent of the people in coastal New
England. It made a huge difference to American history. “The good hand of
God favored our beginnings,” Bradford mused, by “sweeping away great multi-
tudes of the natives . . . that he might make room for us.”

By the time my ancestor set sail on the Mayflower, Europeans had been vis-
iting New England for more than a hundred years. English, French, Italian,
Spanish, and Portuguese mariners regularly plied the coastline, trading what
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they could, occasionally kidnapping the inhabitants for slaves. New England,
the Europeans saw, was thickly settled and well defended. In 1605 and 1606
Samuel de Champlain visited Cape Cod, hoping to establish a French base. He
abandoned the idea. Too many people already lived there. A year later Sir Ferdi-
nando Gorges—British despite his name—tried to establish an English com-
munity in southern Maine. It had more founders than Plymouth and seems to
have been better organized. Confronted by numerous well-armed local Indi-
ans, the settlers abandoned the project within months. The Indians at Ply-
mouth would surely have been an equal obstacle to my ancestor and his
ramshackle expedition had disease not intervened.

FACED WITH such stories, historians have long wondered how many people
lived in the Americas at the time of contact. “Debated since Columbus at-
tempted a partial census on Hispaniola in 1496,” William Denevan has written,
this “remains one of the great inquiries of history.” (In 1976 Denevan assembled
and edited an entire book on the subject, The Native Population of the Americas
in 1492.) The first scholarly estimate of the indigenous population was made in
1910 by James Mooney, a distinguished ethnographer at the Smithsonian Insti-
tution. Combing through old documents, he concluded that in 1491 North
America had 1.15 million inhabitants. Mooney’s glittering reputation ensured
that most subsequent researchers accepted his figure uncritically.

That changed in 1966, when Henry F. Dobyns published “Estimating Aborig-
inal American Population: An Appraisal of Techniques with a New Hemispheric
Estimate,”in the journal Current Anthropology. Despite the carefully neutral title,
his argument was thunderous, its impact long-lasting. In the view of James
Wilson, the author of The Earth Shall Weep (1998 ), a history of indigenous Amer-
icans, Dobyns’s colleagues “are still struggling to get out of the crater that paper
left in anthropology.” Not only anthropologists were affected. Dobyns’s estimate
proved to be one of the opening rounds in today’s culture wars.

Dobyns began his exploration of pre-Columbian Indian demography in
the early 1950s, when he was a graduate student. At the invitation of a friend, he
spent a few months in northern Mexico, which is full of Spanish-era missions.
There he poked through the crumbling leather-bound ledgers in which Jesuits
recorded local births and deaths. Right away he noticed how many more deaths
there were. The Spaniards arrived, and then Indians died—in huge numbers, at
incredible rates. It hit him, Dobyns told me recently, “like a club right between
the eyes.”

It took Dobyns eleven years to obtain his Ph.D. Along the way he joined a
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rural-development project in Peru, which until colonial times was the seat of
the Incan empire. Remembering what he had seen at the northern fringe of the
Spanish conquest, Dobyns decided to compare it with figures for the south. He
burrowed into the papers of the Lima cathedral and read apologetic Spanish
histories. The Indians in Peru, Dobyns concluded, had faced plagues from the
day the conquistadors showed up—in fact, before then: smallpox arrived
around 1525, seven years ahead of the Spanish. Brought to Mexico apparently
by a single sick Spaniard, it swept south and eliminated more than half the
population of the Incan empire. Smallpox claimed the Incan dictator Huayna
Capac and much of his family, setting off a calamitous war of succession. So
complete was the chaos that Francisco Pizarro was able to seize an empire the
size of Spain and Italy combined with a force of 168 men.

Smallpox was only the first epidemic. Typhus (probably) in 1546, influenza
and smallpox together in 1558, smallpox again in 1589, diphtheria in 1614,
measles in 1618—all ravaged the remains of Incan culture. Dobyns was the first
social scientist to piece together this awful picture, and he naturally rushed his
findings into print. Hardly anyone paid attention. But Dobyns was already
working on a second, related question: If all those people died, how many had
been living there to begin with? Before Columbus, Dobyns calculated, the
Western Hemisphere held 90 to 112 million people. Another way of saying this
is that in 1491 more people lived in the Americas than in Europe.

His argument was simple but horrific. It is well known that Native Ameri-
cans had no experience with many European diseases and were therefore im-
munologically unprepared—“virgin soil,” in the metaphor of epidemiologists.
What Dobyns realized was that such diseases could have swept from the coast-
lines initially visited by Europeans to inland areas controlled by Indians who
had never seen a white person. The first whites to explore many parts of the
Americas may therefore have encountered places that were already depopu-
lated. Indeed, Dobyns argued, they must have done so.

Peru was one example, the Pacific Northwest another. In 1792 the British
navigator George Vancouver led the first European expedition to survey Puget
Sound. He found a vast charnel house: human remains “promiscuously scat-
tered about the beach, in great numbers.” Smallpox, Vancouver’s crew discov-
ered, had preceded them. Its few survivors, second lieutenant Peter Puget
noted, were “most terribly pitted . . . indeed many have lost their Eyes.” In Pox
Americana (2001), Elizabeth Fenn, a historian at George Washington Univer-
sity, contends that the disaster on the northwest coast was but a small part of a
continental pandemic that erupted near Boston in 1774 and cut down Indians
from Mexico to Alaska.
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Because smallpox was not endemic in the Americas, colonials, too, had not
acquired any immunity. The virus, an equal-opportunity killer, swept through
the Continental Army and stopped the drive into Quebec. The American Revo-
lution would be lost, Washington and other rebel leaders feared, if the conta-
gion did to the colonists what it had done to the Indians. “The small Pox! The
small Pox!” John Adams wrote to his wife, Abigail. “What shall We do with it?”
In retrospect, Fenn says, “One of George Washington’s most brilliant moves
was to inoculate the army against smallpox during the Valley Forge winter of
’78.” Without inoculation smallpox could easily have given the United States
back to the British.

So many epidemics occurred in the Americas, Dobyns argued, that the old
data used by Mooney and his successors represented population nadirs. From
the few cases in which before-and-after totals are known with relative cer-
tainty, Dobyns estimated that in the first 130 years of contact about 95 percent
of the people in the Americas died—the worst demographic calamity in
recorded history.

Dobyns’s ideas were quickly attacked as politically motivated, a push from
the hate-America crowd to inflate the toll of imperialism. The attacks continue
to this day. “No question about it, some people want those higher numbers,”
says Shepard Krech III, a Brown University anthropologist who is the author of
The Ecological Indian (1999). These people, he says, were thrilled when Dobyns
revisited the subject in a book, Their Numbers Become Thinned (1983)—and re-
vised his own estimates upward. Perhaps Dobyns’s most vehement critic is
David Henige, a bibliographer of Africana at the University of Wisconsin,
whose Numbers from Nowhere (1998) is a landmark in the literature of demo-
graphic fulmination. “Suspect in 1966, it is no less suspect nowadays,” Henige
wrote of Dobyns’s work. “If anything, it is worse.”

When Henige wrote Numbers from Nowhere, the fight about pre-
Columbian populations had already consumed forests’ worth of trees; his bib-
liography is ninety pages long. And the dispute shows no sign of abating. More
and more people have jumped in. This is partly because the subject is inher-
ently fascinating. But more likely the increased interest in the debate is due to
the growing realization of the high political and ecological stakes.

Inventing b)/ the Millions

ON MAY 30, 1539, Hernando de Soto landed his private army near
Tampa Bay, in Florida. Soto, as he was called, was a novel figure: half warrior,
half venture capitalist. He had grown very rich very young by becoming a mar-
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ket leader in the nascent trade for Indian slaves. The profits had helped to fund
Pizarro’s seizure of the Incan empire, which had made Soto wealthier still.
Looking quite literally for new worlds to conquer, he persuaded the Spanish
Crown to let him loose in North America. He spent one fortune to make an-
other. He came to Florida with 200 horses, 600 soldiers, and 300 pigs.

From today’s perspective, it is difficult to imagine the ethical system that
would justify Soto’s actions. For four years his force, looking for gold, wan-
dered through what is now Florida, Georgia, North and South Carolina, Ten-
nessee, Alabama, Mississippi, Arkansas, and Texas, wrecking almost everything
it touched. The inhabitants often fought back vigorously, but they had never
before encountered an army with horses and guns. Soto died of fever with his
expedition in ruins; along the way his men had managed to rape, torture, en-
slave, and kill countless Indians. But the worst thing the Spaniards did, some
researchers say, was entirely without malice—bring the pigs.

According to Charles Hudson, an anthropologist at the University of Geor-
gia who spent fifteen years reconstructing the path of the expedition, Soto
crossed the Mississippi a few miles downstream from the present site of Mem-
phis. It was a nervous passage: the Spaniards were watched by several thousand
Indian warriors. Utterly without fear, Soto brushed past the Indian force into
what is now eastern Arkansas, through thickly settled land—*“very well peo-
pled with large towns,” one of his men later recalled, “two or three of which
were to be seen from one town.” Eventually the Spaniards approached a cluster
of small cities, each protected by earthen walls, sizeable moats, and deadeye
archers. In his usual fashion, Soto brazenly marched in, stole food, and
marched out.

After Soto left, no Europeans visited this part of the Mississippi Valley for
more than a century. Early in 1682 whites appeared again, this time Frenchmen
in canoes. One of them was Réné-Robert Cavelier, Sieur de La Salle. The
French passed through the area where Soto had found cities cheek by jowl. It
was deserted—La Salle didn’t see an Indian village for 200 miles. About fifty
settlements existed in this strip of the Mississippi when Soto showed up, ac-
cording to Anne Ramenofsky, an anthropologist at the University of New Mex-
ico. By La Salle’s time the number had shrunk to perhaps ten, some probably
inhabited by recent immigrants. Soto “had a privileged glimpse” of an Indian
world, Hudson says. “The window opened and slammed shut. When the
French came in and the record opened up again, it was a transformed reality. A
civilization crumbled. The question is, how did this happen?”

The question is even more complex than it may seem. Disaster of this mag-
nitude suggests epidemic disease. In the view of Ramenofsky and Patricia Gal-
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loway, an anthropologist at the University of Texas, the source of the contagion
was very likely not Soto’s army but its ambulatory meat locker: his 300 pigs.
Soto’s force itself was too small to be an effective biological weapon. Sicknesses
like measles and smallpox would have burned through his 600 soldiers long
before they reached the Mississippi. But the same would not have held true for
the pigs, which multiplied rapidly and were able to transmit their diseases to
wildlife in the surrounding forest. When human beings and domesticated ani-
mals live close together, they trade microbes with abandon. Over time muta-
tion spawns new diseases: avian influenza becomes human influenza, bovine
rinderpest becomes measles. Unlike Europeans, Indians did not live in close
quarters with animals—they domesticated only the dog, the llama, the alpaca,
the guinea pig, and, here and there, the turkey and the Muscovy duck. In some
ways this is not surprising: the New World had fewer animal candidates for
taming than the Old. Moreover, few Indians carry the gene that permits adults
to digest lactose, a form of sugar abundant in milk. Non-milk-drinkers, one
imagines, would be less likely to work at domesticating milk-giving animals.
But this is guesswork. The fact is that what scientists call zoonotic disease was
little known in the Americas. Swine alone can disseminate anthrax, brucellosis,
leptospirosis, taeniasis, trichinosis, and tuberculosis. Pigs breed exuberantly
and can transmit diseases to deer and turkeys. Only a few of Soto’s pigs would
have had to wander off to infect the forest.

Indeed, the calamity wrought by Soto apparently extended across the
whole Southeast. The Coosa city-states, in western Georgia, and the Caddoan-
speaking civilization, centered on the Texas-Arkansas border, disintegrated
soon after Soto appeared. The Caddo had had a taste for monumental architec-
ture: public plazas, ceremonial platforms, mausoleums. After Soto’s army left,
notes Timothy K. Perttula, an archaeological consultant in Austin, Texas, the
Caddo stopped building community centers and began digging community
cemeteries. Between Soto’s and La Salle’s visits, Perttula believes, the Caddoan
population fell from about 200,000 to about 8,500—a drop of nearly 96 per-
cent. In the eighteenth century the tally shrank further, to 1,400. An equivalent
loss today in the population of New York City would reduce it to 56,000—not
enough to fill Yankee Stadium. “That’s one reason whites think of Indians as
nomadic hunters,” says Russell Thornton, an anthropologist at the University
of California at Los Angeles. “Everything else—all the heavily populated ur-
banized societies—was wiped out.”

Could a few pigs truly wreak this much destruction? Such apocalyptic sce-
narios invite skepticism. As a rule, viruses, microbes, and parasites are rarely
lethal on so wide a scale—a pest that wipes out its host species does not have a
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bright evolutionary future. In its worst outbreak, from 1347 to 1351, the Euro-
pean Black Death claimed only a third of its victims. (The rest survived,
though they were often disfigured or crippled by its effects.) The Indians in
Soto’s path, if Dobyns, Ramenofsky, and Perttula are correct, endured losses
that were incomprehensibly greater.

One reason is that Indians were fresh territory for many plagues, not just
one. Smallpox, typhoid, bubonic plague, influenza, mumps, measles, whoop-
ing cough—all rained down on the Americas in the century after Columbus.
(Cholera, malaria, and scarlet fever came later.) Having little experience with
epidemic diseases, Indians had no knowledge of how to combat them. In con-
trast, Europeans were well versed in the brutal logic of quarantine. They
boarded up houses in which plague appeared and fled to the countryside. In
Indian New England, Neal Salisbury, a historian at Smith College, wrote in
Manitou and Providence (1982), family and friends gathered with the shaman at
the sufferer’s bedside to wait out the illness—a practice that “could only have
served to spread the disease more rapidly.”

Indigenous biochemistry may also have played a role. The immune system
constantly scans the body for molecules that it can recognize as foreign—
molecules belonging to an invading virus, for instance. No one’s immune sys-
tem can identify all foreign presences. Roughly speaking, an individual’s set of
defensive tools is known as his MHC type. Because many bacteria and viruses
mutate easily, they usually attack in the form of several slightly different
strains. Pathogens win when MHC types miss some of the strains and the im-
mune system is not stimulated to act. Most human groups contain many MHC
types; a strain that slips by one person’s defenses will be nailed by the defenses
of the next. But, according to Francis L. Black, an epidemiologist at Yale Uni-
versity, Indians are characterized by unusually homogenous MHC types. One
out of three South American Indians have similar MHC types; among Africans
the corresponding figure is one in 200. The cause is a matter for Darwinian
speculation, the effects less so.

In 1966 Dobyns’s insistence on the role of disease was a shock to his col-
leagues. Today the impact of European pathogens on the New World is almost
undisputed. Nonetheless, the fight over Indian numbers continues with undi-
minished fervor. Estimates of the population of North America in 1491 disagree
by an order of magnitude—from 18 million, Dobyns’s revised figure, to 1.8 mil-
lion, calculated by Douglas H. Ubelaker, an anthropologist at the Smithsonian.
To some “high counters,” as David Henige calls them, the low counters’ refusal
to relinquish the vision of an empty continent is irrational or worse. “Non-
Indian ‘experts’ always want to minimize the size of aboriginal populations,”
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says Lenore Stiffarm, a Native American—education specialist at the University
of Saskatchewan. The smaller the numbers of Indians, she believes, the easier it
is to regard the continent as having been up for grabs. “It’s perfectly acceptable
to move into unoccupied land,” Stiffarm says. “And land with only a few ‘sav-
ages’ is the next best thing.”

“Most of the arguments for the very large numbers have been theoretical,”
Ubelaker says in defense of low counters. “When you try to marry the theoreti-
cal arguments to the data that are available on individual groups in different
regions, it’s hard to find support for those numbers.” Archaeologists, he says,
keep searching for the settlements in which those millions of people suppos-
edlylived, with little success. “As more and more excavation is done, one would
expect to see more evidence for dense populations than has thus far emerged.”
Dean Snow, the Pennsylvania State anthropologist, examined Colonial-era
Mohawk Iroquois sites and found “no support for the notion that ubiquitous
pandemics swept the region.” In his view, asserting that the continent was filled
with people who left no trace is like looking at an empty bank account and
claimingthat it must once have held millions of dollars.

The low counters are also troubled by the Dobynsian procedure for recov-
ering original population numbers: applying an assumed death rate, usually 95
percent, to the observed population nadir. Ubelaker believes that the lowest
point for Indians in North America was around 1900, when their numbers fell
to about half a million. Assuming a 95 percent death rate, the pre-contact pop-
ulation would have been 10 million. Go up one percent, to a 96 percent death
rate, and the figure jumps to 12.5 million—arithmetically creating more than
two million people from a tiny increase in mortality rates. At 98 percent the
number bounds to 25 million. Minute changes in baseline assumptions pro-
duce wildly diff erent results.

“It’s an absolutely unanswerable question on which tens of thousands of
words have been spent to no purpose,” Henige says. In 1976 he satin on a semi-
nar by William Denevan, the Wisconsin geographer. An “epiphanic moment”
occurred when he read shortly afterward that scholars had “uncovered” the ex-
istence of eight million people in Hispaniola. Can you just invent millions of
people? he wondered. “We can make of the historical record that there was de-
population and movement of people from internecine warfare and diseases,”’
he says. “But as for how much, who knows? When we start putting numbers to
something like that—applying large figures like ninety-five percent—were
saying things we shouldn’t say. The number implies a level of knowledge that’s
impossible.”

Nonetheless, one must try—or so Denevan believes. In his estimation the
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high counters (though not the highest counters) seem to be winning the argu-
ment, at least for now. No definitive data exist, he says, but the majority of the
extant evidentiary scraps support their side. Even Henige is no low counter.
When I asked him what he thought the population of the Americas was before
Columbus, he insisted that any answer would be speculation and made me
promise not to print what he was going to say next. Then he named a figure
that forty years ago would have caused a commotion.

To Elizabeth Fenn, the smallpox historian, the squabble over numbers ob-
scures a central fact. Whether one million or 10 million or 100 million died, she
believes, the pall of sorrow that engulfed the hemisphere was immeasurable.
Languages, prayers, hopes, habits, and dreams—entire ways of life hissed away
like steam. The Spanish and the Portuguese lacked the germ theory of disease
and could not explain what was happening (let alone stop it). Nor can we ex-
plain it; the ruin was too long ago and too all-encompassing. In the long run,
Fenn says, the consequential finding is not that many people died but that
many people once lived. The Americas were filled with a stunningly diverse as-
sortment of peoples who had knocked about the continents for millennia. “You
have to wonder,” Fenn says. “What were all those people up to in all that time?”

qufalo Farm

IN 1810 HENRY BRACKENRIDGE came to Cahokia, in what is now
southwest Illinois, just across the Mississippi from St. Louis. Born close to the
frontier, Brackenridge was a budding adventure writer; his Views of Louisiana,
published three years later, was a kind of nineteenth-century Into Thin Air,
with terrific adventure but without tragedy. Brackenridge had an eye for ar-
chaeology, and he had heard that Cahokia was worth a visit. When he got there,
trudging along the desolate Cahokia River, he was “struck with a degree of as-
tonishment.” Rising from the muddy bottomland was a “stupendous pile of
earth,” vaster than the Great Pyramid at Giza. Around it were more than a hun-
dred smaller mounds, covering an area of five square miles. At the time, the
area was almost uninhabited. One can only imagine what passed through
Brackenridge’s mind as he walked alone to the ruins of the biggest Indian city
north of the Rio Grande.

To Brackenridge, it seemed clear that Cahokia and the many other ruins in
the Midwest had been constructed by Indians. It was not so clear to everyone
else. Nineteenth-century writers attributed them to, among others, the
Vikings, the Chinese, the “Hindoos,” the ancient Greeks, the ancient Egyptians,
lost tribes of Israelites, and even straying bands of Welsh. (This last claim was
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surprisingly widespread; when Lewis and Clark surveyed the Missouri, Jeffer-
son told them to keep an eye out for errant bands of Welsh-speaking white In-
dians.) The historian George Bancroft, dean of his profession, was a dissenter:
the earthworks, he wrote in 1840, were purely natural formations.

Bancroft changed his mind about Cahokia, but not about Indians. To the
end of his days he regarded them as “feeble barbarians, destitute of commerce
and of political connection.” His characterization lasted, largely unchanged, for
more than a century. Samuel Eliot Morison, the winner of two Pulitzer Prizes,
closed his monumental European Discovery of America (1974) with the observa-
tion that Native Americans expected only “short and brutish lives, void of hope
for any future.” As late as 1987 American History: A Survey, a standard high
school textbook by three well-known historians, described the Americas before
Columbus as “empty of mankind and its works.” The story of Europeans in the
New World, the book explained, “is the story of the creation of a civilization
where none existed.”

Alfred Crosby;, a historian at the University of Texas, came to other conclu-
sions. Crosby’s The Columbian Exchange: Biological Consequences of 1492
caused almost as much of a stir when it was published, in 1972, as Henry
Dobyns’s calculation of Indian numbers six years earlier, though in different
circles. Crosby was a standard names-and-battles historian who became frus-
trated by the random contingency of political events. “Some trivial thing hap-
pens and you have this guy winning the presidency instead of that guy,” he says.
He decided to go deeper. After he finished his manuscript, it sat on his shelf—
he couldn’t find a publisher willing to be associated with his new ideas. It took
him three years to persuade a small editorial house to put it out. The
Columbian Exchange has been in print ever since; a companion, Ecological Im-
perialism: The Biological Expansion of Europe, 900-1900, appeared in 1986.

Human history, in Crosby’s interpretation, is marked by two world-altering
centers of invention: the Middle East and central Mexico, where Indian groups
independently created nearly all of the Neolithic innovations, writing in-
cluded. The Neolithic Revolution began in the Middle East about 10,000 years
ago. In the next few millennia humankind invented the wheel, the metal tool,
and agriculture. The Sumerians eventually put these inventions together,
added writing, and became the world’s first civilization. Afterward Sumeria’s
heirs in Europe and Asia frantically copied one another’s happiest discoveries;
innovations ricocheted from one corner of Eurasia to another, stimulating
technological progress. Native Americans, who had crossed to Alaska before
Sumeria, missed out on the bounty. “They had to do everything on their own,”
Crosby says. Remarkably, they succeeded.
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When Columbus appeared in the Caribbean, the descendants of the
world’s two Neolithic civilizations collided, with overwhelming consequences
for both. American Neolithic development occurred later than that of the Mid-
dle East, possibly because the Indians needed more time to build up the requi-
site population density. Without beasts of burden they could not capitalize on
the wheel (for individual workers on uneven terrain skids are nearly as effective
as carts for hauling), and they never developed steel. But in agriculture they
handily outstripped the children of Sumeria. Every tomato in Italy, every po-
tato in Ireland, and every hot pepper in Thailand came from this hemisphere.
Worldwide, more than half the crops grown today were initially developed in
the Americas.

Maize, as corn is called in the rest of the world, was a triumph with global
implications. Indians developed an extraordinary number of maize varieties
for different growing conditions, which meant that the crop could and did
spread throughout the planet. Central and Southern Europeans became par-
ticularly dependent on it; maize was the staple of Serbia, Romania, and Mol-
davia by the nineteenth century. Indian crops dramatically reduced hunger,
Crosby says, which led to an Old World population boom.

Along with peanuts and manioc, maize came to Africa and transformed
agriculture there, too. “The probability is that the population of Africa was
greatly increased because of maize and other American Indian crops,” Crosby
says. “Those extra people helped make the slave trade possible.” Maize con-
quered Africa at the time when introduced diseases were leveling Indian soci-
eties. The Spanish, the Portuguese, and the British were alarmed by the death
rate among Indians, because they wanted to exploit them as workers. Faced
with a labor shortage, the Europeans turned their eyes to Africa. The con-
tinent’s quarrelsome societies helped slave traders to siphon off millions of
people. The maize-fed population boom, Crosby believes, let the awful trade
continue without pumping the well dry.

Back home in the Americas, Indian agriculture long sustained some of the
world’s largest cities. The Aztec capital of Tenochtitlin dazzled Hernan Cortés
in 1519; it was bigger than Paris, Europe’s greatest metropolis. The Spaniards
gawped like hayseeds at the wide streets, ornately carved buildings, and mar-
kets bright with goods from hundreds of miles away. They had never before
seen a city with botanical gardens, for the excellent reason that none existed in
Europe. The same novelty attended the force of a thousand men that kept the
crowded streets immaculate. (Streets that weren’t ankle-deep in sewage! The
conquistadors had never heard of such a thing.) Central America was not
the only locus of prosperity. Thousands of miles north, John Smith, of Poca-
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hontas fame, visited Massachusetts in 1614, before it was emptied by disease,
and declared that the land was “so planted with Gardens and Corne fields, and
so well inhabited with a goodly, strong and well proportioned people . . . [that]
I would rather live here than any where.”

Smith was promoting colonization, and so had reason to exaggerate. But he
also knew the hunger, sickness, and oppression of European life. France—“by
any standards a privileged country,” according to its great historian, Fernand
Braudel—experienced seven nationwide famines in the fifteenth century and
thirteen in the sixteenth. Disease was hunger’s constant companion. During
epidemics in London the dead were heaped onto carts “like common dung”
(the simile is Daniel Defoe’s) and trundled through the streets. The infant
death rate in London orphanages, according to one contemporary source, was
88 percent. Governments were harsh, the rule of law arbitrary. The gibbets
poking up in the background of so many old paintings were, Braudel observed,
“merely a realistic detail.”

The Earth Shall Weep, James Wilson’s history of Indian America, puts the
comparison bluntly: “the western hemisphere was larger, richer, and more
populous than Europe” Much of it was freer, too. Europeans, accustomed to
the serfdom that thrived from Naples to the Baltic Sea, were puzzled and
alarmed by the democratic spirit and respect for human rights in many Indian
societies, especially those in North America. In theory, the sachems of New En-
gland Indian groups were absolute monarchs. In practice, the colonial leader
Roger Williams wrote, “they will not conclude of aught ... unto which the
people are averse.”

Pre-1492 America wasn’t a disease-free paradise, Dobyns says, although in
his “exuberance as a writer,” he told me recently, he once made that claim. Indi-
ans had ailments of their own, notably parasites, tuberculosis, and anemia. The
daily grind was wearing; life-spans in America were only as long as or a little
longer than those in Europe, if the evidence of indigenous graveyards is to be
believed. Nor was it a political utopia—the Inca, for instance, invented refine-
ments to totalitarian rule that would have intrigued Stalin. Inveterate practi-
tioners of what the historian Francis Jennings described as “state terrorism
practiced horrifically on a huge scale,” the Inca ruled so cruelly that one can
speculate that their surviving subjects might actually have been better off un-
der Spanish rule.

I asked seven anthropologists, archaeologists, and historians if they would
rather have been a typical Indian or a typical European in 1491. None was de-
lighted by the question, because it required judging the past by the standards of
today—a fallacy disparaged as “presentism” by social scientists. But every one
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chose to be an Indian. Some early colonists gave the same answer. Horrifying
the leaders of Jamestown and Plymouth, scores of English ran off to live with
the Indians. My ancestor shared their desire, which is what led to the
trumped-up murder charges against him—or that’s what my grandfather told
me, anyway.

As for the Indians, evidence suggests that they often viewed Europeans
with disdain. The Hurons, a chagrined missionary reported, thought the
French possessed “little intelligence in comparison to themselves.” Europeans,
Indians said, were physically weak, sexually untrustworthy, atrociously ugly,
and just plain dirty. (Spaniards, who seldom if ever bathed, were amazed by the
Aztec desire for personal cleanliness.) A Jesuit reported that the “Savages” were
disgusted by handkerchiefs: “They say, we place what is unclean in a fine white
piece of linen, and put it away in our pockets as something very precious, while
they throw it upon the ground.” The Micmac scoffed at the notion of French
superiority. If Christian civilization was so wonderful, why were its inhabitants
leaving?

Like people everywhere, Indians survived by cleverly exploiting their envi-
ronment. Europeans tended to manage land by breaking it into fragments for
farmers and herders. Indians often worked on such a grand scale that the scope
of their ambition can be hard to grasp. They created small plots, as Europeans
did (about 1.5 million acres of terraces still exist in the Peruvian Andes), but
theyalso reshaped entirelandscapes to suit their purposes. A principal tool was
fire, used to keep down underbrush and create the open, grassy conditions fa-
vorable for game. Rather than domesticating animals for meat, Indians re-
tooled whole ecosystems to grow bumper crops of elk, deer, and bison. The first
white settlers in Ohio found forests as open as English parks—they could drive
carriages through the woods. Along the Hudson River the annual fall burning
lit up the banks for miles on end; so flashy was the show that the Dutch in New
Amsterdam boated upriver to goggle at the blaze like children at fireworks. In
North America, Indian torches had their biggest impact on the Midwestern
prairie, much or most of which was created and maintained by fire. Millennia
of exuberant burning shaped the plains into vast buffalo farms. When Indian
societies disintegrated, forest invaded savannah in Wisconsin, Illinois, Kansas,
Nebraska, and the Texas Hill Country. Is it possible that the Indians changed
the Americas more than the invading Europeans did? “The answer is probably
yes for most regions for the next 250 years or so” after Columbus, William
Denevan wrote, “and for some regions right up to the present time.”

When scholars first began increasing their estimates of the ecological im-
pact of Indian civilization, they met with considerable resistance from anthro-
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pologists and archaeologists. Over time the consensus in the human sciences
changed. Under Denevan’s direction, Oxford University Press has just issued
the third volume of a huge catalogue of the “cultivated landscapes” of the
Americas. This sort of phrase still provokes vehement objection—but the main
dissenters are now ecologists and environmentalists. The disagreement is en-
capsulated by Amazonia, which has become the emblem of vanishing wilder-
ness—an admonitory image of untouched Nature. Yet recently a growing
number of researchers have come to believe that Indian societies had an enor-
mous environmental impact on the jungle. Indeed, some anthropologists have
called the Amazon forest itself a cultural artifact—that is, an artificial object.

Green Prisons

NORTHERN VISITORS first reaction to the storied Amazon rain forest
is often disappointment. Ecotourist brochures evoke the immensity of Amazo-
nia but rarely dwell on its extreme flatness. In the river’s first 2,900 miles the
vertical drop is only 500 feet. The river oozes like a huge runnel of dirty metal
through a landscape utterly devoid of the romantic crags, arroyos, and heights
that signify wildness and natural spectacle to most North Americans. Even the
animals are invisible, although sometimes one can hear the bellow of monkey
choruses. To the untutored eye—mine, for instance—the forest seems to
stretch out in a monstrous green tangle as flat and incomprehensible as a
printed circuit board.

The area east of the lower-Amazon town of Santarém is an exception. A se-
ries of sandstone ridges several hundred feet high reach down from the north,
halting almost at the water’s edge. Their tops stand drunkenly above the jungle
like old tombstones. Many of the caves in the buttes are splattered with ancient
petroglyphs—renditions of hands, stars, frogs, and human figures, all reminis-
cent of Miré, in overlapping red and yellow and brown. In recent years one of
these caves, La Caverna da Pedra Pintada (Painted Rock Cave), has drawn at-
tention in archaeological circles.

Wide and shallow and well lit, Painted Rock Cave is less thronged with bats
than some of the other caves. The arched entrance is twenty feet high and lined
with rock paintings. Out front is a sunny natural patio suitable for picnicking,
edged by a few big rocks. People lived in this cave more than 11,000 years ago.
They had no agriculture yet, and instead ate fish and fruit and built fires. Dur-
ing a recent visit I ate a sandwich atop a particularly inviting rock and looked
over the forest below. The first Amazonians, I thought, must have done more
or less the same thing.
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In college I took an introductory anthropology class in which I read Ama-
zonia: Man and Culture in a Counterfeit Paradise (1971), perhaps the most influ-
ential book ever written about the Amazon, and one that deeply impressed me
at the time. Written by Betty J. Meggers, the Smithsonian archaeologist, Ama-
zonia says that the apparent lushness of the rain forest is a sham. The soils are
poor and can’t hold nutrients—the jungle flora exists only because it snatches
up everything worthwhile before it leaches away in the rain. Agriculture, which
depends on extracting the wealth of the soil, therefore faces inherent ecological
limitations in the wet desert of Amazonia.

As a result, Meggers argued, Indian villages were forced to remain small—
any report of “more than a few hundred” people in permanent settlements, she
told me recently, “makes my alarm bells go off.” Bigger, more complex societies
would inevitably overtax the forest soils, laying waste to their own foundations.
Beginning in 1948 Meggers and her late husband, Clifford Evans, excavated a
chiefdom on Marajé, an island twice the size of New Jersey that sits like a gi-
gantic stopper in the mouth of the Amazon. The Marajéara, they concluded,
were failed offshoots of a sophisticated culture in the Andes. Transplanted to
the lush trap of the Amazon, the culture choked and died.

Green activists saw the implication: development in tropical forests de-
stroys both the forests and their developers. Meggers’s account had enormous
public impact—Amazonia is one of the wellsprings of the campaign to save
rain forests.

Then Anna C. Roosevelt, the curator of archaeology at Chicago’s Field Mu-
seum of Natural History, re-excavated Maraj6. Her complete report, Mound-
builders of the Amazon (1991), was like the anti-matter version of Amazonia.
Maraj6, she argued, was “one of the outstanding indigenous cultural achieve-
ments of the New World,” a powerhouse that lasted for more than a thousand
years, had “possibly well over 100,000” inhabitants, and covered thousands of
square miles. Rather than damaging the forest, Maraj6’s “earth construction”
and “large, dense populations” had improved it: the most luxuriant and diverse
growth was on the mounds formerly occupied by the Marajéara. “If you lis-
tened to Meggers’s theory, these places should have been ruined,” Roosevelt
says.

Meggers scoffed at Roosevelt’s “extravagant claims,” “polemical tone,” and
“defamatory remarks.” Roosevelt, Meggers argued, had committed the begin-
ner’s error of mistaking a site that had been occupied many times by small, un-
stable groups for a single, long-lasting society. “[ Archaeological remains] build
up on areas of half a kilometer or so,” she told me, “because [shifting Indian
groups] don’t land exactly on the same spot. The decorated types of pottery
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don’t change much over time, so you can pick up a bunch of chips and say, ‘Oh,
look, it was all one big site!” Unless you know what you’re doing, of course.”
Centuries after the conquistadors, “the myth of El Dorado is being revived by
archaeologists,” Meggers wrote last fall in the journal Latin American Antiquity,
referring to the persistent Spanish delusion that cities of gold existed in the
jungle.

The dispute grew bitter and personal; inevitable in a contemporary aca-
demic context, it has featured vituperative references to colonialism, elitism,
and employment by the CIA. Meanwhile, Roosevelt’s team investigated Painted
Rock Cave. On the floor of the cave what looked to me like nothing in particu-
lar turned out to be an ancient midden: a refuse heap. The archaeologists
slowly scraped away sediment, traveling backward in time with every inch.
When the traces of human occupation vanished, they kept digging. (“You al-
ways go a meter past sterile,” Roosevelt says.) A few inches below they struck
the charcoal-rich dirt that signifies human habitation—a culture, Roosevelt
said later, that wasn’t supposed to be there.

For many millennia the cave’s inhabitants hunted and gathered for food.
But by about 4,000 years ago they were growing crops—perhaps as many as
140 of them, according to Charles R. Clement, an anthropological botanist at
the Brazilian National Institute for Amazonian Research. Unlike Europeans,
who planted mainly annual crops, the Indians, he says, centered their agricul-
ture on the Amazon’s unbelievably diverse assortment of trees: fruits, nuts, and
palms. “It’s tremendously difficult to clear fields with stone tools,” Clement
says. “If you can plant trees, you get twenty years of productivity out of your
work instead of two or three.”

Planting their orchards, the first Amazonians transformed large swaths of
theriver basininto something more pleasing tohuman beings. In a widely cited
article from 1989, William Balée, the Tulane anthropologist, cautiously esti-
mated that about 12 percent of the nonflooded Amazon forest was of anthro-
pogenic origin-—directly or indirectly created by human beings. In some circles
this is now seen as a conservative position. “I basically think it’s all human-
created,” Clement told me in Brazil. He argues that Indians changed the assort-
ment and density of species throughout the region. So does Clark Erickson, the
University of Pennsylvania archaeologist, who told me in Bolivia that the low-
land tropical forests of South America are among the finest works of art on the
planet. “Some of my colleagues would say that’s pretty radical,” he said, smiling
mischievously. According to Peter Stahl, an anthropologist at the State Univer-
sity of New York at Binghamton, “lots” of botanists believe that “what the eco-
imagery would like to picture as a pristine, untouched Urwelt [primeval world]
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in fact has been managed by people for millennia.” The phrase “built environ-
ment,” Erickson says, “appliesto most, if not all, Neotropical landscapes.”

“Landscape” in this case is meant exactly—Amazonian Indians literally
created the ground beneath their feet. According to William 1. Woods, a soil ge-
ographer at Southern Illinois University, ecologists’ claims about terrible Ama-
zonian land were based on very little data. In the late 1990s Woods and others
began careful measurements in the lower Amazon. They indeed found lots of
inhospitable terrain. But they also discovered swaths of terra preta—rich, fer-
tile “black earth” that anthropologists increasingly believe was created by hu-
man beings.

Terra preta, Woods guesses, covers at least 10 percent of Amazonia, an area
the size of France. It has amazing properties, he says. Tropical rain doesn’t leach
nutrients from terra preta fields; instead the solil, so to speak, fights back. Not
far from Painted Rock Cave is a 300-acre area with a two-foot layer of terra
preta quarried by locals for potting soil. The bottom third of the layer is never
removed, workers there explain, because over time it will re-create the original
soil layer in its initial thickness. The reason, scientists suspect, is that terra preta
is generated by a special suite of microorganisms that resists depletion. “Appar-
ently,” Woods and the Wisconsin geographer Joseph M. McCann argued in a
presentation the summer of 2001, “at some threshold level . . . dark earth at-
tains the capacity to perpetuate—even regenerate itself—thus behaving more
like a living ‘super’-organism than an inert material.”

In as yet unpublished research the archaeologists Eduardo Neves, of the
University of Sao Paulo; Michael Heckenberger, of the University of Florida;
and their colleagues examined terra pretain the upper Xingu, a huge southern
tributary of the Amazon. Not all Xingu cultures left behind this living earth,
they discovered. But the ones that did generated it rapidly—suggesting to
Woods that terra preta was created deliberately. In a process reminiscent of
dropping microorganism-rich starter into plain dough to create sourdough
bread, Amazonian peoples, he believes, inoculated bad soil with a transforming
bacterial charge. Not every group of Indians there did this, but quite a few did,
and over an extended period of time.

When Woods told me this, I was so amazed that I almost dropped the
phone. I ceased to be articulate for a moment and said things like “wow” and
“gosh.” Woods chuckled at my reaction, probably because he understood what
was passing through my mind. Faced with an ecological problem, I was think-
ing, the Indians fixed it. They were in the process of terraforming the Amazon
when Columbus showed up and ruined everything.

Scientists should study the microorganisms in terra preta, Woods told me,
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to find out how they work. If that could be learned, maybe some version of
Amazonian dark earth could be used to improve the vast expanses of bad soil
that cripple agriculture in Africa—a final gift from the people who brought us
tomatoes, corn, and the immense grasslands of the Great Plains.

“Betty Meggers would just die if she heard me saying this,” Woods told me.
“Deep down her fear is that this data will be misused.” Indeed, Meggers’s 2001
Latin American Antiquity article charged that archaeologists who say the Ama-
zon can support agriculture are effectively telling “developers [that they] are
entitled to operate without restraint.” Resuscitating the myth of El Dorado, in
her view, “makes us accomplices in the accelerating pace of environmental
degradation.” Doubtless there is something to this—although, as some of her
critics responded in the same issue of the journal, it is difficult to imagine
greedy plutocrats “perusing the pages of Latin American Antiquity before de-
ciding to rev up the chain saws.” But the new picture doesn’t automatically le-
gitimize paving the forest. Instead it suggests that for a long time big chunks of
Amazonia were used nondestructively by clever people who knew tricks we
have yet to learn.

I visited Painted Rock Cave during the river’s annual flood, when it wells up
over its banks and creeps inland for miles. Farmers in the floodplain build
houses and barns on stilts and watch pink dolphins sport from their doorsteps.
Ecotourists take shortcuts by driving motorboats through the drowned forest.
Guys in dories chase after them, trying to sell sacks of incredibly good fruit.

All of this is described as “wilderness” in the tourist brochures. It’s not, if
researchers like Roosevelt are correct. Indeed, they believe that fewer people
may be living there now than in 1491. Yet when my boat glided into the trees,
the forest shut out the sky like the closing of an umbrella. Within a few hun-
dred yards the human presence seemed to vanish. I felt alone and small, but in
a way that was curiously like feeling exalted. If that place was not wilderness,
how should I think of it? Since the fate of the forest is in our hands, what
should be our goal for its future?

Novel Shores

HERNANDO DE SOTO’S EXPEDITION stomped through the South-
east for four years and apparently never saw bison. More than a century later,
when French explorers came down the Mississippi, they saw “a solitude unre-
lieved by the faintest trace of man,” the nineteenth-century historian Francis
Parkman wrote. Instead the French encountered bison, “grazing in herds on
the great prairies which then bordered the river.”
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To Charles Kay, the reason for the buffalo’s sudden emergence is obvious.
Kay is a wildlife ecologist in the political-science department at Utah State Uni-
versity. In ecological terms, he says, the Indians were the “keystone species” of
American ecosystems. A keystone species, according to the Harvard biologist
Edward O. Wilson, is a species “that affects the survival and abundance of
many other species.” Keystone species have a disproportionate impact on their
ecosystems. Removing them, Wilson adds, “results in a relatively significant
shift in the composition of the [ecological] community.”

When disease swept Indians from the land, Kay says, what happened was
exactly that. The ecological ancien régime collapsed, and strange new phenom-
ena emerged. In a way this is unsurprising; for better or worse, humankind is a
keystone species everywhere. Among these phenomena was a population ex-
plosion in the species that the Indians had kept down by hunting. After disease
killed off the Indians, Kay believes, buffalo vastly extended their range. Their
numbers more than sextupled. The same occurred with elk and mule deer. “If
the elk were here in great numbers all this time, the archaeological sites should
be chock-full of elk bones,” Kay says. “But the archaeologists will tell you the
elk weren’t there” On the evidence of middens the number of elk jumped
about 500 years ago.

Passenger pigeons may be another example. The epitome of natural Amer-
ican abundance, they flew in such great masses that the first colonists were stu-
pefied by the sight. As a boy, the explorer Henry Brackenridge saw flocks “ten
miles in width, by one hundred and twenty in length.” For hours the birds
darkened the sky from horizon to horizon. According to Thomas Neumann, a
consulting archaeologist in Lilburn, Georgia, passenger pigeons “were incredi-
bly dumb and always roosted in vast hordes, so they were very easy to harvest.”
Because they were readily caught and good to eat, Neumann says, archaeologi-
cal digs should find many pigeon bones in the pre-Columbian strata of Indian
middens. But they aren’t there. The mobs of birds in the history books, he says,
were “outbreak populations—always a symptom of an extraordinarily dis-
rupted ecological system.”

Throughout eastern North America the open landscape seen by the first
Europeans quickly filled in with forest. According to William Cronon, of the
University of Wisconsin, later colonists began complaining about how hard it
was to get around. (Eventually, of course, they stripped New England almost
bare of trees.) When Europeans moved west, they were preceded by two waves:
one of disease, the other of ecological disturbance. The former crested with
fearsome rapidity; the latter sometimes took more than a century to quiet
down. Far from destroying pristine wilderness, European settlers bloodily cre-
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ated it. By 1800 the hemisphere was chockablock with new wilderness. If “forest
primeval” means a woodland unsullied by the human presence, William
Denevan has written, there was much more of it in the late eighteenth century
than in the early sixteenth.

Cronon’s Changes in the Land: Indians, Colonists, and the Ecology of New
England (1983) belongs on the same shelf as works by Crosby and Dobyns. But
it was not until one of his articles was excerpted in The New York Times in 1995
that people outside the social sciences began to understand the implications of
this view of Indian history. Environmentalists and ecologists vigorously at-
tacked the anti-wilderness scenario, which they described as infected by post-
modern philosophy. A small academic brouhaha ensued, complete with
hundreds of footnotes. It precipitated Reinventing Nature? (1995), one of the
few academic critiques of postmodernist philosophy written largely by biolo-
gists. The Great New Wilderness Debate (1998), another lengthy book on the
subject, was edited by two philosophers who earnestly identified themselves as
“Euro-American men [whose] cultural legacy is patriarchal Western civiliza-
tion in its current postcolonial, globally hegemonic form.”

It is easy to tweak academics for opaque, self-protective language like this.
Nonetheless, their concerns were quite justified. Crediting Indians with the
role of keystone species has implications for the way the current Euro-
American members of that keystone species manage the forests, watersheds,
and endangered species of America. Because a third of the United States is
owned by the federal government, the issue inevitably has political ramifica-
tions. In Amazonia, fabled storehouse of biodiversity, the stakes are global.

Guided by the pristine myth, mainstream environmentalists want to pre-
serve as much of the world’s land as possible in a putatively intact state. But
“intact,” if the new research is correct, means “run by human beings for human
purposes.” Environmentalists dislike this, because it seems to mean that any-
thing goes. In a sense they are correct. Native Americans managed the conti-
nent as they saw fit. Modern nations must do the same. If they want to return
as much of the landscape as possible to its 1491 state, they will have to find it
within themselves to create the world’s largest garden.



ATuL GAWANDE

The Learm’ng Curve
FROM THE NEWYORKER

“Practice, practice, practice” goes the punch line to the old joke, and it’s as
true for surgeons as it is for musicians. Atul Gawande, who has chronicled
his own surgical training with honesty and humor, shares his experiences—
and anxieties—about the way doctors learn their skills: performing suppos-

edly routine procedures on unsuspecting patients.

he patient needed a central line. “Here’s your chance,”S., the chief resi-
I dent, said. I had never done one before. “Get set up and then page me
when you’re ready to start.”

It was my fourth week in surgical training. The pockets of my short white
coat bulged with patient printouts, laminated cards with instructions for doing
CPR and reading EKGs and using the dictation system, two surgical hand-
books, a stethoscope, wound-dressing supplies, meal tickets, a penlight, scis-
sors, and about a dollar in loose change. As I headed up the stairs to the
patient’sfloor, I rattled.

This will be good, I tried to tell myself: my first real procedure. The
patient—fiftyish, stout, taciturn—was recovering from abdominal surgery
he’d had about a week earlier. His bowel function hadn’t yet returned, and he
was unable to eat. I explained to him that he needed intravenous nutrition and
that this required a “special line” that would go into his chest. I said that I
would put the line in him while he was in his bed, and that it would involve my
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numbing a spot on his chest with a local anesthetic, and then threading the line
in. I did not say that the line was eight inches long and would go into his vena
cava, the main blood vessel to his heart. Nor did I say how tricky the procedure
could be. There were “slight risks” involved, I said, such as bleeding and lung
collapse; in experienced hands, complications of this sort occur in fewer than
one case in a hundred.

But, of course, mine were not experienced hands. And the disasters I knew
about weighed on my mind: the woman who had died within minutes from
massive bleeding when a resident lacerated her vena cava; the man whose chest
had to be opened because a resident lost hold of a wire inside the line, which
then floated down to the patient’s heart; the man who had a cardiac arrest
when the procedure put him into ventricular fibrillation. I said nothing of such
things, naturally, when I asked the patient’s permission to do his line. He said,
“OK”

I had seen S. do two central lines; one was the day before, and I'd attended
to every step. I watched how she set out her instruments and laid her patient
down and put a rolled towel between his shoulder blades to make his chest arch
out. I watched how she swabbed his chest with antiseptic, injected lidocaine,
which is a local anesthetic, and then, in full sterile garb, punctured his chest
near his clavicle with a fat three-inch needle on a syringe. The patient hadn’t
even flinched. She told me how to avoid hitting the lung (“Go in at a steep an-
gle,” she’d said. “Stay right under the clavicle”), and how to find the subclavian
vein, a branch to the vena cava lying atop the lung near its apex (“Go in at a
steep angle. Stay right under the clavicle”). She pushed the needle in almost all
the way. She drew back on the syringe. And she was in. You knew because the
syringe filled with maroon blood. (“If it’s bright red, you’ve hit an artery,” she
said. “That’s not good.”) Once you have the tip of this needle poking in the
vein, you somehow have to widen the hole in the vein wall, fit the catheter in,
and snake it in the right direction-—down to the heart, rather than up to the
brain—all without tearing through vessels, lung, or anything else.

To do this, S. explained, you start by getting a guide wire in place. She
pulled the syringe off, leaving the needle in. Blood flowed out. She picked up a
two-foot-long twenty-gauge wire that looked like the steel D string of an elec-
tric guitar, and passed nearly its full length through the needle’s bore, into the
vein, and onward toward the vena cava. “Never force it in,” she warned, “and
never, ever let go of it.” A string of rapid heartbeats fired off on the cardiac
monitor, and she quickly pulled the wire back an inch. It had poked into the
heart, causing momentary fibrillation. “Guess we’re in the right place,” she said
to me quietly. Then to the patient: “You’re doing great. Only a few minutes
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now.” She pulled the needle out over the wire and replaced it with a bullet of
thick, stiff plastic, which she pushed in tight to widen the vein opening. She
then removed this dilator and threaded the central line—a spaghetti-thick,
flexible yellow plastic tube—over the wire until it was all the way in. Now she
could remove the wire. She flushed the line with a heparin solution and su-
tured it to the patient’s chest. And that was it.

Today, it was my turn to try. First, I had to gather supplies—a central-line
kit, gloves, gown, cap, mask, lidocaine—which took me forever. When I finally
had the stuff together, I stopped for a minute outside the patient’s door, trying
to recall the steps. They remained frustratingly hazy. But I couldn’t put it off
any longer. I had a page-long list of other things to get done: Mrs. A needed to
be discharged; Mr. B needed an abdominal ultrasound arranged; Mrs. C
needed her skin staples removed. And every fifteen minutes or so I was getting
paged with more tasks: Mr. X was nauseated and needed to be seen; Miss Y’s
family was here and needed “someone” to talk to them; Mr. Z needed a laxative.
I took a deep breath, put on my best don’t-worry-I-know-what-I’'m-doing
look, and went in.

I placed the supplies on a bedside table, untied the patient’s gown, and laid
him down flat on the mattress, with his chest bare and his arms at his sides. I
flipped on a fluorescent overhead light and raised his bed to my height. I paged
S.I put on my gown and gloves and, on a sterile tray, laid out the central line,
the guide wire, and other materials from the kit. I drew up five cc’s of lidocaine
in a syringe, soaked two sponge sticks in the yellow-brown Betadine, and
opened up the suture packaging.

S. arrived. “What’s his platelet count?”

My stomach knotted. I hadn’t checked. That was bad: too low and he could
have a serious bleed from the procedure. She went to check a computer. The
count was acceptable.

Chastened, I started swabbing his chest with the sponge sticks. “Got the
shoulder roll underneath him?”S. asked. Well, no, I had forgotten that, too. The
patient gave me a look. S., saying nothing, got a towel, rolled it up, and slipped
it under his back for me. I finished applying the antiseptic and then draped
him so that only his right upper chest was exposed. He squirmed a bit beneath
the drapes. S. now inspected my tray. I girded myself.

“Where’s the extra syringe for flushing the line when it’s in?” Damn. She
went out and got it.

I felt for my landmarks. Here? I asked with my eyes, not wanting to under-
mine the patient’s confidence any further. She nodded. I numbed the spot with
lidocaine. (“You'll feel a stick and a burn now, sir.”) Next, I took the three-inch
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needle in hand and poked it through the skin. I advanced it slowly and uncer-
tainly, a few millimeters at a time. This is a big goddam needle, I kept thinking.
I couldn’t believe I was sticking it into someone’s chest. I concentrated on
maintaining a steep angle of entry, but kept spearing his clavicle instead of slip-
ping beneath it.

“Ow!” he shouted.

“Sorry,” I said. S. signaled with a kind of surfing hand gesture to go under-
neath the clavicle. This time, it went in. I drew back on the syringe. Nothing.
She pointed deeper. I went in deeper. Nothing. I withdrew the needle, flushed
out some bits of tissue clogging it, and tried again.

“ow!”

Too steep again. I found my way underneath the clavicle once more. I drew
the syringe back. Still nothing. He’s too obese, I thought. S. slipped on gloves
and a gown. “How about I have a look?” she said. I handed her the needle and
stepped aside. She plunged the needle in, drew back on the syringe, and, just
like that, she was in. “We’ll be done shortly,” she told the patient.

She let me continue with the next steps, which I bumbled through. I didn’t
realize how long and floppy the guide wire was until I pulled the coil out of its
plastic sleeve, and, putting one end of it into the patient, I very nearly contami-
nated the other. I forgot about the dilating step until she reminded me. Then,
when I put in the dilator, I didn’t push quite hard enough, and it was really S.
who pushed it all the way in. Finally, we gottheline in, flushed it,and sutured it
in place.

Outside the room, S. said that I could be less tentative the next time, but
that I shouldn’t worry too much about how things had gone. “You’ll get it,” she
said. “It just takes practice.” I wasn’t so sure. The procedure remained wholly
mysterious to me. And I could not get over the idea of jabbing a needle into
someone’s chest so deeply and so blindly. I awaited the X-ray afterward with
trepidation. But it came back fine: I had not injured the lung and the line was
in the right place.

NOT EVERYONE APPRECIATES the attractions of surgery. When you are
a medical student in the operating room for the first time, and you see the sur-
geon press the scalpel to someone’s body and open it like a piece of fruit, you
either shudder in horror or gape in awe. I gaped. It was not just the blood and
guts that enthralled me. It was also the idea that a person, a mere mortal, would
have the confidence to wield that scalpel in the first place.

There is a saying about surgeons: “Sometimes wrong; never in doubt.” This
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is meant as a reproof, but to me it seemed their strength. Every day, surgeons
are faced with uncertainties. Information is inadequate; the science is ambigu-
ous; one’s knowledge and abilities are never perfect. Even with the simplest op-
eration, it cannot be taken for granted that a patient will come through better
off—or even alive. Standing at the operating table, I wondered how the sur-
geon knew that all the steps would go as planned, that bleeding would be con-
trolled and infection would not set in and organs would not be injured. He
didn’t, of course. But he cut anyway.

Later, while still a student, I was allowed to make an incision myself. The
surgeon drew a six-inch dotted line with a marking pen across an anesthetized
patient’s abdomen and then, to my surprise, had the nurse hand me the knife.
It was still warm from the autoclave. The surgeon had me stretch the skin taut
with the thumb and forefinger of my free hand. He told me to make one
smooth slice down to the fat. I put the belly of the blade to the skin and cut.
The experience was odd and addictive, mixing exhilaration from the calculated
violence of the act, anxiety about getting it right, and a righteous faith that it
was somehow for the person’s good. There was also the slightly nauseating feel-
ing of finding that it took more force than I'd realized. (Skin is thick and
springy,and on my first pass I did not go nearly deep enough; I had to cut twice
to get through.) The moment made me want to be a surgeon—not an amateur
handed the knife for a brief moment but someone with the confidence and
ability to proceed as if it were routine.

A residentbegins, however, with none of this air of mastery—only an over-
powering instinct against doing anything like pressing a knife against flesh or
jabbing a needle into someone’s chest. On my first day as a surgical resident, I
was assigned to the emergency room. Among my first patients was a skinny,
dark-haired woman in her late twenties who hobbled in, teeth gritted, with a
two-foot-long wooden chair leg somehow nailed to the bottom of her foot. She
explained that a kitchen chair had collapsed under her and, as she leaped up to
keep from falling, her bare foot had stomped down on a three-inch screw stick-
ing out of one of the chair legs. I tried very hard to look like someone who had
not got his medical diploma just the week before. Instead, I was determined to
be nonchalant, the kind of guy who had seen this sort of thing a hundred times
before. I inspected her foot, and could see that the screw was embedded in the
bone at the base of her big toe. There was no bleeding and, as far as I could feel,
no fracture.

“Wow, that must hurt,” I blurted out, idiotically.

The obvious thing to do was give her a tetanus shot and pull out the screw.
I ordered the tetanus shot, but I began to have doubts about pulling out the
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screw. Suppose she bled? Or suppose I fractured her foot? Or something worse?
I excused myself and tracked down Dr. W,, the senior surgeon on duty. I found
him tending to a car-crash victim. The patient was a mess, and the floor was
covered with blood. People were shouting. It was not a good time to ask ques-
tions.

I ordered an X-ray. I figured it would buy time and let me check my ama-
teur impression that she didn’t have a fracture. Sure enough, getting the X-ray
took about an hour, and it showed no fracture—just a common screw embed-
ded, the radiologist said, “in the head of the first metatarsal.” I showed the pa-
tient the X-ray. “You see, the screw’s embedded in the head of the first
metatarsal,” I said. And the plan? she wanted to know. Ah, yes, the plan.

I went to find Dr. W. He was still busy with the crash victim, but I was able
to interrupt to show him the X-ray. He chuckled at the sight of it and asked me
what I wanted to do. “Pull the screw out?” I ventured. “Yes,” he said, by which he
meant “Duh.” He made sure I'd given the patient a tetanus shot and then
shooed me away.

Back in the examining room, I told her that I would pull the screw out, pre-
pared for her to say something like “You?” Instead she said, “OK, Doctor.” At
first, I had her sitting on the exam table, dangling her leg off the side. But that
didn’t look as if it would work. Eventually, I had her lie with her foot jutting off
the table end, the board poking out into the air. With every move, her pain in-
creased. I injected a local anesthetic where the screw had gone in and that
helped a little. Now I grabbed her foot in one hand, the board in the other, and
for a moment I froze. Could I really do this? Who was I to presume?

Finally, I gave her a one-two-three and pulled, gingerly at first and then
hard. She groaned. The screw wasn’t budging. I twisted, and abruptly it came
free. There was no bleeding. I washed the wound out, and she found she could
walk. I warned her of the risks of infection and the signs to look for. Her grati-
tude was immense and flattering, like the lion’s for the mouse—and that night
I went home elated.

In surgery, as in anything else, skill, judgment, and confidence are learned
through experience, haltingly and humiliatingly. Like the tennis player and the
oboist and the guy who fixes hard drives, we need practice to get good at what
we do. There is one difference in medicine, though: we practice on people.

MY SECOND TRY at placing a central line went no better than the first. The
patient was in intensive care, mortally ill, on a ventilator, and needed the line so
that powerful cardiac drugs could be delivered directly to her heart. She was
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also heavily sedated, and for this I was grateful. She’d be oblivious of my fum-
bling.

My preparation was better this time. I got the towel roll in place and the sy-
ringes of heparin on the tray. I checked her lab results, which were fine. I also
made a point of draping more widely, so that if I flopped the guide wire around
by mistake again, it wouldn’t hit anything unsterile.

For all that, the procedure was a bust. I stabbed the needle in too shallow
and then too deep. Frustration overcame tentativeness and I tried one angle af-
ter another. Nothing worked. Then, for one brief moment, I got a flash of
blood in the syringe, indicating that I was in the vein. I anchored the needle
with one hand and went to pull the syringe off with the other. But the syringe
was jammed on too tightly, so that when I pulled it free I dislodged the needle
from the vein. The patient began bleeding into her chest wall. I held pressure
the best I could for a solid five minutes, but still her chest turned black and blue
around the site. The hematoma made it impossible to put a line through there
anymore. I wanted to give up. But she needed a line and the resident supervis-
ing me—a second-year this time—was determined that I succeed. After an
X-ray showed that I had not injured her lung, he had me try on the other side,
with a whole new kit. I missed again, and he took over. It took him several min-
utes and two or three sticks to find the vein himself and that made me feel bet-
ter. Maybe she was an unusually tough case.

When I failed with a third patient a few days later, though, the doubts really
set in. Again, it was stick, stick, stick, and nothing. I stepped aside. The resident
watching me got it on the next try.

SURGEONS, as a group, adhere to a curious egalitarianism. They believe in
practice, not talent. People often assume that you have to have great hands to
become a surgeon, but it’s not true. When I interviewed to get into surgery pro-
grams, no one made me sew or take a dexterity test or checked to see if my
hands were steady. You do not even need all ten fingers to be accepted. To be
sure, talent helps. Professors say that every two or three years they’ll see some-
one truly gifted come through a program—someone who picks up complex
manual skills unusually quickly, sees tissue planes before others do, anticipates
trouble before it happens. Nonetheless, attending surgeons say that what’s
most important to them is finding people who are conscientious, industrious,
and boneheaded enough to keep at practicing this one difficult thing day and
night for years on end. As a former residency director put it to me, given a
choice between a Ph.D. who had cloned a gene and a sculptor, he’d pick the
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Ph.D. every time. Sure, he said, he’d bet on the sculptor’s being more physically
talented; but he’d bet on the Ph.D.’s being less “flaky” And in the end that mat-
ters more. Skill, surgeons believe, can be taught; tenacity cannot. It’s an odd ap-
proach to recruitment, but it continues all the way up the ranks, even in top
surgery departments. They start with minions with no experience in surgery,
spend years training them, and then take most of their faculty from these same
homegrown ranks.

And it works. There have now been many studies of elite performers—
concert violinists, chess grand masters, professional ice-skaters, mathemati-
cians, and so forth—and the biggest difference researchers find between them
and lesser performers is the amount of deliberate practice they’ve accumu-
lated. Indeed, the most important talent may be the talent for practice itself.
K. Anders Ericsson, a cognitive psychologist and an expert on performance,
notes that the most important role that innate factors play may be in a person’s
willingness to engage in sustained training. He has found, for example, that top
performers dislike practicing just as much as others do. (That’s why, for exam-
ple, athletes and musicians usually quit practicing when they retire.) But, more
than others, they have the will to keep at it anyway.

[ wasN’T sURE I did. What good was it, I wondered, to keep doing central
lines when I wasn’t coming close to hitting them? If I had a clear idea of what I
was doing wrong, then maybe I'd have something to focus on. But I didn’t.
Everyone, of course, had suggestions. Go in with the bevel of the needle up. No,
go in with the bevel down. Put a bend in the middle of the needle. No, curve the
needle. For a while, I tried to avoid doing another line. Soon enough, however,
a new case arose.

The circumstances were miserable. It was late in the day, and I’d had to
work through the previous night. The patient weighed more than three hun-
dred pounds. He couldn’t tolerate lying flatbecause the weight of his chest and
abdomen made it hard for him to breathe. Yet he had a badly infected wound,
needed intravenous antibiotics, and no one could find veins in his arms for a
peripheral IV. I had little hope of succeeding. But a resident does what he is
told, and I was told to try theline.

I went to his room. He looked scared and said he didn’t think he’d last more
than a minute on his back. But he said he understood the situation and was
willing to make his best effort. He and I decided that he’d be left sitting
propped up in bed until the last possible minute. We’d see how far we got after
that.
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I went through my preparations: checking his blood counts from the lab,
putting out the kit, placing the towel roll, and so on. I swabbed and draped his
chest while he was still sitting up. S., the chief resident, was watching me this
time, and when everything was ready I had her tip him back, an oxygen mask
on his face. His flesh rolled up his chest like a wave. I couldn’t find his clavicle
with my fingertips to line up the right point of entry. And already he was look-
ing short of breath, his face red. I gave S. a “Do you want to take over?” look.
Keep going, she signaled. I made a rough guess about where the right spot was,
numbed it with lidocaine, and pushed the big needle in. For a second, I
thought it wouldn’t be long enough to reach through, but then I felt the tip slip
underneath his clavicle. I pushed a little deeper and drew back on the syringe.
Unbelievably, it filled with blood. I was in. I concentrated on anchoring the
needle firmly in place, not moving it a millimeter as I pulled the syringe off and
threaded the guide wire in. The wire fed in smoothly. The patient was strug-
gling hard for air now. We sat him up and let him catch his breath. And then,
laying him down one more time, I got the entry dilated and slid the central line
in. “Nice job” was all S. said, and then she left.

I still have no idea what I did differently that day. But from then on my lines
went in. That’s the funny thing about practice. For days and days, you make out
only the fragments of what to do. And then one day you've got the thing whole.
Conscious learning becomes unconscious knowledge, and you cannot say pre-
cisely how.

[ HAVE Now putin more than a hundred central lines. I am by no means in-
fallible. Certainly, I have had my fair share of complications. I punctured a pa-
tient’s lung, for example—the right lung of a chief of surgery from another
hospital, no less—and, given the odds, I'm sure such things will happen again. I
still have the occasional case that should go easily but doesn’t, no matter what I
do. (We have a term for this. “How’d it go?” a colleague asks. “It was a total
flog,” I reply. I don’t have to say anything more.)

But other times everything unfolds effortlessly. You take the needle. You
stick the chest. You feel the needle travel—a distinct glide through the fat, a
slight catch in the dense muscle, then the subtle pop through the vein wall—
and you’re in. At such moments, it is more than easyj; it is beautiful.

Surgical training is the recapitulation of this process—floundering fol-
lowed by fragments followed by knowledge and, occasionally, a moment of
elegance—over and over again, for ever harder tasks with ever greater risks. At
first, you work on the basics: how to glove and gown, how to drape patients,
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how to hold the knife, how to tie a square knot in a length of silk suture (not to
mention how to dictate, work the computers, order drugs). But then the tasks
become more daunting: how to cut through skin, handle the electrocautery,
open the breast, tie off a bleeder, excise a tumor, close up a wound. At the end
of six months, I had done lines, lumpectomies, appendectomies, skin grafts,
hernia repairs, and mastectomies. At the end of a year, I was doing limb ampu-
tations, hemorrhoidectomies, and laparoscopic gallbladder operations. At the
end of two years, I was beginning to do tracheotomies, small-bowel operations,
and leg-artery bypasses.

I am in my seventh year of training, of which three years have been spent
doing research. Only now has a simple slice through skin begun to seem like
the mere start of a case. These days, 'm trying to learn how to fix an abdominal
aortic aneurysm, remove a pancreatic cancer, open blocked carotid arteries. I
am, I have found, neither gifted nor maladroit. With practice and more prac-
tice, I get the hang of it.

Doctors find it hard to talk about this with patients. The moral burden of
practicing on people is always with us, but for the most part it is unspoken. Be-
fore each operation, I go over to the holding area in my scrubs and introduce
myself to the patient. I do it the same way every time. “Hello, 'm Dr. Gawande.
I’'m one of the surgical residents, and I'll be assisting your surgeon.” That is
pretty much all I say on the subject. I extend my hand and smile. I ask the pa-
tient if everything is going OK so far. We chat. I answer questions. Very occa-
sionally, patients are taken aback. “No resident is doing my surgery,” they say. I
try to be reassuring. “Not to worry—I just assist,” I say. “The attending surgeon
is always in charge”

None of this is exactly a lie. The attending isin charge, and a resident knows
better than to forget that. Consider the operation I did recently to remove a
seventy-five-year-old woman’s colon cancer. The attending stood across from
me from the start. And it was he, not I, who decided where to cut, how to posi-
tion the opened abdomen, how to isolate the cancer, and how much colon to
take.

Yet I’'m the one who held the knife. I'm the one who stood on the operator’s
side of the table, and it was raised to my six-foot-plus height. I was there to
help, yes, but I was there to practice, too. This was clear when it came time to
reconnect the colon. There are two ways of putting the ends together—
handsewing and stapling. Stapling is swifter and easier, but the attending sug-
gested I handsew the ends—not because it was better for the patient but
because I had had much less experience doing it. When it’s performed cor-
rectly, the results are similar, but he needed to watch me like a hawk. My stitch-
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ing was slow and imprecise. At one point, he caught me putting the stitches too
far apart and made me go back and put extras in between so the connection
would not leak. At another point, he found I wasn’t taking deep enough bites of
tissue with the needle to ensure a strong closure. “Turn your wrist more,” he
told me. “Like this?” I asked. “Uh, sort of,” he said.

In medicine, there has long been a conflict between the imperative to give
patients the best possible care and the need to provide novices with experience.
Residencies attempt to mitigate potential harm through supervision and grad-
uated responsibility. And there is reason to think that patients actually benefit
from teaching. Studies commonly find that teaching hospitals have better out-
comes than non-teaching hospitals. Residents may be amateurs, but having
them around checking on patients, asking questions, and keeping faculty on
their toes seems to help. But there is still no avoiding those first few unsteady
times a young physician tries to put in a central line, remove a breast cancer, or
sew together two segments of colon. No matter how many protections are in
place, on average these cases go less well with the novice than with someone ex-
perienced.

Doctors have no illusions about this. When an attending physician brings a
sick family member in for surgery, people at the hospital think twice about let-
ting traincees participate. Even when the attending insists that they participate
as usual, the residents scrubbing in know that it will be far from a teaching case.
And if a central line must be put in, a first-timer is certainly not going to do it.
Conversely, the ward services and clinics where residents have the most re-
sponsibility are populated by the poor, the uninsured, the drunk, and the de-
mented. Residents have few opportunities nowadays to operate independently,
without the attending docs scrubbed in, but when we do—as we must before
graduating and going out to operate on our own—it is generally with these, the
humblest of patients.

And this is the uncomfortable truth about teaching. By traditional ethics
and public insistence (not to mention court rulings), a patient’s right to the
best care possible must trump the objective of training novices. We want per-
fection without practice. Yet everyone is harmed if no one is trained for the fu-
ture. So learning is hidden, behind drapes and anesthesia and the elisions of
language. And the dilemma doesn’t apply just to residents, physicians in train-
ing. The process of learning goes on longer than most people know.

I GREW UP in the small Appalachian town of Athens, Ohio, where my par-
ents are both doctors. My mother is a pediatrician and my father is a urologist.
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Long ago, my mother chose to practice part time, which she could afford to do
because my father’s practice became so busy and successful. He has now been
at it for more than twenty-five years, and his office is cluttered with the evi-
dence of this. There is an overflowing wall of medical files, gifts from patients
displayed everywhere (books, paintings, ceramics with Biblical sayings, hand-
painted paperweights, blown glass, carved boxes, a figurine of a boy who, when
you pull down his pants, pees on you), and, in an acrylic case behind his oak
desk, a few dozen of the thousands of kidney stones he has removed.

Only now, as I get glimpses of the end of my training, have I begun to think
hard about my father’s success. For most of my residency, I thought of surgery
as a more or less fixed body of knowledge and skill which is acquired in train-
ing and perfected in practice. There was, I thought, a smooth, upward-sloping
arc of proficiency at some rarefied set of tasks (for me, taking out gallbladders,
colon cancers, bullets, and appendixes; for him, taking out kidney stones, tes-
ticular cancers, and swollen prostates). The arc would peak at, say, ten or fifteen
years, plateau for a long time, and perhaps tail off a little in the final five years
before retirement. The reality, however, turns out to be far messier. You do get
good at certain things, my father tells me, but no sooner do you master some-
thing than you find that what you know is outmoded. New technologies and
operations emerge to supplant the old, and the learning curve starts all over
again. “Three-quarters of what I do today I never learned in residency,” he says.
On his own, fifty miles from his nearest colleague—Ilet alone a doctor who
could tell him anything like “You need to turn your wrist more”—he has had to
learn to put in penile prostheses, to perform microsurgery, to reverse vasec-
tomies, to do nerve-sparing prostatectomies, to implant artificial urinary
sphincters. He’s had to learn to use shock-wave lithotripters, electrohydraulic
lithotripters, and laser lithotripters (all instruments for breaking up kidney
stones); to deploy Double ] ureteral stents and Silicone Figure Four Coil stents
and Retro-Inject Multi-Length stents (don’t even ask); and to maneuver fiber-
optic ureteroscopes. All these technologies and techniques were introduced af-
ter he finished training. Some of the procedures built on skills he already had.
Many did not.

This is the experience that all surgeons have. The pace of medical innova-
tion has been unceasing, and surgeons have no choice but to give the new thing
a try. To fail to adopt new techniques would mean denying patients meaningful
medical advances. Yet the perils of the learning curve are inescapable—no less
in practice than in residency.

For the established surgeon, inevitably, the opportunities for learning are
far less structured than for a resident. When an important new device or proce-
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dure comes along, as happens every year, surgeons start by taking a course
about it—typically a day or two of lectures by some surgical grandees with a
few film clips and step-by-step handouts. You take home a video to watch. Per-
haps you pay a visit to observe a colleague perform the operation—my father
often goes up to the Cleveland Clinic for this. But there’s not much by way of
hands-on training. Unlike a resident, a visitor cannot scrub in on cases, and
opportunities to practice on animals or cadavers are few and far between.
(Britain, being Britain, actually bans surgeons from practicing on animals.)
When the pulse-dye laser came out, the manufacturer set up a lab in Columbus
where urologists from the area could gain experience. But when my father went
there the main experience provided was destroying kidney stones in test tubes
filled with a urinelike liquid and trying to penetrate the shell of an egg without
hitting the membrane underneath. My surgery department recently bought
a robotic surgery device—a staggeringly sophisticated nine-hundred-and-
eighty-thousand-dollar robot, with three arms, two wrists, and a camera, all
millimeters in diameter, which, controlled from a console, allows a surgeon to
do almost any operation with no hand tremor and with only tiny incisions. A
team of two surgeons and two nurses flew out to the manufacturer’s headquar-
ters, in Mountain View, California, for a full day of training on the machine.
And they did get to practice on a pig and on a human cadaver. (The company
apparently buys the cadavers from the city of San Francisco.) But even this was
hardly thorough training. They learned enough to grasp the principles of using
the robot, to start getting a feel for using it, and to understand how to plan an
operation. That was about it. Sooner or later, you just have to go home and give
the thing a try on someone.

Patients do eventually benefit—often enormously—but the first few pa-
tients may not, and may even be harmed. Consider the experience reported by
the pediatric cardiac-surgery unit of the renowned Great Ormond Street Hos-
pital, in London, as detailed in the British Medical Journal last April. The doc-
tors described their results from three hundred and twenty-five consecutive
operations between 1978 and 1998 on babies with a severe heart defect known
as transposition of the great arteries. Such children are born with their heart’s
outflow vessels transposed: the aorta emerges from the right side of the heart
instead of the left and the artery to the lungs emerges from the left instead of
the right. As a result, blood coming in is pumped right back out to the body in-
stead of first to the lungs, where it can be oxygenated. The babies died blue, fa-
tigued, never knowing what it was to get enough breath. For years, it wasn’t
technically feasible to switch the vessels to their proper positions. Instead, sur-
geons did something known as the Senning procedure: they created a passage
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inside the heart to let blood from the lungs cross backward to the right heart.
The Senning procedure allowed children to live into adulthood. The weaker
right heart, however, cannot sustain the body’s entire blood flow as long as the
left. Eventually, these patients’ hearts failed, and although most survived to
adulthood, few lived to old age.

By the nineteen-eighties, a series of technological advances made it possi-
ble to do a switch operation safely, and this became the favored procedure. In
1986, the Great Ormond Street surgeons made the changeover themselves, and
their report shows that it was unquestionably an improvement. The annual
death rate after a successful switch procedure was less than a quarter that of the
Senning, resulting in a life expectancy of sixty-three years instead of forty-
seven. But the price of learning to do it was appalling. In their first seventy
switch operations, the doctors had a twenty-five-percent surgical death rate,
compared with just six percent with the Senning procedure. Eighteen babies
died, more than twice the number during the entire Senning era. Only with
time did they master it: in their next hundred switch operations, five babies
died.

As patients, we want both expertise and progress; we don’t want to ac-
knowledge that these are contradictory desires. In the words of one British
public report, “There should be no learning curve as far as patient safety is con-
cerned.” But this is entirely wishful thinking.

RECENTLY, a group of Harvard Business School researchers who have made
a specialty of studying learning curves in industry decided to examine learning
curves among surgeons instead of in semiconductor manufacture or airplane
construction, or any of the usual fields their colleagues examine. They followed
eighteen cardiac surgeons and their teams as they took on the new technique of
minimally invasive cardiac surgery. This study, I was surprised to discover, is
the first of its kind. Learning is ubiquitous in medicine, and yet no one had ever
compared how well different teams actually do it.

The new heart operation—in which new technologies allow a surgeon to
operate through a small incision between ribs instead of splitting the chest
open down the middle—proved substantially more difficult than the conven-
tional one. Because the incision is too small to admit the usual tubes and
clamps for rerouting blood to the heart-bypass machine, surgeons had to learn
a trickier method, which involved balloons and catheters placed through groin
vessels. And the nurses, anesthesiologists, and perfusionists all had new roles to
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master. As you'd expect, everyone experienced a substantial learning curve.
Whereas a fully proficient team takes three to six hours for such an operation,
these teams took on average three times as long for their early cases. The re-
searchers could not track complication rates in detail, but it would be foolish to
imagine that they were not affected.

What’s more, the researchers found striking disparities in the speed with
which different teams learned. All teams came from highly respected institu-
tions with experience in adopting innovations and received the same three-day
training session. Yet, in the course of fifty cases, some teams managed to halve
their operating time while others improved hardly at all. Practice, it turned out,
did not necessarily make perfect. The crucial variable was how the surgeons
and their teams practiced.

Richard Bohmer, the only physician among the Harvard researchers, made
several visits to observe one of the quickest-learning teams and one of the
slowest, and he was startled by the contrast. The surgeon on the fast-learning
team was actually quite inexperienced compared with the one on the slow-
learning team. But he made sure to pick team members with whom he had
worked well before and to keep them together through the first fifteen cases be-
fore allowing any new members. He had the team go through a dry run before
the first case, then deliberately scheduled six operations in the first week, so lit-
tle would be forgotten in between. He convened the team before each case to
discuss it in detail and afterward to debrief. He made sure results were tracked
carefully. And Bohmer noticed that the surgeon was not the stereotypical Na-
poleon with a knife. Unbidden, he told Bohmer, “The surgeon needs to be will-
ing to allow himself to become a partner [with the rest of the team] so he can
accept input.” At the other hospital, by contrast, the surgeon chose his operat-
ing team almost randomly and did not keep it together. In the first seven cases,
the team had different members every time, which is to say that it was no team
at all. And the surgeon had no pre-briefings, no debriefings, no tracking of on-
going results.

The Harvard Business School study offered some hopeful news. We can do
things that have a dramatic effect on our rate of improvement—like being
more deliberate about how we train, and about tracking progress, whether
with students and residents or with senior surgeons and nurses. But the study’s
other implications are less reassuring. No matter how accomplished, surgeons
trying something new got worse before they got better, and the learning curve
proved longer, and was affected by a far more complicated range of factors,
than anyone had realized.
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This, I suspect, is the reason for the physician’s dodge: the “Ijust assist” rap;
the “We have a new procedure for this that you are perfect for” speech; the “You
need a central line” without the “I am still learning how to do this.” Sometimes
we do feel obliged to admit when we’re doing something for the first time, but
even then we tend to quote the published complication rates of experienced
surgeons. Do we ever tell patients that, because we are still new at something,
their risks will inevitably be higher, and that they’d likely do better with doctors
who are more experienced? Do we ever say that we need them to agree to it
anyway? I’ve never seen it. Given the stakes, who in his right mind would agree
to be practiced upon?

Many dispute this presumption. “Look, most people understand what it is
to be a doctor,” a health policy expert insisted, when I visited him in his office
not long ago. “We have to stop lying to our patients. Can people take on choices
for societal benefit?” He paused and then answered his question. “Yes,” he said
firmly.

It would certainly be a graceful and happy solution. We’d ask patients—
honestly, openly—and they’d say yes. Hard to imagine, though. I noticed on
the expert’s desk a picture of his child, born just a few months before, and a
completely unfair question popped into my mind. “So did you let the resident
deliver?” I asked.

There was silence for a moment. “No,” he admitted. “We didn’t even allow
residents in the room.”

ONE REASON I doubt whether we could sustain a system of medical train-
ing that depended on people saying “Yes, you can practice on me” is that I my-
self have said no. When my eldest child, Walker, was eleven days old, he
suddenly went into congestive heart failure from what proved to be a severe
cardiac defect. His aorta was not transposed, but a long segment of it had failed
to grow at all. My wife and I were beside ourselves with fear—his kidneys and
liver began failing, too—but he made it to surgery, the repair was a success, and
although his recovery was erratic, after two and a half weeks he was ready to
come home.

We were by no means in the clear, however. He was born a healthy six
pounds plus but now, a month old, he weighed only five,and would need strict
monitoring to ensure that he gained weight. He was on two cardiac medica-
tions from which he would have to be weaned. And in the longer term, the doc-
tors warned us, his repair would prove inadequate. As Walker grew, his aorta
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would require either dilation with a balloon or replacement by surgery. They
could not say precisely when and how many such procedures would be neces-
sary over the years. A pediatric cardiologist would have to follow him closely
and decide.

Walker was about to be discharged, and we had not indicated who that car-
diologist would be. In the hospital, he had been cared for by a full team of car-
diologists, ranging from fellows in specialty training to attendings who had
practiced for decades. The day before we took Walker home, one of the young
fellows approached me, offering his card and suggesting a time to bring Walker
to see him. Of those on the team, he had put in the most time caring for
Walker. He saw Walker when we brought him in inexplicably short of breath,
made the diagnosis, got Walker the drugs that stabilized him, coordinated with
the surgeons, and came to see us twice a day to answer our questions. More-
over, I knew, this was how fellows always got their patients. Most families don’t
know the subtle gradations among players, and after a team has saved their
child’s life they take whatever appointment they’re handed.

But I knew the differences. “I'm afraid we’re thinking of seeing Dr. New-
burger,” I said. She was the hospital’s associate cardiologist-in-chief, and a
published expert on conditions like Walker’s. The young physician looked
crestfallen. It was nothing against him, I said. She just had more experience,
that was all.

“You know, there is always an attending backing me up,” he said. I shook
my head.

I know this was not fair. My son had an unusual problem. The fellow
needed the experience. As a resident, I of all people should have understood
this. But I was not torn about the decision. This was my child. Given a choice, I
will always choose the best care I can for him. How can anybody be expected to
do otherwise? Certainly, the future of medicine should not rely onit.

In a sense, then, the physician’s dodge is inevitable. Learning must be
stolen, taken as a kind of bodily eminent domain. And it was, during Walker’s
stay—on many occasions, now that I think back on it. A resident intubated
him. A surgical trainee scrubbed in for his operation. The cardiology fellow put
in one of his central lines. If I had the option to have someone more experi-
enced, I would have taken it. But this was simply how the system worked—no
such choices were offered—and so I went along.

The advantage of this coldhearted machinery is not merely that it gets the
learning done. If learning is necessary but causes harm, then above all it ought
to apply to everyone alike. Given a choice, people wriggle out, and such choices
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are not offered equally. They belong to the connected and the knowledgeable,
to insiders over outsiders, to the doctor’s child but not the truck driver’s. If
everyone cannot have a choice, maybe it is better if no one can.

IT 1s 2 P.M. I am in the intensive-care unit. A nurse tells me Mr. G.’s central
line has clotted off. Mr. G. has been in the hospital for more than a month now.
He is in his late sixties, from South Boston, emaciated, exhausted, holding on
by a thread—or a line, to be precise. He has several holes in his small bowel,
and the bilious contents leak out onto his skin through two small reddened
openings in the concavity of his abdomen. His only chance is to be fed by vein
and wait for these fistulae to heal. He needs a new central line.

I could do it, I suppose. I am the experienced one now. But experience
brings a new role: I am expected to teach the procedure instead. “See one, do
one, teach one,” the saying goes, and it is only half in jest.

There is a junior resident on the service. She has done only one or two lines
before. I tell her about Mr. G. I ask her if she is free to do a new line. She misin-
terprets this as a question. She says she still has patients to see and a case com-
ing up later. Could I do the line? I tell her no. She is unable to hide a grimace.
She is burdened, as I was burdened, and perhaps frightened, as I was fright-
ened.

She begins to focus when I make her talk through the steps—a kind of dry
run, I figure. She hits nearly all the steps, but forgets about checking the labs
and about Mr. Gs nasty allergy to heparin, which is in the flush for the line. I
make sure she registers this, then tell her to get set up and page me.

I am still adjusting to this role. It is painful enough taking responsibility for
one’s own failures. Being handmaiden to another’s is something else entirely. It
occurs to me that I could have broken open a kit and had her do an actual dry
run. Then again maybe I can’t. The kits must cost a couple of hundred dollars
each. I'll have to find out for next time.

Half an hour later, I get the page. The patient is draped. The resident is in
her gown and gloves. She tells me that she has saline to flush the line with and
that his labs are fine.

“Have you got the towel roll?” I ask.

She forgot the towel roll. I roll up a towel and slip it beneath Mr. G.’s back. I
ask him if he’s all right. He nods. After all he’s been through, there is only resig-
nation in his eyes.

The junior resident picks out a spot for the stick. The patient is hauntingly
thin. I see every rib and fear that the resident will puncture his lung. She injects
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the numbing medication. Then she puts the big needle in, and the angle looks
all wrong. I motion for her to reposition. This only makes her more uncertain.
She pushes in deeper and I know she does not have it. She draws back on the
syringe: no blood. She takes out the needle and tries again. And again the angle
looks wrong. This time, Mr. G. feels the jab and jerks up in pain. I hold his arm.
She gives him more numbing medication. It is all I can do not to take over.
But she cannot learn without doing, I tell myself. I decide to let her have one
more try.



Liza MuNDY

A World of Their Own

FROM THE WASHINGTON POST MAGAZINE

Would you choose a disability for your child? For some parents, proud mem-
bers of the vibrant Deaf culture, the birth of a deaf baby is not a cause for
despair but a reason to rejoice. Washington Post reporter Liza Mundy fol-
lows a deaf couple awaiting the arrival of a child they are hoping will be
happy, healthy, and deaf.

s her baby begins to emerge after a day of labor, Sharon Duchesneau
A has a question for the midwife who is attending the birth. Asking it is
not the easiest thing, just now. Sharon is deaf, and communicates
using American Sign Language, and the combination of intense pain and the
position she has sought to ease it—kneeling, resting her weight on her hands—
makes signing somewhat hard. Even so, Sharon manages to sign something to
Risa Shaw, a hearing friend who is present to interpret for the birth, which is
taking place in a softly lit bedroom of Sharon’s North Bethesda home.
“Sharon wants to know what color hair you see,” Risa says to the midwife.
The midwife cannot tell because the baby is not—quite—visible. He bulges
outward during contractions, then recedes when the contraction fades. But
now comes another contraction and a scream from Sharon, and the midwife
and her assistant call for Sharon to keep pushing but to keep it steady and con-
trolled. They are accustomed to using their voices as a way of guiding women
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through this last excruciating phase; since Sharon can’t hear them, all they can
hope is that she doesn’t close her eyes.

“Push through the pain!” shouts the midwife.

“Little bit!” shouts her assistant, as Risa frantically signs.

And suddenly the baby is out. One minute the baby wasn’t here and now
the baby is, hair brown, eyes blue, face gray with waxy vernix, body pulsing
with life and vigor. A boy. “Is he okay?” signs Sharon, and the answer, to all ap-
pearances, is a resounding yes. There are the toes, the toenails, the fingers, the
hands, the eyes, the eyelashes, the exquisite little-old-man’s face, contorted in
classic newborn outrage. The midwife lays the baby on Sharon and he bleats
and hiccups and nuzzles her skin, the instinct to breast-feed strong.

“Did he cry?” signs Sharon, and the women say no, he cried remarkably little.

“His face looks smushed,” Sharon signs, regarding him tenderly.

“It’ll straighten out,” says the midwife.

Presently the midwife takes the baby and performs the Apgar, the standard
test of a newborn’s condition, from which he emerges with an impressive score
of nine out of a possible 10. “He’s very calm,” she notes as she weighs him (6
pounds 5 ounces), then lays him out to measure head and chest and length. She
bicycles his legs to check the flexibility of his hips; examines his testicles to
make sure they are descended; feels his vertebrae for gaps.

All in all, she pronounces the baby splendid. “Look how strong he is!” she
says, pulling him gently up from the bed by his arms. Which means that it is, fi-
nally, possible to relax and savor his arrival. Everyone takes turns holding him:
Sharon; her longtime partner, Candace McCullough, who is also deaf, and will
be the boy’s adoptive mother; their good friend Jan DeLap, also deaf; Risa Shaw
and another hearing friend, Juniper Sussman. Candy and Sharon’s five-year-
old daughter, Jehanne, is brought in to admire him, but she is fast asleep and
comically refuses to awaken, even when laid on the bed and prodded. Amid the
oohing and aahing someone puts a cap on the baby; somebody else swaddles
him in a blanket; somebody else brings a plate of turkey and stuffing for
Sharon, who hasn’t eaten on a day that’s dedicated to feasting. Conceived by ar-
tificial insemination 38 weeks ago, this boy, Gauvin Hughes McCullough, has
arrived two weeks ahead of schedule, on Thanksgiving Day.

“A turkey baby,” signs Sharon, who is lying back against a bank of pillows,
her dark thick hair spread against the light gray pillowcases.

“A turkey baster baby,” jokes Candy, lying next to her.

“A perfect baby,” says the midwife.

“A perfect baby,” says the midwife’s assistant.
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But there is perfect and there is perfect. There is no way to know, yet,
whether Gauvin Hughes McCullough is perfect in the specific way that Sharon
and Candy would like him to be. Until he is old enough, two or three months
from now, for a sophisticated audiology test, the women cannot be sure
whether Gauvin is—as they hope—deaf.

SEVERAL MONTHS BEFORE his birth, Sharon and Candy—both stylish
and independent women in their mid-thirties, both college graduates, both
holders of graduate degrees from Gallaudet University, both professionals in
the mental health field—sat in their kitchen trying to envision life if their son
turned out not to be deaf. It was something they had a hard time getting their
minds around. When they were looking for a donor to inseminate Sharon, one
thing they knew was that they wanted a deaf donor. So they contacted a local
sperm bank and asked whether the bank would provide one. The sperm bank
said no; congenital deafness is precisely the sort of condition that, in the world
of commercial reproductive technology, gets a would-be donor eliminated.

So Sharon and Candy asked a deaf friend to be the donor, and he agreed.

Though they have gone to all this trouble, Candy and Sharon take issue
with the suggestion that they are “trying” to have a deaf baby. To put it this way,
they worry, implies that they will not love their son if he can hear. And, they in-
sist, they will. As Sharon puts it: “A hearing baby would be a blessing. A deaf
baby would be a special blessing.”

As Candy puts it: “I would say that we wanted to increase our chances of
having a baby who is deaf.”

It may seem a shocking undertaking: two parents trying to screen in a qual-
ity, deafness, at a time when many parents are using genetic testing to screen
out as many disorders as science will permit. Down’s syndrome, cystic fibrosis,
early-onset Alzheimer’s—every day, it seems, there’s news of yet another disor-
der that can be detected before birth and eliminated by abortion, manipulation
of the embryo or, in the case of in vitro fertilization, destruction of an embryo.
Though most deafness cannot be identified or treated in this way, it seems safe
to say that when or if it can, many parents would seek to eliminate a disability
that affects one out of 1,000 Americans.

As for actively trying to build a deaf baby: “I think all of us recognize that
deaf children can have perfectly wonderful lives,” says R. Alta Charo, a profes-
sor of law and bioethics at the University of Wisconsin. “The question is
whether the parents have violated the sacred duty of parenthood, which is to
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maximize to some reasonable degree the advantages available to their children.
I’'m loath to say it, but I think it’s a shame to set limits on a child’s potential.”

In the deaf community, however, the arrival of a deaf baby has never
evoked the feelings that it does among the hearing. To be sure, there are many
deaf parents who feel their children will have an easier life if they are born
hearing. “I know that my parents were disappointed that I was deaf, along with
my brother, and I know I felt, just for a fleeting second, bad that my children
were deaf,” says Nancy Rarus, a staff member at the National Association of the
Deaf. Emphasizing that she is speaking personally and not on behalf of the as-
sociation, she adds, “I’'m a social animal, and it’s very difficult for me to talk to
my neighbors. I wish I could walk up to somebody and ask for information.
I've had a lot of arguments in the deaf community about that. People talk
about ‘The sky’s the limit, but being deaf prevents you from getting there. You
don’t have as many choices.”

“I can’t understand,” she says, “why anybody would want to bring a dis-
abled child into the world.”

Then again, Rarus points out, “there are many, many deaf people who
specifically want deaf kids.” This is true particularly now, particularly in Wash-
ington, home to Gallaudet, the world’s only liberal arts university for the deaf,
and the lively deaf intelligentsia it has nurtured. Since the 1980s, many mem-
bers of the deaf community have been galvanized by the idea that deafness is
not a medical disability, but a cultural identity. They call themselves Deaf, with
a capital D, a community whose defining and unifying quality is American
Sign Language (ASL), a fluent, sophisticated language that enables deaf people
to communicate fully, essentially liberating them—when they are among
signers—from one of the most disabling aspects of being deaf. Sharon and
Candy share the fundamental view of this Deaf camp; they see deafness as an
identity, not a medical affliction that needs to be fixed. Their effort—to have a
baby who belongs to what they see as their minority group—is a natural out-
come of the pride and self-acceptance the Deaf movement has brought to so
many. It also would seem to put them at odds with the direction of reproduc-
tive technology in general, striving as it does for a more perfect normalcy.

But the interesting thing is—if one accepts their worldview, that a deaf
baby could be desirable to some parents—Sharon and Candy are squarely part
of a broader trend in artificial reproduction. Because, at the same time that
many would-be parents are screening out qualities they don’t want, many are
also selecting for qualities they do want. And in many cases, the aim is to pro-
duce not so much a superior baby as a specific baby. A white baby. A black
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baby. A boy. A girl. Or a baby that’s been even more minutely imagined.
Would-be parents can go on many fertility clinic Web sites and type in prefer-
ences for a sperm donor’s weight, height, eye color, race, ancestry, complexion,
hair color, even hair texture.

“In most cases,” says Sean Tipton, spokesman for the American Society of
Reproductive Medicine, “what the couples are interested in is someone who
physically looks like them.” In this sense Candy and Sharon are like many par-
ents, hoping for a child who will be in their own image.

And yet,while deaf ness may be a culture, in this country it is also an official
disability, recognized under the Americans with Disabilities Act. What about
the obligation of parents to see that their child has a better life than they did?

Then again, what does a better life mean? Does it mean choosing a hearing
donor so your baby, unlike you, might grow up hearing?

Does it mean giving birth to a deaf child, and raising it in a better environ-
ment than the one you experienced?

What if youbelieve you can be a better parent to a deaf child than to a hear-
ing one?

“IT WOULD BE NICE to have a deaf child who is the same as us. I think that
would be a wonderful experience. You know, if we can have that chance, why
not take it?”

This is Sharon, seven months pregnant, dressed in black pants and a
stretchy black shirt, sitting at their kitchen table on a sunny fall afternoon,
Candy beside her. Jehanne, their daughter, who is also deaf, and was conceived
with the same donor they’ve used this time, is at school. The family has been
doing a lot of nesting in anticipation of the baby’s arrival. The kitchen has been
renovated, the backyard landscaped. Soon the women plan to rig a system in
which the lights in the house will blink one rhythm if the TTY—the telephonic
device that deaf people type into—is ringing; another rhythm when the front
doorbell rings; another for the side door. They already have a light in the bed-
room that will go on when the baby cries.

In one way, it’s hard for Sharon and Candy to articulate why they want to
increase their chances of having a deaf child. Because they don’t view deafness
as a disability, they don’t see themselves as bringing a disabled child into the
world. Rather, they see themselves as bringing a different sort of normal child
into the world. Why not bring a deaf child into the world? What, exactly, is the
problem? In their minds, they are no different from parents who try to have a
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girl. After all, girls can be discriminated against. Same with deaf people. Sharon
and Candy have faced obstacles, but they’ve survived. More than that, they’ve
prevailed to become productive, self-supporting professionals. “Some people
look at it like, ‘Oh my gosh, you shouldn’t have a child who has a disability, ”
signs Candy. “But, you know, black people have harder lives. Why shouldn’t
parents be able to go ahead and pick a black donor if that’s what they want?
They should have that option. They can feel related to that culture, bonded
with that culture.”

The words “bond” and “culture” say a lot; in effect, Sharon and Candy are a
little like immigrant parents who, with a huge and dominant and somewhat
alien culture just outside their door, want to ensure that their children will
share their heritage, their culture, their life experience. If they are deaf and have
a hearing child, that child will move in a world where the women cannot fully
follow. For this reason they believe they can be better parents to a deaf child, if
being a better parent means being better able to talk to your child, understand
your child’s emotions, guide your child’s development, pay attention to your
child’s friendships. “If we have a hearing child and he visits a hearing friend,
we'll be like, ‘Who is the family?’ ” says Candy. “In the deaf community, if you
don’t know a family, you ask around. You get references. But with hearing fam-
ilies, we would have no idea.”

They understand that hearing people may find this hard to accept. It would
be odd, they agree, if a hearing parent preferred to have a deaf child. And if they
themselves—valuing sight—were to have a blind child, well then, Candy ac-
knowledges, they would probably try to have it fixed, if they could, like hearing
parents who attempt to restore their child’s hearing with cochlear implants. “I
want to be the same as my child,” says Candy. “I want the baby to enjoy what we
enjoy.”

Which is not to say that they aren’t open to a hearing child. A hearing child
would make life rich and interesting. It’s just hard, before the fact, to know
what it would be like. “He’d be the only hearing member of the family,” Sharon
points out, laughing. “Other than the cats.”

“DID YOU WEIGH yourself?”

“What?”

“Did you weigh yourself?”

“Yes,” says Sharon. It’s a few weeks before the baby’s birth, and Sharon has
taken the Metro to Alexandria for a prenatal checkup. Wearing a long black
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skirt and loose maroon blouse, she has checked in at the BirthCare and
Women’s Health Center and has been ushered into an examining room, where
she now shifts, bulky, in her seat.

“How are you feeling?” the midwife asks.

“Tired today,” says Sharon. Often, Sharon brings her hearing friend Risa
Shaw to interpret at checkups, but today she’s relying on her own ability to
speak and read lips. Reading lips is something Sharon does remarkably well.
She developed the skill on her own. Growing up, she was also enrolled in
speech therapy, where a progression of therapists fitted her with hearing aids,
shouted into her ear, sent her home to practice talking in front of a mirror be-
cause her “a” was too nasal, and generally instilled in her, she says now, a sense
of constant failure. On one level, the therapy worked: When she speaks, she
does so with fluency and precision.

But even the following small exchange shows what an inexact science lip-
reading is. “This is our first visit?” the midwife says, looking at her chart.

“What?” Sharon replies, peering to follow the movement of her tongue and
teeth and lips.

“This...is...my...first...visit...with...you” says the midwife,
speaking more slowly.

“Oh,” says Sharon, who has seen other midwives on previous visits. “Yes.”

“Let’s see—we are at 36 weeks, huh? So today we need to do an internal
exam and also do the culture for beta strep. You’re having a home birth, right?
So do you have the oxygen?” “What?”

“The oxygen?”

“What?”

The midwife gestures to indicate an oxygen tank, one of the supplies they
need to have on hand at home.

“No.”

This gives some sense of what life has been like for Sharon, who was raised
in what’s known as the oralist tradition. Which is to say, she was raised to func-
tion in the hearing world as best she could, without exposure to sign language
or to other deaf people, except her mother. Like her mother, Sharon was born
with some residual hearing but experienced hearing loss to the point where, at
eight or so, she was severely deaf. Her father, Thomas, a professor of economics
at the University of Maine, can hear, and so can her younger sister, Anne. In
this family Sharon was referred to as “hearing impaired” or “hard of hearing,”
rather than “deaf.” She attended public school in Bangor; there was a special
classroom for deaf kids, and Sharon stayed as far away from it as possible.

“I find it very hard to say now,” says Sharon. “Sometimes my speech thera-
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pist would want me to meet the other deaf children, and it was an embarrass-
ment. I didn’t want to be identified with them. I didn’t want my friends to look
at me as if I was different.”

Those friendships were relatively easy when she was young, riding bikes
and running around, but became much harder in adolescence, where so much
of friendship is conducted verbally, in groups, which are impossible to lip-read.
She got by. “I played field hockey, I did layout for the yearbook, it looked like I
did fine, but inside I always felt there was something wrong with me. I remem-
ber someone would ask what kind of music I liked, and I didn’t know what the
cool answer would be. I used to make my sister write down the words to the
most popular songs.”

She grew up feeling that her sister was normal and that she was flawed, a
feeling, she says, exacerbated by her father, who pushed her to speak. She
knows he meant well, and Sharon functioned so ably, it’s easy to see why his ex-
pectations for her were high. But those standards filled her with a desire to
meet them and a chronic sense of falling short. “Once when I was 11 or 12, my
family went to a restaurant to eat, and I wanted to have milk to drink, and I was
trying to tell the waitress and she couldn’t understand me. I think I tried maybe
two or three times, and she kept looking at me like I was speaking Chinese. I
looked at my father like: ‘Help me out here. And he was like: ‘Go ahead. Say it
again.’ ”

Another time, she says, her father told her that if she ever had children, she
should check with a geneticist to assess the risk that her baby, like her, would be
deaf. “I felt put down, like it would be bad if my child was deaf, or it was a neg-
ative thing to bring a deaf child into the world,” she says. “I took it personally.”

And high school, compared with what came later, was easy. Having done
well academically, Sharon enrolled at the University of Virginia. She tries to
convey the numbingisolation of that experience; of being at a huge college full
of strangers; being from out of state; being deaf; straining to catch names; feel-
ing at sea in dorms or at parties; sitting at the front of big classes, tape-
recording the lecture and then taking the tape to a special office to be typed,
then returning, alone, to her room with a 30- or 40-page transcript. For a hear-
ing person, perhaps the best analogy would be to imagine yourself in a foreign
country where you understand the language only slightly; where comprehen-
sion will not get better no matter how hard you try. “I got,” she says, “very tired
of that”

She gravitated to a major in medical ethics, and in that department she met
a professor who urged her to learn sign and meet some deaf people. Sharon re-
sisted; he persisted, pointing out that if she learned sign, she could interview
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deaf people as part of her research. So she relented, went to Gallaudet for a
summer of sign lessons, and realized that her professor’s argument had been a
ploy. “The first day I got there, I knew that it wasn’t about taking it for school. It
was for myself,” she says. She returned to U-Va., graduated, got an internship in
the bioethics department at the National Institutes of Health. But her heart
and mind were in continuing her sign lessons and becoming part of the deaf
community. The writer Oliver Sacks, in his book about deafness, Seeing Voices,
has described American Sign Language, for deaf people encountering it for the
first time, as coming home.

“It was the best time,” she says. “There were so many wonderful things
about it. About deaf people, about signing. People understood me. I didn’t
have to explain myself. I didn’t have to fake it. It was a positive thing to be deaf
at Gallaudet.

“That summer,” she continues, beginning to weep, “really changed my life,
my hopes and my dreams and my future. It changed everything.

“Before that,” she says, “I couldn’t think about the future. I felt so lost.”

Some of this lostness had to do with her sexual identity. She had never
dated men much, and at Gallaudet she became increasingly aware of herself as
a lesbian. A fellow student recognized this, took her out to some bars, helped
her come out. She went on to pursue a master’s in the Gallaudet counseling de-
partment; it was during that period that she met Candy, a slender, vivacious
woman with a taste for leather jackets and hip, flared trousers. At the time,
Candy drove a Honda Prelude with a sound system that had—deaf people ex-
perience music through vibrations—really hot woofers.

Unlike Sharon, Candy had been brought up signing, the child of deaf par-
ents, but that doesn’t mean her upbringing was easier. Neither of her parents
finished high school. Her father was a printer, the classic deaf profession; his-
torically, to be deaf often meant to be relegated to industrial work—factories
and print shops being among the few places where it is an advantage not to
hear. They lived in northern California, where for a while she was put in a spe-
cial deaf classroom in an inner-city Oakland school, where signing was not
permitted in class. Candy was so bright she worked through the entire third-
grade math textbook in a weekend, but she felt the expectations of her were
very low (some kids with deafness are also born with other disorders, so the
range of abilities in a deaf classroom is very broad). She transferred to a special
school for deaf kids, but—finding that easy, too—transferred again to a hear-
ing high school, where she attended classes with an interpreter. But an inter-
preter can’t help a high schooler make friends. No teenage conversation can
survive the intrusion of third-party interpretation, and Candy, unlike Sharon,
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was not able to speak for herself. Profoundly deaf from birth, she had no resid-
ual hearing to help her figure out how a voice should sound. Even with speech
therapy, she’d learned early on that hearing people could not understand her
when she spoke. “So,” she says now, “I stopped talking.”

At lunch the interpreter would take a break, and Candy, unable to talk to
anyone, would go to the library and do her homework. On weekends, she stud-
ied or worked at the library shelving books. “I was the perfect student,” she
says, so from high school she went to the University of California at Berkeley.
Like Sharon, she found college grindingly lonely. Her first year she met Ella
Mae Lentz, a deaf poet who composes in ASL. Lentz suggested Candy transfer
to Gallaudet. Like Sharon, Candy felt a deaf school would be academically infe-
rior. But, Lentz pointed out, a crucial part of college is having friends. Candy
had already come out as a lesbian; her mother was upset, so it occurred to
Candy that 3,000 miles away might be a good place to be. So she transferred,
and like Sharon, she has never looked back. The women, who have been to-
gether for nearly 10 years, moved in with each other, then bought a house with
their close friend Jan DeLap. At some point Sharon spoke of a dream she’d
once had but dismissed: to have children. She assumed they couldn’t, not be-
cause they were deaf but because they were lesbians. It is not Candy’s nature to
dismiss dreams. “ ‘Can’t’ isn’t in my vocabulary,” she says. So they found a
donor, a friend of Candy’s who comes from five generations of deafness. In
Sharon’s family there are four generations on her mother’s side. Once she was
pregnant, a genetic counselor predicted that based on these family histories,
there was a 50—50 chance her child would be deaf. Heads for a deaf child, tails
for hearing.

The very first time—with Jehanne—the coin came up heads.

Candy usually signs with both hands, using facial expressions as well as
signs. This is all part of ASL, a physical language that encompasses the whole
body, from fingers to arms to eyebrows, and is noisy, too: There is lots of clap-
ping and slapping in ASL, and in a really great conversation, it’s always possible
to knock your own eyeglasses off.

When she drives, though, Candy also signs one-handed, keeping the other
hand on the wheel. Chatting with Sharon, she maneuvers her Volvo through
Bethesda traffic and onto I-270, making her way north toward Frederick, home
to the Maryland School for the Deaf. State residential schools have played a
huge role in the development of America’s deaf community. Historically, deaf
children often left their homes as young as five and grew up in dorms with
other deaf kids. This sometimes isolated them from their families but helped to
create an intense sense of fellowship among the deaf population, a group that,
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though geographically spread out, is essentially a tribe, a small town, a family
itself.

Now that people are more mobile, families with deaf children often relo-
cate near a residential school for the deaf, where the young children are more
likely to be day students. Jehanne is one; today she’s waiting for them in a low
corridor inside the elementary school building at MSD, petite, elfin, dimpled,
with tousled brown hair and light brown, almost amber eyes. Essentially, the
baby Sharon is carrying represents a second effort that they’re making because
the first was so successful. (Candy tried to have their second child, but a year of
efforts didn’t take.) At her own infant audiology test, Jehanne was diagnosed as
profoundly deaf. In their baby book, under the section marked “first hearing
test,” Candy wrote, happily, “Oct. 11, 1996—no response at 95 decibels—
DEAF!”

This afternoon, Jehanne greets her mothers and begins immediately to
sign. She has been signed to since birth and, unlike her mothers, has been edu-
cated from the start in sign. At five she is beginning to read English quite well;
when they’re riding in the car, she’ll notice funny shop names, like Food Lion
and For Eyes. But she is also fluent in ASL, more fluent even than Sharon.

The women have arrived to visit Jehanne’s kindergarten classroom, which
in most ways is similar to that of any other Maryland public school; the kids are
using flashcards to learn about opposites, conducting experiments to explore
concepts like wet and dry, light and heavy. The classes are small, and teachers
are mostly deaf, which is something new; years ago, even at MSD, deaf people
weren’t permitted to teach the young kids, because it was believed that sign
would interfere with their learning to read. Now that’s all changed. Sign is used
to teach them reading. They learn science in sign; they sign while doing puz-
zles, or gluing and pasting, or coloring, or working in the computer lab.

There is a speech therapy class, but it’s optional, and a far cry from the ones
that Sharon and Candy remember, where laborious hours were spent blowing
on feathers to see the difference between a “b” and a “p.” In general, Sharon and
Candy have tried not to make what they see as the mistakes their own parents
did. Sharon, for example, resents having been made to wear hearing aids and
denied the opportunity to learn sign, while Candy—who really wanted to try a
hearing aid when she was little—was told by her father that she couldn’t be-
cause it would be expensive and pointless, anyway. Trying to chart a middle
course, they let Jehanne decide for herself whether she wanted to try a hearing
aid; she did, one summer when attending camp at Gallaudet. It was hot pink.
She wore it about a week.

Similarly, they left it up to her whether to take speech therapy; since she is
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much more profoundly deaf than Sharon, it is unlikely that she will ever have
speech as clear as Sharon’s. But she wanted to take the class; when they asked
why, she told them that it was fun. Now they understand why. When Jehanne
and another friend are pulled out for speech class on this day, they make their
way down the hall to a classroom where the children enact a mock Thanksgiv-
ing dinner. The teacher passes out plastic turkey and mashed potatoes and
bread; as they pretend to eat, enjoying the role-playing, the teacher signs and
speaks.

“Now we’re going to do what with our napkins?” she says as the two girls
look up at her. “Put it in our l-1-1-1-1-ap.” She exaggerates the sound, so they can
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see how an “I” is made. The girls learn speech by watching her and then trying
to imitate the tongue and lip movements they see. At such a young age, the
sounds that emerge are vague and tentative.

“Now we need a knife,” she says, and Jehanne makes a sound like “nuh.”

“Knife.”

“Nuh.”

“Would you like some water?”

Jehanne makes a good-faith effort to say “yes, please,” pursing her lips and
wiggling her tongue to come out with a “pl.”

Candy and Sharon watch intently, concerned not about Jehanne’s speech
but about the teacher’s style of signing. At one point she tells Jehanne to lay out
her napkin, but because the sign isn’t the classic ASL sign, Jehanne looks at her
blankly. “Oh well,” says Sharon later. “It’s good for her to know that not every-
body is a fluent signer.” They inspect the computer lab, chatting with the school
Webmaster, whom they know; he and his wife are the parents of one of Je-
hanne’s classmates. For Sharon and Candy, one of the great advantages of hav-
ing a deaf child is that it gives them a built-in social life. Like most parents, they
socialize a lot with the parents of their children’s friends, and at MSD, many of
the parents are deaf. They also see the school as one way to ensure that Jehanne
doesn’t endure the loneliness and isolation that they did. By raising her among
deaf children, they feel she’s getting a much stronger start in life.

And they are every bit as ambitious for Jehanne as any parent would be for
a child. Afterward, the women talk to the principal, who is also deaf. They tell
her they are happy with the school, with a few caveats: They wish she had a lit-
tle more self-directed time; they wish the weekly written reports were more de-
tailed. Jehanne, who is clearly an outstanding student, is also just a tiny bit
klutzy, no big deal, but even so they’d like to hear some details from the gym
teacher. Her last report, for gym, was checked “needs improvement.” “Needs
improvement? What does that tell me?” signs Candy. “We’ve taken her to dance
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class, soccer; we swim each week, she does yoga! What more do you want us to
do?” Laughing, Sharon and Candy talk about the fact that Jehanne is one of
those kids who haven't figured out how to swing; she’s still trying to get the
pumping motion. It’s an interesting moment. To most parents, hearing would
seem a much more important ability, in the grand scheme of things, than
pumping. But that’s not how Candy and Sharon see it.

“She’s a sweetheart,” says the principal soothingly. “She’s a role model.
She’s in with such a nice group of friends.” The principal has known most of
these kids almost since the day they were born. At MSD, deaf infants qualify
for a weekly morning class. When they are two, they go to preschool. Their
education—with small classrooms, extra teachers, transportation—is free,
paid for with public funds.

So advantageous is MSD, in fact, that one of the things Candy and Sharon
think about is how much more a hearing child would cost. If the baby is hear-
ing, they’ll have to pay for day care. For preschool. Even, if they find they don’t
agree with the teaching philosophy of the public schools, for private school.
“It’s awful to think that, but it’ll be more expensive!” Sharon acknowledges.

But—while deaf children do receive some financial advantages—they
point out that deaf children give back, in ways that are complex and impossible
to predict. Take Candy and Sharon themselves: Both work at home as coun-
selors, seeing deaf clients and, often, hearing family members. Not only do they
provide the deaf with clear,accessible mental health care; Sharon also finds that
hearing patients sometimes open up more for a therapist who is not herself
“perfect.” And hearing parents of deaf children are often “relieved to come and
see a deaf therapist,” Sharon finds. “They’re like, ‘Oh, you went to college! Oh,
that means my children can do that!” They’re afraid the child will be on the
street selling pencils.”

So sure, Jehanne’s education may cost the public more. But deaf children,
Sharon argues, make a society more diverse, and diversity makes a society more
humane. Plenty of individuals and groups receive public support, and if you
start saying which costs are legitimate and which aren’t, well, they believe, it’s a
slippery slope.

“Do you think this baby’s hearing?” Candy asks Sharon afterward, when
they are having lunch in downtown Frederick.

“I don’tknow,”says Sharon. “I can say that I hope the baby’s deaf, but to say
I feel it’s deaf, no.”

They are talking about an old saying in the deaf community: If the mother
walks into a place with loud music, and the baby moves, the baby is hearing. “If
you base it on that, I do think it’s deaf,” says Sharon.
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“I just say to myself that the baby’s deaf,” Candy says. “I talk as if the baby’s
deaf. If the baby’s hearing, I'll be shocked.”

“You better be prepared,” Sharon tells her. “With Jehanne, I prepared my-
self. It could happen.” Thinking about it, she speculates: “A hearing child would
force us to get out and find out what’s out there for hearing children. Maybe
that would be nice.”

Candy looks at her, amazed.

“It’s not that it’s my preference,” says Sharon. “But I'm trying to think of
something positive.”

ExAcTLY TwWO WEEKS after his birth, Gauvin (pronounced Go-VAHN, as
in French) is sleeping in a Moses basket, luminous and pink and tiny. He con-
tinues to sleep, undisturbed, when Jan DeLap turns on the disposal and Candy
loudly grates cheese with the salad shooter. But when Sharon begins to set the
table, opening cupboards and clattering plates, he shifts, clenches his fists and
stretches. Jehanne pretends to test his hearing, making a noise like “buh-buh-
buh,” and he writhes a little. When she is relaxed and around people she
loves—as now—TJehanne makes noises all the time, a low, constant, happy
humming.

The more relaxed a deaf household is, the noisier it is. Around hearing peo-
ple, deaf people are careful to control the sounds they make, but when they’re
alone they can let go. When Sharon wants Candy, she calls her by stomping the
floor. When the cats get on the table, Jan lets out a hair-raising whoop. It
doesn’t always work. One of the cats, they believe, is hard of hearing. The vet-
erinarian disagrees. “He thought we were projecting,” Sharon says.

Dinner tonight is burritos. Gauvin, who is turning out to be a very easy
baby, is still sleeping, so they can eat uninterrupted and chat with Jehanne. In
school, Jehanne’s class is reading The Very Busy Spider, which involves animals
saying “baaa” and “neigh” and “meow,” sounds that none of the kids has heard.
And so today, Jehanne tells them, they learned about animal sounds.

“What does a duck say?” asks Candy.

“Oink, oink,” signs Jehanne.

“No!” signs Candy, amused. “Quack! Quack!”

“What does a rooster say?” she asks. Jehanne is stumped, and so, for a
minute, is everybody else.

“Oh yeah!” somebody remembers. “Cock-a-doodle-doo!”

After dinner, it’s story time. The house is full of books. Downstairs are shelf
after shelf of novels, nonfiction and clinical textbooks, even a shelf dedicated to
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the English language, everything from dictionaries of English usage to the
Pocket Dictionary of American Slang. They are constantly buying books for
Jehanne; tonight they’re reading Elizabite: Adventures of a Carnivorous Plant
and Blueberries for Sal.

Candy is tonight’s designated reader. She signs the stories in ASL, some-
times with both hands, sometimes with one and using the other to point to the
words. Candy is such a beautiful, vivid signer that the stories seem to possess
her, and she them. Hands fluttering, face mobile and focused on Jehanne,
Candy is Little Sal’s mother putting berries in her tin pail, plink plank plunk;
she is Mother Bear, separated from her cub; she is both of the babies, Little Sal
and Little Bear, looking for their moms. Jehanne watches, rapt; Jan watches,
rapt; Sharon, who is now breast-feeding Gauvin on a couch in the living room,
watches, rapt. A deep contentment falls over the household. “And the bear went
over and she heard the rumbling of Little Bear in the bushes, and she knew that
it was her baby, and they went down the mountain, eating berries and storing
them up for winter!” Candy finishes.

After Jehanne goes to bed, they take out an inking kit to record Gauvin’s
footprint in his baby book. Like most second babies, Gauvin doesn’t have the
extensive archives that his older sibling does. His baby book is still somewhat
sparse, whereas Jehanne’s is crammed full of tiny writing. Under “baby’s first
words,” Candy noted that at about 11 months—the time most babies would say
their first word—Jehanne signed “fan.” Soon came “swing,” and “more,” and
“light.” In the section where the parents are to write their aspirations for the
baby, Candy wrote: “Jehanne can plan her own future. Seeing her happy is all
that is important to us.”

It is an open question, however, to what extent Jehanne can plan her own
future. Candy and Sharon say that it will be okay with them if she goes to Gal-
laudet, but okay, too, if she wants to go to a hearing college. Though it would be
harder for her to participate, say, in student government or athletics or dorm
life, they think otherwise she would manage. And after that? The opportuni-
ties, they believe, are unlimited. Recently, though, Jehanne and Sharon were
talking about astronauts, and Jehanne asked whether a deaf person can be an
astronaut. Sharon was obliged to tell her no. Astronauts, she explained, need to
communicate by radio. “That’s not nice!” Jehanne said. “It’s not nice that deaf
people can’t be astronauts!” Sharon told her maybe someday astronauts will be
able to use video.

But with the excepticn of that—and, probably, of the classic childhood am-
bition, president—they do feel that Jehanne can be what she wants. She has
electronic communications to help her; e-mail has made a huge difference to
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deaf people. She’ll have what they feel is the solid foundation of an education
anchored by sign. They think she’ll have what they never had: strong self-
esteem, a powerful belief in herself. She’ll have the considerable legal protec-
tion of the Americans with Disabilities Act, which forbids employment
discrimination.

Not that the ADA can solve everything. Candy, who is in the final stages of
getting her doctorate in psychology, needs to do a yearlong internship at a hos-
pital or other workplace. She plans to counsel both deaf and hearing patients;
plans, in short, to be a psychologist like any other. This means two things. It
means an interpreter will need to be hired. It also means she is competing
mostly with hearing applicants. When she sends off her résumé, there is no in-
dication she is deaf; at Gallaudet, most of the students in her graduate program
are hearing people who plan to work with the deaf. But if she gets an interview,
she has to e-mail the prospective employer, to discuss her need for an inter-
preter.

“If I go and they aren’t interested,” she says, “how do I know why? It’s hard
sometimes to know whether discrimination is taking place, or not.”

“Some deaf people think it’s a hard life,” reflects Candy, whose grandfather
wanted to be a pilot but was prevented by deafness. “But some people think the
world is open.”

“Did you ever want to be a policeman?” she asks Jan, whose father was a
cop. Jan, who is 60, had a deaf mother but a hearing father, so she grew up
around hearing relatives, and from them was exposed to music. When she was
seven, she saw a movie about an opera singer. “I told my friends that I wanted
to be an opera singer,” Jan recalls. “My cousin was like, ‘You can’t be an opera
singer. You're deaf!’ I think that at that point I thought, ‘I'm deaf now but
maybe I can be hearinglater. ”

“I remember wanting to be a lawyer,” says Candy. “And then my teacher
said that a deaf person can’t do it. And later it wasn’t my area of interest.”

Now, Jan mentions, there are quite a few deaf lawyers. They have a friend
who is one. In the courtroom she makes use of something called real-time cap-
tioning. There are technical advances every day. But technology doesn’t help a
deaf person who is standing next to a hearing person who can’t sign. It will
never completely bridge what is, still, an enormous gap. Jehanne has a neigh-
bor she plays with, a hearing girl she’s known almost since birth. The mothers
agree that as they get older, it’s getting harder and harder for the girls to com-
municate, and they get together less and less.

“What I wonder,” Jan says at one point, “is whether they’ll eliminate the
deaf gene. Maybe they’ll be able to pluck out the deaf gene. Maybe there will be
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no more deaf people.” They sit contemplating this. It isn’t out of the question.
Members of another disabled group were taken by surprise when the gene that
causes their condition was discovered: Now, a child with achondroplasia, or
disproportionately short arms and legs—also known as dwarfism—can be
identified in utero. And, if the parents don’t want a child with dwarfism, the fe-
tus can be aborted. The community of “little people,” which has its own associ-
ation, its own Web site, a strong tradition in Hollywood, and a powerful
fellowship, has been left contemplating its children destroyed, its numbers
dwindling, its existing members consigned to a narrowing life of freakishness
and isolation. Such a fate could—it’s possible—befall the deaf. The situation il-
lustrates how in this country, at this cultural moment, disabled people are ex-
posed to two powerful but contradictory messages. One says: You are beautiful.
You are empowered. The other says: You are deficient. You may be snuffed out.

“Maybe there will be no more deaf children,” Jan says.

“Except,” says Candy, “for those of us who choose to make more deaf chil-
dren.”

As the weeks go by, Gauvin starts staying awake more. His eyes, blue and
wide, start tracking more; he watches his mothers, and Jehanne, with an inten-
sity that they believe is characteristic of deaf children. They sign to him in deaf
“motherese”; like a hearing mother speaking in a high-pitched, singsong voice,
they sign slowly, with exaggerated gestures. In mid-December they take him to
Gallaudet for a show. In the auditorium there are people signing across the
room, people signing from the floor to people in the balcony.

In this group Gauvin is admired like a crown prince. Friends, colleagues
and former classmates come to peek inside the sling in which Sharon is carry-
ing him, and, inevitably, to inquire whether he is deaf. “How many of you are
deaf?” asks the emcee, and Jan—half-joking, half-serious—motions to Sharon
to raise Gauvin’s hand.

There are many more admirers: In December the sperm donor comes for a
visit, as he does about twice a year. Then, after Christmas, Sharon’s father,
Thomas, arrives. Sharon’s mother died of breast cancer not long after Sharon
graduated from U-Va,, so he is here with the woman who is now his compan-
ion, Caroline Dane. Both of them are hearing. Also visiting are Candy’s
mother, Diana, who is deaf; Sharon’s sister, Anne, who is hearing; Anne’s boy-
friend, Paul, who is hearing. That means there are four hearing people in the
house and five deaf people. Plus Gauvin, whatever team he ends up on.
Jehanne moves from one group to another, but usually gravitates toward peo-
ple who are signing, because she has no way, save by gesturing, to communicate
with her hearing relatives.
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Sharon is the pivot point, the only one who can translate, which is exhaust-
ing for her. She has to keep lip-reading and talking and signing, almost simul-
taneously. When an interpreter arrives to interpret for this article, the entire
group—all 10 of them—<crowds into the living room and sits, talking intently,
for two hours.

It is the first time they have been able to fully express themselves to one an-
other, the first time Sharon has ever had someone to interpret a conversation
with her own family. The first time she didn’t have to strain to understand what
her father said, or her sister. Much of it is funny and fond: It turns out that
Thomas, cleaning out his attic, recently found some of the song lyrics that
Anne transcribed for Sharon, back when both were girls. “You saved those?”
says Sharon. “Why?” Then Anne remembers how she would interpret for
Sharon on the phone.

“I remember when that boy asked you to the prom,” says Anne, who is six
years younger than Sharon, her hair lighter brown, her face illuminated by the
same quizzical expressions, the same seriousness, the same faintly Gallic
beauty.

“You interpreted that?” Sharon says, laughing.

“Yes!” says Anne, who also remembers that whenever Sharon didn’t want to
go out with a boy, Anne was the one who had to tell him.

“Do you remember that time we were having an argument, and I called you
‘deaf’?” Anne says.

“You weren’t happy. A lot has changed.”

Together, the sisters try to excavate some of their mother’s history, find out
why she never signed: Both Sharon and her mother struggled to lip-read each
other, mother and daughter divided rather than united by deafness, their com-
mon bond. Eventually Sharon confronts her father with what she sees as the
central mistake her parents made in her upbringing. “I can look back now,” she
signs, “and say that things would have been different if I had learned to sign, or
been exposed to deaf culture. Growing up, if I got 60 percent of a conversation,
I felt like that was good. Some of those behaviors are still with me. In groups of
signers, they may be signing really fast and even if I’'m not getting it all I'm like,
‘This is good enough.’ I still don’t like asking people to repeat. ’'m just used to
not getting everything.”

Later, sitting with her father, she asks, “Did you feel bad when I said that I
wished it had been different when I was growing up?”

“No,” says her father, a solid, deliberative man with glasses who has brought
Jehanne a University of Maine sweatshirt. “We all think about that. We all feel
that way about our parents.”
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IN TRYING TO KNOW how to think about Sharon and Candy’s endeavor,
there are any number of opinions a person might have. Any number of abstract
ideas a person might work through in, say, an ethics course. Are the women be-
ing selfish? Are they inflicting too much hardship on the child? How does one
think of them compared with, say, a mother who has multiple embryos im-
planted in the course of fertility treatments, knowing that this raises the likeli-
hood of multiple births and, with it, birth defects in some or all of the babies?
Morally, how much difficulty can a parent impose on a child in order to satisfy
the desire to have a child, or to have a certain kind of child?

A person can think about this, and think about it, but eventually will run
up against the living, breathing fact of the child herself. How much difficulty
have Sharon and Candy imposed on Jehanne? They haven’t deafened her.
They’ve given life to her. They’ve enabled her to exist. If they had used a hear-
ing donor, they would have had a different child. That child would exist, but
this one wouldn’t. Jehanne can only exist as what she is: Jehanne, bright, funny,
loving, loved, deaf.

And now what about Gauvin, who, at three months, already resembles his
sister? He has the same elfin face shape, the same deep dimples when he smiles.
On his head is a light fuzz of hair; bulkier now, alert and cheery, he’s wearing
gray overalls and groovy red leather sneakers. The question that will be an-
swered this February afternoon, at Children’s National Medical Center, is
whether Gauvin, like Jehanne, is deaf. Whether the coin has landed on the same
side twice. By now, Gauvin has had an initial hearing screening, which he
failed. They considered this good news, but not conclusive. From there he was
referred to this one, which is more sophisticated. The preliminaries take
awhile. Sharon lays Gauvin in a crib and a technician applies conductive paste
at points around his head, then attaches electrodes to the paste. He needs to be
asleep for the test, in which microphones will be placed in his ears and a click-
ing noise sent through the wires. Through the electrodes, a machine will mon-
itor the brain response. If the waves are flat, there is no hearing. He stirs and
cries, so Sharon breast-feeds him, wires dangling from his head, until he falls
asleep. The technician slips the microphone in his ear, turns on the clicking
noise—up and up, louder and louder—and the two women look at the com-
puter screen. Even at 95 decibels, a sound so loud that for hearing people it’s lit-
erally painful, the line for the left ear is flat. But there is a marked difference in
the right. For softer sounds the line is flat, but at 75 decibels there is a distinct
wave. The technician goes to fetch the doctor, and the mothers contemplate
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their sleeping son, who, it appears, might be neither deaf nor hearing but
somewhere in between.

The doctor, Ira Weiss, bustles in; he is a white-haired, stocky man, jovial
and accustomed to all sorts of parents, hearing and deaf, happy and sobbing.

The technician points to the wave and suggests that perhaps it represents
some noise that Gauvin himself was making. “No,” says the doctor, “I think it’s
not just noise.” Sharon looks up at Candy and lets out a little breath. The doc-
tor disappears to get a printout of the results, then returns, reading it. Gauvin,
he says, “has a profound hearing loss in his left ear and at least a severe hearing
loss in his right ear.

“It does appear,” he adds, “that his right ear has some residual hearing.
There might be some usable hearing at this time. Given the mother’s history, it
will probably get worse over time. If you want to take advantage of it, you
should take advantage of it now. Right now it’s an ear that could be aided, to
give him a head start on spoken English. Obviously, he’s going to be a fluent
signer.”

At this stage, Weiss says later, a hearing parent would probably try a hearing
aid, in the hope that with it, that right ear could hear something. Anything. A
word, here and there. A loud vowel. Maybe just enough residual sound to help
him lip-read. Maybe just enough to tell him when to turn his head to watch
someone’s lips. Hearing parents would do anything—anything—to nudge a
child into the hearing world. Anything—anything—to make that child like
them. For a similar reason, Sharon and Candy make the opposite choice. If he
wants a hearing aid later, they’ll let him have a hearing aid later. They won’t put
one on him now. After all, they point out, Sharon’s hearing loss as a child oc-
curred at below 40 decibels, which meant that under certain conditions she
could make out voices, unaided. Gauvin’s, already, is far more severe than hers.
Bundling Gauvin up against the cold, they make their way down the corridor,
and into the car, and home, where they will tell Jehanne, and Jan, and friends,
and family, a sizable group, really, that wants to know. He is not as profoundly
deaf as Jehanne, but he is quite deaf. Deaf enough.
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The Me]od)/ Lingers On

FROM SOUTHWEST REVIEW

As researchers try to get a better fix on its causes and pathology, Alzheimer’s
disease remains a terrj]j/ing mystery. With candor and tenderness, the poet
and writer Floyd Skloot observes the toll the disease is taking on his ninety-
one-year-old mother, who literally and ﬁgumtivel)/ may have forgotten the

words but can remember the tune.

t ninety-one, deep in dementia, my mother no longer remembers her
A life. Thoughts drift as though in zero gravity, bumping occasionally

against a few stray bits of memory, but nothing coheres. Her two hus-
bands, her late son, all the cousins and community acquaintances who filled
her days, her ambitions and achievements, her travels and yearnings—almost
everything has floated away from her grasp, mere debris.

“Was I happily married?” she asked last week, when my wife, Beverly, and I
took her out for coffee and snacks. Before I could answer, she added, “Oh how
we somthinged on the hmmm hmm we were wed. Dear, was I ever on the stage?”

I nodded and said, “On the radio too.”

“I was on the radio?” She smiled, closed her eyes and sang, “Birds gotta
swim, fish gotta fly, da-dada-da one man da-da die.” Then she lifted a fragment
of blueberry muffin and said, “Was I ever on the stage?”

It’s not just her distant past that’s gone. What happened two minutes ago is
as lost as what happened during the twenty-seven years she lived in Manhat-
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tan, the twenty years she lived in Brooklyn or the forty-four years she lived on
Long Island. Now that she’s in Oregon, she doesn’t know she ever lived else-
where. Sometimes she believes her Portland nursing home is a beachfront ho-
tel, just as she sometimes believes I am her late brother.

What’s become apparent, though, is that she still knows songs. She retains
many lyrics, snatches that may get confused but are easily recognizable, and
when the lyrics are missing the melodies remain. She loves to sing, sings on key
and with zest, and I can’t help wondering why song has hung on so tenaciously
while her life memories have not.

It’s tempting to take the psychological approach: She never was very happy
with her life, but she was happy dreaming of stardom as a torch singer. She was
happy knowing she’d had a brief career singing on radio in the mid-1930s,
where her five-minute program on WBNX in the Bronx aired opposite Rudy
Valee. In the chemical bath of her mind, she always transformed a few years of
apprentice costume work in the legitimate theater, and an assortment of roles
inlocal community theater, into a protracted career in the Thee-a-ter. No ques-
tion: she loved performing. I remember how extravagantly she accompanied
herself on the piano, sliding along the bench to reach her notes, stomping the
pedals, rising and sitting again, going through her brief repertoire before
erupting with gusto at the end as a signal for applause. According to this psy-
chological approach, my mother forgets what she needs to forget, and is left
withsong.

But such an explanation isn’t really convincing, not when the evidence of
deep organic brain damage is so apparent in her activities of daily living. She
cannot dress herself, needs reminding during a meal if she is to continue eat-
ing, cannot process new information. Her failures of memory are not choices,
not driven by subconscious needs. It must be that, unlike personal memories
or the recall of facts, such things as song lyrics are stored in a part of her brain
that has, so far, escaped the ravages of her dementia.

As A RESULT of advances in neuroscience, the pattern of my mother’s losses
can be pinpointed biologically. First, there’s the sheer diminishment in her
overall cognitive capacity. In his book Searching for Memory, Harvard psychol-
ogist Daniel L. Schacter says that “overall brain mass steadily shrinks as we en-
ter our sixties and seventies, at roughly 5 percent to 10 percent per decade.” So
my mother’s brain has probably lost about a quarter of its size by now. In addi-
tion, “blood flow and uptake of oxygen both decrease significantly” and there is
“widespread loss of neurons in the cortex,” a major site of memory storage. In
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Alzheimer’s patients, the shrinking brain also becomes clotted with plaques
and tangles, and there is further neuron loss in the hippocampus, a part of the
brain associated with the ability to remember the ongoing incidents in our
lives. This set of compounding pathologies explains most of her symptoms,
but not the curious endurance of those songs. It’s most likely that my mother’s
lifelong joy in performing, and the powerful emotional forces associated with
it for her, have enabled the deeper storage of lyric and melody in her amygdala.
This almond-shaped organ in the inner brain is critical for forming and sus-
taining emotional memories. Though most often spoken of in connection with
persistent, enduring traumatic memories, it also is responsible for enduring
positive memories. This is where our most vivid memories reside, etched there
by a mix of chemical and physical processes that ensure their endurance. I sus-
pect that my mother’s amygdala has not yet been overtaken by her disease
process. This would explain not only the persistence of her song repertoire, but
the relative calmness and sweetness she still manifests. As David Shenk notes in
his book The Forgetting, when the “amygdala becomes compromised, control
over primitive emotions like fear, anger, and craving is disrupted; hostile emo-
tions and bursts of anxiety may occur all out of proportion to events, or even
out of nowhere.”

My mother is not there yet. In trying to reduce her symptoms to these ob-
jective clinical explanations, I know I'm trying to cushion myself from the
changes she’s undergone and from what lies ahead. But this is my mother, not
some interesting case history in a neurology text. This is the woman who
fought to allow my birth, eight years after my older brother’s, overcoming my
father’s continuing resistance. The woman who recited nonsense verse to me,
sounds I still remember fifty years later though she does not, though she can no
longer always remember who I am: Nicky nicky tembo, whatso rembo, wudda
wudda boosky, hippo pendro, national pom pom. The woman, so miserable and
disappointed throughout her life, filled with anger, volatile, friendless in old
age, who now in dementia has grown sweet and accommodating, happy to
greet the day, who has come back to song.

Those songs of hers, which routinely interrupt any effort at communica-
tion, are in fact signs of hope. They represent an enduring part of her past, con-
nected with the rare joy in her life, which is why they linger when so much is
gone. I must learn to welcome rather than be annoyed by them. In many ways,
they’re all we have left of her.
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LiKE THE MASss of her brain, the physical structure of my mother’s body is
also shrinking. At her tallest, about 5' 1", the top of her head used to be level
with the middle of my forehead; now she comes up to my throat. She was al-
ways wide, t0o, a solid and blocky woman whose flowingoutfits didn’t disguise
her figure as she’d hoped. She took up room despite being small. But now she
has lost both water and mass. Her once swollen legs have slimmed; she sags and
looks frail. It’s as though my mother is pulling herself in around a diminishing
core, the dwindling autobiographical self she’s losing touch with, and closing
down before my eyes.

She was moving slowly toward our table in the coffee shop, inching her
walker along, taking a few steps and stopping. When she reached the table
where Beverly was placing napkins and spoons, she looked around with a
smile, let go of her side rails, tilted her head heavenward and sang, “S’wonder-
ful, smarvelous, la da da.”

Her voice still comes from down near her chest, the way it’s supposed to, a
richly resonating smoky contralto. It’s almost as deep as my own off-key tenor.
But as a young singer, my mother was a soprano. There are three surviving 78
rpm records from her radio show that prove it. She was called “The Melody
Girl of the Air” on a program hosted by an old family friend, and once a week
she sang a few standards for him. George Gershwin was alive then and Gersh-
win was her favorite. There were times when she hinted at a romance with him,
never going quite so far as to say they’d dated, but implying that a certain dash-
ing young composer—whom she was not at liberty to name but who had a
dowdy lyricist brother—was once very interested in her.

A solid fifty years of unfiltered Chesterfields transformed my mother’s
voice and, though she stopped smoking in her early seventies, those cigarettes
remain audible now in her gravelly tones. But she can and does still belt out the
tunes, holding nothing back. This dynamic and deeper voice is how I remem-
ber her singing. I never could make sense out of those old records, the high
pitched girlishness, the piercing delivery. In my hearing, she sang dark and
windy.

There was always a well-tuned mahogany piano against a living room wall
in our various apartments. Its lid was shut, its music deck empty, its surfaces
without dust or fingerprints. No one was allowed to sit on its bench or open the
keyboard lid, much less touch the keys or press the pedals down. No examining
the sheet music hidden inside the bench. She wasn’t sure she wanted us even to
look at the piano.

By the 1950s, as I was growing up, my mother’s performance repertoire had
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been condensed to five tunes that she would play in the same order. She seldom
sang more than one refrain and chorus, took no requests, brooked no singing
along. She would consent to entertain at the end of small dinner parties or hol-
iday meals, perching on the bench and holding her chin up until there was total
silence. Then she struck a chord fortissimo and launched herself into perfor-
mance. First came the Gershwin portion of the program, “They Can’t Take
That Away from Me,”“ ’S Wonderful” and “Our Love Is Here to Stay.” Then she
did Rodgers and Hart’s “Bewitched, Bothered, and Bewildered” from Pal Joey
and finished with her signature song, Jerome Kern and Oscar Hammerstein’s
“Can’t Help Lovin’ Dat Man,” from Show Boat. No encores. She was still, it
seemed, tied to the fifteen-minute radio show format.

I see now that her songs were songs of love, joyful love. Along with fame as
a performer, this was the other great unfulfilled yearning of her life. It was not
there with the man she married first, who died in 1961, the man she spoke of in
my hearing as “your father the butcher.” Nor was it there apparently with her
second husband, a kind and gentle widower, the man she spoke of as “that nice,
handsome fellow.” After his death, when she moved into a retirement hotel
overlooking the boardwalk, my mother had a succession of boyfriends but
none without glaring faults—too old and bent, too devoted to children and
grandchildren, too working-class, too senile. Now, from within her own de-
mentia, one of the main themes woven through her rambling speech is love,
joyful love. Was she happily married? Does she have a boyfriend? Are Beverly
and I married? Are we happy? Is the nurse married? The young man behind the
Starbucks counter? Can we help my mother find a new boyfriend?

Even as a child, I sensed something that made me very uncomfortable with
my mother’s recitals. It wasn’t just the showy way she played, or the too-
familiar spontaneity of her moves. It had to do with the look on her face, a rap-
turous hunger, and the sudden exposure of her deepest, most obsessive wishes.
She leaped off her piano bench like a nearly drowned diver suddenly bursting
to the surface, head back, mouth wide open, and I imagine her longing was pal-
pable to everyone. There was something brazenly sad about her selection of ro-
mantic hits, a sadness I failed to appreciate for most of my life. She must have
wanted what she could never have, what few people ever have, and she hadn’t
let go of the need: idealized romantic love. Her playlist was a litany of failed
dreams.

Those failed dreams and her overall sense of disgruntlement seem to have
shrunk now too. With the fading of memory and life story has come an appar-
ent narrowing of mood. From the outside, seeing how she is now, this phe-
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nomenon suggests a compensation for her shattering losses, and I hope that’s
how it works for her. I know it could have been otherwise. Like so many people
with Alzheimer’s or deep dementia, she could long ago have become even an-
grier and more tormented, hostile and restless.

MY MOTHER LOOKED DOWN at the coffee in her cup, unsure what to do
with it. She gazed into its tawny surface and blinked. Only when she looked
away did she, as though triggered by signals from a more instinctive zone of her
brain, lift the cup toward her lips. I helped her steady it.

“Was I ever on the stage, dear?” she asked again.

I responded automatically: “I whistle a happy tune .. .,” and she beamed,
picking up the tune itself, humming along, nodding firmly. One way to look at
this, I've realized, is to consider song lyrics as my mother’s native tongue. Tonal
and melodious, its beauties of sound off set by the banality of its linguistic con-
tent. Well, beauties of sound when she sings it, not when I do.

“What comes next?” she asked.

“I hold my head...,” and she nods again, taking over, finishing out the
sentence after her own fashion: “so no one da dee da I forget.”

From the mid-1950s to the mid-1970s, my mother was active in community
theater. She was usually cast in small singing roles. I remember her playing
Melba Snyder in Pal Joey, doing the striptease number “Zip” in the basement of
our Brooklyn synagogue. She played the nanny, Gooch, in Auntie Mame, where
she was dressed up by Mame and her friend Vera for one night as a swinger
(singing “Ilived! Ilived! I lived!”). She was King Mongkut’s first wife, Lady Thi-
ang, in The King and I, shunted aside for younger wives, the romance of mar-
riage gonethough she still admires her husband and tells Anna so (“Something
Wonderful”). Taking on a non-singing role, she was Yente the Matchmaker in
Fiddler on the Roof. What these roles all have in common is their tangential re-
lationship to passion: a cynical stripper, an unglamorous nanny spruced up for
a quick taste of the sexy high life, a queen spurned and settling for grandeur in-
stead of romance, an old woman whose business is brewing love for others.
Ironically, even as she got to fulfill her desire for performing, the roles she
played re-enacted romantic failure and disappointment.

I performed with her on occasion, when no reasonable excuse could be
found. When she was in The King and I, I was ten and played one of the king’s
children, learning my one schoolroom speech (“What is that green over
there?”), rehearsing the March of the Siamese Children, singing my brief solo
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(“Suddenly I'm bright and breezy”) in “Getting to Know You.” At thirteen, dur-
ing a horrifying cabaret-style local fund-raiser, I sang a duet with her, the duti-
ful Sonny Boy climbing upon my mother’s knee though we were the same size.

When she wasn’t part of a play’s cast, she still became engaged in the pro-
ductions. She attended rehearsals to play the piano or read cues or kibbitz. She
painted sets. Resorting to her earliest contributions to the theater, she helped
design costumes.

I remember her working on hat designs for a production of Guys and Dolls.
She would glue buttons onto blank greeting cards, paint black dots for eyes in
the buttonholes and red dots for mouths, add a few ink strokes for hair. Then
she snipped bits of fabric and feathers to resemble hats, pasted them onto the
crowns of the buttons and made tiny adjustments with toothpicks. Below the
buttons, she drew the shape of necks, then added scarves or ties. It was possible
for her to devote four or five intense hours a night to this work, cigarettes smol-
dering in her abalone shell ashtray. The finished illustrations would be spread
out over a card table to dry or for further modification. Finally, she would
bring them to rehearsal, stacked in a shoe box, and get herself ready for another
round.

My mother was, clearly, a trouper. I cannot remember her being as focused
or as sprightly as she was at her design work or within the acting company. She
saved all the reviews from our local paper, all the programs, and most of the
scripts. I found them in a storage locker when she moved into the retirement
hotel and, just glancing at them, felt myself swamped with the scents and
sounds of her theatrical life.

As WE TURNED onto Boundary Avenue, bringing my mother back to the
nursing home after our outing, Beverly said, “This is the street where you live.”
Then, as though on cue, all three of us started singing Lerner and Loewe’s “On
the Street Where You Live”: I have often walked down the street before. My
mother’s voice fractured into laughter and she could hardly keep singing. Be-
sides, she didn’t exactly have the words anymore. So she went into scat: Doo doo
doo doo do, la da dee doo da, knowing I'm doo be la doo wee oh. We pulled up to
the front door, all three of us cackling at our mutual cleverness.

I’ve noticed during recent visits that my mother’s repertoire has actually
expanded. She’s no longer limited to the Big Five Hits. Now she’ll bring out
songs I never heard her sing before, like “Fly Me to the Moon” or “Anything
Goes,” which I recognize from the sustained melodies more than from the
snippet of lyrics she can muster. Dixon and Henderson’s “Bye, Bye Blackbird”
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from 1926, Gus Kahn’s “Makin’ Whoopee” from 1928. She sings Yiddish songs,
too, all new to me, songs she must have learned during her childhood, when
Yiddish was spoken at home and in the Upper West Side neighborhoods where
she lived. I haven’t heard her speak a word of Yiddish since we moved from
Brooklyn in 1957 and cannot remember her ever singing in the language that
might have marked her as marginal. She also now has the melodies for some
Hebrew tunes she must be picking up during Sabbath services at the nursing
home. I don’t believe they come from her memory tune-bank because she
never went to the synagogue except for social or theatrical events, and I haven’t
heard her utter a word in Hebrew before.

Much as I’'m amazed to hear her dredge up songs from her childhood or
youth, it’s the phenomenon of new songs—“Adon Olam,” for instance, and
“Hatikvah”—that astounds me. Perhaps this means that, because she still con-
nects so powerfully to music, she can somehow learn and remember fresh ma-
terial, at least song material, particularly melodies, though in conversation she
cannot remember the question she asked a moment before, or whether we told
her what state we live in, or if we’re married. Asked if she has been to Sabbath
services, she says, “No, they don’t have them here.” But they do, and she has,
and the melodies have stuck.

She also comes up with songs I know she’s heard in my lifetime but I hadn’t
realized she remembered. And she delivers them with genuine glee. Be down to
la da in a taxi baby, doo dah be-dee dee in your hay dee hay. Gradually, I've been
discovering that this is an opportunity for conversation of a sort. While it’s not
possible for me to ask her questions and get meaningful answers, or share in-
formation with her about the life Beverly and I are leading, or even go over
memories of childhood with her, we can approximate the give and take of con-
versation through song. “What are those?” I'll say, pointing to the necklace of
beads she’s made during a crafts session. “Baubles? Bangles?” And she’ll say,
“Bubbles, Bangles bright shiny beads la da dee dah.” Or I'll hum the opening
notes from “If I Were a Rich Man” and she will pick up the song from there.

I’'m beginning to find a solace in this exchange. We have the rhythm of con-
versation, if not the content. A form of give and take that enables us still to feel
connected by words, or at least by meaningful sounds. “The song is ended,” as
her favorite songwriter wrote, “but the melody lingers on.” We are holding on
to the melody of contact. And they can’t take that away from me, from us, at
least not yet.



FRANK WILCZEK

The World’s Numerical Recipe

FROM DAEDALUS

The phrase “music qf the spheres”has passed into metaphor, but it was origi-
nally coined to describe celestial motion. The physicist Frank Wilczek won-
ders whether the music qfthe spheres is to befound not in the grand

movements qfthe heavens but in the tiny workings qfthe atom.

wentieth-century physics began around 600 B.c. when Pythagoras of

I Samos proclaimed an awesome vision.

By studying the notes sounded by plucked strings, Pythagoras dis-
covered that the human perception of harmony is connected to numerical ra-
tios. He examined strings made of the same material, having the same
thickness, and under the same tension, but of different lengths. Under these
conditions, he found that the notes sound harmonious precisely when the ra-
tio of the lengths of string can be expressed in small whole numbers. For exam-
ple, the length ratio 2:1 sounds a musical octave, 3:2 a musical fifth, and 4:3 a
musical fourth.

The vision inspired by this discovery is summed up in the maxim “All
Things Are Number.” This became the credo of the Pythagorean Brotherhood,
a mixed-sex society that combined elements of an archaic religious cult and a
modern scientific academy.

The Brotherhood was responsible for many fine discoveries, all of which it
attributed to Pythagoras. Perhaps the most celebrated and profound is the



The World’s Numerical Recipe | 97

Pythagorean Theorem. This theorem remains a staple of introductory geome-
try courses. It is also the point of departure for the Riemann-Einstein theories
of curved space and gravity.

Unfortunately, this very theorem undermined the Brotherhood’s credo.
Using the Pythagorean Theorem, it is not hard to prove that the ratio of the hy-
potenuse of an isosceles right triangle to either of its two shorter sides cannot
be expressed in whole numbers. A member of the Brotherhood who revealed
this dreadful secret drowned shortly afterward, in suspicious circumstances.
Today, when we say V2 is irrational, our language still reflects these ancient
anxieties.

Still, the Pythagorean vision, broadly understood—and stripped of cultic,
if not entirely of mystical, trappings—remained for centuries a touchstone for
pioneers of mathematical science. Those working within this tradition did not
insist on whole numbers, but continued to postulate that the deep structure of
the physical world could be captured in purely conceptual constructions. Con-
siderations of symmetry and abstract geometry were allowed to supplement
simple numerics.

In the work of the German astronomer Johannes Kepler (1570-1630), this
program reached a remarkable apotheosis—only to unravel completely.

Students today still learn about Kepler’s three laws of planetary motion. But
before formulating these celebrated laws, this great speculative thinker had an-
nounced another law—we can call it Kepler’s zeroth law—of which we hear
much less, for the very good reason that it is entirely wrong. Yet it was his dis-
covery of the zeroth law that fired Kepler’s enthusiasm for planetary astronomy,
in particular for the Copernican system, and launched his extraordinary career.
Kepler’s zeroth law concerns the relative size of the orbits of different planets. To
formulate it, we must imagine that the planets are carried about on concentric
spheres around the Sun. His law states that the successive planetary spheres are
of such proportions that they can be inscribed within and circumscribed about
the five Platonic solids. These five remarkable solids—tetrahedron, cube, octa-
hedron, dodecahedron,icosahedron—have faces that are congruent equilateral
polygons. The Pythagoreans studied them, Plato employed them in the specu-
lative cosmology of the Timaeus, and Euclid climaxed his Elements with the first
known proof that only five such regular polyhedra exist.

Kepler was enraptured by his discovery. He imagined that the spheres emit-
ted music as they rotated, and he even speculated on the tunes. (This is the
source of the phrase “music of the spheres.”) It was a beautiful realization of
the Pythagorean ideal. Purely conceptual, yet sensually appealing, the zeroth
law seemed a production worthy of a mathematically sophisticated Creator.
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To his great credit as an honest man and—though the concept is anachro-
nistic—as a scientist, Kepler did not wallow in mystic rapture, but actively
strove to see whether his law accurately matched reality. He discovered that it
does not. In wrestling with the precise observations of Tycho Brahe, Kepler was
forced to give up circular in favor of elliptical orbits. He couldn’t salvage the
ideas that first inspired him.

After this, the Pythagorean vision went into a long, deep eclipse. In New-
ton’s classical synthesis of motion and gravitation, there is no sense in which
structure is governed by numerical or conceptual constructs. All is dynamics.
Newton’s laws inform us, given the positions, velocities, and masses of a system
of gravitating bodies at one time, how they will move in the future. They do
not fix a unique size or structure for the solar system. Indeed, recent discoveries
of planetary systems around distant stars have revealed quite different pat-
terns. The great developments of nineteenth-century physics, epitomized in
Maxwell’s equations of electrodynamics, brought many new phenomena
within the scope of physics, but they did not alter this situation essentially.
There is nothing in the equations of classical physics that can fix a definite scale
of size, whether for planetary systems, atoms, or anything else. The world-
system of classical physics is divided between initial conditions that can be as-
signed arbitrarily, and dynamical equations. In those equations, neither whole
numbers nor any other purely conceptual elements play a distinguished role.

Quantum mechanics changed everything.

Emblematic of the new physics, and decisive historically, was Niels Bohr’s
atomic model of 1913. Though it applies in a vastly different domain, Bohr’s
model of the hydrogen atom bears an uncanny resemblance to Kepler’s system
of planetary spheres. The binding force is electrical rather than gravitational,
the players are electrons orbiting around protons rather than planets orbiting
the Sun, and the size is a factor 10 smaller; but the leitmotif of Bohr’s model is
unmistakably “Things Are Number.”

Through Bohr’s model, Kepler’s idea that the orbits that occur in nature are
precisely those that embody a conceptual ideal emerged from its embers, re-
born like a phoenix, after three hundred years’ quiescence. If anything, Bohr’s
model conforms more closely to the Pythagorean ideal than Kepler’s, since its
preferred orbits are defined by whole numbers rather than geometric con-
structions. Einstein responded with great empathy and enthusiasm, referring
to Bohr’s work as “the highest form of musicality in the sphere of thought.”

Later work by Heisenberg and Schrodinger, which defined modern quan-
tum mechanics, superseded Bohr’s model. This account of subatomic matter is
less tangible than Bohr’s, but ultimately much richer. In the Heisenberg-
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Schrodinger theory, electrons are no longer particles moving in space, ele-
ments of reality that at a given time are “just there and not anywhere else.”
Rather, they define oscillatory, space-filling wave patterns always “here, there,
and everywhere.” Electron waves are attracted to a positively charged nucleus
and can form localized standing wave patterns around it. The mathematics de-
scribing the vibratory patterns that define the states of atoms in quantum
mechanics is identical to that which describes the resonance of musical instru-
ments. The stable states of atoms correspond to pure tones. I think it’s fair to
say thatthe musicality Einstein praised in Bohr’s model is, if anything, height-
ened in its progeny (though Einstein himself, notoriously, withheld his ap-
proval from the new quantum mechanics).

The big difference between nature’s instruments and those of human con-
struction is that her designs depend not on craftsmanship refined by experi-
ence, but rather on the ruthlessly precise application of simple rules. Now if
you browse through a textbook on atomic quantum mechanics, or look at
atomic vibration patterns using modern visualization tools, “simple” might
not be the word that leaps to mind. But it has a precise, objective meaning in
this context. A theory is simpler the fewer nonconceptual elements, which
must be taken from observation, enter into its construction. In this sense,
Kepler’s zeroth law provided a simpler (as it turns out, too simple) theory of
the solar system than Newton’s, because in Newton’s theory the relative sizes of
planetary orbits must be taken from observation, whereas in Kepler’s they are
determined conceptually.

From this perspective, modern atomic theory is extraordinarily simple.
The Schrédinger equation, which governs electrons in atoms, contains just two
nonconceptual quantities. These are the mass of the electron and the so-called
fine-structure constant, denoted a, that specifies the overall strength of the
electromagnetic interaction. By solving this one equation, finding the vibra-
tions it supports, we make a concept-world that reproduces a tremendous
wealth of real-world data, notably the accurately measured spectral lines of
atoms that encode their inner structure. The marvelous theory of electrons
and their interactions with light is called quantum electrodynamics, or QED.

In the initial modeling of atoms, the focus was on their accessible, outlying
parts, the electron clouds. The nuclei of atoms, which contain most of their
mass and all of their positive charge, were treated as so many tiny (but very
heavy!) black boxes, buried in the core. There was no theory for the values of
nuclear masses or their other properties; these were simply taken from experi-
ment.

That pragmatic approach was extremely fruitful and to this day provides
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the working basis for practical applications of physics in chemistry, materials
science, and biology. But it failed to provide a theory that was in our sense sim-
ple, and so it left the ultimate ambitions of a Pythagorean physics unfulfilled.

Starting in the early 1930s, with electrons under control, the frontier of fun-
damental physics moved inward, to the nuclei. This is not the occasion to
recount the complex history of the heroic constructions and ingenious deduc-
tions that at last, after fifty years of strenuous international effort, fully exposed
the secrets of this inaccessible domain. Fortunately, the answer is easier to de-
scribe, and it advances and consummates our theme.

The theory that governs atomic nuclei is quantum chromodynamics, or
QCD. As its name hints, QCD is firmly based on quantum mechanics. Its
mathematical basis is a direct generalization of QED, incorporating a more in-
tricate structure supporting enhanced symmetry. Metaphorically, QCD stands
to QED as an icosahedron stands to a triangle. The basic players in QCD are
quarks and gluons. For constructing an accurate model of ordinary matter just
two kinds of quarks, called up and down or simply u and d, need to be consid-
ered. (There are four other kinds, at least, but they are highly unstable and not
important for ordinary matter.) Protons, neutrons, T mesons, and a vast zoo of
very short-lived particles called resonances are constructed from these build-
ing blocks. The particles and resonances observed in the real word match the
resonant wave patterns of quarks and gluons in the concept-world of QCD,
much as states of atoms match the resonant wave patterns of electrons. You can
predict their masses and properties directly by solving the equations.

A peculiar feature of QCD, and a major reason why it was hard to discover,
is that the quarks and gluons are never found in isolation, but always in com-
plex associations. QCD actually predicts this “confinement” property, but
that’s not easy to prove.

Considering how much it accounts for, QCD is an amazingly simple the-
ory, in our objective sense. Its equations contain just three nonconceptual in-
gredients: the masses of the u and d quarks and the strong coupling constant
a, analogous to the fine structure constant of QED, which specifies how pow-
erfully quarks couple to gluons. The gluons are automatically massless.

Actually even three is an overestimate. The quark-gluon coupling varies
with distance, so we can trade it in for a unit of distance. In other words, mu-
tant QCDs with different values of ag generate concept-worlds that behave
identically, but use different-sized metersticks. Also, the masses of the u and d
quarks turn out not to be very important, quantitatively. Most of the mass of
strongly interacting particles is due to the pure energy of the moving quarks
and gluons they contain, according to the converse of Einstein’s equation,
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m = E/c*. The masses of the u and d quarks are much smaller than the masses
of the protons and other particles that contain them.

Putting all this together, we arrive at a most remarkable conclusion. To the
extent that we are willing to use the proton itself as a meterstick, and ignore the
small corrections due to the u and d quark masses, QCD becomes a theory
with no nonconceptual elements whatsoever.

Let me summarize. Starting with precisely four numerical ingredients,
which must be taken from experiment, QED and QCD cook up a concept-
world of mathematical objects whose behavior matches, with remarkable ac-
curacy, the behavior of real-world matter. These objects are vibratory wave
patterns. Stable elements of reality—protons, atomic nuclei, atoms—corre-
spond, not just metaphorically but with mathematical precision, to pure tones.
Kepler would be pleased.

This tale continues in several directions. Given two more ingredients, New-
ton’s constant Gy and Fermi’s constant G, which parametrize the strength of
gravity and of the weak interaction, respectively, we can expand our concept-
world beyond ordinary matter to describe virtually all of astrophysics. There is
a brilliant series of ideas involving unified field theories and supersymmetry
that might allow us to get by with just five ingredients. (Once you’re down to so
few, each further reduction marks an epoch.) These ideas will be tested de-
cisively in coming years, especially as the Large Hadron Collider (LHC) at
CERN, near Geneva, swings into operation around 2007.

On the other hand, if we attempt to do justice to the properties of many ex-
otic, short-lived particles discovered at high-energy accelerators, things get
much more complicated and unsatisfactory. We have to add pinches of many
new ingredients to our recipe, until it may seem that rather than deriving a
wealth of insight from a small investment of facts, we are doing just the oppo-
site. That’s the state of our knowledge of fundamental physics today—simulta-
neously triumphant, exciting, and a mess.

The last word I leave to Einstein:

I would like to state a theorem which at present can not be based upon
anything more than upon a faith in the simplicity, i.e., intelligibility, of na-
ture: there are no arbitraryconstants . . . that is to say, nature is so constituted
that it is possible logically to lay down such strongly determined laws that
within these laws only rationally completely determined constants occur
(not constants, therefore, whose numerical value could be changed without
destroying the theory).



MARCELO GLEISER

Emergent Realities in the Cosmos

!f we are the universe’s sole intelligent species, asks the physicist and as-
tronomer Marcelo Gleiser, then what must we do to be good citizens of the

cosmos?

here is a creative tension in the cosmos. We feel it every time we look at

Nature, and we feel it within ourselves. It is revealed in the smallest of

details, a dewdrop balancing on the tip of a leaf on an early fall morn-
ing, the hexagonal symmetry of snowflakes, resulting from water’s molecular
structure and heat dissipation. And it is revealed in large-scale natural phe-
nomena, a lightning strike ripping across the sky during a stormy night, or in
stars burning their entrails in order to survive the inexorable crush of their
own gravity. Our collective history can be told as an effort to represent and
make sense of this creative tension, this constant dance of chaos and order that
shapes the world.

We have created countless stories, drawings, dances, and rituals in search of
meaning, in search of answers. We look at the cosmos with a mixed sense of awe
and wonder, of terror and devotion. And we want to know. How can something
come from nothing? What is the origin of all things? Can order emerge by itself,
without a guiding hand? Is beauty a mere accident of Nature, or is there a
deeper meaning to it? Why do we crave beauty, as junkies a drug? What is it that
makes us plant gardens, compose poems and symphonies, create mathematical
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theorems and equations? Why can’t we be content simply by eating, procreat-
ing, and sleeping? These are questions that bridge and expand our ways of
knowing, being part of cutting-edge scientific research, philosophical medita-
tion, religious prayer, and artistic output. We have an unquenchable urge to un-
derstand who we are and what is our place in this vast Universe. In many ways,
it is through this search for answers that we define ourselves. By asking, by
wanting to know, we define what it means to be human. And, although the an-
swers may vary, just as cultures vary from place to place and time to time, many
questions are the same, and remain, to a large extent, unanswered.

Modern science has developed a comprehensive narrative describing the
emergence of material structures in the Universe. Although many of the details
and fundamental questions remain open, we now can claim with certitude that
the history of the cosmos traces an increasing complexification of its living and
nonliving inhabitants, of the hierarchical development of form and function
from the simple to the complex. Thus, at very early times, when the Universe
was extremely hot and dense, matter was in the form of its most basic con-
stituents, the indivisible elementary particles. As the Universe expanded and
cooled, attractive forces between the different particles made clustering possi-
ble: protons and neutrons emerged from binding quarks, atomic nuclei from
binding protons and neutrons, light atoms from binding atomic nuclei and
electrons, galaxies from huge collapsing hydrogen clouds, stars from smaller
hydrogen-rich clouds within these galaxies until, eventually, living beings
emerged in at least one of the billions of solar systems spread across the cos-
mos.

The scientificaccount describing the emergence of complex material struc-
tures has enjoyed enormous success. Cosmology is now a data-driven branch
of physics, as opposed to even two decades ago. However, in spite of this suc-
cess, or perhaps because of it, several fundamental questions have surfaced that
defy present knowledge. Among the most fascinating of these questions are
questions of origins: the origin of the cosmos, the origin of life, and the origin
of the mind. The answers to these questions, even if presently unknown, are all
related to the issue of emergence: How is it that structures self-organize to the
point of generating extremely sophisticated complex behavior? Be it a surging
cosmos out of a primordial soup of cosmoids, a simple living being made of
millions of organic macromolecules, or a thinking being, capable of won-
dering about his or her own origins and of pondering moral dilemmas, the
emergence of complexity encompasses some of the most awesome and least
understood natural phenomena.

These three origin questions may be compressed into a single one: “How
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come us?” This is the kind of exasperating question that makes most scientists
throw in the towel. A common answer is “Who cares?” After all, there may not
be a reason at all; we may be here simply as the result of a random sequence of
accidents, the right-size planet, with the right amount of water, at the right dis-
tance from a moderate-size star, and so on. “The Universe may be full of Earth-
like planets with other forms of intelligent life,” the argument proceeds.
Indeed, it is quite possible that the Universe is filled with Earth-like planets,
some of them with similar amounts of water and Earth-like atmospheric com-
positions. Possibly, several will also have some form of living beings. If Earth is
a demonstrative example, life is very resilient and can adapt to very adverse cir-
cumstances. But intelligent life is a whole other story. (By intelligent I mean a
species capable of self-reflection and with the ability for abstract thinking.)

Evolutionary arguments claiming that natural selection necessarily leads to
intelligence are flawed. Consider the history of life in the only place we actually
know it, Earth. The dinosaurs were here for about 150 million years and
showed no signs of decline or of intelligence. Intelligence may be a sufficient
condition for dominating the food chain, but it is not a necessary one. It took a
devastating collision with a 10-kilometer-wide asteroid 65 million years ago to
decimate the dinosaurs, together with 40 percent of all life-forms on Earth.
Ironically, the mammals, which up to that point were pretty much insignifi-
cant, survived and flourished in the wake of this cataclysm. In a very real sense,
we are here due to this catastrophic collision.

Life is an experiment in emergent complexity: we may know what the in-
gredients are, but we cannot predict its detailed outcome (and we still cannot
repeatit in the laboratory). Intelligent life is certainly a very rare outcome. This
goes against everything we have learned over the last 400 years of modern sci-
ence, that the more we know about the Universe the less unique we seem to be.
True, we live in one amongst billions of other galaxies in the visible Universe,
each of them with billions of stars. True, the matter that makes up people and
stars is subdominant; most of the matter that permeates the cosmos is not
made of protons and electrons, but of something else that does not shine, as
matter making up stars does. Our location in the cosmos and our material
composition are not of great cosmic relevance or special. But our minds are. As
far as we know, there aren’t any others out there. If there were, chances are we
would have been visited by now. Our galaxy, being about 100,000 light-years
across and 12 billion years old, could have been traversed countless times by
other intelligent civilizations. But it hasn’t. Unless, of course, aliens have been
here long before we have and didn’t leave any clues, or do not want to make
contact. (Taking the first 2 billion years off for good measure, and assuming in-
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telligent civilizations can travel at least at one-tenth the speed of light, gives a
total of 10,000 galaxy crossings in the last 10 billion years. Either we have been
purposely ignored, or we are really inconspicuous.) Given the unknowns—
how can we presume to understand an alien psyche if we don’t even under-
stand our own?—we should keep an open mind, repeating, as Carl Sagan
suggested, that “absence of evidence is not evidence of absence.” Maybe the
aliens are just very shy.

If, indeed, we are a rare event, we must be ready to take on an enormous re-
sponsibility: we must preserve our legacy, learning how to survive in spite of
ourselves. Humans are capable of the most wonderful creations and the most
horrendous crimes. It is often very convenient to dream of archetypical aliens,
wise and all-knowing, who will inspire and educate us before it’s too late.
Those aliens are not so different from the saints and prophets of many reli-
gions, who bring us hope and direction. But if we are alone, we must learn to
save ourselves following our own guidance and acquired wisdom. It is here that
a blending of science and religious ethics can be profoundly usefyl. We can
start by extending the Old Testament maxim “Do unto others as you would
have them do unto you” from society to all known and unknown living beings
here and across the cosmos.

Then, we mustlearn from the way Nature operates. There is a single princi-
ple behind all existing order in Nature, an all-embracing urge to exist and to
bind that manifests itself at all levels, from the racing world of subatomic parti-
cles to the edges of the observable Universe. It also manifests itself in our lives
and our history. Humans cannot escape this alliance with the rest of the cos-
mos. Our tensions are part of this universal trend, our creations and destruc-
tions are part of the same rhythms that permeate the Universe. Through them,
we search for transcendence, for a reality deeper and more permanent than our
own. However, we have distanced ourselves from Nature and have become
wasteful. Nature is never wasteful, it never uses more energy than it has to, it
never chooses a more costly path to achieve the same end result. This is true of
atoms, of bacteria, of elephants, and of galaxies. Our wastefulness is reflected in
the way we treat our planet and ourselves. It is a cancer that grows and over-
whelms what lives and what doesn’t.

We must learn from Nature’s simple elegance, from its esthetical and eco-
nomical commitment to functionality and form. We must look beyond our
immediate needs and greed, reintegrating ourselves into a physical reality that
transcends political and social boundaries. Perhaps then we will start to respect
our differences, to learn from those who believe differently than we do, who
live and look differently than we do. And we don’t have a minute to waste.
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Scientists Reach Out to
Distant Worlds

FROM THE NEWYORK TIMES

Had some quorn lately? [f the answer is no, then you probably are not plan-
ning on traveling to distant stars. The celebrated New York Times report er
and best-selling author Natalie Angier explains why long-range space voy-
ages are not likely to resemble life on board the USS Enterprise.

obody knows why our early ancestors decided to get off their knuckles
and stand upright. Maybe they just wanted a better view of the stars.
And when sky gazers finally realized that the heavenly lights were
not the footprints of the gods, but rather millions of blazing stars like our Sun
writ far, they began to wonder, How do we get there? How can we leave this world
and travel, not merely the 238,000 miles to the Moon, or 35 million miles to Mars,
but through the vast dark silk of interstellar space, across trillions and trillions of
miles, to encounter other stars, other solar systems, even other civilizations? Ac-
cording to a group of scientists for whom the term “wildly optimistic dreamers”
is virtually a job description, it will indeed be very difficult to travel to other stars,
and nobody in either the public or private sector is about to try it anytime soon.
But as the researchers sec it, the challenge is not insurmountable, it requires no
defiance of the laws of physics, so why not have fun and start thinking about it
now?
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At the annual meeting o f the American Association for the Advancement of
Science, held in February 2002 in Boston, scientists discussed how humans
might pull off a real-life version of Star Trek, minus the space Lycra and perpet-
ual syndication rights.

They talked about propulsion at a reasonable fraction of the speed of light,
a velocity that is orders of magnitude greater than any spaceship can fly today,
but that would be necessary if the light-years of space between the Sun and
even the nearest star are ever to be crossed.

They talked about the possibility of multigenerational space travel, and
what it might be like for people who board a spaceship knowing that they, their
children, grandchildren and descendants through 6, 8 or 10 generations would
live and die knowing nothing but life in an enclosed and entirely artificial envi-
ronment, hurtling year upon year through the near-featureless expanse of in-
terstellar space.

They talked about how big the founding crew would have to be to prevent
long-term risks of inbreeding and so-called genetic drift. They talked about
how the crew’s chain of command would be structured, what language people
would most likely speak, and what sort of marital and family policies might be
put in place.

And they talked about food, all of which would have to be grown, culti-
vated and synthesized on board.

“One thing is almost certain,” said Dr. Jean B. Hunter, an associate profes-
sor of biological and environmental engineering at Cornell. “You'll have to
leave the steak, cheesecake and artichokes with hollandaise sauce behind.”

Many of the subjects raised during the session were so fanciful that at times
it felt like a discussion of how to clone a unicorn, and indeed half the presenters
moonlight as science fiction writers.

Nevertheless, the researchers argued, human beings have shown themselves
to be implacable itinerants, capable of colonizing the most hostile environ-
ments.

Dr. John H. Moore, a research professor of anthropology at the University
of Florida, compared a theoretical crew of spacefaring pioneers to groups of
Polynesians setting out tens of thousands of years ago in search of new islands
to populate.

“Young people with food and tools would set out in large flotillas of ca-
noes,” he said. “Nobody knew if they would ever come back, the trade winds
went in only one direction, and many of them perished in the ocean.”

Yet over time, the Polynesians managed to colonize New Zealand, Easter Is-
land and Hawaii.
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Still, no human migration in history would compare in difficulty with
reaching another star. The nearest stellar neighbor, the triple-starred Alpha
Centauri, is about 4.4 light-years from the Sun, and a light-year is equal to al-
most 6 trillion miles. The next nearest star, Barnard’s Star, is 6 light-years from
home. To give a graphic sense of what these distances mean, Dr. Geoffrey A.
Landis of the NASA John Glenn Research Center in Cleveland pointed out that
the fastest objects humans have ever dispatched into space are the Voyager in-
terplanetary probes, which travel at about 9.3 miles per second.

“If a caveman had launched one of those during the last ice age, 11,000
years ago,” Dr. Landis said, “it would now be only a fifth of the way toward the
nearest star.”

Dr. Robert L. Forward, owner and chief scientist of Forward Unlimited, a
consulting company that describes itself as “specializing in exotic physics and
advanced space propulsion,” argued that rockets and their fuel would be so
heavy that they would prevent a starship from reaching the necessary velocity
to go anywhere in a sane amount of time. He envisions a rocketless spacecraft
that would be manufactured in space and equipped with an ultrathin, ultra-
large sail, its span as big as Texas but using no more material than a small
bridge. A beam of laser light or high-energy particles from a source on Earth,
in space or perhaps on the Sun-drenched planet of Mercury would be aimed at
the sail, propelling it and its attached module to as much as 30 percent the
speed of light—or about 55,000 miles per second.

Atthatpace,said Dr. Forward, a crew would reach Alpha Centauri in under
50 years.

“You could get a bunch of 16-year-olds, train them and then send them out
at the age of 20,” he said. “They’d have a long, boring trip, reach Alpha Centauri
when they’re in their 60’s or 70’s, do some exploring, and send everything they
learned back home.”

Admittedly, the astronauts would not make it home themselves. “It’s a life-
time job,” Dr. Forward said. “But it could be done in a single generation.”

For longer journeys, designed with multigenerational crews in mind, an
onboard engine and fuel source would be required, perhaps something pow-
ered by nuclear bombs, or the combining of matter and antimatter in a reac-
tion that converts both substances into pure energy.

However the ship is propulsed, the researchers agree that it must be com-
fortable for long-distance travel. That means creating artificial gravity by gen-
tly rotating the craft; a spin no greater than one or two revolutions per minute
would suffice.

It might also mean calling upon architects with Disney-esque sensibilities.
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“The inside of one of these long-duration space habitats might feel like the
inside of a shopping mall,” Dr. Landis said. “Malls are carefully designed to use
space efficiently, yet to give you the feeling that they’re more spacious than they
are.”

And malls, of course, are a great place to bring the family. In Dr. Moore’s
view, the good old-fashioned family is the key to success in space.

“Over the past several decades, space scientists and writers of science fic-
tion have speculated at length about the optimum size and composition” of an
interstellar crew, he said. They have imagined platoons of Chuck Yeager—type
stalwarts grimly enduring all hardships, or teams of bionic and vaguely asexual
crew members overseeing freezers of embryos that can be defrosted and ges-
tated as needed.

“Some of the scenarios proposed so far are do